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Abstract. The saturated magnetization and coercive force of TP347H tube from SC units and is
temperature oxidation have been measured by vibration specimen magnetometer. The oxidation has
higher Ms and lower Hc compared with the base metal of TP347H. The basic difference of the
oxidation and the stainless tube is be used for detecting the amount of oxidation in the inner side of the
TP 347H tubes.

Introduction

SC and USC units are constructed and operated in China since 1980s with its advantages of high
efficiency and low emission. Cr-Ni serials austenite stainless steel iswidely applied in super-heaters and
re-heaters of large scale boilers due to high therma strength and anti-oxidation abilities. The
microstructures of the steels under high temperature is steady, which meets the operation
requirement[1-5]. SA213 TP347H iswidely used as heating tubes for SC and USC units.

The operation practices show that oxidation exists in the inner side of heating tubes. The physical
properties of steam oxidation are different with the base metal materials, especially the linear expansion
co-efficiency. The oxidation will drop off during boiler starting or shutting down. Schikorr[6] first
proposed the mechanism of austenite materials steam oxidation theory. Iron and steam react and
produce Fe;0O, and H, under 450°C no-oxygen steam environment.

The oxidation will accumulated in the U shape bend of the heating tubes and cause the following
harms.

1 heating tube bursting caused by overheating induced by oxidation accumulation

2 damaging the main steam valve

3 destroying the turbine parts [7]

4 blocking the main steam valve

5 reduce the heat exchanging efficiency

6 degrading the water and steam quality

With the increasing of electricity consumption, the maintain period is decreasing, so it IS necessary

to carry out aquick austenite tube oxidation examination method. In this paper we carried out research
on the magnetic properties of the base metal and oxidation of TP 347H.
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Experiments and materials

The materials for experiment are TP 347H tube and the oxidation in the inner side of the tube from
a600MW SC unit. The working temperature is about 570°C , Specimen 1 has served for about 20000
hours, specimen 2 has served for 10000 hours and specimen 3 is a new tube. Specimen 4 is the
oxidation from inner side of the tube of specimen 1.
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Fig.1 shows the testing materials ad its numbers.

The composition of TP 347H refersto table 1.
Table 1. Chemical composition of TP347H [W%)]

C Mn Si Cr S P Ni Nb

0.07 1.5 0.5 18.2 0.002 0.02 11.5 0.8
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Fig.3 Principle of vibrating specimen magnetometer
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M easuring principle of vibration specimen magnetometer

Fig.3 indicates a vibrating specimen magnetometer(V SM) which is based of the electromagnetic
induction principle. Small size specimenisused for the VSM, which is considered as a magnetic dipole
from far distance when magnetized. So the vibration of the sample isregarded as the vibration of the
field of a magnetic dipole. The magnetic flux in the examination coil near the specimen will vary which
inducesinducted electromagnetic potential in direct proportion to magnetization. Then calibrating with
standard sample with given saturation magnetization, the saturated magnetization Ms and coercive
force Hc etc. of the measured sample could be measured.

Results and analyses

The measuring resultsrefer to Fig. 4a-d. The main magnetic indices are list in table 2. From Fig.4 it
could be seen that al the 3 specimens show certain magnetism. The saturated magnetization of
specimen 1 reaches 24.7 emu/g and specimen 2 reaches only 9.6 emu/g. Specimen 3 reaches 15.9
emu/g, which is between specimen 1 and 2. When oxidation appears in the austenite tube, the soft
magnetization increases, which displays in two aspects, one is the saturated magnetization Ms
increases and the other is that coercive force Hc decreases. Static magnetic conductivity is obtained
after differential, refersto Fig 5. From table 2 it could be seen that the Ms of the base metal is between
1 and 2emu/g, however the Ms of oxidation isfrom 4 to 7.2emu/g. So the oxidation could be detected
by magnetic methods. The measuring in this paper provides theoretical bases for future examination.
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Fig 4.magnetic hysteresis loop of specimen 1-4
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Fig 5. Magnetic hysteresis loop and differential curve for maximum static magnetic conductivity

Table 2. Measuring results

Specimen Mg emu/g] Hc[O¢€] N
1 24.7 74.5 2.0
2 9.6 128.9 11
3 15.9 67.5 1.8
4 21.2 21.2 4.0
Conclusions

1The base metal of TP 347H shows certain Ms and Hc, no matter the new one or after operation for
certain hours;

2 The oxidation of TP347H hashigher Msand lower Hc compared with the base metal of TP 304H,
which means that the oxidation of TP 304H is ferromagnetic material;

3 Non-destructive testing of oxidation in the inner side of the TP 347H tubes and the base metal
could be carried out based on the large difference of Ms and lower Hc between TP347H and its
oxidation.
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