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Difference between austempering and martempering

Paulo's unique process called martempering minimizes distortion risk while achieving high hardness levels, increased resistance to cracking, improved impact strength, and enhanced wear resistance in steel components. After heating, the pieces are quenched in a controlled vertical salt bath with a temperature slightly above the material's critical
point. This method differs from austempering, where higher temperatures are used, as martempering cools parts at a lower temperature (typically around 350°F), allowing for faster equalization of core and surface temperatures. The parts are then removed from the quench and cooled in still air at room temperature. This controlled cooling promotes
the formation of martensite, the hardest form steel can take. Unlike other heat treatment processes, martempering reduces stress on parts, minimizing distortion risk. High-quality steels or components with complex geometries respond best to martempering. Suitable applications include bearings, gears, tooling, dies, and shafts where precise
tolerances are crucial. Martempering enhances the accuracy of Paulo's automated furnace controls, offering several benefits: * Reduced warping and distortion * Lower risk of cracking * Higher hardness levels ¢ Increased wear resistance ¢ Improved impact strength The resulting hardness from martempering is often higher than required
specifications, necessitating tempering to achieve desired hardness levels. This involves reheating the part between 300°F and 1,200°F, which also increases ductility. The amount of hardness removed during tempering varies based on the reheat temperature. In contrast, other heat treatment processes like austempering typically do not require
tempering as they achieve optimal hardness at specific temperatures. Paulo's salt-to-salt martemper system in Kansas City features a 16" x 32" x 58" footprint with a maximum temperature of 1,650°F and a quenching range of 300°F to 900°F. Computer-controlled loading, processing, and tracking systems are used across all Paulo facilities. Previous
articles discussed quenching and tempering and martempering processes in detail. Martempering is typically performed when distortion control is crucial. Austempering, a new isothermal process, achieves a solely bainitic structure by heating the part in the austenite range and quenching it into hot oil or molten salt held at a constant 260-400°C
(500-750°F). The part transforms isothermally to form a bainitic microstructure before cooling. Austempering offers several advantages, including increased ductility and notch toughness, reduced distortion, and shortened cycle time. Austempering is a heat treatment process that involves quenching steel in salt or oil and then holding it at a specific
temperature for a certain period to achieve high toughness and ductility. The process requires sufficient hardenability, which allows the part to be quickly quenched without reaching the center of the TTT curve, also known as the Martensite Start Temperature (Ms). High-hardness alloys with thin sections are essential to avoid limitations in
transformation. For some alloys like SAE 5140, bainite transformation is relatively short (10-15 minutes), while others can take hours or even days, making them impractical for austempering. Plain carbon steels with specific carbon content and manganese levels are suitable for austempering. Alloys with a higher carbon content, such as the 41XX and
61XX series, are also used for this process. Verification of heat-treater information or consulting Time-Temperature-Transformation diagrams is necessary to determine suitability. Austempering is primarily used to improve mechanical properties, particularly toughness and ductility at high hardness levels. Parts made from bar, strip, or thin plate
require high toughness at 40-50 HRC. Examples of such parts include lawn mower blades, springs, and fasteners. Alloy steel parts are also austempered, including socket wrenches, gears, and shafts. Austempering can be applied to ductile iron by quenching it in salt, then holding it at an intermediate temperature before cooling to room temperature.
