© PROGROUP ENGINEERING

OFFER

The issue selected degradation processes modified creep – resisting steels
N- 140814
used in technological facilities
Abstract
The aim of the contribution is to describe selected degradation processes and limit
state, including characterization of the main causes of degradation in creep-resisting
materials focusing on the welding technology for selected, modified creep- resisting
steel. With the planned experimental project that examines the influence of welding
conditions of the modified creep-resisting steels P/T91 and P/T92.
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1. Introduction
Creep-resisting steel are used as structural materials for technological equipment
of buildings, which are operated in the work environment of the high temperature.
These materials are characterized by high strength, toughness and creep resistance
and oxidation. Steel must have the ability to accommodate long-term external
stresses and comply with the value of the ultimate strength of RmT in creep for 105
to 2.105 hours. For these modified steel is characterized by resistance to creep
and oxidation resistance in the working environment where the creep is defined
as a time-dependent plastic deformation at constant temperature and voltage.
Oxidation resistance depends on the presence of alloying elements (Cr, Ni),
which have a higher affinity for oxygen than iron, and for this reason it creates
on the material surface protective passivating layer
2. Background, [1], [2], [3], [4], [5]
The main research and development of modified 9-12% Cr steels was initiated
in the 1980s in the context of European development programmes. Notable
programs include COST (co-operation in the field of Science and Technology).
The main objective of this programme is the development of steels for working
environment 620 – 650 °C. An important player for the modified creep -resisting steel
is steel P/T91 (X10CrMoVNb 9-1), which has managed to achieve significant creeps
fortress. On the basis of these modified 9-12% Cr steels, were developed of RAFM
(Reduced activation ferritic martensitic) with a reduced activation cross section
for the nuclear power industry.
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The research of modified creep-resisting steel grades are involved in a wide variety
organizations. The core research activities of these materials are made in Japan
and the United States. In the Czech Republic the issue a number of major institutions
and companies.
3. Basic division creep-resisting steels, [5], [6], [7]
Division by chemical composition
•
•
•
•
•

Steels usable to 480°C;
Steels applicable to 590°C;
High alloyed Cr steels (modified 9 - 12% Cr), applicable to 600 - 620°C;
Austenitic steels, applicable to 620 - 700°C;
Austenitic steels curable, applicable to 650 - 750°C.

Division creep-resisting steel according to TNI CEN ISO/TR 15608
•
•
•
•
•

Group 5 - Cr - Mo steels without vanadium with C ≤ 0,35 %;
Group 6 - Cr - Mo - (Ni) steels with a high content of vanadium (V);
Group 7 - ferritic (martensitic) and precipitation hardening steels C ≤ 0,35%
and 10,5% ≤ Cr ≤ 30%;
Group 8 – austenitic stanless steels CrNi;
Group 10 – austenitic - ferritic CrNiN (duplex steels).

Basic bainitic and martensitic steels
Selected bainitic steels

Selected martensitic steels

Marking according to EN 10027
16Mo 3
13CrMo 4-5
14MoV 6-3
10CrMo 9-10 (T/P22)
15NiCuMoNb 5 (WB36)
7CrWVMoNb 9-6 (T/P23)
7CrMoVTiB 10-10 (T/P24
X20 CrMoV 12-1
X10 CrMoVNb 9-1 (T/P 91)
X11 CrMoWNb 9-1-1 (E911)
X10 CrWMoVNb 9-2(T/P 92)
X 12 CrCoWNb 12-2-2 (VM12-SHC)

Tab 1. Basic overview of bainite and martensite steels
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4. Selected degradation processes modified creep-resistant steels, [5], [6], [7]
The degradation of the material causes the processes of gradual, permanent
and irreversible deterioration of the original material characteristics. In the final stage
of this process occurs to a complete failure of their function and location of the next
safe in a given device.
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fix equipment, replacement of equipment

Fig. 1 Diagram of the course of the technical condition of equipment depending
on the time of operation
Selected degradation processes when handling
The initial degradation processes start in the production process of creep - resisting
steel and technology making the desired metallurgical semi-product (ingots, castings,
forgings, tubing, sheets, profiles, etc.). The following are the degradation processes
that occur at the next technological processing of metallurgical semi-products.
In particular, it is a creation, as welded joints, welding technology is a special process
that significantly affects the local degradation processes for creep – resisting steels.

