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PROPERTIES OF THE SECONDARY STEAM PIPELINES WITH WELDED JOINTS OPERATING
UNDER CREEP CONDITIONS IN THE ASSESSMENT OF SUITABILITY FOR LONG-TERM SERVICE

The research aimed to assess the condition of the main steam pipelines and peripheral welded joints after long-term exploita-
tion under creep conditions that operated for a time significantly exceeding the design time. Secondary steam pipeline elements
made of 10CrMo9-10 steel operated for 240 000, 280 000, and 308 000 h were under investigation. The mechanical properties
of the welded joint areas were determined in destructive tests. In particular, the brittle transition temperature and mechanical and
plastic properties at room and elevated temperatures were determined. The effect of long-term operation on the tested pipelines’
strength, plastic properties, and impact strength was also investigated. Based on the completed creep tests, the extrapolation method
determined the residual life. The available residual life was estimated, which is the safe period of further operation for the operating
parameters of stress o, and temperature 7,. The applied methodology and the adopted procedure will be used to assess the condi-
tion and further operation time prediction of welded joints of power equipment pressure parts operating under creep conditions.
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1. Introduction

The operating time of most power units significantly
exceeded the design time, often more than twice. Therefore,
electricity producers focus their primary efforts on maintaining
the availability of existing power plants while ensuring their
safe service. Modernizing the exploited units aims to improve
their efficiency and effectiveness, considering the growing re-
quirements for environmental protection and extending the safe
operation time well beyond the design time [1-4,7].

This modernization must include repairs and replacement of
some components. These procedures always require, first of all,
an assessment of the materials and components’ condition and
a forecast of further safe operation for the working parameters
of long-term service [1,4].

The following study assesses the condition of steam pipe-
lines made of 10CrMo09-10 steel after long-term service under
creep conditions exceeding the design service time of hours and
their suitability for further operation. The steel is known for its
high strength and resistance to corrosion and high temperatures,
making it a popular choice in the energy industry, especially in
the production of boilers and pipelines. Steel used for work at

elevated temperatures not exceeding 580°C. Research methods
and procedures will be proposed to determine the tested pipe-
lines’ properties and characteristics [6,9,10-14].

2. Material for research

The test material consisted of sections of the secondary
steam pipeline made of 10CrMo9-10 (10H2M) steel after long-
term operation under creep conditions for a time significantly ex-
ceeding the design time. The samples were taken from pipelines
with the same operating parameters (temperature of exploitation
540°C, working pressure 3.31 MPa) but after different operating
times: approximately 240 000 h, 280 000 h and 308 000 h under
creep conditions.

The chemical composition of the tested materials after
operation under creep conditions concerning the requirements
of the subject standard is presented in TABLE 1.

The results of the control chemical composition analysis
showed that the material of the secondary steam pipeline made
of 10CrMo09-10 steel after 240 000, 280 000 and 308 000 h meets
the standard requirements EN 10273.
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TABLE 1
Control analysis of the chemical composition of the tested material after long-term operation under creep conditions

Material type C Mn Si P T S Cu Cr Mo
after Ellg;rol\ff);looooo h 0.082 0.42 0.28 0.007 0.010 0.074 2.25 1.01
Jfter ;g}frrol\f‘ozgééoooo N 0,10 0,73 0,25 0,020 0,010 0,053 2,36 1,03
after ;g;?f?&;%oo h 0,11 0,72 0,21 0,020 0,010 0,053 2,39 1,00

I%CI\;I;/{)O;;;O 0.08 0.14 0.40 0.80 max. 0.50 | max 0.020 | max 0.010 | max 0.30 2.00 2.50 0.90 1.10

3. Scope of research

As part of the conducted tests, the properties of the material
and the peripheral welded joint of the secondary steam pipeline
after approximately 240 000, 280 000 and 308 000 h of opera-
tion were evaluated. The material condition assessment and the
level of required performance properties included examining
the following:

*  mechanical and plastic properties at room and elevated
temperatures (according to PN-75/H-84024),

» the temperature impact on the mechanical properties
of welded joints and pipeline material (according to
PN-75/H-84024),

*  impact strength with determination of the brittle transition
temperature (according PN-EN ISO148-1),

»  residual creep strength in creep test (according PN-EN
1SO204).

