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Experimental Investigation of Creep-Fatigue Behaviors of

Alloy 617 at 900C

Jeong - Hun Park

Department of Mechanical Design Engineering
The Graduate School
Pukyong National University

Abstract

The very high temperature reactor (VHTR) is one of the promising fourth
generation (Gen-IV) reactor for the economic production of electricity and
hydrogen. The conceptual design requires an outlet temperature of greater than
850C to provide for the efficient generation of hydrogen, with a maximum
expected outlet temperature of 950°C. The important component in VHTR
system is the Intermediate Heat Exchanger (IHX), which will be required to
operate at the reactor outlet temperature of up to 950C. And the components
have a projected plant design service life of 40-60 year operation and 4-7 MPa
in high pressures, the most important consideration is the creep—fatigue and
fatigue behaviour for the materials. Material selection for the IHX is important,
regardless of the design.

Based on these material requirements, the nickel-based superalloy, Alloy 617
1s the leading candidate material for the VHTR for the next nuclear reactor
design consideration due to its superior material properties, oxidation resistance,
and phase stability at high temperature compared with other potential
superalloys. Therefore, it is important to understand the high temperature
creep—fatigue and LCF information of the Alloy 617. However, there are few

studies on LCF characteristics of this material in Korea. Especially, there is no
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research on creep—fatigue characteristics. the purpose of this work is to
investigate the influences of temperature and hold time on the creep—fatigue
behaviour of Alloy 617.

In this study, the creep—fatigue properties of Alloy 617 were investigated at
high temperature, 900°C, in air. Fully reversed (R=-1) strain controlled cyclic
testing with a total strain range of 0.6%, 0.9% and 1.5% has been carried out
with a triangular wave form to characterize fatigue properties with a tensile
hold time to examine creep—fatigue behavior. A constant strain rate of 1.0x10%/s
was used.

Weldment specimens were made from 25 mm think GTAW butt-welded
plates such that the loading direction was oriented transverse to the welding
direction.

The hysteresis loops of creep—fatigue tests showed significant stress
relaxation during tension hold time. With the increase of tension hold time, the
creep—fatigue life was remarkably deceased which caused from the formation of
crack by the creep fracture mechanism.

Lastly, This work will be contributed for the basic data aquisition of the high
temperature creep—fatigue properties for Alloy 617, and for the evaluation

techniques of high temperature fatigue life prediction for Alloy 617.
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Fig. 2-7 Cyclic hardening : (a) constant strain amplitude, (b) stress

response (increasing stress level), (c) cyclic stress-strain response
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(a) Fatigue domunated (b} Creep dominate

(¢) Creep-fatigue interaction
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Fig. 2-12 Creep-fatigue cracking mechanisms: (a) fatigue dominated; (b) creep
dominated; (c) creep-fatigue interaction (due to “consequential” creep damage
accumulation); (d) creep-fatigue interaction (due to “simultaneous” creep

damage accumulation).
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31 A5 ¥ AEgHA
3.1.1 Alloy 617

B Ao A8¥ A B+ Haynes International Corporationol] A =] %
g yA7] 2l dd=< Alloy 617019, F7 25 mme] F1Hetd A 2 A

A ZA ol A AAEEE Heat Number: R617 6 8837019, 9 e =~

_—

1.020(7) x 48(W)x144(L)olth. 2 Ao ALg¥ Alloy 6179 st =4
2 Table 13} Tt} Haynes 617 &A1 2k f49] g3st4 2442 ASTM
B168-08% Aol 2ls] A% 7]ol Table 1914 2 5 e AAH

ASTM specification ¥ o] & a5 ¢S ldd 4= o Ni
(HA), Co(ZZE), Cr(Z&), Mo(Z&#ER)S F&E8]|7} o} A R Wl
4o et
Table 1 Chemical composition of Alloy 617 (wt.%)
C Ni Fe Si Mn Co Cr
ASTM | min 0.05 bal - - - 10.0 20.0
a
Spec. | max 0.15 3.00 0.50 1.0 15.0 24.0

Alloy 617 0.08 53.11 0.949 0.084 0.029 12.3 22.2

Ti P S Mo Al B Cu
ASTM | min - - - 8.00 0.80 - -
Spec. | max 0.60 0.015 0.015 10.0 10.0 0.006 0.50
Alloy 617 0.41 0.003 <0.002 9.5 1.06 <0.002 | 0.0268
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3.1.2 GTAW &3 =4

