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Abstract: TiO2/Ni coating has been deposited onto the electrodes by chemical vapour deposition
to improve electrode life during resistance welding of Zn- coated steels. However, welding results
revealed that molten Zn penetrates into coating through the cracks and then reacts with substrate
copper alloy to form brasses. In the present work, laser treatment was performed on the TiO2/Ni
coated electrodes to eliminate cracks formed in the as-deposited TiO2/Ni coating. In addition, a
chemical vapour deposition of Ni, TiO2/Ni and Ni has also been carried out to improve coating
quality. On the other hand, a Ti coating was also investigated. Those coatings were characterized
by electro-microscopy, energy- dispersive X-ray analysis, X-ray diffraction and micro-hardness
tests. The results showed that cracks within the as-deposited TiO2/Ni coating could be eliminated
with the use of laser treatment and chemical vapour deposition process. However, softening of
copper substrate after laser treatment was a problem that restricted welding performance.
Welding tests showed that the multi-layer TiO2/Ni coating acted as a better barrier to decrease
alloying between the copper alloy and molten Zn as well as pitting (erosion) of electrode. The
TiO2 coating demonstrates its potential application on the electrode to further improve the
electrode’s life
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I.INTRODUCTION

The continuing need for better fuel economy is pushing forward a trend to increase the use of aluminium in the
North American automotive sector. Recent advances have put aluminium back into mainstream automobile production, and
pressure for more efficient vehicles will lead to increased use of aluminium, where possible. Implementation of aluminium in
automobile hoods and trunk lids can save weight while maintaining safety standards and ease of manufacturing. These
applications employ aluminum alloy sheets, which are processed and manufactured in a similar manner to automotive sheet
steel, and can also be stamped and cut in a similar manner. The difficulty and deterrent for the use of aluminium is its weld
ability. During the initial boom of aluminium in the automotive industry, resistance spot welding of the lightweight and
corrosion resistant material was extremely difficult and costly. Electrode life was drastically short, and weld quality was
difficult to maintain at production speeds. This hurdle was primarily responsible for hampering acceptance other against
competitive materials. The thermal and electrical properties of aluminium make resistance welding difficult, requiring high
current and short weld times to generate the necessary heat to form the weld nugget before the heat is dissipated through the
work sheet. Conventional uncoated domed-face electrodes are able to weld aluminium sheet but with short electrode lives.
The interaction between copper and aluminium is several times stronger than that of copper and zinc, making the degradation
of copper alloy electrodes more severe when welding aluminium than coated steels. Electrode coatings have been presented
as a means by which to extend electrode life. Dong and Zhou have shown that a TiO2/NI coated electrode (TiO2 CAP, a
Coating of Hitech research foundation tharangambadi south India. Can extend the life of micro resistance welding electrodes.
Their tests found the coating to increase tip life by approximately 70 percent by reducing the amount of local bonding
between electrode and sheet. Although the use of the patented coating for electrode life improvement in resistance spot
welding of aluminium sheet has been suggested, presently, there is no detailed experimental evidence as to the validity of this
claim, In the present work, the effects of the TiO2/nickel coating on the electrode tip life were explored when welding
aluminium alloy 5182. Tip life trials were conducted and tip diameter and surface profile data were recorded. This study is
aimed at understanding the performance, degradation and failure mechanisms of the coated electrode.

Il. MATERIALS AND METHODS
Titanium Di Oxide:

Titanium dioxide, also known as titanium (V) oxide or titanium is the naturally occurring oxide of titanium,
chemical formula TiO2. When used as a pigment, it is called titanium white, Pigment White 6, or Cl 77891. Generally it is
sourced from ilminite, rutile and anatase. It has a wide range of applications, from paint to sunscreen to food colouring.
When used as a food coloring, it has E number E171. The cotunnite-type phase was claimed by L. Dubrovinsky and co-
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authors to be the hardest known oxide with the Vickers hardness of 38 GPa and the bulk modulus of 431 GPa (i.e. close to
diamond's value of 446 GPa) at atmospheric pressure. However, later studies came to different conclusions with much lower
values for both the hardness (7—20 GPa, which makes it softer than common oxides like corundum Al203 and rutile TiO2)
and bulk modulus (~300 GPa). The oxides are commercially important ores of titanium. The metal can also be mined from
other minerals such as ilmenite or leucoxene ores, or one of the purest forms, rutile beach sand. Star sapphires and rubies get
their asterism from rutile impurities present in them. Titanium dioxide (B) is found as a mineral in magmatic rocks and
hydrothermal veins, as well as weathering rims on perovskite. TiO2 also forms lamellae in other minerals. Spectral lines

Molecular formula

from titanium oxide are prominent in class M stars, which are cool enough to allow molecules of this chemical to form.

