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Event
IIW-India Foundation

Dear Reader,

The Indian Institute of Welding has formed
IIW-India Foundation with the prime objective
of facilitating higher education, research and
training in welding and allied technologies through
industry-academic interaction. This is in line with
the theme of the institute i.e. WELDING – FOR
NATION BUILDING. The IIW-India believes
that to meet the challenges posed by the rapid
changes taking place in welding technology to

Indian welding market is dull again. The immediate
future does not look very bright either. Most of the
fabricators are having considerable spare capacity.
This is the most opportune time to take advantage
of the available spare time for skill development,
training, improving working systems and setting the
house in order. Make best of the worst situation.
Welding is an energy intensive process. Importance
of energy efficient processes and welding equipments
is the need of the day. Newer processes and power
sources have constantly been developed to meet
this requirement. The lead article describes how
introduction of IGBT and inverter welding machines
have opened many new possibilities. TIG welding is
a precision work. It requires an expert hand to get the
best out of a TIG weld joint. The education section
compiled some of the tips on how to TIG weld like an
expert. Joining of titanium, being a very active metal,
requires considerable precautions to be taken. With
increasing applications of titanium brazing of titanium
using low melting filler metals is gaining importance.
The technical section covers some of the new
developments in low melting brazing filler metal. The
world is celebrating 100 years of stainless steel. It
has found innumerable applications. Energy sector
is one such area where stainless steel is extensively
used. The various locations where stainless steel is
used are reviewed in that section.

convert it from resource-intensive to knowledge–
intensive industrial activity, there is a dire need
for carrying out research in welding technology
which will help India to become a knowledge
based country. The proposed foundation shall
be an inter-disciplinary body and funded by
industry and government agencies which in the
long run benefit the industry. The Foundation also
intends to offer financial assistance to deserving
students to enable them to present technical
papers in international seminars / conferences
abroad. This will help creating careers that can
sustain and grow with the industry.
This is also an invitation to all the industry
captains and academicians who are associated
with welding in any manner to contribute for the
promotion and growth of the welding technology
as a social responsibility. Your valuable
suggestions to make the Foundation a vibrant
facilitator of promotion of welding technology
may be sent to the Editor of this News Letter. If
you need any further clarification please write to
or call us. Your active involvement is earnestly
solicited.

It is heartening to note that we have been receiving
good reviews from our readers of this news letter and
the circulation is increasing. To improve the contents
of the news letter and to make it more interesting and
interactive we invite suggestions from you. We also
request you to send us the subjects which you would
like us to cover in the forthcoming editions.

Dr. S.Bhattacharya
Editor
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Lead Article
New power source technology*
Earlier power sources were based on motor generators, or transformers, inductors, and diodes. Then the
power source designers started looking into silicon-controlled rectifiers (SCRs) for power and transistors for
control. These were the mainstay of power source design for 50 years and are still in use. In the 50-60Hz
world, there are limitations on what a power source designer can do with the arc welding system and its
performance. The early 1990s ushered in the first usable insulated gate bipolar transistors (IGBTs), which
operated in the 20kHz range. Today‘s IGBTs run in the 80-120 kHz range. With the high-speed switching
and computing available today, the power source designer is capable of presenting a welder a machine with
wider choice of welding characteristics that can predict and out react the physics of the arc.
INTRODUCTION
The advanced power sources of today can create
and deliver power to the arc that is not based on the
50/60Hz power that is supplied. These advanced
power sources are also capable of delivering welding
power in whatever form we deem useful. Besides,
the power can be delivered to the arc in almost any
form.The power source is capable of monitoring the
arc at such high speeds that it can adjust in a manner
which avoids or reduces the adverse arc phenomena
effects.

by a micro-controller, so the electrical characteristics
of the welding power can be changed by software
in real time. Typically, the controller software will
implement features such as CC or CV, pulsing, desired
wave form, welding current, providing variable ratios
and current densities through a software. All of these
features would be prohibitively expensive to design
into a transformer-based machine. Similarly, it is
possible to add new features to a software-controlled
inverter machine if needed, through a software
update, rather than through having to buy a more
modern welding machine. A schematic block diagram
is given in Fig. 1. A large number of manufacturers
of welding equipment has started offering inverter
based equipments in India and use IGBT to offer
better control of parameters using software. Kemppi
is a leading brand using this technology and has a
wide range of inverter based products.

