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Material context
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® Solution annealing: 1150°C+ WQ : Applications:
= Microstructure: —  Petrochemical
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,‘ -  Metallurgy

_\ =1 e Austenitic (FCC) — Heat exchangers
it ._ - Power generation
——~{ «Grain twinning -

——— Catalyst Tube

7 eIntra- & intergranular
' precipitates

M23Ce
[
Tix(C,N)

Pig Tail

v

Main Transfer Line

4 ‘—eAverage Grain Size after L.A. Spyrou et al,, Eng. Fail. Anal., 2014

1< ASTMGr.<5

|

i

A%




Scientific context 027 ECCC fnrs :l: (Moxs

‘Creep test High-mid stress & Low-mid T Low stress & high T° Low stress & high T° J
o 2 40 [MPa] | T° < 760°C Short creep test | inert gas test == LOng creep test | non-inert gas test

~| Identified classical creep stages ~| Identified non-classical creep stages ~| Identified non-classical creep stages
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Scientific context

‘Creep test

Low stress & high T°

Short creep test | inert gas test

Creep strain rate
v/s
Creep strain
€creep (log scale, s™1)

B

Identified non-classical creep stages

C

€creep (_)

Creep strain
v/s
time

€creep (_)

O

Identified non-classical creep stages
B

C

time (—)
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J Explanation: creep mechanism transition

lg&

Qualitative creep rate - stress relation at 800°C

A

Creep mechanism transition

)

)
| |

Classical creep

behaviour
En
: -
Ed
after H.P. Degischer et al., High Temperature Alloys, 1987
o
Igo




Scientific context 027 ECCC fnl‘s :l: (Moxs

‘Creep test Low stress & high T° J Explanation: creep mechanism transition

Short creep test | inert gas test Low-temperature creep High-temperature creep
~ Igentified ngn-classical cree% stages o . Oshean
| o Slip plane 2 -
8 “E b 4//§///?"7///
® £ 9 S —
c B 9 2
Bw® o 3
£3a 2 S lip plane 1/Obstacle = |~
o 9 < n =g . . ==
v 5 & ke shear Oshear ~ -
) L
S S 8 — Dislocation climbing
- - — Dislocation sliding — Dislocation sliding
€creep (_)
— _ Coble creep NHc: Nabarro-Herring creep
Identified non-classical creep stages
B C o
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0
£ ~ S
" un QU B':
a>E ¢ p:
() + O o
) W 3
5 E
© a
---------- Vacancy current () Vacancy sink = ---Vacancy current () Vacancy sink
time (=) ---Atom current [ |Atom sink ---Atom current [ |Atom sink




Scientific context 027 ECCC fnl‘s :l: (Moxs

‘Creep test Low stress & high T° J Explanation: creep mechanism transition

Short creep test | inert gas test Low-temperature creep High-temperature creep
~| Identified non-classical creep stages Oshear,
% o —
e B C 3 Slip plane 2 __—
8 V)‘ 3 b V//{//j///?:%//?
& £ <9 3 —
c & 8 £
Bw® o 3
‘E S a EO S lip plane 1 Oobstacle
a 8 < ® = N ,i
() fut &l 3 Oshear Oshear e -
g O s z . o
@) e = — Dislocation climbing
- - — Dislocation sliding — Dislocation sliding
€creep (_)
Coble cree According to [*], intergranular
Identified non-classical creep stages P , , g, "1, & ,
B C o diffusion (i.e., Coble creep) is the
o : e A :
= ~ 5 preferential diffusion-driven creep
© S .
= 2 mechanism for 800H
" un Q B -
< £ ) @
Q > = o c
() + O .0
() . 3
L .
5 5
.......... Vacancy current () Vacancy sink | *: after L.A. Beardsley et al., Metall.

time (=) ---Atom current [ |Atom sink Mater. Trans. A, 2019
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‘Creep test Low stress & high T° Explanation: Possible nitridation-induced creep hardening
Long creep test | non-inert gas test 1000°C creep-creep rate curves
—~| Identified non-classical creep stages &
Tl A B C
(] v |
+= -
o c 9 —4
c © 8 10T
5 o+ v |
5 21 = 1O
8 o §
O S |
-6
| Ltk
€creep (_) &
5
Identified non-classical creep stages ol
B C 10
= ~
s < 6° Nitridation
->E 8§
()] + S
o v 159| I 1 ! I ! I 1
© 16 1 20 25 30 35
€creep X 102(_)

time (—) Curves & micrograph after V. Guttmann & R. Biirgel, Metal Science, 1983
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Finite Element numerical modelling of 800H alloy creep behaviour