The obtained research results will verify the proposed meth-
od of assessing and predicting the time of further safe service of
the pipeline material and welded joints made of 10CrMo9-10
steel. If the results are positive, the research method will be used
in material diagnostics in the industry.

4. Test results

The mechanical properties of the material and welded
joint of the secondary steam pipeline after long-term service
under creep conditions were carried out at room temperature
to determine the tensile strength (R,,), yield stress (R,), elonga-
tion after fracture (45) and reduction of area (Z) and at elevated
temperature 7;, = 200, 300, 400, 450, 500°C to determine the
tensile strength (R)), yield point (R/), elongation (4%) and
reduction (Z,).

TABLE 2 presents the test results of selected mechanical
properties for the initial material and the welded joint of the tested
secondary steam pipelines at room temperature, in particular
tensile strength, yield strength, elongation, and yield strength,
respectively, at elevated temperatures close to the operating
temperature of 500°C.

The test results were also presented graphically, and the
obtained results were compared depending on the test tempera-
ture for the initial material and the welded joint of the tested
secondary steam pipelines after approximately 240 000, 280 000,
and 308 000 h of service under creep conditions (Figs. 1-3).

TABLE 2
Results of mechanical properties of base material and welded joints the secondary steam pipeline material
after 240 000, 280 000 and 308 000 h of service under creep conditions
Element A Mechanical properties
/Working time/ . Stee! grade Teste.d secflons R, R, As R0
P . . dimensions [mm] designation L
Pipeline designation MPa MPa % MPa
Material of secondary steam pipeline / 10CrMo09-10 .
240 000 h 3 508%16 Base material 474 284 33.0 212
Peripheral homogeneous joint .
10CtMo09-10 Welded joint 473 266 21.0 211
Material of secondary steam pipeline / 10CrMo09-10_ .
280 000 h @ 508%16 Base material 485 280 36.8 216
Peripheral homogeneous joint - 1
10CtMo9-10 Welded joint 466 259 222 187
Material of secondary steam pipeline / 10CrMo09-10 .
308 000 h 0 508%16 Base material 492 297 31.6 236
Peripheral homogeneous joint -
10CEMo09-10 Welded joint 489 288 27.8 233
REQUIREMENTS FOR 10CrMo9-10 STEEL IN THE INITIAL STATE o . . .
ACCORDING TO PN-75/H-84024 440+590 min 265 min 20 min 186

1) markings according to standards applicable in initial state
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The strength test results allow us to determine whether the
tested material meets the requirements of the above-mentioned
strength indicators and the requirements of the subject standards
for metallurgical products made of the tested steel grade.

Impact tests were carried out on longitudinal samples
with a V-notch cut perpendicular to the casing surface of the
tested secondary steam pipelines. Impact strength tests were
performed depending on the test temperature for the secondary
steam pipelines’ base material and welded joint after 240 000,
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280 000, and 308 000 h of service to determine the brittle transi-
tion temperature (Figs. 4-6).

In TABLE 3 the obtained impact test results for the base
material and welded joint of secondary steam pipelines made
of 10CrMo9-10 steel at room temperature and the level of the
brittle transition temperature was compared.

Short creep tests were also performed on the tested materials
and welded joints. The tests were carried out at a constant test
stress level corresponding to the operating stress g, = ,. = const
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Fig. 4. The impact test results of the secondary steam pipeline sections after 240 000 h of operation under creep conditions: a) base material;

b) welded joint
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Fig. 5. The impact test results of the secondary steam pipeline sections after 280 000 h of operation under creep conditions: a) base material;

b) welded joint

TABLE 3

The impact test results in a comparison of the tested welded joint elements after different service times operating
under the creep conditions

