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Thermal Fatigue
Operating Temp.
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Graphitisation 800°F for C Steel Plain carbon steel
875°F for C 2 Mo Steel | C- %2 Mo

Spheroidization 850°F ~ 1400°F Low alloy steel up to 9% Cr
Tempered Embrittlement | 650°F~ 1070°F 2 % Cr-1Mo low alloy steel, 3Cr-1Mo (lesser
extent), & HSLA Cr-Mo-V rofor steels

Stramn Aging Intermediate Pre-1980’s C-steels with large grain size and C- %
temperature Mo

885°F embrittlement 600°F~ 1000°F 300, 400 & Duplex SS containing ferrite phases

Sigma-Phase 1000°F~ 1700°F 300, 400 & Duplex SS containing ferrite phases

Embrittlement

Brittle Fracture Below DTBTT C, C- %> Mo, 400 SS

Creep & stress rupture T00°F ~ 1000°F All metals and alloys

Thermal fatigues Operating temp. All metals and alloys
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1. -Temperature Swing
2. Thermal Frequency

-Dilferential Expansion
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@ Tube Sheet
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Desuperheater
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@ Venturi type desuperheater

@ Steam atomising desuperheater
@ Reverse flow type axial desuperhe
@ Multiple nozzle desuperheater
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Superheated
steam flow
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Steam atomising desuperheater
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Reverse flow type axial desuperheater
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Multiple nozzle desuperheater
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Movement of stem
by an actuator

Stem

Cooling '
water inlet

Wiater jacket

Superhesated
steam
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Coefficients of Thermal Expansion for
Common Materials

Material Coefficient (Infin/F x 10° to 800°F (427°C)
o] 7.97
1Cr-122 Mo 7.53
2%Cr-1 Mo 753
300 Series SS 10.05
Alloy 600 8
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Temperature Change (deg F) Fernitic/austenitic jomts can

generate significant thermal
expansion thermal fatigue
stresses at femperanures
greater than S10°F (260°C).

oV ) bt g3 ST 38 ool 30005 s 3505 5l il (i 39T 0599 APTAYI—Ya 1)
- IRAN - GERMANY # 451 2 ot g3l Lo gohe — 3593 S 93 (odST — 1PRY olowiiad rwm




A 41090 — gve> 21 b

30

Austenite

Nickel Equivalent

0 10 20 30 40

— Chromium Equivalent
. ; kel 5 sokiaT 38 Dol juami wpud 9505 (5laouilRo (i j 90T 093 APTAY 1Yo 1)
B [ /Acade ; -
‘ﬂ‘.-’_ Sk 7 33l o g — 3,13 B oOBT — 1TAT oloukided TUVNORD




@ Nickel Equivalent = %Ni + 30%C + 0.5% Mn
@ Chrome Equivalent = % Cr + Mo + 1.5%Si + 0.5%Nb
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Marrow zone of very high
hardness at fusion line \

Solid alloy weld,
S5 or Ni alloy filler metal

carbon steel or
low alloy steel pipe
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