: — _ . : ] L "
) Yield function: von-Mises criterion
Developed since 1980s »
- Large & small deformations fy =Zyy —0y =0
- Applied to many processes & (6=(1-D)lo Effective stress (effect of damage)
many material behaviours n
- Elasticity, Thermal,|Viscosity,= )_( = z XAF,i + XSR,i Hardening & Static Recovery
i=1
Damage functions | Y1 | 0y, = 09+ Q[1 — exp(—b - €P)]| Voce isotropic hardening
— Dy = [ P =
: : : 51 Viscoplastic function: Norton power law
D = Df + DC — S N
| YTt . £ = ],E—X) — 0 — K@E)N <0
© | Sa | (@-D)k K Y - 7 -

*: Work after:
J.L. Chaboche, IJP, 2008; R. Ahmed et al., 1JSS, 2016; R. Ahmed et al., 1SS, 2017;
H. Morch et al., COMPLAS, 2017; H. Morch et al., EIM: A/Solids, 2021; H. Morch et al., FE in A&D, 2022)
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Scientific challenge

Creep strain curve of 800H
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35 980°C and 15 (MPa) [*] First modelling attempt, Chaboche-type law
30 A Diffusion creep > Dislocation creep 0.6
S 25 v Experimental creep strain [*] . )
< 2 12| - - Predicted creep strain v 105 S
& | Predicted damage accumulation vvv %
o 10 v o
uj-‘ 1 ? "7 10.4 8
< 8 v’ D
- R 0.35
§ 6r i A E
10 15 ny A 10.2®
timex 100 (hours) 4 ',v' g
: . ol WV 1013
= v_ﬂ'_"_“'__ ______ -] <
S 4f v «%‘"‘"‘f‘@ = 3 4 5 6 7
D v Time (X 100 hours)
Ig 3r o _v _________ *:. experimental curve after B. Gardiner, PhD. thesis, U. Canterbury, 2014
X 2t ’__v—"!——__
.-V . .
Sib - » We must implement a macromechanical
Yool . model capable of predicting non-classical
0 100 200 . .
time (hours) creep behaviour observed in 800H alloy

BT e e e 10




Microstructure tests
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Sample preparation 1 D10 sample from each N-batch was selected to
undergo microstructural characterization

Smooth bar 800H samples

—

i Longitudinal section (L)
Geometries {DOS 5 [mm] dia.meter :
D10 10 [mm] diameter i :~15 Bakelite mould
<L
Tag Description L\ — N 10 - @
NO | Sound material Transversal section (T)
Industrial furnace N | 2L Ve I A EIes V 1
Exposed to realistic N2 | 2 years in furnace Llo
environmental and N3 | 3 years in furnace I
thermal loadings N4 | 4 years in furnace

| mtoduction [ ][ Numericalcampaign || Concludingremarks |




Microstructure tests
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Optical microscopy* observations:_

e AGSGr.2 =150 (um)

* No visible external layer

* High precipitate segregation
— Layers aligned to the RD
— Dendritic-like segregation in N3

(o Rolling direction (RD)

—=—— Segregation layers

*:Etching compound: Glyceregia - — s ||

12



Microstructure tests
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Macro-indentation Vickers (HV10) observations:

Internal surface analysis
) -~ .. B 1475
I — 1401 TN &L
7 > - 1450
: E 130r I .................... ST e % ............................. - % da25 &
------------ N )
A 120f $ v A—1400 9
= {375 B
—E wn
< External surface analysis %
@ © {475 =
| % 1401 ; % e 4;5 o
________ - ] 4450 QO
8 130 I~..,§._.——" ..... .‘i ..... % {425 g
S I ----------------- ° - p—
S 120f § Y 1400 5
L S 4375 K2
iy o NO ON1 4 N2 >N3 A N4
- [ Longitudinal section - --- Transversal section |

| mtoduction [ ][ Numericalcampaign || Concludingremarks | -




Microstructure tests 027 ECCC fnfs:l: (Moxs

Macro-indentation Vickers (HV10) observations:

