The Importance of Pre-Heating and Post Weld Heat
Treatment (PWHT)

Introduction

Welding is a crucial process in metal fabrication and construction, particularly when
dealing with thick weld joints and chrome alloys. The quality of the weld significantly
impacts the overall integrity and performance of the structure. To achieve optimal
results, pre-heating before welding is a practice that cannot be overlooked. This article
will explore the reasons why pre-heating is important, especially for thick weld joints
and chrome alloys, as well as the purpose of post-weld heat treatment.

Understanding Pre-Heating

Pre-heating involves the process of heating the base material before commencing the
welding operation. The temperature achieved during pre-heating can vary depending on
the type of material, thickness, and the welding method employed. The primary goal of
pre-heating is to mitigate the risks associated with welding, particularly when working
with materials that have a high carbon content or specific alloying elements, like
chromium.

Importance of Pre-Heating

1. Reduction of Welding Stress and Distortion
o Thick weld joints can experience significant thermal stresses during the
welding process due to rapid heating and cooling. Pre-heating raises the
temperature of the base material, thereby minimizing the temperature
differential between the weld and the surrounding area. This helps to
reduce residual stresses, preventing warpage and distortion, which is
critical for maintaining dimensional accuracy.
2. Prevention of Cracking
o Certain alloys, including high-carbon steels and chrome alloys, are
susceptible to cold cracking or hydrogen-induced cracking. These
materials typically have a lower ductility when subjected to high cooling
rates. By pre-heating, the cooling rate of the weld is controlled, which
significantly reduces the chance of cracking in the heat-affected zone
(HAZ) and the weld joint itself.
3. Improved Penetration and Fusion
o Pre-heating the material enhances the likelihood of achieving better
penetration and fusion during welding. The elevated temperature allows
the weld puddle to flow more freely, promoting a stronger bond between
the base materials. This is particularly crucial for thicker sections, where



inadequate penetration can lead to weak joints and potential failure under
load.
4. Enhanced Mechanical Properties
o Heating the material prior to welding can also improve the mechanical
properties of the weld. Enhanced toughness and ductility in the welded
joint reduce the likelihood of catastrophic failures, especially in
applications subject to dynamic loads or shock.
5. Enhanced Arc Stability and Ease of Welding
o Pre-heating the material can enhance arc stability by providing a more
consistent temperature environment for the welding arc. This stability can
lead to easier welding with better control over the weld bead, thereby
improving overall weld quality.

Specific Considerations for Chrome Alloys

Chrome alloys, often used for their corrosion resistance and high strength at elevated
temperatures, present unique challenges during welding. These alloys can be prone to
oxidation and sensitization if not properly handled. The presence of chromium in the
alloy also means that the material can form brittle inter-metallic phases if cooled too
quickly. Pre-heating minimizes the risks associated with these issues by controlling the
thermal environment, allowing for better metallic transitions and preventing the
formation of detrimental microstructures.

Post-Weld Heat Treatment: Purpose and Benefits

Post-weld heat treatment (PWHT) is performed after welding to alleviate residual
stresses induced during the welding process and to improve the mechanical properties
of the weld joint.

1. Stress Relief
o PWHT is primarily aimed at relieving residual stresses that develop during
the cooling of the weld and the base materials. During welding, the rapid
cooling can lead to localized stress concentrations which can lead to
cracking under service conditions. Stress relief through PWHT
redistributes these stresses, making the overall structure more robust.
2. Microstructure Optimization
o PWHT can also refine the microstructure of the weld and heat-affected
zone. By carefully controlling the temperature and duration of the heat
treatment, undesirable microstructures such as martensite or brittle
intermetallic compounds formed during welding can be transformed into
more desirable, ductile microstructures. This optimization enhances the
mechanical properties of the weld, such as toughness and elongation.



3. Improving Toughness and Ductility
o The heat from PWHT increases the toughness and ductility of the weld
joint, essential for applications where risk of impact or fatigue loading
exists. For chrome alloys, achieving a fine-grained, homogeneous
microstructure post-weld can significantly enhance their performance,
particularly in high-stress environments.
4. Reduction of Hardness
o PWHT often reduces the hardness of the weld metal, which can be
beneficial in applications where the integrity over hardness is crucial. For
chrome alloys or thicker materials, this balance between hardness and
toughness is vital to prevent cracking during service.
5. Enhancing Corrosion Resistance

In certain cases, post-weld heat treatment can improve the corrosion resistance of
chrome alloys by dissolving precipitates that may form during welding. This is
particularly important in applications where the welded components are exposed to
harsh chemical environments, such as in the oil and gas industry, or in chemical
processing plants, the corrosion resistance of chrome alloys is paramount. Post-weld
heat treatment can help dissolve harmful precipitates and promote a more uniform
microstructure, thus restoring and enhancing the corrosion resistance of the material.

Best Practices for Pre-Heating and Post-Weld Heat Treatment

1. Temperature Control
o Itis vital to monitor and control the pre-heating temperature accurately.
Different materials and thicknesses will have specific recommended pre-
heating temperatures, and adhering to these guidelines ensures optimal
results. High-quality thermocouples or infrared thermometers can help
achieve accurate measurements.
2. Uniform Heating
o The heating process should be uniform to avoid generating thermal
gradients that could introduce stress concentrations. Techniques such as
gas torch heating, induction heating, or heating plates can be employed
for effective uniform heating.
3. Hold Time
o The duration for which the material is held at the pre-heating temperature
should also be considered. Holding the temperature for a sufficient time
ensures that the entire thickness of the base material reaches the desired
pre-heating temperature.
4. Controlled Cooling Post-Welding
o After welding and before post-weld heat treatment, the cooling process
should be controlled as well to further reduce the risk of thermal shocks. A
controlled cooling rate allows for a more gradual transition that helps
mitigate stresses.



5. Choosing the Right PWHT Temperature and Duration
o For post-weld heat treatment, selecting the appropriate temperature and
duration is crucial. It typically depends on the type of material and the
desired properties. Consultation with material specifications and
guidelines, such as those outlined in the American Society of Mechanical
Engineers (ASME) codes, should be followed for best practices.

Conclusion

In summary, pre-heating plays a critical role in the welding of thick joints and chrome
alloys, providing stress relief, preventing cracking, and promoting better weld
penetration and fusion. By enhancing the mechanical properties of the weld joint and
the surrounding material, pre-heating contributes to the overall durability and integrity of
the structure being welded.

Post-weld heat treatment further complements these benefits by relieving residual
stresses, optimizing microstructure, and increasing toughness and ductility, while also
enhancing corrosion resistance in chrome alloys. Proper practices for both pre-heating
and post-weld heat treatment are essential for ensuring the reliability and performance
of welded structures, especially in demanding and dynamic environments.

Final Thoughts

Understanding and implementing proper pre-heating and post-weld heat treatment
techniques are essential not only for achieving high-quality welds but also for ensuring
the longevity and safety of welded structures. As industries continuously evolve and
face new challenges in metallurgy and fabrication, the importance of these practices
remains ever crucial. By emphasizing meticulous attention to pre-heating and post-weld
heat treatment, fabrication and construction professionals can significantly enhance
the integrity and performance of their welds.



Pre-Heat being performed on some pipe while the workers weld the
joint. Heat treat technicians will maintain the minimum pre-heat until
the welders are finished.
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