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Table 1 Crystal structure characteristics for ¢, y and Re(Mo)

Phase M(t)flé(ez MOl)g’Re45 Re(MO)
Structure type D8s5(CrgFes)  Al2(a-Mn) A3(Mg)

Space group P4,/mnm 1-43m P63s/mmc

sl 080 wese 228
Volume/x<10® nm® 45554 880.32 29.58
M/g mol™* 468.34 9626.22 181.69

Density/g <m™ 17.08 18.16 20.41
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Table 2 Mechanical properties of Mo-Re alloy
Mo-Re (mass 0 o
fraction/%6) State Test temperature/K o/MPa opn/MPa el% DBTT/C Reference

Annealing RT 590 - 35 -

Mo-5Re [21]
Annealing 473 430 - 30 -

Mo-14Re Forging RT 848 896 13 73 [22]

ODS Mo-14Re Forging RT 827 1075 12 -195 [22]
Recrystallization 373 700 910 19.8 -

Recrystallization 773 500 715 215 - [23]
Recrystallization 1173 300 470 19.4 -
Mo-41Re Annealing RT 769 900 >25 -
Annealing 1073 303 503 30.0 -

[24]
Annealing 1223 275 393 39.0 -
Annealing 1373 228 275 50.5 -
Annealing RT 561 893 19.9 -
Annealing 1073 270 510 25.0 -

Mo-47.5Re [24]
Annealing 1223 300 464 29.6 -
Annealing 1373 223 326 62.9 -

Mo-50Re Annealing 1023 - 420-440 16 - [25]
Annealing RT 981 1252 17-18 -

Mo-51Re [11]
Annealing 1473 268 300 ~4 -

Note: DBTT: ductile-to-brittle transition temperature

K12 Mo-47.5Re £ 1773 KBk 1 h ) TEM &
Fig.2 TEM images of Mo-47.5Re annealed at 1773 K for 1 h{??
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Table 3 Compatibility of key structural materials with alkali metals™®

Material type Material/alloy Elemental composition, /% Me_ltlng Densﬂ_g/ Temperature/K  Alkali metal
point/K g€m
Titanium Ti 1941 451 775-875 K
SS Fe-19Cr-(8-12)Ni-2Mn 1699 7.92 Na K. NaK
Steel 316-SS Fe-17Cr-12Ni-2.5M0-2Mn-1Si-0.1C 1658 7.9 875-960 B
316FR-SS Fe-17.5Cr-12Ni-2.8M0-1.5Mn<0.6Si<0.02C ~1650 7.9 Hg
Inconel 750X 73Ni-15.5Cr-7Fe-2.5Ti-1 1666 8.25 Na, K
Superalloy Hastelloy X 49Ni-22Cr-15.8Fe-9Mo 1523 8.2 900-1150 Na, K, NaK
Haynes-25 50C0-20Cr-15W-10Ni-3Fe-1.5Mn 1602 - Na
Nb 2750 8.57 Li, Na, K
Niobium and Nb-1Zr 2680 8.58 1500 Li, Na, K, NaK
its alloy PWC-11 Nb-1Zr-0.1C 2680 8.60
C-103 Nb-10Hf-1Ti-0.5Zr 2623 8.86
Molybdenum Mo _ 2896 10.28 L| Na
and its alloy Mo-TZM Mo-0.5Ti-0.1Zr 2896 10.16 1800 Li, Nfa, K
Mo-44.5Re 3023 13.5 Li
Tantalum and its Ta 3290 16.6 Li, Na, K,
alloy Ta-8W-2Hf 3250 16.7 2200 NaK;, Hg,
ASTAR-811C Ta-8W-1Re-0.7Hf-0.025C - - Cs
Tupgsten and W 3695 19.25 2900 Li
its alloy W-4Re - 18.35
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Table 4 Mo-Re alloy manufacturers in various countries and their supply capabilities

Preparation method and

Manufacturer composition Supply capability
Powder metallurgy Plates W, =254 mm
Rhenium Alloy M'V(I)c_);&l?;e Bars ®max=25.4 mm
Mo-47 5Re Large size seamless pipe is being developed
. . Small ingot Vpya=2032 mm?,
Foreign PMTI i‘;g'r;ggg small bars and plates
' Large plates and pipes are mainly outsourced
Plansee Powd:;orlﬁselztaaglurgy Wide plates Wmax= 609.6 mm,
Mo-41Re Bars and seamless pipes
Wires @0.1 mm, &0.2 mm, @0.25 mm, &0.3 mm,
Powder metallurgy 035 mm. @05 mm
Mo-20Re y ’ ‘
Bars @1-17 mm>L
AT&M MN(I)?;S}SRSG Alloy sheets
) Mo-47.5Re 0.2 mm (min)>(10-350) mm>600 mm (max)
Domestic ' Foils 0.04 mm (min)>100 mmx>_
Powd'\i:)_rgits:elurgy High precision narrowband 0.30 mm>0.03 mm>L
NIN Mo-41Re Pipes @16 mm>0.8 mm>L=3000 mm
Mo-45 Re @2.2-4.5 mm>0.2 mm>L=3000 mm
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Fe T 2 A% I B HE LR R G T KRBT, SR
T SNAP-8 Z %M sp-100 A7 & il hE & & 41 0.,
SAFE-400. SAIRS. HP-STMCs. SCoRe. S*. MRS.
HOMER. SUSEE. AFSPS. LEGO-LRCS %%+ % &
ERRTH A% IR R G &Y. {20 th4D 50 EAREE,
AR IC R T 1 35 AN Al e M HE HLIR, 4 BN
ROMASHKA. BUK. TOPAZ-1 #ll TOPAZ-2 %l 4 F=¢
A% S S HE B R Y. 4B W TEM 7 8 25 ) M SR AR R
o TS PR A A R+ A T R R O
UL EZHBIERG T E T, Mo-Re & &4 12 FEHE
O EE I REL . I SAFE-400 A4 44 KR H 46 Mo &8 ,
W FHRLR ] Mo-44Re £ 412 HP-STMCs A ik 44
BT AEERH T Mo-14Re & 4P, gt B4SIq
SCoReP S I5Z Ff Mo-14Re; Prometheus %% [A] $ 3 5% H
Mo-47.5Rel®); [ Idaho [H 5 T.FE S0 = 1) B R#AA
S5 7 HE BT H A g Tl A0 BF 7 T AR A A
HERZ i o] ekl 2 £ X ik R4 -L (RAPID-
L) PMRH T Mo-Re & 4.