BASIC INVERTER
With the development of high-power semiconductors
such as the insulated gate bipolar transistor (IGBT),
it is now possible to build a power supply capable
of coping with the high loads of arc welding. These
designs are known as inverter welding units. They
generally first rectify the utility AC power at 50 /60
Hz to DC; then the switched (inverted) DC power is
inputted into a step-down transformer to produce the
desired welding voltage or current. The switching
frequency is typically 20 kHz or higher. The electronic
circuitry drastically reduces the mass of the magnetic
components (transformers and inductors) that is
required for achieving a given power level. The
inverter circuitry can also provide features such as
power control and overload protection. The high
frequency inverter-based welding machines are
typically more energy efficient and provide better
control of variable functional parameters than noninverter welding machines.

DIRECT CURRENT ELECTRODE NEGATIVE
GMAW
The issue of a big ball of molten metal hanging at
the end of the wire is one of the issues that can be
overcome through the high speed electronics .With a
standard GMAW machine in DCEN, the molten metal
tends to ball up at the end of the wire and then fly off
in an erratic manner. The resulting weld is thus very
rough and has poor fusion and a lot of spatter. With
the available technology today, the power delivered
to the arc can be monitored, along with the arc and
adjust the power in real time to allow the formation
of molten metal, but keep it from developing into an
unmanageable form. This molten metal will then
transfer across the arc into the pool, in a controlled

The IGBTs in an inverter based machine are controlled

*Adapted from the articles published in Welding Journal, No. 4, Vol. 91, April 2012 by Larry Barley

3

WELDWELL SPECTRUM

Inverter Power Source Basics
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Figure 1: Inverter Power Source Basics
uniform manner.

The newer technology enables a welder to weld on
thinner materials with larger diameter wires.

By utilizing these technological advancements GMAW
equipment today can weld in the DCEN mode while
providing a stable arc, good bead appearance, and
little to no spatter. The great benefit of this process
variant is the welding of thin materials without melting
through or cutting the work pieces.

Wave pulse technology, alternates the pulsed
power from a high peak / background to a medium
peak / background, which gives a stacked-dime
appearance to the weld bead. With the ability to
control the power to the arc through high-speed
electronics and IGBTs, newer power supplies, using
Wave Pulse, can provide the ability to vary the pulse
peaks in a defined sequence. The variation in the
peak pulse levels of the Wave Pulse has two other
effects: the low frequency agitation of the molten
pool tends to float out porosity in the weld pool,
resulting in more structurally sound weld metal. This
same agitation coupled with the lower average heat

WAVE PULSE TECHNOLOGY
Minimizing weld time and simplifying the
manufacturing process is the goal of most welding
engineers. One method of doing this is to move
the welding process from GTAW to GMAW. This
is not always easy to achieve. One of the factors
to consider is the appearance of the finished part.
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minimizes grain growth of the solidified weld deposit,
thereby decreasing crack susceptibility. The arc
characteristics of the Wave Pulse permit the welding
of open pipe roots in both plain carbon and stainless
steel.

benefit is to hold the amperage constant and check
the wire feed rate. In a test run the amperage was
held at 100A, but the EN ratio was changed. The
resulting WFS were as follows; 0% EN at 6.5m/min,
10% EN at 7.0m/min, 20% EN at 7.7m/min, 30%EN
at 9.0m/min, and 40%EN at 9.9m/min. This is a 52%
increase in the wire speed at the same amperage.

Use of wave pulse results in a GMA weld with the
appearance of a GTA weld with increased speed of
welding. Typical GTAW travel speeds are in the range
of 13 to 38 cm/min. while GMAW using Wave Pulse is
in the range of 50 to 75 cm/min. An additional benefit
is a slight reduction in arc heat while maintaining the
lower spatter levels of spray transfer.

AC GMAW technology can be applied on thin parts
that have a gap. Another benefit of AC GMAW is
lower heat input of the arc combined with the cleaning
action of AC. It helps to reduce the amount of black
soot-like deposits that are common on aluminium
alloys and filler metals that contain magnesium. By
reducing the heat input, there is less magnesium
oxide (black soot) formed and cleaner parts are
produced.