Internal surface analysis

Important observations:

140" e s 475;53\
e High material inhomogeneity o~ T L 450

130 I ---- 4 e % ................................ % 425 —
* No clear hardening/softening trend in relation to years- 1201 : ; A 4400

in-furnace

Macroscopic hardness (HV10)

U
~J
Ul
Estimated yield stress (M

140 ; % 0 c
________ ~~‘~~ _.__-:___—_... - 4 0
ST S
1 2 0 % % ............... [ ] 40 0
375

© NO ON1 4N2 >N3 A N4

| Longitudinal section - --- Transversal section |

| mtroduction [ ]| Numericalcampaign || Concludingremarks |




Microstructure tests
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micro-indentation Vickers (HV0.5) observations:

R R e 200F —— :
(example from NO) 80| Sample NO ||| | g0
bils ! S 160L_ 1
a1 ] ' 500
o —1 L 4+ 4+ &= //,I\]
Rl N s r 3 400
o 100} + L |
S 200f —
T, 180} B Sample N1 1 1600
""" @ 160 [ i | i i | | 4500 —~
1| F———— 2140-'\_—-—:——#—/%%},4%* o
............. = 120f i il b - - | 400
............. E ot =
= v
e Sample N2 &
200 pm 3 180i:__ P 1600 &
SR e , & 160 S 500 @
= F il ] L + 4500 =
. ; = 140 :;_______._::_-—-—::—{ . . - - R =
3 A = 10 ! e e B
f _ = 100 i
% L & 200F i =
| - S 180} + Sample N3 1600 £
| A = 160F | + I 500 @
: I g 140 __N- X I f\:‘\flt"jﬁ I I 1
» ¢ SR N T T T [ T T
2 = 100t
02 06 10 .. > 80 ampledis 120
Location depth of micro-indentation (mm) ﬁg i I T 4500
p T =S ] ¥ B - 5 = ] -
¢ L * & 120F i e == - 1 1400
_ 100f
02 06 1.0 14 18 22 26 3.0 34 38 42 46 50
|__500pm | Location depth of micro-indentation (mm)

| mtoduction [ ][ Numericalcampaign || Concludingremarks | |




Microstructure tests 027 ECCC fnfs:l: (Moxs

micro-indentation Vickers (HV0.5) observations:

200+

———— |
* High material inhomogeneity 15, Sample NO || 600
== |
+ 500
140F —u + 4+ 4+ - |
, ~ 12007 1 //ﬁ[\] 1400
» Surface [gElgefslallaly trend from NO to N2 2 100} = —— |
= 200t : : :
L 180} 1 Sample N1 1 1600
i % 160[ | | ] I |
. 5 % T 1 ] 4500 —~
External surface softening trend from N3 to N4 : £ 1ol SN, ‘—il‘/\'%i&%ﬂ\iﬂf’?’ 15 D;
< _c;é 100+ + <
[%2]
5 ||| I Sample N2 $
o g 18O-E__ anpie 1600 5
S 160 A 87 1 1500 ©
= 140F = e '_.—-—::—{_ - B - 2 — —
= 120f T S i S S ! laoo 2
-2 100} -
S 200 T %
S 180 T Sample N3 1600 £
g 160 1 p—— {500 2
Fuf g g 4 | | 3
I T A A S N O A
= 1001 i i i
= Jo0f — '
180+ Sample N4 —~600
160- L + |
140 I:" == =+ ______}-___,_._..-u—-\]- B :_._.____-1':_____]_ - 500
1201 R R e e e e SO . | 400
100¢

02 06 10 14 18 22 26 3.0 34 38 42 46 50
Location depth of micro-indentation (mm)
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Microstructure tests

SEM/EDX observations:

fnls ¥ (sx

* Presence of artifacts

Intergranular carbide precipitation

Nitridation is dominant in sample N1

Oxidation in dominant in sample N4

2 Titanium nitride

Sale N1

u : 1006 mm
Nitrogen corrosion

__Sample

Oxygen corrosion

17
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Samples had to be re-machined to include collars for the extensometer grip

Creep test

.. this is research...