Fig. 2 Example of processing creep-resisting steels, [PROGROUP ENGINEERING]
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As a result of the high-temperature exposure arise from changes
in the microstructure of the material, that have the effect of reducing precipitation
and the reinforcement of the substitution. For this reason degradation occurs,
the properties of creep-resisting material.
The main degradation mechanisms of microstructure, [5], [6]
•
•
•
•

Particle coarsening the secondary part;
Dissolution of fine carbides (M2, X, MX), and precipitation of new phases;
Recovery of the microstructure in the area of the original austenitic grains;
Recovery of dislocations.

The main mechanisms for the reduction of precipitation reinforcement
are thermodynamic and diffusion of alloying solid solution elements.
When the coarsening of precipitates is the result of enlarging the middle diameter
and at the same time reducing their number per volume. These particles are moving
away from each other and their mean distance grows. As a result of this change
is to reduce of creep resisting material.
Dimensional stability of secondary phases according to Ostwald theory [6]:
𝑑𝑡3 − 𝑑03 = 𝐾𝑑 ∙ 𝑡
Kd
dt
d0

temperature-dependent constant coarsening of phase
mean diameter of the particle at time t
mean diameter of the particle at time t = 0

Temperature-dependent constant phase according to the coarsening of Arrhenin
relation:
𝑄
𝐾𝑑 = 𝐾0 ∙ 𝑒𝑥𝑝 (− 𝑅∙𝑇)
Kd
K0
Q
R
T

temperature-dependent constant coarsening of phase
constant
activation energy, comparable to the coarsening of the activation energy
diffusion
universal gas constant
temperature
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Influences of welding technology
Weldability of modified creep-resisting 9-12% Cr steels influences a number
of factors that are associated with the chemical composition and the heat treatment
metallurgy production, heat treatment and the structural condition of the steel.
These steels are of type martensitic and belongs to the weldable subject guiding
principles when a qualified welding process. In general, weld with preheating
of the approximately 200 ° c to 300 ° c, with heating on temperature. Preheat
approximately 30 minutes, with between-by cooling, to approximately 150 °C,
followed by heat treatment. Filler material is being used on the same basis as is the
base material [7].
Compliance with the principles also apply in the case of purity steel, here you must
follow the following analyses the amount of harmful elements in the steel.
It is necessary to lay down the characteristics according to the chemical composition
of the steel, the combined thickness, the influence of diffusion of hydrogen and heat
input, which lead to the determination of preheating temperature, interpass
temperature and cooling down time 5 in diagram t8/CCT (Continuous Cooling
Transformation) following the required values of hardness and notch toughness.

