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Table 1 Chemical composition of experimental alloys with
different Mo contents (wt%o)

Alloy Cr Mo Co Al Ti C B Ni

8Mo 219 80 121 12 04 0.064 0.003 Bal.
8.5Mo 220 85 121 12 04 0.063 0.003 Bal.
9Mo 220 90 121 13 04 0.060 0.004 Bal.
9.3Mo 219 93 121 13 04 0.064 0.003 Bal.
9.6Mo 219 96 120 13 0.5 0.067 0.004 Bal.

Temperatrue/°C

800 ———t—t——% ¥

8.08.28486889.0929.49.69.8
Mo Content/wt%
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AR . SR AU RO Ak 2535 i (4 7 v ) 2% A F T
AU (SEMD TR 3R ET 50 BT (EPMAD BE iy, 11 2%
12 E 9 g CuSO,+90 mL HCI+60 mL C,H.OH IR & %
TR AT, S kS 1) 12 s. SR Gatan 695 55T i A
1l 2% 375 5 L7 SRR CTEMD B &, ok 4 J1 R i 38 8 1
M HL R 3 531 M 5 F1 3.5 ke o iz A 7 2440 2 17 £ HX
10 mmx4 mmx2 mm £ 5, 28 4 A D 4002 7 T % &2 50004
J& A Si0, 2 15 ¥ T 3 i ' il £ 45 31 v 38 HIOH AT 5
(EBSD)#: . %] S-4800 17 & 5 SEM MLEE | & 4 rhg
BT AT R, A8 TG 4% g B 1 (EDS) ) JEOL
2100Plus TEM %7€ 1 #r th A &5 4 . fd H] JXA-8530F
YRS EPMA E &40 # 7 3R s Rt it . FIH
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AR RE T T 4L ZURI R, 7740 A . EBSD 4373k FH HELE R 20
KV, 1% F 25K 0.06 um.
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B 22 885 C, HAMHT HAH AT IR EE R AAAL . B 1b 2
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B A Mo 75 & M 8.2wt% 3 il £ 9.8wt% M,C 11 5 KT
M 0.45Wt% 2 5 F1| 2.33wWt% , 1M M,.C I B KT H & —
BYEFRFE 127wt /e A0, R R AE B R . IR YE# )2
T EHI4E 3, Inconel 617 A 4+ Mo &5 & i 39 in 2 {12 i3k
M,C FEIHT H I 40 M, C AT Hh o
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Fig.1 Precipitation temperature (a) and max mass fraction (b) of carbides of Inconel617 alloy as a function of the Mo content
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Fig.2 Microstructures of Inconel617 alloys after solid-solution heat treatment with different Mo contents: (a) 8Mo, (b) 8.5Mo, (c) 9Mo,

(d) 9.3Mo, and (e) 9.6Mo

SPHEOR . 8Mo A & bk AR A W % B 5 AT A
(E 2a) , 1 8.5Mo £ 4 s F AR T 1k H B/ 58 2 P kL
ARATHAE (B 2b) o [ Mo & 51138 0, 9Mo £ 4 Hh Bk
R S AT H AR SR i (B 2¢) 4 17 9.3Mo A1 9.6Mo & 4
fm AR A HR I T 2 B OR RS T BCIR AT A, B2 A A
Bis(E2d\2e) . TETS B (BSEDRLI T, 2 R HRR BT H
A AT P R B W 22 5 . 3@ id EDS RE i 40 ik X
HLF-RT 5 (SAEDY FE AR o8 1A & T tHAR (181 3) , &5
SRR, 3HT H A #R A T 0 3T 7 54, Horh OMo & 4
{10 SRR AT HE AH R 208 1.02 nm, 2R E Cr 1)
M,,C, BB Ak 4 (I 3¢ 36) , 1T 9.6Mo & 4 Hh 11 [ L Hutk
AT H AR R 0N 1.13 nm, N E Mo 9 MC B iR 1L 4
(JE 3a.3d) 5 Kt HOIR B AR & % 5 208 1.09 nm, Ry
B CrifiM,,C,(E3b.3e). FJ I, Mo & & 136 I i 3 5
W7 A AL R R R ECE AR SF . R Image-
Pro plus #K 4% 5 Fp & & A ) & BT T 4uit (O
Y& 4k F 5 /N AN [FI AL (1) SEM G G i e Ak 4 1 T
D, s R nE 4Bk, BB 477, B Mo 7 &t )
8wt 3 N F| Owt% , & < T Y RURLIR M,,C THI AR 43 H
0% 32 7 19 N 2] 1.7%; 24 Mo & & 4k 2239 in %1 9.3wt%, &
G AR D 2R AL R UREIR ML,C 6 28 S R SF I Btk
M,,C, F1 M,C, H M,,C, I F 73 5 $2 =1 21 5% ; il Mo & ==idk
— BRI 3] 9.6Wt% , & 4t MC ¥ TH AR 73 HU A 0.8% 12
TE214.6%, 1M M,,C, [ AR 73 H FEAIC A 2.2%. a2 i,
Mo & & FI3E e it 7 M,C FIAT H , LRI 23 4 ML,C, 1)
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1] 115.5% , W7 T Wi 47 %8 M 65.5% 12 5 2 74.5%. B Mo &5
kS ) 9.6Wt% , A & 5 I AR, b o
1215 31 574 MPa, J JIk 78 52 4i¢ 1= 21 303 MPa, T Bt J& i K
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Fig.3 TEM images and corresponding SAED patters (a—c) and EDS spectra (d—f) of M,C (a, d), block M,,C; (b, e), and granular M,,C; (c, f)