Polarity) F4¢1 A% A9 vhelUyz2A $8%2 ST adsta »

AL G Fel ARtk A7 A9 S8l dolA AFHY W A%
4
-

o BAe] &9o] HoAY, wdE AFHY 954 (DCRP ¢ Direct
Current Reverse Polarity)d 45+ £489 &85 waEu A9
298 Yol GTAW &4 Alol DCSPY DCRP #y e Age 4=
A & Aol webd deeold = vt DCSP+ 843 &5 %7k W21
&9o] A1 Fon, 9T F1, &4 #FHo 4& 5Fo] Uk £

| = Alloy 617 &5 Age ddo= H=54d9 DCSP Wi A
gt A gaigith 12 E GTAW S50 A 8% 5

2mmE 2= Edof g B2d] EWth-25 AHS-3t3itt

olZ L 7tAE ARESFY e F#S 10-15liter/min MY 2 FY5ATH &
AAL mAe] ool AbstE WA 7| 9]5ted AF-&SH= backing 7hE F
2 L= &5 555 =
BE 2387 98ke] AFEEE T8 7} A (Trailing) = U8+ ke 1
9] &3 FHow AFHEY 180-200A, AFHY 14-16V, £HEE WY
18-22cm/min&. & 38 ¥ 3l v}

AHEE &7 = KISWEL AHALH &3 %)l A Al x=3 (KW-T617) 2 &
2 v FEHP I (AWS) AFS] AWS A 5.14-05 ERNiCrCoMo-1(UNS N
06617)ell weka]l Az vk &7kl o] Al xAF E s JD191e] ™, A
74L& 24mmeoltt. &7 9] 3}e4 A2 Table 29 2t

V5 gtk E, §HOlF el

e
rlo
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Table 2 Chemical composition of filler metal (wt.%)

C Ni Fe Si Mn Co Cr
AWS | min 0.05 R Max Max Max 10.0 20.0
Spec. | max | 0.15 30 1.0 1.0 | 150 | 240
KW-T617

0.07 Bal 0.33 0.3 0.3 11.29 22.5
filler metal

Ti P S Mo Al Cu
AWS | min Max Max Max 8.00 0.80 Max
Spec. | max | 0.06 0.03 0.015 10.0 1.50 0.50
KW-T617

0.41 | <0.003 | 0.001 8.8 1.1 <0.01
filler metal

S A HA dE%= 18T, HY I 27 & 177C o] = 3}

—_

Omm root gap=

= =~ I P~
s 2 Az 5=

[e)

ASME Section IX Code 7]<=ol we} tEoj At F

80

—>

Size: £25 X W90 X L700

Fig. 3-1 Welding sequence of GTAW for Alloy 617
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Fig. 3-2 Illustration of specimen cutting from the

GTAWed part
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Fig. 3-3 Shape and dimensions of cylindrical specimen
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32 4% #v R ¥H
32.1 A% A

Boodto] Abgd AE guE MTSAF] A 100kN 859 Fd4 &
A Qs 1 92 AF7I(MTS 37005 A&ttt o)< 3 129 3
S Aojstr] 93 5823 Z(Tube furnace)® &% A E E ] (Temperature
controller), 12]3 WHE Ao " dHeoly FHS A LA
(Extensometer) & §-2tsle] 23S 733t Fig. 3-4& MTS 370 7]7]
o] AAAQ EFS YeRT, Fig. 3-5% 4l d7l(Extensometer) & Al &4
o A FAe Begs yYEpdth 29 &% PEE2 = ATS Series 3160
Edolm ZkzE A F, 8 Al PR Yo 2EE ZAHT F glof 12
o 74 FAaste AgetH, Ao 1200C7H4] 225 248 &
B Ao e Ao A8 259 900T7HA 14175 A3 225

=3
of meo) BAL FHAUG AFol g A

Al o) 100kN &) sk, W9, HgE A=

ﬂl

23 AN, GFAY, FTRAY, ALAY, N2AF S P wE
NG 1 9 AL 84 BAVA 2l AAH 54T UTI 25
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Fig. 3-5 High temperature axial extensometer (Model 632.53F-14)
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322 A8z 2 ¥

