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Applying Through-Process Temperature
Monitoring to Fully Understand Your
Complete Gas Carburizing Process

Steve Offley - PhoenixTM; United Kingdom

Using “thru-process” temperature monitoring allows you to gain a better understanding of your gas
carburizing process from beginning to end.
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Gas Carburization

Carburizing has rapidly become one of the most critical heat-treatment processes employed in the manufacture of
automotive components. Also referred to as case hardening, it provides necessary surface resistance to wear while
maintaining toughness and core strength essential for hardworking automotive parts.

The carburizing process is achieved by heat treating the product in a carbon-rich environment (Fig. 1), typically at a
temperature of 1562-1922°F (850-1050°C). The temperature and process time significantly influence the depth of
carbon diffusion and associated surface characteristics. Critical to the process is a rapid quenching of the product
following diffusion, which is performed by rapidly decreasing the temperature to generate the microstructure for
enhanced surface hardness while maintaining a soft and tough product core.
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The outer surface
becomes hard via the
transformation from
austenite to martensite,
while the core remains
soft and tough as a ferritic
and/or pearlitic
microstructure. Normally,
carburized
microstructures following
quench are further
tempered at
temperatures of about
356°F (180°C) to
transform some of the
brittle martensite into
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Critical Process Temperature Control

The success of carburization is dependent on accurate, repeatable control of the product temperature and time at
temperature through the complete heat-treatment process. Important to the whole operation is the quench, in which
the rate of cooling (product temperature change) is critical to achieve the desired microstructural changes to achieve
specified surface hardness. It is interesting that the success of the entire heat-treat process (hours) canreston a
process step that is so short (minutes). Getting the quench correct is not only essential to achieve the desired metal
microstructure but also to ensure that the physical dimensions and shape of the product are maintained (no
distortion/warping), and issues such as quench cracking are eliminated.

Since the quench is so critical to the entire heat-treat process, the correct quench selection needs to be made to
achieve the optimum properties with acceptable levels of dimensional change. Many different quenchants can be
applied with differing quenching performances. The rate of heat transfer (quench rate) of quench media in general
follows the order from slowest to quickest: air, salt, polymer, oil, caustic and water.

Technology Challenges for Temperature Monitoring

From an industry standpoint when considering carburization, furnace heat-treat technology generally falls into one of
two camps: either air quench (low-pressure carburization) or oil quench (sealed gas carburization/LPC with integral or
vacuum oil quench). Although achieving the same end goal, the heat-treat mechanisms and technology employed are
very different as are the temperature-monitoring challenges.

To achieve the desired carburized product, it is necessary to control and monitor the product temperature through the
three phases of the heat-treat process. Conventionally, product temperature monitoring would be attempted using
the traditional trailing-thermocouple method. As detailed previously,ll] the trailing-thermocouple method is difficult
and often practically impossible for many modern heat-treat processes (including carburization). The movement of
product/product basket from stage to stage, often from one independent sealed chamber to another, makes the
monitoring of the complete process a significant challenge.

Thru-process temperature monitoring overcomes such technical restrictions.“] The data logger is protected by a
specially designed thermal barrier. It can, therefore, travel with the product through each stage of the process,
measuring the product/process temperature with short localized thermocouples that will not hinder travel. The
careful design and construction of the monitoring system is important to address the specific challenges different
heat-treat technology brings.