Original planimetry for geometry correction

49.5 .
—
24 S| 133
> 2 Il . . -
| S >/ Ty Material removed during re-machining process
A | ‘ ' o [ ] Outer material layer (possible nitridation?)
= | ‘ X
— — — - _ i _ — |
5] | 2
v ' =
| \?4\ q 9, ~ 10 0 ~ 10.14
— Corrected geometry| < - > — e — — — — — —
— Initial geometry 4,‘ . 17.36

Inhomogeneous material Manufacturing error

| mtroduction [ ][ Numericalcampaign || Concludingremarks |




Creep test

fnls ¥ (sx

Results for creep test at 1000°C and 35 [MPa] on N3 sample of 800H

Axial displacement & Creep strain v/s time Creep strain rate v/s creep strain

16 . 1E-2;
77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 1030 -| — ULiege experiment (3 years in furnace)
- L o O Guttmann & Biirgel (sound material) [*]
g
=12 e — 1025 1E-3!
-/ [
<+
S 10
N ~
T R 0.20 | =
S ~ |
E 8 _____________________________________________________________________________________ Q. - 1E_4 . ]
o < 10.15 a. :
wn ~ QL H i
- p— &) ) 1
T gl w S ]
b W |
%D ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff +40.10 X £ 5000 PP o0 ©
% 4 ____________________________________________________________________________________ 1E_5; _E
S 10.05 [ :
é ] S |
6 | *: V. Guttmann & R. Biirgel, Metal Science, 1983 |-
0 | ! I I I I I 000 1E_6E) I | I | 1 |
0 0.5 1.0 1..5 2.0 2.5 3.0 3.5 4.0 0 0.05 0.10 0.15 0.20 0.25 0.30 0.35
time (hours) Ecreep (—-)

| mtoduction [ ][ Numericalcampaign || Concludingremarks |




Creep test
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Results for creep test at 1000°C and 35 [MPa] on N3 sample of 800H
A(Dﬁnal ~ 8.5 (mm)

.

24.00
17.36

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
time (hours)

¢

—

Experimental campaign | o0

| introduction | 20




Numerical model fnl‘s )" @sw,

Yield function: von-Mises criterion P = fo1 + foo + fp3 + -+ for
f,=2% —0,<0 1 Function <—> 1 pDenomenon
B 6=((1-D)'o Effective stress (effect of damage) 2.58-04 T | Experimental [**] |
n " 20808 1 | for -- fo2 = fp3 |
X = Z X AFi T )_'(SR,i Hardening & Static Recovery \; 1.5E-04 + :
i=1 § 1.0E-04 +
0y = 0p + Q[1 — exp(—b - €P)] Voce isotropic hardening iy a—_—
Viscoplastic function: Norton power law SOE00 0 005 . _(;1 } .0-_"15- =
. f N €creep (_)
EP = % fy=5©@—-X) -0, — K(eP)Y/N <0 **: Curve after V. Guttmann & R. Biirgel, Metal Science, 1983

Damage function: Graham-Walles approach [*
Viscoplastic function: Graham-Walles approach [*] 5 p.p "]
UDi 3 — KTD|T|(E_p)mTD

. T . , . .
Er = Z Kiec[2o0 ]V (eP)™ + Kro|T|(eP)™r W=l =r
j=1

= KpZ,L,

*. Approach after N.K. Karthik, PhD. Thesis, RWTH Aachen & Darmstadt TU,2016

I B T I 01




Numerical model
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Constitutive law integration algorithm [*] Viscoplastic behaviour:
/nputdats M Elastictria Fully implicit integration scheme
)
Sub-stepgues \p\‘ Integration point guess fL(Jgij p;rafr?;;; e Local residual matrix (R)
126,26 A n e Material constants ] v (A€ Age = f(A(:Tp, Ao, A)_(i, AD)
Calculate — _
State variables | | Stress o RIAL A€EP AEP = f(AéplAg: A)_(i; AD)
|| Sub-step reference | (reference config.) J | Backstress xTRIAL B = < Ag > Z> Ag = f(Age,Ag, AD)