Alloy 6170 ek 2 Z-3= A§ =S Table 3o HetAdn. 242}
Aot &R Al tha] a1 900T e gl WMEE Aol WA (strain
ratio R=-1)2 =2 peak straind wf HAF HIE FeHolA FA A
Fol AYz-9=Z ANFS TSI A 21& A1 FA4 4 wet F 7
AZ vk A HA, F4 AbE 1o ® Aty AWPE Hee
0.6%, 1.2%, 1.5% & Al A= APl dHPFE Helol o
2k skelar ofell thek A3 =19 #4S Fig. 3-60 YeEt Ao v =4
AR E HE 06%E LA FXx NS 247

Z]
2 NG A Alztel mE S Ldotr A shlem oo gk Al

Table 3 Creep-fatigue test conditions

Specimens Alloy617
Effect of total strain )
Purpose of Test Effect of hold time
ranges
Total strain ranges 0.6%, 1.2%, 1.5% 0.6%
Hold time 60s 60s, 180s, 300s
Strain rate 1x10%/s(6%/min)
Environment Air, 900C

Cycle with hold time at control parameter peak
C-F cycle shapes

in tension
Strain ratio, R Tension-Compression (R=-1)
% drop in load 80%
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10 - Strain rate 10°/sec

o8 b Hold time = 60sec
os| [
X 04 ~/
g o2[
£ \
00 n 1 n 1 n 1 n 1 n 1 n 1 n 1 1 n | H
£ D 10 20 30 40 50 60 \7 80 oTlme’ s
g -0.2j
D oal )
| |Total strain range
06 0.6%
0.8 —12%
10l —1.5%

Fig. 3-6 Creep-fatigue test conditions about total strain control

Strain rate 10°/sec
Toral strain range 0. 6%

' Hold time
Glzec
_— 180
8 BEC
g 01 —300sec
E
- .
c 0.0 1 1 1 1 1 1 TlmE, g
" & 120 1 240 i 280
ﬂ -0.1 4
-0.24
-0.5 4

Fig. 3-7 Creep-fatigue test conditions about hold time
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Fig. 3-8 Peak tensile/compressive stresses and stress ratio for
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200

Engineering Stress, o (MPa)

150
100

50

- Tensile test

- Alloy 617 BM-WJ

Base Metal at 900°C
— Weld Joint at 200°C

/“AV,_H

S

1

0.0

Fig. 4-1 Tensile test result of Alloy 617 at 900C

0.z

0.4

0.6

0.8

1.0 1.2

Engineering Strain, £(%)

Table 4 Result of tensile test of Alloy 617 at 900TC

1.4

Temp. (C)

Base Metal

Weldment

E (GPa)

YS (MPa)

UTS (MPa)

YS (MPa)

UTS (MPa)

900

149

167.3

190.7

176.8

214.9
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Table 5 Result of Creep-fatigue test of Alloy 617

Sample Az (%) Hold time | Inelastic st | Peak/valley Stresse | Stress Amp |Cyclestof| Time to fa
-1D (sec) rain range, s litude, Ac/2| ailure, Ng | ilure (h)
Ag;p/2 (%) Omax Smin (MPa)
Weld-01 0.6 ] 0.088 3259 -336.7 3313 a27 276
Weld-1 0.6 60 0.220 1477 -1748 161.3 277 5.54
Weld-2 0.6 180 0.238 1558 -171.5 163.6 172 917
Weld-3 0.6 300 0.240 1440 -168.8 156.4 339 204
Weld-04 1.2 o 0.364 3674 -382.9 3751 190 443
Weld-4 1.2 60 0.510 157.1 -180.9 169.0 203 473
Weld-05 15 1] 0.502 3739 -304.2 386.5 140 35
Weld-5 15 60 0.665 1705 -186:5 1785 110 275
Base-01 0.6 0 0.1786 1873 -199.8 1935 1179 393
Base-1 06 60 0.235 179.5 -171.5 175.52 662 13.24
Base-2 0.6 180 0.235 1502 -164.3 1573 577 3077
Base-3 06 300 0.232 1511 -162.2 156.6 459 39.78
Base-04 12 o 0.470 1806 -1918 186.2 437 11.36
Base-4 12 60 0.519 1503 -182.8 166.6 334 779
Base-5 15 1] 0.625 172.3 -190.1 181.2 405 10.13
Base-05 1.5 60 0.668 1526 -178.6 1656 250 6.25
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Fig. 4-2 Comparison of fatigue life for Alloy 617 depending on total
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Fig. 4-3 Comparison of fatigue life for Alloy 617 depending on hold

time
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Fig. 4-4 Cycle to failure as a function of hold time for creep-fatigue testing

at 950C®?
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e —$— 03 e (%) (9 (MPa)  (MPa)
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§ 05 0 300 -300
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% 10 10 390 430
800°C, Weldmeat 03 0 250 -250
03 600 180 250
05 0 310 290
o T 08 0 340 -340
100 10 0 360 360
Hold Time (sec) 1.0 600 360 =380