AC GMAW
For many years, the ability to switch welding power
across an AC GMAW arc from electrode positive to
electrode negative was a challenge that some power
source manufacturers tried to overcome. Much of
this had to do with the speed at which the power
sources were able to function and the arc physics
associated with an AC gas metal arc. As the AC
power transitions through 0, the arc plasma collapses
and needs to be re-established. Also problematic is
droplet formation and transfer during the EN portion
of the cycle. The increased speed at which the
electronic devices function and the advanced control
features that have been developed under high
speed photography have enabled the adoption of
AC GMAW power supplies for specific applications.
With the AC GMAW process, a few added benefits
can be obtained. These include reduced heat input,
higher welding wire melting rate at a given power
level, and reduced dilution. Reduced heat input to the
work pieces during the EN portion is a result of the
electron flow melting the wire more than it does the
base metal. This translates into higher melting rate
at a given power level and permits more filler metal
to be added to the joint at given amperage. A test run
at a fixed wire feed speed (WFS) of 6m/min. shows
that a DC pulsed weld will run at 102A, whereas AC
with 10% EN will run at 89A, with 20% EN at 77A,
and with 40% EN will run at 67A. Therefore, we see
a 34% reduction in amperage with the same amount
of applied WFS.

Minimizing the penetration and dilution is a primary
concern in any cladding applications. Significant
cost savings can result from reducing the amount
of machining required before applying the cladding
and then minimizing the expensive material applied
while shortening the time to deposit the material. All
of these benefits can be enhanced using AC GMAW
process by finely controlling the dilution leading to
increased deposition rate of the cladding process.
CONCLUSION
With the advent of inverter and IGBT a welder is
offered a wide range of welding operation conditions
controlled by software. These conditions have made
many hitherto considered difficult welding situations  
possible to achieve such as AC GMAW, use of wavepulse technology, DCEN GMAW. Fundamentally
the concept that the dynamic response of modern
high- frequency inverter power supplies for GMAW
offers potential for a wider range of operations and
for reduction in weld time and distortion.

“Two things are infinite: the universe and
human stupidity; and I’m not sure about
the universe.”
― Albert Einstein

The alternate way for looking at the same AC GMAW
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TIG Welding Tips*
TYPES OF TUNGSTEN ELECTRODES
With the introduction of new power source
technologies, the use of pure tungsten as electrode
is decreasing. Pure tungsten melts at a comparatively
lower temperature and causes to easily form a
rounded ball at the tip. When the ball grows too large,
it interferes with your ability to see the weld puddle
and makes the arc unstable.

Addition of oxides of thorium, cerium, lanthanum,
zirconium etc to pure tungsten changes various
properties of the tungsten electrode. Notably the
work function (work function is the energy needed
to remove an electron from an atom) reduces with
the addition of oxides. For each type, the more of
an oxide is added to tungsten, the lower the work
function that tungsten will have and thus the better it
will arc start. For example 2% Lanthanated will have

Table 1: Colour coding of tungsten electrodes
Material

4%
Thoriated

2%
Thoriated

2%
Lanthanated

1.5%
1%
Lanthanated Lanthanated

2%
Ceriated

1%
Zirconiated

Pure
Tungsten

USA

(*)

Red

Blue (+)

Gold(+)

Black

Orange

Brown

Green

Europe

Orange

Red

(*)

(*)

Black

Grey

White

Green

Japan

(*)

Red

Yellow Green

(*)

Black

Grey

(*)

Green

Some of the characteristics of various types of tungsten electrodes are summerised in Table 2.
Table 2: Tungsten Electrode characteristics
Type of Tungsten
(Alloy)

Color Code

Pure

Green

Provides good arc stability for AC welding. Reasonably good resistance to
contamination. Lowest current carrying capacity. Least expensive. Maintains
a balled end.

Ceriated
CeO2
1.8% to 2.2%

Gray

Similar performance to thoriated tungsten. Easy arc starting, good arc
stability, long life. Possible replacement for thoriated.

Thoriated
ThO2
1.7% to 2.2%

Red, Yellow

Easier arc starting. Higher current capacity. Greater arc stability. High
resistance to weld pool contamination. Difficult to maintain balled end on AC.

Lanthanated
La2O3
1.3% to 1.7%

Gold,
Black, Blue

Similar performance to thoriated tungsten. Easy arc starting, good arc
stability, long life, high current capacity. Possible replacement for thoriated.

Zirconiated
ZrO2
0.15% to 0.40%

Brown

Excellent for AC welding due to favorable retention of balled end, high
resistance to contamination, and good arc starting. Preferred when tungsten
contamination of weld is intolerable.