(e poXD i AX; AX; = f(AéP, Ao, AX;, AD)
Viscoplastic behavior e YES bilr?as\t/iizr \AD / AD = f(Ae_p, Ao, AX;,AD)

Execution of . . .
Viscoplastic Update - e Radial return mapping algorithm
damage loop State variables
(incremental config.) fAEe\ k+1 fAEe\ k
»| Calculate ) AEP AEP
N Sub-steps _ N . k
Failure SUCCESS Ao =140 ¢ linv(J{R}) - Rln+4
Return and Return and YES A)_(L A)_(l
restart continue \AD y _— \AD y 41

Activate sub-steps

*: Details in C. Rojas-Ulloa et al., Comput. Math. With Appl., 20237

| Numericalcampaign § <0 [N




Numerical model
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Validation of the Chaboche-type + Graham-Walles viscoplastic function | 1 Finite Element

Creep experimental dataset [*] 04 Relaxation experlmental dataset [**]
—2 ] E [
107* {l o Creep test: 1000°C & 35 (MPa) § 0 Relaxation test: 950°C & 45 (MPa)
| & Creep test: 1000°C & 11 (MPa) | o Relaxation test: 900°C & 35(MPa)
1073 - Predicted curve (Ecreep = 2 4 functions) '| — Predicted curves (€creep = Z 3 functi:;)/
(%Y
0

| — Predicted curve (€creep = Z 3 functio:y

0000000000000 P 3
StDev. =10.4% |

SO0 craod
00_Q0.Q0-G& bt

00e2--- StDev. = 18.7%

] N\
L | L
| Q
é o - ﬂ_,///
t :) go 0O 0 Doooao o [o—amh ;:F#]:F
§ StDev.=169% | | "¢ o “StDev.= 105%
g | 1077
. **: V. Guttmann & R. Blirgel, Metal Science, 1983 5 8"’ *: K Tach/bana et G/ A//oy 800H, 1959 |
10~ 107
0 005 010 015 0.20 025 030 035 0.40 0 005 010 015 020 025 0.30 035 0.40
ecreep ( ) Ecreep (_)

I B LT R 23




Numerical model
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Validation of the Chaboche-type + Graham-Walles viscoplastic function | 1 Finite Element
Results are found within experimental limits

Numerical creep v/s time curves for 800H [*]

0.4

1000°C & 35 (MPa) ‘
B —— ."
0 1 2 3 4
time (hours)
1000°C& 11 MPa
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ‘ ..-.»"‘
0 200 400 | 600 800 1000

time (hours)

Creep rupture strength & time-to-1% creep [*]

-~ 0, A Time-to-rupture
30
;@ .\*\1 * Time to 1% creep
=, 20 \\
\—
* r Y
%)
%)
g i \\‘\‘
3 — \* ™~
2 | N A
= L
D | I I
1 10 100 1000 10000

time (hours)

*: V. Guttmann & R. Blirgel, Metal Science, 1983
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Numerical model
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Assessment of computational efficiency| 1 Finite Element
E 2 15K Optimal
c O
£ 514 Nss
1o ] e
£ £ 1.30¢
o 4
SR W,
© QA
Eg11 I I I
sz | b rtEty o od s .. 5 % 3 %
= ——— —— )
20 E
1.8 &
O
1.6 ©
: 1 (@]
L : T 1.4 35
f * * v
= PE % % o " LZE
-x- | -
—— 10 §
10° 10? 102 103 10*

Number of substeps (Nss)

| introduction || Experimentalcampaign || || Concludingremarks |
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Methodology

¢ Why did our samples failed this way?

HiH Hardened external layer (nitridation, 1.15x%E)
it Sound material (1.00xE)

Necking

P AR RS 5 %

NX
Two materials
|

T

o
P

Two theories were addressed:
» Material inhomogeneity

» Manufacturing defect ™= m
Dideal = 10 (mm) | Dreal = 9.92 (mm)

Single material

26




Results & discussion
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Stage 1: 2D analysis | Hot quasi-static tensile test | simple elastoplastic law
Displacements in NO model Displacements in NX model