L. . FATT50
Element Steel grade Service time Testefl sec?mns KV ~20°C (Fracture Appearance Transition
[h] designation 191 Temperature, 50% ductile fracture)
base material 167 ~-=50
240 000 heat affected zone Not performed Not performed
welded joint 36 ~-15
base material 58 ok. -5
secondary | 6060910 280 000 heat affected zone 150 ok. —-35
steam pipeline -
welded joint 37 ok. -5
base material 126 ~-25
308 000 heat affected zone Not performed Not performed
welded joint Not performed Not performed




www.czasopisma.pan.pl P N www.journals.pan.pl

POLSKA AKADEMIA NAUK

180
160
140
120
100

80

60
~25°C
40 ¥

o et
0 } !

-50 -40 -30 -20 -10 ]

Test temperature T, °C

s

]

// :
7

20

KV,)

N
—

10 30

Fig. 6. The impact test results of the secondary steam pipeline base
material after 308 000 h of operation under creep conditions
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and at a continuous test temperature 7, for each test, but with
different values from 620°C to 700°C in steps of 20°C.

The test results are presented as the relation log ¢, = f(T})
at o;, = const., where ¢, is the time to rupture in the creep test.
They allow us to plot a straight line inclined to the time axis until
the ¢, is broken. The residual life is determined by extrapolating
the obtained straight line towards a lower temperature corre-
sponding to the operating temperature 7,,.

The obtained results of the short creep tests of the material
and the welded joint of the tested secondary steam pipeline made
of 10CrMo09-10 steel after 240 000, 280 000, 308 000 h of opera-
tion under creep conditions conducted at a constant test stress
level of g, = 55 MPa, corresponding to the assumed working o,
for further operation, are presented in the form of the dependence
log t.=f(T}) at 0, = 0, in Figs. 7-9 and TABLE 4, respectively.
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a) Test temperature Ty, °C b) Test temperatureT,, °C

Fig. 7. Results of short creep tests of welded joint materials of the secondary steam pipeline after 240 000 h of operation under creep conditions

in the form of the relation logt,, = f(7}) at o, = 55 MPa

TABLE 4

Test results of short creep tests at a constant test stress level and for different levels of temperature higher
than the expected operating temperature

Tested material Test st Test temperature 7}, [°C]
Dimensions | Operating parameters | > o o | 620 | 640 | 660 | 680 | 700
Steel grade D xg Pressure Temp. ¢, %
2" &n ure p, oI MP .
[mm] [MPa °C| [MPa] Time to rupture £, [h]
secondary steam pipeline 10CrMo09-10
after 240 000 h (2000) | 956 | 480 | 139 31
welded joint 10CrMo091-0
afier 240 000 h 2023 | 688 166 75 20
secondary steam pipeline 10CrMo9-10
after 280 000 h 2168 | 980 | 250 81 31
— 508x16 3.0 540 55
welded joint 10CrM091-0 1612 | 680 | 221 77 24
after 280 000 h
secondary steam pipeline 10CrMo09-10
after 308 000 h 2058 | 1135 | 316 128 38
welded joint 10CrMo091-0
after 308 000 h 1612 | 551 | 210 71 26
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Fig. 8. Results of short creep tests of welded joint materials of the secondary steam pipeline after 280 000 h of operation under creep conditions
in the form of the relation log¢,, = f(7},)) at o, = 55 MPa
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Fig. 9. Results of short creep tests of welded joint materials of the secondary steam pipeline after 308 000 h of operation under creep conditions
in the form of the relation logt,, = f(7},)) at o, = 55 MPa

TABLE 5
Residual and disposable residual based on abbreviated creep tests of base materials and welded joints
) Tested material Assumed temperature Estimated durability, [h]"
Service 1 d . Dimensions | Test stress for furth "
time [h] Steel grade Teste.d sec.tlons D.xg, o, [MPa] or fur eroopera ion residual disposable
designation (mm] T, 1°C] t residual, 7,
base material 280 000 168 000
240 000 —
welded joint 210 000 126 000
base material 210 000 126 000
280 000 10CrMo09-10 — 508%16 55 540
CrMo9 welded joint ) 200 000 120 000
base material 210 000 126 000
308 000 welded joint 170 000 102 000

Note: P Provided that the amount of permanent deformation after the previous long-term operation does not exceed max. 1%
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Based on the completed creep tests, the residual life was
determined using the extrapolation method and the available
residual life was estimated, which is the safe period of further
operation for the operating parameters of stress o, and tempera-
ture 7,. The obtained extrapolation results based on creep tests
are summarized in TABLE 5.

