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Fundamental Study on the Non-destructive Detection
of High Temperature Carburizing Damages in Metals

Yoju SHIMIZU
Takashi SAKAKI

Radiant tube materials used in petrochemical plants, especially thermal cracking furnaces, suffer
accumulated carburizing damages due to metallographical changes of metals during the long—term use
at high temperatures. In the past, the life prediction of radiant tube materials used at high temperature
had been made on the destructive test data. Recently, there have been increasing attempts to utilize
the data of various material properties measured by non—destructive test methods, but the reliability of
life prediction has not vet been satisfactory as compared with those based on destructive test data.

The purpose of the present investigation is to study the relation between carburizing damages and
material properties measured non—destructively, such as magnetic intensity. The results obtained are
summarized as follows:

(1) The properties of carburized layers obtained by destructive tests may be defined as carbon content
=2 massf, Vickers hardness = 300Hv, crystal structure containing of Cr;Cs.

(2) Magnetic intensity measured by non-destructive test increases with increasing carburizing damage
inside the tube and also with increasing oxidation damage outside the tube. This increase of
magnetic intensity may be attributed to the change of chemical composition in damaged tube
materials, 7.e., chromium < 10mass% and nickel > 40mass%, which results in the generation of
ferromagnetism.

(3) Setting of two types of electromagnetic sensors possessing the current amplification function and
mode of direct (DC) and alternating (AC) current allows to separate information concerning the
carburizing and oxidation layer depths. The data of carburized damage depth measured by the

* non-destructive method show good agreement with those obtained by destructive methodes.

(4) Based on the carburizing data measured by the non-destructive method, the prediction of such

damages as cracking and swelling in radiant tube materials has been simulated.
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Radiant tube used for 4 years.
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Fig. 2 Macrostructure of Fin type tube carburized.
(material used for 4 years)
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Fig. 3 Microstructure of part A (material used for 4 years).

A, B : Carburizing layer (Coarse carbide)
C,D : Non-carburizing layer (primary fine carbide)
E : Decarburized and Oxide layer
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Fig. 4 The relation between time used and
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Fig. 6 The relation between Cr content and
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Fig. 7 The relation between Fe content and
distance from the inside surface of tube
with time used.
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Fig.21 Schematic diagram of magnetic detector. |
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