Production of Titanium Di Oxide:

The production method depends on the feedstock. The most common method for the production of titanium dioxide
utilizesilmenite. llmenite is mixed with sulphuric acid. This reacts to remove the iron oxide group in the ilmenite. The by-
product iron(ll) sulphate is crystallized and filtered-off to yield only the titanium salt in the digestion solution. This product is
called synthetic rutile. This is further processed in a similar way to rutile to give the titanium dioxide product. The use of
ilminite ore usually only producespigment grade titanium dioxide. Another method for the production of synthetic rutile from
limonite utilizes thebe her.

Rutile is the second most abundant mineral sand. Rutile found in primary rock cannot be extracted hence the
deposits containing rutile sand can be mined meaning a reduced availability to the high concentration ore. Crude titanium
dioxide (in the formof rutile or synthetic rutile) is purified via converting to titanium tetrachloride in the chloride process. In
this process, the crude ore (containing at least 70% TiO2) is reduced with carbon, oxidized with chlorine to give titanium
tetrachloride; i.e., carbothermal chlorination. This titanium tetrachloride is distilled, and re-oxidized in a pure oxygen flame
or plasma at 1500-2000 K to give puretitanium dioxide while also regenerating chlorine.[18] Aluminium chloride is often
added to the process as a rutile promoter; the product is mostly anatase in its absence.

One method for the production of titanium dioxide with relevance to nanotechnology is solvothermal Synthesis of
titanium dioxide.

Nickel:

Nickel is a chemical element with the chemical symbol Ni and atomic number 28. It is a silvery-white lustrous metal
with a slight golden tinge. Nickel belongs to the transition metals and is hard and ductile. Pure nickel shows a significant
chemical activitythat can be observed when nickel is powdered to maximize the exposed surface area on which reactions can
occur, but larger piecesof the metal are slow to react with air at ambient conditions due to the formation of a protective oxide
surface. Even then, nickel is reactive enough with oxygen so that native nickel is rarely found on Earth's surface, being
mostly confined to the interiors of largernickel—iron meteorites that were protected from oxidation during their time in space.
On Earth, such native nickel is always found incombination with iron, a reflection of those elements' origin as major end
products of supernova. An iron—nickel mixture is thoughtto compose Earth's inner core.

The use of nickel (as a natural meteoric nickel-iron alloy) has been traced as far back as 3500 BC. Nickel was first
isolatedand classified as a chemical element in 1751 by Axel Fredrik Cronstedt, who initially mistook its ore for a copper
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mineral. The element name comes from a mischievous sprite of German miner's mythology, Nickel (similar to Old Nick), that
personified the fact that copper-nickel ores resisted refinement into copper. Nickel's most important modern ore minerals are
late rites, including limonite,garnierite, and pentlandite.

Because of nickel's slow rate of oxidation at room temperature, it is considered corrosion-resistant. Historically this
has ledto its use for plating metals such as iron and brass, to its use for chemical apparatus, and its use in certain alloys that
will retain a high silvery polish, such as German silver. About 6% of world nickel production is still used for corrosion-
resistant pure-nickel plating. Nickel was once a common component of coins, but has largely been replaced by cheaper iron
for this purpose, especially since the metal has proven to be a skin allergen for some people.

Nickel is one of the four elements that are ferromagnetic around room temperature. Alnico permanent magnets based
partlyon nickel are of intermediate strength between iron-based permanent magnets and rare-earth magnets. The metal is
chiefly valuable in the modern world for the alloys it forms; about 60% of world production is used in nickelsteels
(particularly stainless steel).

Other common alloys, as well as some new super alloys, make up most of the remainder of world nickel use, with
chemicaluses for nickel compounds consuming less than 3% of production. As a compound, nickel has a number of niche
chemical manufacturing uses, such as a catalyst for hydrogenation. Enzymes of some microorganisms and plants contain
nickel as an active site, which makes the metal an essential nutrient for them.

PHYSICAL PROPERTIES

Phase solid
Density (nearr.t.) 8,908 g-cm *
Liquid density atm.p. 7.81 g-om >
Melting point 1728 K2651 °F 1455 °C, .
Boiling point 5275 °F 2913 °C., 3186 K.
Heat of fusion 17.48 kJ-mol '

Heat of vaporization 377.5 kJ-mol '

Molar heat capacity 26.07 J-mol1-K-!