4. Results and discussion

Tensile strength results of the secondary steam pipelines
tested elements after approximately 240 000, 280 000 and
308 000 h of service under creep conditions show that the base
material and the welded joint meet the requirements of tensile
strength at room temperature R,, for 10CrMo09-10 steel after
normalizing and tempering according to PN-74/H-74252;

The yield stress results after 240 000 h and 308 000 h show
that the base material and the welded joint meet the require-
ments of the minimum yield stress at room temperature R, i,
for 10CrMo09-10 steel after normalizing and tempering according
to PN-74/H-74252. After 280 000 h, the base material meets the
requirements of the minimum yield stress at room temperature,
but the welded joint does not meet this requirement.

Regarding the elongation (4s) results, for samples after
240 000, 280 000 and 308 000 h of service under creep condi-
tions, the base material and the welded joint meet the require-
ments of min — elongation values.

The R/ results for the 240 000 h and 280 000 h of base
material meet the minimum yield strength requirements at tem-
peratures of 200, 300, 400, 450, and 500°C, while the welded
joint meets the above requirement at all temperatures apart from
200°C. For base material and welded joint after 308 000 h,
it meets minimum yield strength requirements at all temperature
ranges.

The fracture appearance transition temperature (FATT50)
for the secondary steam pipeline material after 240 000 h of op-
eration is around —50°C, and for the weld material of the welded
joint, it is approximately —15°C. However, for the base material
and the weld of the peripheral welded joint after 280 000 h of
operation, it is approximate —5°C. In turn, for the secondary
steam pipeline material after 308 000 h of operation, it is ap-
proximately —25°C.

Compared to the as-delivered state, the fracture appearance
transition temperature (FATT50) for most materials of the tested
elements is shifted to higher values. Only in a few cases, after
long-term operation under creep conditions, is the material char-
acterized by an impact strength level higher than the minimum
required for the material in the metallurgical delivery condition.
The impact strength value depends not only on the development
of precipitation processes resulting from creep but also on the
development of internal damage and structural discontinuities
occurring during operation [1-4,7].

It can, therefore, be concluded that the impact strength test-
ing method for materials after creep service is not directly useful
for assessing residual durability and determining the degree of
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exhaustion. However, it is useful for assessing the material’s
ability to transfer loads related to pressure tests and shutdowns
and starts of installations during their further operation [1,2,5,8].

The secondary steam pipeline material made of 10CrMo09-10
steel after 240 000 h, 280 000 h and 308 000 h of operation, re-
spectively, meets the minimum limit value of 27 J at room tem-
perature for all elements of the tested welded joints (TABLE 3).

The determined residual durability (¢,,) for the mate-
rial and welded joint of the secondary steam pipeline made
of 10CrMo09-10 steel after 240 000 h of operation is 280 and
210 thousand hours, respectively, and the estimated residual
creep strength tb is 168, 126 thousand hours, respectively. The
determined residual durability of the material after 280 000 h
of operation is 210 and 200 thousand hours, respectively, and
the estimated residual creep strength tb is 126 and 120 thou-
sand hours, respectively. For the secondary steam pipeline after
308 000 h of operation, the determined residual durability of the
material and welded joint is 210 000 and 170 000 h, respectively,
and the estimated residual creep strength tb is 126 000 and 102
000 h, respectively.

5. Conclusions

Based on the research conducted, it can be concluded that
for the base material and welded joint of the secondary steam
pipeline made of 10CrM09-10 steel, after 240 000, 280 000,
and 308 000 h of operation under creep conditions, the tensile
strength requirements at room temperature according to the
requirements of the standards for steel products are met.

