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WELDING RESEARCH 
SUPPLEMENT

The Effect of Temperature on Electron Beam 
Brazing of Titanium to Alumina Ceramic
For brazing temperatures below the titanium 
polymorphic α-β transition temperature, conditions 
favorably affect the performance characteristics of the 
metal-ceramic joint produced
A. A. Zenin et al.
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EDITORIAL

Increase Your Knowledge of 
Consumables

I am honored for the opportunity to write about welding consumables and how to discover 
more about their procurement, manufacturing, and application. I can attest to the importance 
of learning the intricacies of consumables as I have worked both in consumable development 
and large construction projects globally.

Consumables are critical for all of us within the construction, fabrication, and manufacturing 
industries at all levels from microelectronics to the largest offshore platforms or bridges. Our 
responsibility as welding professionals interacting with consumables may include selection, 
development, procedural testing, procurement, or welding. Our roles are vital to ensure 
public safety as society relies on welds to perform as promised. I like to say that all welding 
professionals are metallurgists as the nature of our work is to design, select, or build com-
ponents through welding. Our work heats and cools the base metals, and we are tasked with 
ensuring the final product maintains the material properties needed by design. Thus, we must 
collaborate to provide the safest and highest quality products.

AWS provides the foundation for us to learn, openly communicate, and continually improve 
the welding industry. A great starting point to learn more about consumables is through the 
Welding Handbook. The next step of engagement can be through the AWS A5 standards, 
where greater detail on the chemistry, testing requirements, and mechanical performance of 
electrodes is delineated. Perhaps your focus is on design and construction. In that case, the 
AWS D committees and subcommittees may pique your interest. Whatever your experience 
is with consumables, it is important to know that the organization provides a learning path 
through published codes and standards, the Welding Handbook, educational seminars, and 
instructional courses. For example, use the AWS A3.0M/A3.0, Standard Welding Terms and 
Definitions, to learn standard definitions and terminology; AWS A5.01, Welding and Brazing 
Consumables — Procurement of Filler Metals and Fluxes, to easily and consistently order 
your electrodes; AWS D1.1, Structural Welding Code — Steel, to learn about structural steel; 
or American National Standards Institute (ANSI) Z49.1, Safety in Welding, Cutting, and Allied 
Processes, for safety and health. AWS literature is developed and maintained through volun-
teer committees across a range of industries. Joining a committee is a great way to continue 
learning and give back to the next generation.

Manufacturers are also a good resource for information. When you know where your prod-
ucts are manufactured, you are more likely to find a R&D team that can help answer your 
questions. Manufacturers continually strive to improve their consumables for the highest 
productivity, welding performance, and user experience as they want you to be successful 
with their products. I have always found the welding industry to be aware that our ultimate 
goal is public safety, so never hesitate to reach out throughout the industry.

Safety is the primary consideration in the performance of any consumable. Robust safety 
protocols develop proactive measures to address known concerns with fume, electrical, 
and ancillary hazards. A safety program also assists in addressing hazards associated with 
emerging technologies, such as handheld lasers.

Get ready for the future as welding is here to stay with AWS recently turning 100. Challenges 
on the horizon include the energy transition with new operational environments, consideration 
of greenhouse gas emissions with welding methods, and green steel technologies. It will be 
exciting to see novel projects across the manufacturing, transportation, infrastructure, and 
energy industries as they evolve and adapt to the changing world.  WJ  

“Our responsibility 
as welding 
professionals 
interacting with 
consumables may 
include selection, 
development, 
procedural testing, 
procurement, or 
welding. Our roles 
are vital to ensure 
public safety as 
society relies on 
welds to perform 
as promised.”

Ben Pletcher 
chief welding 
technologist and 
Bechtel fellow, 
Bechtel Global Corp.
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Welding wires with a high level of deoxidizers can 
burn through material coatings and impurities

BY JAKE BALOGH 
FEATURE

MATERIAL CONDITIONS 
and Filler Metal Selection

Material cleaning is 
often a step that is 

removed from welding 
operations in an effort 

to minimize costs.
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It’s not uncommon to encounter challenging material 
conditions when welding. Fabrication shops and general 
construction businesses work to minimize costs on com-

petitive projects, so material cleaning is often a step that is 
removed from the process.

Whether the material condition involves rust, mill scale, 
or coatings, the thought is often, “Don’t bother cleaning it; 
just weld over it.” Under these circumstances, choosing the 
right filler metal for the base material conditions can help 
address quality issues and improve results.

Common Material Conditions
Some of the most common material conditions encoun-

tered in welding applications are mill scale, galvanized 
coatings, oil, and rust. Base materials may arrive with these 
conditions present from either a treatment during manu-
facturing of the material or how the products were stored.

