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THERMOCYCLING IN HYDROGEN ENVIRONMENT AS SIMULATION METHOD
OF PIPELINE STEAM STEEL’S DAMAGES

H.M. Nykyforchyn and 0.Z. Student”

The paper is aimed to prove the efficiency of a method of
thermocycling in hydrogen environment for acceleration of degradation
of steam pipeline steels. Fatigue threshold changes for a steel that have
been aged in service and laboratory conditions, respectively, are
analysed. According to the experiments, AKy, o decreases when the
operation time or number of thermocycles in hydrogen increases, and
this value is proposed be used as a parameter of material degradation
due to ageing. Inversion of the effect of hydrogen dissolved in the steel
on AKy, o in relation to the degradation degree is shown.

INTRODUCTION

Serviceability of power plant components operating at high temperature is most often
evaluated from the creep behaviour data. However in last decades, much attention has been
paid to the material damage without significant residual deformation. The expert
conclusions by Mann and Gamsey (1) for some strainless fracture regard them as negative
effect of hydrogen. On the other hand, it has been known that the properties degradation
occurs during high temperature operation of steel components. It is caused by changes in
microstructure and damage development. The experience of the service damage inspection
proves that during the first stages of operation, structural changes determine the degree of
degradation. Only on the last operation stages, the processes of damage development start
to prevail. The structural changes in the service conditions are occurring during dozens of
thousands of hours. However the proposed by Nykyforchyn et al (2) laboratory express-
method of the high temperature ageing of steels allows to achieve the same structural
changes during one week. Its principal point is in thermocycling of specimens in a hydrogen
medium. The method is based on the facts that equilibrium concentrations of hydrogen
which is dissolved in metal at different temperatures are different, i.e. a higher solubility
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corresponds to a higher temperature, and the reduction of the hydrogen mobility because of
the temperature decrease.

This paper continues the previous investigations (2) and is aimed to ground the
usefulness of thermocycling in hydrogen as an effective and fast way to achieve the

degradation of steam power plant pipeline steels.

EXPERIMENTAL DETAILS

A steam pipeline Cr-Mo-V steel with a composition of 0.1C, 1.1 Cr, 0.26 Mo, 0.17V, 0.26
Si, 0.54 Mn after having being used during different operation times 1, (48, 110, 140, 190
thousand hours) and subjected to the laboratory treatment simulating material degradation
have been studied. The tensile properties of the steel in virgin state are: cyrs = 470 MPa,
Svs = 280 MPa, & = 29%, y = 75%. To simulate the operation-induced degradation the
specimens were exposed to high-rate thermocycling in gaseous hydrogen at a pressure of
0.3 MPa and a temperature range of 100...570°C. The peculiarities of the express-method
of ageing are described in detail in (3). Two kinds of laboratory aged specimens at the same
regime are considered and compared: just after the ageing treatment and after the
outgassing of hydrogen (the aged specimens have been kept 1 hour in air at the maximum
temperature of a thermocycle).

The degree of material degradation was evaluated by measuring crack propagation
rates, da/dN in 180x22x7 mm beam specimens subjected to cantilever bending at the room
temperature. The load frequency and ratio were 10 Hz and 0, respectively. The crack size
was measured on both lateral sides with optical microscopes of 0.01 mm tolerance. The
fatigue crack closure was evaluated using the compliance technique. Strain-gauge
transducer was fixed at the crack tip level and was periodically transferred during the
crack growth.

TEST RESULTS AND DISCUSSION

The results of the investigations of service and laboratory ageing (outgassed specimens)
effects on the fatigue threshold at room temperature are presented in Fig. 1. The effect of
ageing was evaluated by a relative change of the fatigue threshold of the degraded metal in
comparison with that in the virgin state, i.e. with the parameters Bop, Ber op, Bro Peir tc-
Regardless of the ageing method the parameters AKy, and AKy, ¢ are sensitive to the steel
degradation, but only AKy, + decreases constantly with increase of 1., and n. This proves
that this parameter unambiguously indicates high temperature degradation of steel both in
operation and in hydrogen thermocycling. Changes of P op and Peg . show that
approximately the same steel degradation degree is achieved after 190 thousand hours of
operation and after 100 thermocycles in hydrogen. However, the degradation rates at these
two ageing modes are different on the different ageing stages. This can be seen from
different rates of AKy, o decrease for two methods of degradation. The change rate of Beg op
at the first stage of the operation (up to 140 thousand hours) is approximately 10° h™, but
at the end it achieves 4 10 h™". For the laboratory ageing, change rates of By, are 4 10° h!
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and 5 10™ h! for n < 33 and n > 33 respectively. Hence, in service ageing, the AKy, .

decreases mainly at the final stage of the operation, from 1.4x10° to 1.9x10° h, and in
laboratory it happens at the first part of the thermocycling, Possible reason of these

growth rates (n = 13). However, the effect of hydrogen in the threshold da/dN - AK. 4 region

The data presented in Fig. 3 allow to compare the threshold parameters of the
hydrogenated and outgassed specimens at different of values of n. The results show an
ambiguous effect of dissolved hydrogen on the AKy, AK 4 4 and AKy, o parameters
depending on n. The positive effect of hydrogen has a maximum at 13 thermocycles, in this
case the values of AKy,, AKy, o and AKy, o4 are the highest. At n = 33 the positive effect of
hydrogen on AKy and AK , ;, decreases and the effect on AKGy, o changes to negative. Crack
closure gives a considerable contribution to the AK,, increase by hydrogen: the
hydrogenation increases AK o, especially at a small number of thermocycles. It can be

1141



ECF 12 - FRACTURE FROM DEFECTS

CONCLUSIONS

1. K o parameter detects unambiguously high temperature degradation of steel during
operation and thermocycling in hydrogen and can serve as an indicator of the amount of
material degradation due to the ageing.

. Inversion of the effect of hydrogen dissolved in the metal on the AKy o+ depending on

number of thermocycles in hydrogen, which determines the metal degradation degree,
has been found.

SYMBOLS USED
= AKi (Top > 0) / AKyy (7o = 0)

= A etr (Top > 0) / AKpefr (Top = 0)
= AKy, (n > 0) / AKy, (n =0)

= AKper (0 > 0) / AKupesr (n = 0)

= fatigue crack growth rate (m/cycle)

AKa, AKineit = nominal and effective ranges of threshold SIF (MPa~/m )

AKun ot = AKy, - AKy, o = ineffective SIF range (MPa \/E )

n = number of thermocycles (cycle)

Suts, Oys = ultimated tensile strength and yield stress (MPa)

€, Y =elongation and reduction of cross-section area (%)

Top = operation time (hour)

Un = AKy e / AKyp, = crack opening ratio
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Figure 1 Influence 7 ,, and n on the B top, Pnic (2) and B effop » P efrc (D).
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Figure 2 Influence of the hydrogenation on the fatigue crack growth rate.
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Figure 3 Influence of the hydrogenation on the threshold parameters of the fatigue crack

growth.
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