IHI.RESULT
Welds were made on 1.5mm thick AA5182-H111 using a 170-kVA MFDC pedestal resistance spot welding machine.
No cleaning of the surface was performed prior to welding. All tests used Class 2 CuCrZr copper alloy electrodes with
modified tip geometry. Some of the electrodes employed a Tic-MMC coating which covers the entire weld face as well as
some of the surrounding electrodeface.

Element Si Fe Cu Mn Mg Al

Wit% 0.08 0.190 0.05 0.32 4.71 Bal.

Weld current window testing was conducted by allowing each electrode type to make a weld at a starting weld
current of 20kA and increasing the current incrementally up to 26kA. All other weld parameters such as weld force and time
were held constant. This test was conducted to show the difference, if any, between electrodes in the ‘new’ condition without
any pre-conditioning in terms of their ability to form adequate sized weld nuggets on aluminium. As the electrode
degradation process occurs very quickly with aluminium, a new pair of electrodes were used for each trial. Each trial was
repeated twice for a total of three runs, with two welds made at each weld current.

Pulse Plating: Pulse plating is becoming popular in the recent times because of its advantages in overcoming the problems
of DC plating. Pulse plating is defined as metal deposition by pulsed electrolysis (interrupted direct current to electroplate
parts). Pulseplating leads to smoother and fine grained deposits and almost completely free of pinholes. Pulse plating also
reduces the variation of plating thickness from one part to the next. Plating speeds can be increased. Current efficiency is
improved and raw material consumption is low. Pulse plating seems to be predestined for precious metal electro deposition
where the cost of advanced equipment may be outweighed by substantial savings in metal consumption and higher quality
deposits. In addition to the above mentioned reasons, one more main reason for the pulse plating gaining importance is the
availability of control parameters. In the conventionaldirect current electro deposition, there is only one parameter namely the
current density, which can be varied. However, in pulse method, there are three important variables: pulse duration, pulse
duty cycle and pulse current. However, this very advantage leads to problem for the identification of an optimum parameter
for achieving a specific objective.

Process Principles: The pulse frequency and ‘on” and ‘off” times (duty cycle) can be controlled to meet the needs for a given
application. The amount of time the current is on and off is set directly through programmable software. Two different modes
of operation are used (i) constant current and (ii) constant voltage mode.

The theory behind the pulse plating is simple (Chen, 1971). The film around the cathode is rich in metal ion and low
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in impurities aspossible. The metal ions next to the cathode are depleted during the on-time and a layer is left out that is rich
in water molecules. When the current is off, the metal ions from the bulk of the plating solution diffuses into the layer next to
the cathode. The process is repeated again during ‘on’ and ‘off” cycle. During the ‘off” time the gas bubbles and impurities
that are absorbed on the cathode gets desorbed.

Electrode geometry: The electrodes used in this study have been designed by Huys Industries Ltd. And are shown in Figure
1. These electrodes are very similar to a truncated cone E-nose style body with a slightly curved weld face with a set
diameter. Both coated (Al-Capp(TM)) and uncoated variations of this electrode were used in this study. The coating
employed is not the same as the TiCap(TM) coating employed for resistance welding of steel alloys.

Nugget Formation Testing: Weld current window testing for both the coated Al-Cap(TM) and the uncoated electrode were
conducted with results shown in Figure 2. The figure shows the trend of the Al Cap(TM) being able to produce larger
nuggets at each level of weld current. For this thickness of material, a target of 6mm pull out nugget was the target according
to 1ISO 18595 2007E as well as Spinella et al.[1]. This target was reached approximately 2kA sooner with the Al-Cap(TM)
than the uncoated electrode, showing the reduction in utility costs and the higher efficiency benefits of the coated electrode.
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For each electrode, pullout buttons were achieved and both were dimensionally sound and of good appearance. The
level of indentation from this geometry of electrode is slightly higher than that of a fully domed electrode of a larger weld
face diameter; however, it is well within quality standards. As the electrodes remained in the very early stages of electrode
life and degradation during this test, the nuggets remained well formed with the weld diameter being the major change in
character as the weld current was changed. It can be noted, however, that the uncoated electrode did start to yield some
slightly oval buttons near the middle of the test, unlike the coated electrodes.