Fig. 4-5 Variation of creep-fatigue life with tensile hold time at 1000 T ©?
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Hold time, z, = 60s

Base metal, at 900°C 250 Initial stress drop

Total strain, g,

0.6%
—1.5%

=200
-250 -

1st cycle

Stress
o (MPa)

Fig. 4-8 Comparison of initial stress drop state during first cycle for

0.6% and 1.5% total strain range
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Hold time,,rk=ﬂ]5 250 ~ Initisl stress drop
Basemetal, at 900°C
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- L

Stress
o(MPa)

Fig. 4-9 Hysteresis loop curves of Alloy 617 BM for selected

cycles, total strain range of 1.5%
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Fig. 4-10 Peak tensile and compressive stresses as a function of cycle

for each total strain range conditions (continued)
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Fig. 4-10 Peak tensile and compressive stresses as a function of cycle

for each total strain range conditions
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Total strain, &= 0.6% 250 -
Hold time, z, = 60s 200 -
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Fig. 4-11 Hysteresis loop curves of Alloy 617 BM and WM for

selected cycles, total strain range of 0.6%
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Fig. 4-12 Hysteresis loop curves of all total strain range

conditions at half-life cycle
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Stress amplitude, MPa
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_45_

T T T 1
0.8 1.0
Total strain range, %

Fig. 4-13 Hysteresis loop curves for each total strain range conditions



Stress amplitude, MPa
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b) Total Strain = 1.5%

Fig. 4-13 Hysteresis loop curves for each total strain range conditions
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Fig. 4-17 Comparison of low cycle fatigue and creep-fatigue hysteresis loop
curves
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Fig. 4-18 Comparison of stress relaxation behavior on hysteresis

loop curves
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a) Total strain range 0.6% - Hold time 60s

b) Total strain range 1.5% - Hold time 60s

Fig. 4-22 Typical SEM images of creep-fatigue

fracture surfaces of Alloy 617 BM (continued)



c) Total strain range 0.6% - Hold time 300s

Fig. 4-22 Typical SEM images of creep-fatigue
fracture surfaces of Alloy 617 BM
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d) Failure

Fig. 4-23 Creep-fatigue fractured
appearance of Alloy 617 BM by SEM

(Total strain range 0.6% - Hold time 60s)
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a) Crack initiation b) Crack propagation

d) Failure

Fig. 4-24 Creep-fatigue fractured
appearance of Alloy 617 BM by SEM

(Total strain range 0.6% - Hold time 300s)
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Fig. 4-25 Typical SEM images of creep-fatigue

fracture surfaces of Alloy 617 WM (continued)
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Fig. 4-25 Typical SEM images of creep-fatigue
fracture surfaces of Alloy 617 WM
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a) Crack initiation

c¢) Failure

Fig. 4-26 Creep-fatigue fractured
appearance of Alloy 617 BM by SEM

(Total strain range 0.6% - Hold time 60s)
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a) Crack initiation b) Crack propagation

¢) Failure

Fig. 4-27 Creep-fatigue fractured
appearance of Alloy 617 BM by SEM

(Total strain range 0.6% - Hold time 300s)
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b) Total strain range 1.5% - Hold time 60s

Fig. 4-28 Typical OM images of creep-fatigue fracture
surfaces of Alloy 617 BM (continued)



¢) Total strain range 0.6% - Hold time 300s (1)

d) Total strain range 0.6% - Hold time 300s (2)

Fig. 4-28 Typical OM images of creep-fatigue fracture
surfaces of Alloy 617 BM
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a) Total strain range 0.6% - Hold time 60s

b) Total strain range 1.5% - Hold time 60s

Fig. 4-29 Typical OM images of creep-fatigue fracture surfaces of Alloy
617 WM (continued)
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d) Total strain range 0.6% - Hold time 300s (2)

Fig. 4-29 Typical OM images of creep-fatigue fracture
surfaces of Alloy 617 WM
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