carbides of 9.6Mo (a-b, d—¢), and 9Mo (c, f) alloys

e e}

F MG
B mc

o)}

N

\S]

Area Fraction of M,,C, and M,C/%

8Mo 8.5Mo 9Mo 9.3Mo 9.6Mo
P4 AN[F Mo %% 5 Inconel617 & 4+t M,,C, 1 M C HYTEIAA 7341
Fig.4 Area fraction of M,,C, and M,C carbides of Inconel617 alloys
with different Mo contents

%2 FREIMo & & Inconel617 &4 750 ChiflE4E
Table 2 Tensile properties of Inconel617 alloys with different Mo

contents at 750 °C
Alloy R/MPa R /MPa A% ZI%
8Mo 458 167 81.5 65.5
8.5Mo 463 176 88.3 66.5
9Mo 484 181 1155 745
9.3Mo 488 189 104 69.5
9.6Mo 574 303 51.3 44.8

600 | —8Mo
———8.5Mo
=™ + —9Mo
b e 9.3Mo
E,’ 400 + ——9.6Mo
$5300 \
g
8200
R
2100
0 1 1 1
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Engineering Stress/%

5 AN [Al Mo 3 Inconel617 £ 4 750 “C i A il ik &5 1) T RE 1 -
TR 2
Fig.5 Engineering stress-engineering strain curves of Inconel617
alloys after tensile test with different Mo contents at 750 °C
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31.3%) , H.Co )% & M 13.0wt%H fin 1 15.0wt% (32 =
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Table 3 Chemical composition of y matrix in experimental alloys
with different Mo contents (wt%o)

Alloy Cr Mo Co Ni C
8Mo 22.5 7.6 13.0 56.6 0.5
8.5Mo 22.5 8.3 13.0 56.3 0.5
9Mo 22.3 8.4 13.7 56.2 0.5
9.3Mo 22.8 9.3 13.0 56.3 0.4
9.6Mo 22.6 10.0 15.0 52.0 0.5

15.3%) , 1] WLy JAA i o ST ARV FE ¢ W R

xof - [ R A A A, P9 T I 3 SRR PO AL
(L) 5o RIGFEA 7 B BRI 7 5 (2O W Fe iy Z IR AH AR
FHIE I R R 77 5 (3D dm FHARHERR IR /. BT Mo 1)
[ 975 B A 2 $000E 5 T Inconel617 & 4 h HoAth 7o =P, HL
Mo JiEF242(r,,,=0.140 nm) EE Ni J5 7442 (r,;=0.125 nm) K
12%, Foyk P4 o 5| AR ORI Al A% W A2 , BEIA A AR AT 1
P I 38 10 7% e 2 8] RAE TOAE OO B 6) 5 AT 386 K A7
ST AR N A3 Eh B T F 2. 25 E L BEE Mo & R
$2& 1, Inconel617 & 4 & A2 A8 TV it 75 [ I 3 v ) ¢ 36K
XA 4o BE Mo 5 5 I 4 e ) SR
3.3 AsMERI(RERITA

P 7 4 9Mo F19.6Mo & 4: 750 “C Fi il i fr Iy 11 7
i Y\ TH 1) SEM B RTEBSD B8 . BB AT 40, B

Fracture morphology
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7
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y matrix

O
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P16 Mo X [l A 280 1) 5
Fig.6 Influence of Mo on solid-solution strengthening effect