Cross sections of welds made at 20kA and 24kA were taken to compare the development of the weld nugget for
each electrode type. very clearly the shapes of the cross sectioned nuggets. At the lower weld current, both electrodes were able
to produce pull out buttons. In the figure it can be seen that the interfacial nugget diameter is similar, however due to the
shape of the nugget, the Al-Cap(TM) weld was able to pull a larger diameter button. The same can be seen for the welds
made at 24kA, with a similar shape in the nuggets.

20kA 24kA

IV.DISCUSSION
Nugget Formation Characteristics: From the figures shown in Section 4, it was seen that the Al-Cap(TM) electrode was
able to form larger nuggets than the conventional electrode using the same welding parameters. The weld current window
yielded larger nuggets and would be expected to be wider as well. The shape of the peeled buttons was also more consistent
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and round. This was due to the presence of the TiC electrode coating serving as an additional layer of electrical resistance, as
well as a thermal insulator.As the electrode work interfaces are much more critical in terms of determining the final size of the
nugget when welding aluminum[1], the presence of the slightly higher resistance coating on the Al-Cap(TM) allows for
better use of the weld current and more consistent weld nuggets. This is seen directly in the shape of the nuggets clearly
shows the rounder, more evenly developed nugget when using the Al-Cap(TM). The inherent issues of low electrical
resistance and higher thermal conductivity are directly addressedby the Al-Cap(TM).

Electrode Life: From the data shown in Section 4 on life testing, it is seen that the Al-Cap(TM) is able to produce acceptable
weldsfor a longer period of time without any current or force modification. As the number of welds increases, both electrodes
begin to wear as seen in Figure 6. The weld face diameter grows quickly for the Al-Cap(TM) and then levels off to a slower
growth rate. Theuncoated electrode shows a steady increase in the growth rate until failure. As previously discussed, the
nugget formation characteristics have been changed using this style of electrode, and it is believed that this change has also
greatly contributed to theextended life performance as the Al-Cap(TM) is able to form acceptable welds even after the weld
face diameter has grown larger than that of the failed uncoated electrode. Another large factor in the electrode life behaviour
of the electrodes is the character in which they wear. It has been noted in literature that when welding aluminum sheet, the
uncoated electrodes pit very easily and thesepits coalesce to form a large central pit which is detrimental to the current and
force density. The following section looks closely at the wear character of the electrodes.

Electrode Wear Profile: The results from the previous sections suggest that there is a mechanism in the wear character of
the electrodes that is contributing to their weld performance. Analyzing the way the electrodes degrade through the use and
interaction with the aluminum work pieces repeatedly, we can gain insight into why the electrode performs the way it does.
In addition to the electrical and thermal character of the Al-Cap(TM) electrode being changed, analysis of the used electrodes
showed that the shape of the electrode surface was changed. The traditional large central pit was not formed on the Al-
Cap(TM), thus allowing the force and current distribution to be maintained throughout the electrode life. The typical stages of
electrode wear when welding aluminumhave been changed due to the presence of the coating and need further study to fully
characterize. As the weld face does grow largerwith increasing welds, and no significant mushrooming was seen, it can be
assumed that alloying and erosion through material transfer is occurring. It is likely that with the coating present, the
secondary pitting as reported by Lum et.al. is no longer possible asareas of exposed copper alloy are no longer present. With a
barrier between the copper and the aluminum surface, the pitting has been reduced and the surface of the electrode remains
flat and able to produce acceptable welds.

V. CONCLUSION

This study has been able to show that the TiO2 coated electrode was able to form larger welds than a traditional
uncoated electrodeat the same welding parameters yielding a larger welding window making it more robust for production.
The resultant welds were also seen to be more round and consistent in nature when peeled and cross-sectioned versus the
uncoated electrode. This was due tothe Tio2 electrode coating acting to serve as an additional interfacial layer providing
additional electrical resistance and thermal insulation. The electrode life for a static weld current and force test was
approximately double that of the uncoated electrode. In a production environment with current stepping, the coated electrode
was able to reach 5000 welds consistently. Upon study of the electrodes at intermittent stages in life, it was seen that the wear
profile of the electrodes remains flat, and large pits and concavity as described in literature do not exist. It is this feature that
allows the force and current to continue to reach the aluminum worksheetand form acceptable welds. The mechanism by
which the Tio2 electrode was able to wear differently requires further study, but wastheorized to be related to the function of
the Tio2 coating acting as a physical barrier between the copper alloy electrode and the aluminum to mitigate alloying and
secondary pitting as well as providing a hard wear and impact resistant coating to protect againstmushrooming and localized
melting of the copper.
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