Remarks

* Adapted from the website of Miller Welds
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a lower work function because of a higher volume
of oxides and thus the arc will start better than 1%
Lanthanated.

• Allows welding amperages to be increased by
25-30% compared to pure tungsten of the same
diameter.
To identify a specific type of tungsten electrode,
colour codes as given in Table 1 are used.

Ceriated tungsten can withstand higher temperatures
and works very well with the new square wave and
inverter machines for the following reasons:

TYPICAL CURRENT RANGES
The current range varies with the types of tungsten
electrodes used besides the diameter of the
electrode. Table 3 gives idea of some typical current
range used while using various types of tungsten
electrodes.

• Holds a point longer and starts well at low
amperages.
• Can be used on both AC and DC polarities. When
welding aluminum, it has become very acceptable
to grind to a point on ceriated tungsten (especially
when welding on thinner materials).
Table 3: Typical Current Ranges

Typical Current Range (Amps)
Gas Cup
(Inside
Diameter)

Tungsten
Diameter

Direct
Current, DC

Alternating Current, AC

DCEN

70% Penetration

(50/50) Balanced Wave AC

Ceriated
Thoriated
Lanthanated

Zirconiated
Pure

Ceriated
Thoriated
Lanthanated

Zirconiated
Pure

Ceriated
Thoriated
Lanthanated

.040

#5 (3/8 in)

15–80

20–60

15–80

10–30

20–60

.060 (1/16 in)

#5 (3/8 in)

70–150

50–100

70–150

30–80

60–120

.093 (3/32 in)

#8 (1/2 in)

150–250

100–160

140–235

60–130

100–180

.125 (1/8 in)

#8 (1/2 in)

250–400

150–200

225–325

100–180

160–250

All values are based on the use of Argon as a shielding gas. Other current values may be employed depending
on the shielding gas, type of equipment, and application. DCEN = Direct Current Electrode Negative (Straight
Polarity).

RECOMMENDED CURRENT TYPE, TUNGSTEN AND GAS FOR TIG WELDING
The current range to be used depends on the specific metal besides the thickness of the base metal. The
following table gives an idea:
Table 4: Recommended current range
Metal

Thickness

Type of Current

Electrode Type

Shielding Gas

All

AC

Pure, Ceriated, Thoriated,
Lanthanated

Argon

All
over 1/4"

AC Squarewave
AC

Ceriated, Thoriated, Lanthanated
Ceriated, Thoriated, Lanthanated

Argon
Argon

Copper

All

DCEN

Ceriated, Thoriated

Argon

Magnesium alloys

All

AC

Ceriated, Thoriated, Lanthanated

Argon

Plain carbon, steels

All

DCEN

Ceriated, Thoriated, Lanthanated

Argon

Aluminium
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Low-Temperature brazing filler metals for joining titanium*
The primary applications of titanium (Ti) are for heat
exchangers, honeycombs, and pipes. Titanium alloys
are also being used in advanced aircraft designs.
Welding of titanium is slightly difficult; being very
active in nature. The alternative process to join Ti is
brazing. One of the major issues with brazing titanium
is that most conventional brazing filler metals melt in
the range of 860-1000°C. This temperature range is
above the alpha to beta transition temperature range
for industrial titanium alloys which is detrimental to
the mechanical properties of titanium, especially in
thin-wall applications (100-150 microns). Thus there
is need for a filler metal that can join titanium below
800°C, exhibiting adequate strength. To date, over 100
brazing filler metals (BFM) have been developed in
response to the industrial needs. The main emphasis
of this activity was to improve strength and corrosion
resistance of titanium-to-titanium and titanium-todissimilar metals brazed joints, particularly titaniumto-stainless steel.