Axial position of nodes of interest

Model with manufacturing defect

15 _ Regardless of the manufacturing error... - Regardless of the manufacturing error...
| In an homogeneous In an inhomogeneous
10 material, necking occurs | - 10- material, necking occurs |
in the middle section in the critical section
L | L D\
> 5 —— M4 (~1513 elements)
e _M6 (N2097 e/ements))
0 1 | | | 1 1
| D 500 1000 1500 2000 % 500 1000 1500 2000
time [s] time [s]

= [ | vumeromen | PY




Methodology
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Stage 2: 3D analysis | Chaboche-type colaw | Norton-Hoff viscoplastic function

Norton function fit on € cep — €creep CUrVES

1072 0.8

ULiege experiment (3 years in furnace)

== = Norton viscoplastic function fit

écreep (S - 1)

10~*

-5
1075 0

01 02 03 04 05 06 07 08

€creep (_)

Norton function fit on €.y¢.,, — time curves

ULiege experiment (3 years in furnace)
== = Norton viscoplastic function fit

0 05 1.0 15 2.0 25 3.0 35 4.0 45
time (hours)

28




Numerical campaign 027 ECCC fanﬁ; (Moxs

Stage 2: 3D analysis | Chaboche-type colaw | “identified” NH parameters

+H gc;r;stirl\\lt)force Start of viscoplasticity (total load applied) ‘ End of test -> time = 12k (s) =3.33 (hours)

% :

-80 Ecreep (—) €creep (=)

= 3.237e-04 1.752e-01

;5 2.913e-04 :I 1.577e-01 :I

E 2.589¢-04 _ 1.401e-01 _

= 2.266e-04 _ 1.226e-01 _

g 1.942e-04 _ 1.057e-01 _

: 1.618e-04 _ 8.759¢-02 _
1.295e-04 _ 7.007e-02 _
9.710e-05 _ 5.256e-02 _

— 6.474e-05 3.504e-02

% 3.237e-05 :I 1.752e-02 :I

§ 0.000e+00 _| 0.000e+00 _

29



Numerical campaign
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Stage 2: 3D analysis | Chaboche-type colaw | “identified” NH parameters

' ‘ End of test -> time = 12k (s) =3.33 (hours)
&
5) Experimental v/s numerical €., — time curve
O €creep (_)
[oY0) 0.25
E """ ULiege experiment (3 years in furnace) 1.0
= 0.2 — Numerical prediction on central element ———— i} 1.577e-01 :I
'g T : 1.401e-01 _
(1
= ~ 0.15 1.226e-01 _
= S
c O 1.051e-01 _
g 5 01
w 8.759e-02
0.05 7.007e-02 _|
5.256e-02 _
0 - 3.504e-02
O 0 2 4 6 8 10 12 1.7620.02
S time (ks) ose
S 0.000e+00 _|
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Numerical campaign 027 ECCC fanﬁ; (Moxs

Stage 2: 3D analysis | Chaboche-type colaw | “identified” NH parameters

Constant force Start of viscoplasticity (total load applied) = End of test -> time = 12k (s) =3.33 (hours)
g 2.75 (kN)
Q_CIU-)‘ €creep (—) €creep (_)
60 3.506e-04 1.803e-01
é 3.1 55e.n4] 1.623e-01 ]
.é’ 2.805e-04 _ 1.442¢-01 _
S8 2.454e-04 _ 1.262e-01 _
= 2.103e-04 _ 1.082e-01 _
g 1.753e-04 9.014e-02
1.402e-04 _ 7.211e-02 _
l 1.052e-04 _ 5.409e-02 _
) 7.012e-05 3.606e-02
kS 3.5ose-05:I 1.303e-02:I
= 0.000e+00 0.000e+00
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Numerical campaign
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Stage 2: 3D analysis | Chaboche-type colaw | “identified” NH parameters
‘ End of test -> time = 12k (s) =3.33 (hours)

)
o :
Q2 Experimental v/s numerical €., — time curve
Q €creep (_)
=)
60 0.25 ~ _ _ 1.803e-01
= B ULiege experiment (3 years in furnace)
= 0.9 —— Numerical prediction on central element i} 1.623¢-01
_é’ 0 ' \ 1.442e-01 _
S \-; 0.15 i 1.262e-01 _
= 3 1.082e-01 _
T 5 01 9.014-02
= W : -
0.05 7.211e-02 _
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Conclusions & -