The resulting microstructure has excellent toughness and fatigue strength, with properties influenced by the austempering temperature. Higher temperatures produce a coarser structure, while lower temperatures result in a harder, wear-resistant structure. The article discusses the difference between tempering and austempering, two heat
treatment processes used on steels. Tempering involves heating hardened steel below its critical point to make it less brittle, while austempering is a process that quenches steel from an austenitizing temperature into a bath held at an intermediate temperture. The goal of tempering is to improve the ductility and toughness of steel, making it suitable
for various applications. Austempering, on the other hand, produces bainite, a microstructure offering a unique combination of strength and ductility. austempering was chosen to produce a tougher and more wear-resistant steel.To modify by the addition of a moderating element; moderate"temper its doctrinaire logic with a little practical wisdom"
(Robert H. Jackson).The goal is to bring to a desired consistency, texture, hardness, or other physical condition by blending, admixing, or kneading.Paints that had been tempered with oil.No, austempering is best suited for certain alloys that can form bainite.Austempering forms bainite, a fine-grained microstructure.Yes, tempering generally reduces
the hardness slightly while increasing toughness.Higher tempering temperatures typically decrease hardness but increase toughness.To increase the toughness and reduce the brittleness of hardened steel.Yes, austempering often improves wear resistance due to the formation of bainite.Yes, tempered steel is generally less hard but more tough
compared to quenched steel. Austempering can provide a better combination of strength and ductility with less risk of distortion.Generally, austempering can be more expensive due to its specialized process and equipment requirements.No, tempering involves controlled heating and slow cooling.Austempered steel is often used in automotive parts,
gears, and wear-resistant applications.The duration varies but can range from less than an hour to several hours, depending on the steel type and desired properties.Tempering significantly reduces internal stresses but may not eliminate them entirely.Yes, austempering often requires a controlled atmosphere to prevent oxidation and achieve the
desired properties.To alleviate the extreme hardness and brittleness caused by quenching.Yes, multiple tempering cycles can be used to achieve specific properties.Yes, due to its less severe quenching process, austempering can reduce the likelihood of cracking.Austempering usually occurs at temperatures between 150°C and 400°C.Tempering can
cause color changes on the steel surface due to oxide formation at different temperatures.Yes, high-carbon steels can benefit from austempering, especially for improved toughness. The modern method of hardening steel involves heating the component to the austenitizing temperature, followed by quenching in a suitable medium and tempering to
achieve the desired hardness. Figure 1 illustrates this process schematically. The part is first austenitized and then quenched at a rate that allows it to miss the "nose" of the TTT curve, resulting in complete through-hardening. Slower quench rates can lead to the formation of non-martensitic transformation products such as ferrite, pearlite, and
bainite. Note that the TTT curve has no bearing on the tempering reaction. This heat treatment method is widely applicable to various types of components, including aerospace, automotive, and agricultural parts. For most applications, the austenitizing temperature is around 25-30 degrees C above the Ac3 temperature. After soaking at this
temperature, the part is quenched rapidly into a medium such as brine, water, polymer, or oil. The quenchant temperature is typically less than 80 degrees C for oil and ambient for water-based quenchants. The part remains in the quench until it reaches the quenchant temperature, then it's removed and tempered immediately to prevent quench
cracking. This heat treatment method can cause distortion and residual stresses, so the quenchant is selected to minimize these effects. Martempering is a specialized process used when distortion and high residual stresses are an issue. In martempering, parts are quenched from the austenitizing temperature into hot oil or molten salt at around 100-
200 degrees C, then held until the surface and center temperatures of the part are nearly equal. Once the center has reached the quenchant temperature, the part is removed and allowed to cool in a controlled manner to prevent thermal stresses (Figure 2). This process is often used for carburized parts that have a greater carbon content at their
surface than in their core. Martempering is a heat treatment process that produces beneficial compressive residual stresses at the surface of carburized parts. This method is often used for alloy steels, which are generally more amenable to martempering than other types of steel. Steels with high carbon equivalents (CE) prone to quench cracking
may be martempered to avoid cracking. The Carbon Equivalent is defined as [1] or can be calculated using another equation [2]. If the CE > 0.52 percent, quenching cracking becomes a problem. However, steels with a CE of over 0.50 percent are good candidates for martempering. Table 1 shows common alloys and their corresponding martensite
start temperatures and carbon equivalents. Martempering is particularly suitable for carburized parts, such as bearings, gears, and shafts, which require closer dimensions but can be more costly to fabricate. Figure 3 illustrates the distortion of SAE 52100 bearing races as a function of martempering temperature. The limitations of section thickness
must also be considered when determining suitability for martempering. However, if the core hardness is less than the surface hardness, it may be acceptable for the center of the part not to be completely transformed to martensite, allowing for increased size. Austempering is a process that forms a bainitic structure in steels and nodular ductile iron
by controlling the temperature and time of transformation. Carbon steels are generally unsuitable for austempering due to the short time required to bypass the nose of the TTT curve, whereas medium carbon alloy steels like 5140 can be used because they have a longer window for transformation. The process achieves a fully bainitic microstructure
within one to 10 minutes at 315-400 degrees C. Austempering improves wear resistance and provides an impact-resistant microstructure in nodular ductile iron. Section thickness is critical in determining the slowest quench rate that can avoid pearlite formation, limiting the application of austempering to small-diameter bars or thin strips.
Austempering can replace traditional martempering or quench-and-temper operations if the alloy has sufficient hardenability and a thin cross-section. This process reduces distortion while maintaining toughness and ductility, potentially leading to cost savings.
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