important temperature / time limits of brazing thermal
cycles. These limits are caused by undesirable
changes in the microstructure and properties of both
the base metal and the joint.
High temperature titanium brazing filler metals are
based on either the Ti-Cu-Ni or Ti-Zr-Cu-Ni alloy
systems. These alloys are considered the best
choices for operating temperatures up to 600°C and
corrosive environments. Low temperature brazing
filler metals fall into the following three groups: Ag
systems, Al systems, and Zr systems that have
brazing temperatures below 800°C to avoid the α-β
transformation.
ALUMINUM-BASED BRAZING FILLER METALS
General consideration:
Theoretically,
aluminum-based
BFMs
have
considerable
advantages
over
silver-based
alloys. Aluminum alloy melts have perfect wetting
on titanium both in vacuum and under the flux.
Therefore, aluminum BFMs attracted a particular
attention of brazing engineers since a challenge of
joining titanium became a subject of interest in the
aerospace industry in 1950s.
Aluminum-based filler metals have:
• lower melting points,
• lower densities, and
• good metallurgical compatibility with titanium
alloys to be brazed, particularly, good wetting and
flow in capillary gaps.
Despite some successful applications, main efforts
were made to overcome serious drawbacks of
aluminum filler metals such as:
• low strength in comparison with silver-based and
titanium-based BFM,
• low strength at elevated temperatures,
• sometimes not sufficient corrosion resistance,
and
• reactivity to titanium which resulted in the fast

Only the simplest binary and ternary compositions of
low-temperature brazing alloys based on aluminum,
aluminum-silver, and aluminum-silicon systems have
been tested and produced mixed results. Numerous
BFM compositions have already been tested, but
we still do not have the BFM for “low-temperature”
(below 800°C) brazing of titanium that are produced
for commercial markets.
CLASSIFICATIONS OF LOW TEMPERATURE
FILLER METALS
All known titanium BFM can be roughly classified
into five major families:
(1) aluminum-based alloys,
(2) titanium-based alloys,
(3) silver-based (especially, Ag-Cu-based) alloys,
(4) palladium-based alloys, and
(5) zirconium-based alloys.
The nature of titanium alloys (base metals) determines

* Adapted from Brazing and Soldering To-day, Welding Journal, Feb. 2012 - Article by T.Eckardt,Ohio SU
Brazing of Ti at temperatures below 8000C-Review Alexander E Shapiro,Titanium Brazing Inc. Ohio
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formation of brittle intermetallic layers in the
joints.
Pure aluminum reacts with titanium very actively,
and thin-wall brazed joints are characterized by
unacceptable level of the base metal erosion.
Therefore, aluminum BFMs are usually alloyed
by such metals as Cu, Si, Mg, Fe, and Sn, which
diminish the reactivity of pure aluminum. Magnesium
is the most effective alloying element for this.

composition (33 wt.% Cu) which was placed between
Ti-6Al-4V plates and used as the filler metal for the
torch, induction, or electric resistance brazing at
550°C. Dense joints of good quality were obtained
at the brazing clearance of 6-20 μm. But, the shear
strength of brazed joints was not sufficient. This
experiment showed that Al-Cu eutectic is sufficiently
active to interact with titanium even in air. However,
shear strength of the brazed joints can be tailored by
increasing the overlap area to achieve a load-carrying
capability approaching that of the base metal.

It was found experimentally that additions of Mg or
Li to the filler metal compositions improve the flow
characteristics and may significantly decrease the
brazing temperature. Also, a small addition of Li
improves corrosion resistance of the brazed joints,
while alloying with Mg acts adversely on corrosion
resistance, especially in Ag-Cu-Al filler metals.

Brazing of titanium structures in ‘Open Space’ gives
another opportunity for considering the aluminumbased BFM because such applications do not
require a high static or dynamic strength of joints,
there is no corrosion conditions in Space, and the
reactivity of the aluminum can be suppressed by the
very short brazing thermal cycle. In this case, it can
be expected that the advantages of aluminum BFM
(especially low melting point and good wetting and
flow) may prevail over their drawbacks.

A detailed investigation of low-temperature joining of
titanium thin-wall honeycomb structures was made
by using an alloy consisting of Al-4.8Si-3.8Cu-0.2Fe0.2Ni and was recognized as the most suitable BFM
for joining thin sandwich articles. Smooth fillets have
already been formed at 510°C and 5 min. holding
time. Faster formation of the fillets and improvement
of the joint strength was reached at the brazing
temperature of 680°C. No brittle intermetallics at the
interface were found.