*  For all tested materials, the obtained yield strength values
at room temperature and at 500°C close to the operating
temperature are higher than the minimum required for the
tested steel in its initial state, except the welded joint of the
secondary steam pipeline after 280 000 h of operation.

e The brittle transition temperature of the tested welded joint
elements of the secondary steam pipeline after 240 000,
280 000 and 308 000 h of operation is negative. The im-
pact strength of the material and the welded joint for all
tested pipelines is higher than the value taken for the brittle
transition temperature (27 J). No significant reduction in
the impact strength depending on the operation time was
observed either.

*  The tested material with mechanical properties greater than
those required for the initial state can carry operating loads
for temperature and stress parameters lower or/and equal to
the calculated ones, of course, in connection with the state
of the structure and its corresponding degree of exhaus-
tion [1,7]. For this reason, it will be necessary to carry out
microstructural evolution of the tested secondary steam
pipelines after 240 000, 280 000 and 308 000 h of operation
in creep conditions.

*  The estimated residual life and disposable residual life of all
tested pipelines for the welded joint are lower than for the
base material.
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(1]

(2]

(3]

(4]

(3]

[6]

The estimated residual life and disposable residual life are
the lowest for the material and welded joint after 308 000 h
of operation and the highest for the joint after 240 000 h.
A decrease in the residual life and disposable residual life
was observed with the extension of the operating time of
the tested pipelines.

REFERENCES

J. Dobrzanski, Materials science interpretation of the life of steels
for power plants. Open Access Libr. 3, 1-228 (2011).

M. Dziuba-Katuza, A. Zielinski, J. Dobrzanski, M. Sroka,
P. Ubranczyk, A. Sliwa, Residual Life of Boler Pressure parts
made of the 13CrMo4-5 steel after long — term operation in creep
conditions. Arch. Metall. Mater. 63, 2, 889-897 (2018).

DOI: https://doi.org/10.24425/122419

J. Dobrzanski, J. Hernas, G. Moskal, Microstructural degradation
in power plant steels. In Power Plant Life Management and Per-
formance Improvement; Oakey, J.E., Ed.; Woodhead Publishing
Limited: Sawston, UK, 2011.

M. Sroka, A. Zielinski, M. Dziuba-Katuza, M. Kremzer, M. Ma-
cek, A. Jasinski, Assessment of the Residual Life of Steam Pipeline
Material beyond the Computational Working Time. Metals 7, 82
(2017). DOI: https://doi.org/10.3390/met7030082

M. Sroka, A. Zielinski, J. Mikuta, The service life of the repair
welded joint of Cr-Mo/Cr-Mo-V. Arch. Metall. Mater. 61, 3,
1315-1320 (2016).

DOIL: https://doi.org/10.1515/amm-2016-0217

A. Zielinski, J. Dobrzanski, H. Purzynska, G. Golanski, Mater.
Test. 57, 859-865 (2015).

(7]

[12]

[13]

[14]

J. Dobrzanski, M. Dziuba-Katuza, A. Zielinski, The evaluation of
suitability for operation of repair low-alloy steel welded joints,
Archives of Materials Science and Engineering 78, 2, 78-86
(2016).

A. Zielinski, Trwato$¢ ekspoloatacyjna zarowytrzymatych stali
0 osnowie austenicznej, Sie¢ Badawcza Lukasiewicz — Instytut
Metalurgii Zelaza im. Stanistawa Staszica w Gliwicach, 2021.
A. Zielinski, G. Golanski, M. Sroka, Evolution of the micro-
structure and mechanical properties of HR3C austenitic stainless
steel after ageing for up to 30,000 h at 650—-750°C. Mat. Sci. Eng.
A-Struct. 796, 1394 (2020).

H. Purzynska, G. Golanski, A. Zielinski, J. Dobrzanski, M. Sroka,
Precipitation study in Ti-stabilized austenitic stainless steel after
207000 h of service. Mater. High Temp. 36, 296-303 (2019).