Removing these coatings from the material takes time and 
adds cost, so many operations don’t undertake the process of 
cleaning. Instead, operators weld over the material coatings 
or rust, which can add difficulty to the welding process and 
affect weld quality.

Proper cleaning of the base material is always recom-
mended. But in applications where that isn’t feasible or 
practical, the right filler metal can help improve results when 
welding materials with these conditions.

Welding Mill Scale
Mill scale is a protective oxide layer that forms on metal 

when it is hot rolled during the manufacturing process. Cold 
rolling the steel eliminates mill scale formation but adds costs 
to the production process, so many operations don’t choose 
cold-rolled over hot-rolled material. The mill scale layer can 
also be blasted off prior to welding.

A much slower travel speed is one of the pitfalls of weld-
ing on mill scale. In some cases, it requires half the speed 
compared to welding base material that has been cleaned 
and prepped. A slow travel speed is necessary to burn off the 
mill scale layer with the arc. Welding too fast on mill scale 
will cause an erratic weld pool, resulting in an inconsistent 
or wavy weld bead. Welding over mill scale also causes more 
spatter compared to welding clean metal.

When choosing a filler metal to tackle material with mill 
scale, a flux cored wire can help. Flux cored wires typically 
have the most deoxidizers, which help bring impurities to 
the surface. Good flux cored wires for welding mill scale are 
AWS classes E71T-1C/M and E71T-9C/M. These wires provide 
the best weldability compared with other flux cored wires.

 Metal cored wires, such as AWS E70C-6M, are also good 
choices because they are high in deoxidizers, like silicon, 
which features great impurity-gathering capabilities that 
help filler metals perform better on dirtier materials.

A shielding gas combination, such as 90% argon and 10%
carbon dioxide, produces a hotter arc and offers benefits 

In some cases, welding on mill scale requires 
half the travel speed compared to welding base 

material that has been cleaned and prepped.
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for welding steel with mill scale, rust, or primer coating. The 
higher temperature can help burn away the coating or rust 
faster. Increasing the welding voltage slightly can also provide 
the same benefits.

Welding Galvanized Steel
Galvanized base metals are very common in many weld-

ing applications. The material is galvanized through either 
a dipping or an electroplating process that forms a coating 
designed to prevent rust and oxide from forming on the metal. 
The thicker the coating, the better the protection but the 
harder it is to weld over.

Welding galvanized steel requires slower travel speeds 
and can cause porosity and weld cracking. If an operation 
can avoid galvanizing before welding and instead complete 
the dipping process after the material has been welded, that 
is preferred and helps avoid these issues. If there are high 
residual stresses present after welding, operators may expe-
rience liquid metal embrittlement, which is cracking in the 
weld or heat-affected zone after hot dipping.

In applications where it’s necessary to weld galva-
nized steel, there are filler metals that perform better on  

galvanized and coated materials. A flux cored wire with 
an AWS E71T-11 classification works well on coated steels 
because of the added aluminum and other deoxidizers that 
help reduce impurities and cracking.

Welding over Rust
Rust is another common material condition. It differs from 

mill scale in that mill scale is formed during the manufacturing 
process while rust forms when the metal is exposed to the 
atmosphere. Moisture and humidity can speed up the rust-
ing process, so proper storage of the material is important 
to consider.

Rust has less electrical conductivity than steel, so it will be 
harder to establish a stable arc on very rusty material. The 
thicker the rust, the more difficult welding will be. Welding 
over rust can cause porosity and high levels of spatter.

Look to flux cored and metal cored wires with high levels 
of deoxidizers to weld through rust. For welding A36 steel, 
AWS E71T-1C/M and E71T-9C/M flux cored wires are good 
choices. For metal cored wires, choose the AWS E70C-6M 
classification.

Oil-Coated Materials
Many plates and other metal pieces come into the welding 

process with oil on them. The oil is often left on the material 
as lubrication used in the cutting process.

There is little reason to ever weld over oil since removing 
it from metal parts is a much faster and easier process than 
any of the other material conditions listed above. Simply use 
some acetone and a rag to wipe the oil from the weld joint 
and surrounding area.

Optimizing Performance
When it comes to welding dirty or coated materials, proper  

cleaning and part preparation is ideal. When that isn’t  
possible due to time or cost constraints, choose a filler 
metal with a high level of deoxidizers to burn through the 
coating or mill scale layer and provide better performance  
and results.  WJ

JAKE BALOGH ( jacob.balogh@hobartbrothers.com) is a welding 
engineer and CWI at Hobart, Troy, Ohio.

With welding, choosing the right 
filler metal for the base material 
conditions can help address quality 
issues and improve results.

When cleaning isn’t possible due to time or cost 
constraints, choose a filler metal with a high level of 
deoxidizers to burn through the coating or mill scale 
layer. It can provide better performance and results.
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