Early work has already been performed investigating
low-temperature brazing filler metals for titanium.
Alloy TiBrazeAl-665 (Al-2.5Mg-0.3 Cr) produced
the highest strengths on both grades of titanium,
while staying below the beta-transus. Five numbers
of Al-system and two numbers of Ag-system filler
metals (Table 1) were used in trials. The wetting
characteristics were determined; shear strength
and microstructure were evaluated. BAg-7 braze

An original experiment with brazing titanium in air
using a low-melting aluminum brazing alloy was
made in the University of Hannover (Germany). A
thin Al foil was coated by copper to get an eutectic

...continued on Page 11

Table 1
Brazing Filler Metal

Composition, wt.%

Melting range 0C

Foil thickness, mm

TiBrazeAl-635

Al4.2Cu1.5Mg0.5Mn0.5Si

502-638

0.30

#15

Al-38Ag7.4Si0.6Fe

548-580

0.26

#17

Al-4.5Mg0.4Si0.1Cr

574-638

0.80

#18

Al-4Mg-0.5Si-0.4Mn

575-640

0.50

TiBrazeAl-700

Al-21Ni-9Cu-9.6Si-1Fe-0.6Mn

607

0.30

BAg-1

Ag-15Cu-16Zn-24Cd

607-618

0.12

Bag-7

Ag-22Cu-17Zn-5Sn

618-652

0.12
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Review
Stainless steel in energy and power generation*
INTRODUCTION
This is 100th anniversary of STAINLESS STEEL.
The role it has played in all sector of industry is
undisputable. Here we have tried to review some of
the applications where stainless steel is used in the
energy sector. The last 100 years has seen stainless
steel go from the laboratory to use throughout our
society. In 1914, the worldwide production of stainless
steel was merely of the order of 100 tonnes. In 1934,
the U.S. production alone was estimated at about
42,000 tonnes. In 2011 over 32,000,000 tonnes were
produced worldwide. The ready availability of energy
and power is essential for modern society. Over the
past century, stainless steels have played a key role
in the extracting and generation of both fuels and
electricity, and are increasingly needed to produce
“greener” energy.
COAL-FIRED POWER
Coal-fired power plants use stainless steel for many
different applications, both in the high-temperature
combustion section and also for corrosion resistance
at lower temperatures. In the past 35 years, stainless
steel has been used in gas cleaning systems,
together with nickel alloys, to reduce sulphur dioxide
emissions. More recently it has been used to reduce
mercury levels. The 10.5% Cr ferritic stainless steel
(e.g., UNS S40977 or EN 1.4003) is used to transport
millions of tonnes of coal, especially for railway cars.
Both these grades and 304 (S30400) are used for
coal chutes where abrasion is a problem.
FOSSIL ENERGY
Today we are extracting oil and gas from more
difficult sources, which often means the fluids are
“hot and sour” (containing hydrogen sulphide) and
may contain chlorides. Often stainless steels are
required to handle these corrosive environments,
with alloys ranging from 316L (S31603) to duplex and
super duplex grades, and sometimes nickel alloys.
Offshore platforms use stainless steels because
they are able to withstand the corrosive seawater.
For liquid natural gas, typically stored at -162°C,

304L (UNS S30403) stainless steel is commonly
used, whether for piping or for tanks. Even at lower
temperatures, 304L remains highly ductile.
Natural gas-fired power plants use turbines much in
the way jet engines use them. While nickel alloys are
used in the turbines themselves, many other parts,
such as the recuperator housing, are made of alloy
types 301 (S30100) and 321 (S32100).
The technology for capturing and storing carbon from
the gas emissions of fossil-fired power plants is still
being developed, though it is already clear that some
designs call for the significant use of stainless steel.
For example, in the amine scrubber, which removes
CO2, a wide range of grades may be needed: 316L,
410NiMo, 347 (S34700), 2205 duplex (S32205),
904L (N08904) and the 6%Mo family (e.g., S31254
or N08367).
HYDROELECTRIC POWER
In hydroelectric power generation, turbine blades
are often made of hardenable stainless steels such
410NiMo (S41500) or a 16Cr-5Ni-1.5Mo alloy (EN
1.4418, no UNS number). Dam gates are often made
of either 304L or 316L stainless steel while roller
guides are made from a precipitation-hardenable
alloy such as 17-4PH (S17400).
NUCLEAR POWER
Although the nuclear power sector has much in
common with fossil fuel plants, there are some
special applications related to the spent fuel. To
moderate the neutron emissions from the spent fuel
during transportation, a version of 304 with at least
0.5% boron is used (S30462). A special version of
type 304L, known as NAG (nitric acid grade), is used
in the reprocessing of fuel.
RENEWABLE ENERGY SOURCE
Many devices are currently being developed to
harness the power of waves and tides. Some of these
prototype devices contain stainless steels which
have a long track record in seawater applications