Fig. 3 Welded connection of creep -resisting steels, [PROGROUP ENGINEERING]
The selection process is closely associated with the resulting heat-affected areas
of HAZ (Heat Affected Zone) welded material and the characteristics of the weld joint.
Also important is the integrity of welded connections because of the high sensitivity
of steels on cold cracking and braked quarries in the heat affected area HAZ. Welded
joints must be free of damage resulting from the mechanism of cracks in hot, cold
(induced with hydrogen), annealing (relaxing), under weld (terraced) cracks.
The welded joints must also be without notches, since these are also very sensitive
to steel notch effects under dynamic loading in the work environment
of the technological unit.
In the case of non-compliance with the above principles prescribed
by the consequences of these defects are very critical and may lead to accidents
of welded technological equipment.
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Fig. 4 Schema areas HAZ, equilibrium diagram steel P91, [8]
Change the properties of the influence of welding depends primarily on the:
• Chemical composition;
• Metallurgical manufacturing method;
• Casting and forming;
• Heat Treatment, HT;
• Structural condition of the base material;
• Welding Procedure Specification, WPS;
• Type of connection;
• On the design of the product solutions.
Welding technology options are determined by the following basic considerations:
• Method of welding;
• Filler metal;
• Thermal input;
• Weld on number of layers;
• Temperature of preheating, interpass;
• Post Weld Heat Treatment, PWHT.
Structural reliability of the welded joint is given by the following basic factors:
• Thickness of the material;
• Butt Weld, BW; Filler Weld, FW;
• Shape and preparation of weld surfaces;
• Joint stiffness;
• Layout of welds and connections, depending on strain.
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Selected degradation processes in the operation of technological equipment
Modified creep - resisting 9-12% Cr steels must withstand a number of operating
conditions, when the operation of technological equipment make up the next stage
of the creation and development of degradation processes. Here we understand
the structural stability of the modified creep-resisting steels, such as the ability
of the material to withstand the effects of the working environment in which the steel
is exposed, i.e. the operating temperature, the operating pressure, cavitation,
corrosive or oxidative environment, the influence of the operating fluid and erosion
by external effects of impurities that are part of the circulatory circuit technology units
in the operation of energy blocks.
We need to take into account that creep - resisting materials are exposed to various
sources of ionized radiation in nuclear power plants, which are operated according
to the principle of ALARA (AS Low Reasonably Achievable) in accordance to the law
of that State, according to the Atomic and the accompanying regulations
from the IAEA (International Atomic Energy Agency) to WANO (World Association
of Nuclear Operators).
Nuclear power has a working temperature range from 200 to 950 °C. This wide
temperature interval depends on the type of nuclear device, ie. on the type of reactor
and the holders of power.
For nuclear devices were being developed heat resisting steel of RAFM (Reduced
activation ferritic, martensitic), when these nuclear facilities must have material
and resistance from exposures to embrittlement. To increase the resistance
of operating in terms of the impact of radiation degradation is a modified chemical
composition of these creep - resisting steels so as to avoid the induced radiation.
Induced radiation arises the decay of the atoms of the elements Mo, Co, Nb and B
do not contain these elements RAFM steels, but the chemical composition shall
be elected so as to ensure long-term structural stability for operating temperatures
up around 450 to 600 °C, at high exposure to ionised radiation, [9].
Among the most important radiation degradation include collisions of neutrons
with nuclei of atoms without the capture of neutrons. These bumps and collisions
cause a variety of disorders of the spot, a local rise of temperature
and the conversion of the nuclei of atoms. This process causes the degradation
of the material, when multiple consecutive continuous phases. As for the formation
of radiation creep, radiation hardening, or radiation embrittlement. Process
of radiation embrittlement can be to a certain extent reduce the recovery
by annealing at temperatures around 300 up to 500 °C, per 1-5 hours, depending
on the device. This annealing can extend the life of the pressure vessel of nuclear
reactor. In principle, the recovery of radiation damage is more pronounced the higher
neutron flux is the integral that radiation caused degradation.
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It is necessary to remember that the ionized radiation reduces the durability of steel
against corrosion. Exposure to this radiation significantly changes the protective
properties of the surface layers of applied materials. In the event that the operating
medium is water, so in addition, so-called. the effect of radiolysis,
when this phenomenon is another driving force for the corrosion and degradation
of the material.
5. Discussion
This contribution wants to point out the importance of selected degradation
processes, which have a major impact on the durability, functionality and security
of technological equipment.
6. Conclusion
Degradation processes for creep-resisting steels we can define, as a negative
on each other's operating processes, which play an important role for the required
properties and service life of the device. As a result of high temperature exploitations
in the course of the operation occurs in the device to the collapse of the so-called,
mosaic structure and the formation of concentration of stress fields of applied
of creep resisting material. The result of these processes is a complex change
in material properties with a significant impact on the life and security of the entire
technological equipment.
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