On our experimental campaign
Creep strain rate v/s creep strain

fnis & Gsx

EP simulations suggest effect of material inhomogeneity

1E-2;

— ULiege experiment (3 years in furnace)

O Guttmann & Biirgel (sound material) [*]

EVP simulations could not predict necking in critical zone

1E-3!
: Microstructural evolution of 800H after 3 years in
_ furnace consists in:

§§ = Nitridation/oxidation competition

’ " |ntergranular precipitation of M23Ce carbides

00 ©
° 10@00)

1E-5,fy

§ _
© || *: V. Guttmann & R. Birgel, Metal Science, 1983 ||

1E-6

0 0.05 0.10 0.15 0.20 0.25 0.30 0.35
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| introduction || Experimental campaign || Numerical campaign ||

33



Conclusions & - fnrs !l; @sw,

On the numerical aspects of the project

Creep experimental dataset [*]

107 - Créep oct 1000°C & 35 (MPa) The numerical model implemented exhibits good adaptability
10_35 A Creep test: 1000°C & 11 (MPa) for addressing classical & non-classical creep behaviour
|--- Predicted curve (& = X 4 functions)
4_—Predicted curve (écreep _ 53 functions) There is still a high uncertainty on the evolution of 800H
10 =r 1 microstructure and its effect on the creep behaviour
N Qo c:..cz-O-C’*°C’°°E’C"c”cmc
— 6000000000 90 22 2= . . .
L1073 o StDev. = 18.7% 1 Microstructural evolution of 800H after 3 years in
S £ ' furnace consists in:
©1(0~ _: e 1 e L
5 0 StDev. = 16.9% | = N|tr|dat|on/OX|dat|'or‘1 cqmpetltlon |
w _ ] = |ntergranular precipitation of M23Ce carbides
1077
10_?3 |
£ | *: V. Guttmann & R. Biirgel, Metal Science, 1983 ||
10~

9 L L I I I ! |
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| introduction || Experimental campaign || Numerical campaign ||
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ANNEX: similar behaviour 027 ECCC fnl's :l; (Moxs

Creep test Loy STEs B el T J Similar behaviour has been reported for...

Short creep test | inert gas test

Alloy 718s, a Ni-superalloy [*]

—_ Identified non-classical creep 'stages 100
Dl B c o 750 °C / 400 MPa
= o - 10
g £ = o 750°C /350 MPa
1}
s £ g 1 A 750 °C /280 MPa
7 T 1
B >2 °
o o < 0.1
Q = ot - O )
e (©) ® = 0.01 O - O
(@) L9 m— ) 5 O 0 -
’ ' - S D'j'_"dj]_ ccoea000000 ”D& A & D
= o Y Ay
€creep (-) = 1E-3 50 O A A A D
£
Identified non-classical creep stages z 1E-4
B C
S 1E-5
= T o
£ L, = 1E-6
2Le ¥
g7% 5 1E-7
8 *. after K. Chen et al., Mater. Sci. & Eng. A, 2018
1E-8 - T g T g T y T v T " T "
0.00 0.05 0.10 0.15 0.20 0.25 0.30

True strain
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ANNEX: similar behaviour

Creep test
N\
T
Q v L
© c )
| O . — —
7 T 1
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Q Q
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Q (©) Q
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U owg
£ ~
e L
%) v Q
< E 3
Q > .= L
(] + S
Q w
S
O

Low stress & high T°
Short creep test | inert gas test

Identified non-classical creep stages
A B C

€creep (_)

Identified non-classical creep stages
B C

CREEP RATE (s™)

fnls ¥ (sx

J Similar behaviour has been reported for...

Polycrystalline copper [*]

10° {
104 -
400°C & 69 (MPa) }
105 & 69 (MPa) |
500°C & 30 (\\/\'\?.a.) _______ .
106 - | N TPRPPPTPLELY ’
) V4
I 600°C g 10 (\\/\f_a -
10'?‘ \.--—-___H‘____-"_
108 1 | | | I I
0.0 0.2 0.4 0.6 0.8 0

NORMALIZED TIME (t/t,)

*. after B. Wilshire & A.J. Battenbough, Mater. Sci. & Eng. A, 2007
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