*Alan Harrison, British Stainless Steel Association (BSSA), Nickel, Special Edition, May 2012
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within the oil and gas sector. Transferring knowledge
to this new energy sector will become increasingly
important. Duplex and super-duplex alloys, with their
combination of strength and corrosion resistance, will
likely play a key role in this demanding environment.
Stainless steel is a natural material for solar power.
Applications include solar hot water panels, substrate
for thin film photovoltaic (PV) panels, support panels
and connectors for crystalline PV panels, and largearea mirrors for solar collecting systems. The biofuels sector is already benefiting from the corrosion
and heat-resisting properties of stainless steel. In
anaerobic digestion, type 304 is used for the large
digester tanks and associated pipe work. The same
alloy is used extensively in ethanol production
from either corn or sugarcane. Type 316L is used
in more corrosive conditions. Stainless steels are
used in thermal processes in this sector because of
their high strength and corrosion resistance at high
temperatures.
MISCELLANEOUS SOURCES
Other developing technologies where stainless steels
are used include fuel cells, waste-to-energy plants,
geothermal plants, fusion processes, and energy
storage. It is clear that society’s future depends on
innovative and renewable energy sources, and it is
equally clear that stainless steels will be an integral
part of their production.
CONCLUSIONS
New grades will be developed as applications
expand. For example, in the power industry, where
high steam temperatures mean greater conversion
efficiency of the fuel, new cost-effective stainless
steel grades are needed. We can only speculate
as to what might happen in the next hundred years,
though there is one thing of which we are certain:
nickel and stainless steels will continue in widespread
use, providing valuable service to mankind.

...continued from Page 9
alloy had biggest average contact angle but tended
to ball up on surface during heating. This tendency
to not spread immediately makes this alloy less
desirable. Alloys 15,16,17,18 and BAg-1 exhibited
good contact angles. Alloy 16 showed good results
of shear strength; alloys 15 and 17 exhibited poor
results after testing. Alloy 18 showed poor results in
the vacuum brazed joints.
MICROSTRUCTURE
In TiBrazeAl-700 (Al-Ni-Cu-Si system) incomplete
dissolution of Cu/Ni mesh is seen. The intermetallic
layer is relatively thin. This alloy may have good
mechanical properties once brazed for a sufficient
time. In TiBrazeAl-635 (Al-Cu-Mg system) no
detectable dendrite or eutectic formation was
noticed (due to high percentage of aluminium). The
interlayer consisted of a variable and discontinuous
intermetallic layer. Vacuum brazed joints showed
superior mechanical properties. Alloy 15 (Al-AgSi system) showed formation of inner intermetallic
layer and hence unsuitable. Alloys 17 and 18 (Al-Mg
systems) formed a discontinuous thin intermetallic
layer. The BAg-1 is an industry standard for brazing
titanium in air. This solidifies with a Ag-Cu-Zn-Cd
eutectic microstructure. Double intermetallic layer
causes modest shear strength of silver brazed
joints.
CONCLUSION
Based on wetting, shear strength and microstructure
results, TiBrazeAl-635 and TiBrazeAl-700 were found
to yield the best results. TiBrazeAl-635 produced
consistently small contact angles , forming smooth
and concave fillets. It produces a thin discontinuous
Al3Ti intermetallic layer along the base metal interface
which is preferable to a thick continuous layer.

“Darkness cannot drive out darkness:
“Live as if you were to die tomorrow. Learn only light can do that. Hate cannot drive
out hate: only love can do that.”
as if you were to live forever.”
- Mahatma Gandhi

- Martin Luther King Jr.

11

A
Single Source
for
Welding Solutions
A forerunner in supporting services to the welding community.

Welding Products Company

Panasonic
ideas for life

HUNTINGDON FUSION
TECHNIQUES LIMITED
Importers & Distributors of International Quality Welding Products

NIVEK
Weldwell Speciality Pvt. Ltd.
401, Vikas Commercial Centre, Dr. C. Gidwani Road, Chembur, Mumbai - 400 074.
Tel.: (91) (22) 6646 2000 Fax : (91) (22) 2520 6789.
Website: www.weldwell.com E-mail : sales@weldwell.com; nivek@vsnl.net

Nivek Agencies

Branch Office
18, Bhagyodaya House, Siddhanath Road, Opp. Krishna Cinema, Vadodara - 390 001. E-Mail : baroda@weldwell.com