N. Vaché, P. Steyer, C. Duret-Thual, M. Perez, T. Douillard,
E. Rauch, M. Véron, G. Renou, F. Dupoiron, C. Augustin, S. Ca-
zottes, Microstructural study of the NbC to G-phase transformation
in HP-Nb alloys. Materialia 9, 100593 (2020).

Y.-T. Chiu, C.-K. Lin, Effects of Nb and W additions on high-
temperature creep properties of ferritic stainless steels for solid
oxide fuel cell interconnect. J. Power Sour. 198, 149-57 (2012).
H. Liu, L. Wei, M. Ma, J. Zheng, L. Chen, Misra RDK. Laves
phase precipitation behavior and high-temperature strength
of W-containing ferritic stainless steel. J. Mater. Res. Tech. 9,
2127-35 (2020).

Y. Zhang, H. He, H. Wang, G. Chen, X. An, Y. Wang, Evolution of
microstructure and mechanical properties of 9Cr ferrite/martensite
steels with different Si content after long-term aging at 550°C.
J. Alloy Compd. 873, 159817 (2021).



	K. Wójciak￼1, T. Tokarski￼1*, G. Cios￼1, A. Winkelmann￼1, R. Chulist￼2, G. Nolze￼3,4
	Unconventional Applications of Electron Backscattering Diffraction (EBSD) 
in Metallic Materials

	M.I. Al Biajawi￼1,2, M.A. Ahmed￼3, R. Embong￼1*, K. Muthusamy￼1, 
N. Hilal￼4, I.W. bt Ismail￼1, H.A. Jabar￼1
	Performance of Self-Compacting Concrete with Coal Bottom Ash under Fire 
and Post-Fire Conditions

	Chong Kah Vui￼1, N.H. Jamil￼1*, F. Che Pa￼2, Mohd. M. Al B. Abdullah￼2, 
B. Jeż￼3, W.M. Arif W. Ibrahim￼2
	Amorphous Microstructural Evolution and Impurity Removal 
in Acid-Leached Rice Husk 

	Kuang Yee Ng￼1, Noorhafiza Muhammad￼1,2*, Mohd Shuhidan Saleh￼1, 
Siti Noor Fazliah Mohd Noor￼3, Shayfull Zamree Abd. Rahim￼1,2, 
Nur Amalina Muhammad￼4, Kamalakanta Muduli￼5, S. Garus￼6
	Quantitative SEM and ImageJ Analysis of 3D Printed Polycaprolactone Surface Roughness 
for Coronary Stent Applications

	E.Ch. Chee Yu￼1, S.S. Che Abdullah￼1,2*, I.H. Wan Nordin￼3, 
S.H. M.Salleh￼1, R.A. Malek￼1,2, P. Pietrusiewicz￼4
	Enhancing Samarium-Doped Ceria Electrolytes with Manganese 
for Solid Oxide Fuel Cell

	M.I. Hakimi bin Ismail￼1*, S.S. Syed Bakar￼1, 
S. Yahud￼2, S. Chaisitsak￼3
	Impact of Dimethylformamide/Acetone Ratios and Stirring Time on Morphology 
and Electrical Properties of Electrospun PVDF Fibers

	S. Ceylan￼1, H. Zenk￼2*
	A hybrid Energy Production System Model for Electric Vehicles in Giresun Province 
and Energy Production Projection for 2030 

	M.J. Szczerba￼1*, M. Kowalska￼1, M. Dudziński￼1, 
A. Wierzbicka-Miernik￼1, Ł. Rogal￼1, A. Bigos￼1
	Effect of Annealing on Microstructure and Functional Properties 
of Ni-Mn-Ga-Cu Alloys Produced by Melt Spinning Technique

	Manoj Kumar Elipey￼1, P.S. Kishore￼1*, B. Ratna Sunil￼2
	Mechanical Properties and Machining Behavior of AZ31-Calcium Deficient 
Hydroxyapatite (CDHA) Biodegradable Composites 

	I. Adamczyk￼1*
	Environmental Protection Through the Management of SBR and PET Waste 
in the Innovative Concrete Building Block APS