K 1) OMo & 4 750 “C Hz A g Wr I A7AE /N T VR (1 9)
5 (E 72, BA MR B RARIE. 9Mo A 4 dn St ik
IIATHE ANV BURLIR M, Co s S RLIY N 1 5 TR R A T 7840
AT, i AN e W 52 1 /D 2 LR (B 7h) . 9.6Mo £ 4
W AT A D B0 E A 2 IR (R T R AIE , T 5
BB ZHE(ETD) . XEREGAFLET MC AL M,,C,
LA E, IR E ST . 9.6Mo & 41 dh S Ak TR
A D RERCIR M,Cy » fbL I B TEFEZ AL T OMo A 4
Eid EBSD /3 2 1 750 °C i 24 R S 58
B ) 2 (KAMD B . i1 B 7c mT %0, 9Mo & 4 Ak 7
FIEAR, ALAE & P /D B3 AL IR B A7 7E — 2 RN AT
9.6Mo & 4 P AFAE K ST i L 80, Wy i RS I A7 AR 55
[SERITVAE: RS S T A g Y s P 2 i N
fRL (B 76) o 3X 2 KA OMo A 4 A ¥ F Ak 40 A 45 4l /1
HIRIRLIR M,,Cy» BEAS T 17 58 1112 By , X Sk 24T FLIE
ML ESN IERR , B e RLiE o R — J7 1l = A2 3 5 A%
T, K 8afirn. fEMEFEH, & & M8 EEZ W

icrostructu KAM map

5

»
/
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\;?;/ MeC
v ‘/

K7 9Mo 4 Ai19.6Mo 74 750 "C AL A iURE AT I T35 A i it 2E 231 =) S R ) 22 (KAMD 13
Fig.7 Tensile fracture morphologies (a, d), longitudinal microstructures (b, €), and KAM maps (c, f) of 9Mo and 9.6Mo tessile specimens at

750 °C



7 ]

XNHEFEE: Mo & &4 Inconel617 &4

sl B ) el LA P RE 2 1821«

,\QQ\'\‘ - $  Granular M,C,

»\o-l..l.é}/ AS L %

Y

5 ;.TTQQY y&R bZD

BZCSERN PR L ’

TAQQ\' v&T T 1
A¥ Y, >

X‘", ;"f \/’; ‘/%i ‘
B e g \
e — - — |

wooowie, N\ A LN/ VY

K18 AR ARRAL N & 4 W 2T A (5 e
Fig.8 Effect of granular M,,C, carbide (a) and blocky M,,C, and M,C
carbides (b) on fracture behavior of Inconel617 alloy
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JR BRI, R A A W R B s 8b TR
AR, B9 BT BUIR M,,C 1 MC IE 2 i BR i F f i
4k R S, 5 B GUE R A R v SR R, &
ST 1 TF 4 H OIS o (VR AE , BT LA ) El 2 o DT R 3 A
N IR G W,

55 %, Inconel6l7 & 4 Mo & & B A m T
9.3wt%, I 4% il /£ 8.5Wt%~9wt%.

4 £ g

D Mo & &4 111, Inconel617 & 4 v T i iz 5 JiF 42
e o R e ) 5 I S 1 K S kN R s, Fod i 4 Mo
B N OWtOb I AR K e fi ey, B B e ) SR B 1 UL

2)4 Mo 7 & 7F 8wt%~9wt%Hf , Inconel617 & 4
i T AT 20N B BREIR M, C » 1024 Mo 25 B R T 9.3wit%
I, & 4 dh S H IUBOR RS LR M,,C AT MC.

3)Inconel617 & &=, 4H/INH i FLBURLR M,,C, T 4T
FLE T E A S A R BRI R BUA T I, 1 2
HBL A e K R SFBRR ML,C, I MC S HEANE 2 i 4
VLI B TEAZAL A, 10 LI 23 (R 33 4 80 &y 1 A%
5¥ &, A ST BRI

A 54 % EE, Inconel6l7 & 4 Mo & BN AN E T
9.3wt% , i I F% i 7 8.5Wit%~9wt%.
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Effect of Mo Content on Carbides at GBs and High-Temperature Tensile Properties
of Inconel617 Alloy
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Abstract: Inconel617 alloy has significant application potential in Generation IV nuclear energy systems. The effects of Mo content on carbide
precipitation at grain boundaries (GBs) and high-temperature tensile properties of Inconel617 alloy were studied by mechanical testing and
advanced techniques such as scanning electron microscope, transmission electron microscope, and electron backscatter diffractometer. The results
show that there are only fine granular M,,C, carbide at GBs when the Mo content ranges from 8wt% to 9wt%. However, as Mo content increases
from 9.3wt% to 9.6wt%, massive M,,C, and M,C carbides could be predominantly observed at GBs. As Mo content increases from 8.0wt% to
9.6wt%, the elongation increases initially and then decreases, and the alloys with the Mo content of 8.5wt%—9.3wt% achieve optimal strength-
ductility balance. The fractographic analysis reveals that the precipitation of granular M,,C at GBs effectively strengthens grain boundaries,
resulting in the transgranular fracture features on the high-temperature tensile fracture surface. When massive M,,C, and M,C carbides precipitate
at GBs, the initiation of intergranular crack is promoted and the intergranular fracture features are observed on the high-temperature tensile
fracture surface. The Mo content of Inconel617 alloy for high-temperature components in Generation 1V nuclear systems cannot exceed 9.3wt%
and it should be controlled with in the range of 8.5wt%-9wt%
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