4.2 mEiRNESE

BB v NS N g R =T N 4 (158 RN = s
TR S S R R P 85 I R

L AE R HE AR 2 B DU R LR (D) Bk

AN, 598 R A B 2200 K R, &R T
MURFH: (20 U Pl b IR ok i s, &
FF A% REHEMIR s (3D 9%k 2 H e 4wl ) &3 v
1% 3000 K.

2000 K LAk Tl e i ol SR A i 4 B
AR, B E IZA AR BRI S JER
PR EE CanE S i & T ) Mo-Re & 4
PHEAH (I Mo-20Re/Mo-40Re, Mo-20Re/Mo-50Re) .
BT Mo b W IRLEENE, Mo-Re & &M HEMTE
2000 K i & WA 455w L W-Re #4 A A f) {6 ) 75 o 5
- Mo-50Re £ 4 7o 4% 7 PR AR R ) vy it 98 B A fn I
JE-EE R A 1 e iR A e ) R 0 A A 0
4.3 ®BFImE

Mo-Re &4 B T H R 4710 5 B i BE 1 F P i
G i, ] AR SRR A A fal bR T
AMENY TR RL, BB, R
s FAEARRFR KT VAN = B8 T I S A M RLR, 1R
F AR R A TR mAERE . A
FR T O AR R 0 AR R A R P o o T
Mo-Re & & M H T I FLAR . BRS04,
Kk, & i1 TSt B+ 6 N A
B 5t o
4.4 HHERGE

—H LK, Mo-Re & &M i R EE R T =ik
M. TSR, WEFTN R B Mo-Re &4 B BT
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AR, REREGHEANDIM R AR (BN
HAEHEANDI “JRZ8” ZEK, Mo-Re A& MITLREIER
YA RS EESN. Mo-Re & 04l T
A (1SO 10993 PEJT etV i) BIAH KM
SR FH S X 28 R M 43 AN FE R BULM B AR S
AN BL . BEECER-ER (BRI &4, TR
Mo-Re 37 42 i 2z 4= P RIHE R P T s % LR &2 8 AR
TN I R AE G R BUE (MRD HARW R T E
KPP . Mo-Re & & JL-F oA, wHER MRI 2
R R MR E R . 5 — N TER
AR RN I R BUBR BN 2538 B MR S8 7= 4 “ P
7B SOk, NS . Ak 4
ZREEBEANYESE CRBW. 8648, 8hED
W R AR B MRI D52 BN IR NS, T Mo-Re &4
ARE B B UM LE A ER AR, BT DAFE IR B B A R K
12 et 35

% E A RHR LG P2 ASTM Bl 4 Wifii 7 Mo-Re
B EEEFMEAY LN (F3272 ANEHE Y-85k
B4 SMKEIRAE. £ “Mo-50Re” & & HI1E Nk
O ML SR AR SCHLA I R VP AL, F BAR 2 IR
JS7FH AL

% H MiRus 2 &) & 7R IR TR 1 i i i 4l 4RiE
MiRus J&Zh B & T A S Lok i CBE R AL
0.06 mm) ) Mo-Re 3Z 48, HHi C7ERRI A Tl PR B
- Mirus # &% 114~ MoRe®[J #7281 Mo-Re & &7
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Research Progress of Mo-Re Alloys

Chang Tian, Gao Xuangiao, Lin Xiaohui, Liang Jing, Xu Hailong, Xin Tian, Li Yanchao, Xue Jianrong, Zhang Xin
(Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The “Re effect” makes the physical and chemical, thermoelectric, mechanical, and processing and welding properties of Mo
have been comprehensively improved. Mo-Re alloys are widely used in advanced nuclear energy, aerospace, electronics, biomedical and
other fields due to their good comprehensive properties. In particular, its excellent radiation resistance, compatibility with nuclear fuels and
alkali metal coolants, neutron characteristics and other nuclear physical properties make it the first choice for core structural materials in
space nuclear reactors. In this paper, the research status of Mo-Re alloys was systematically reviewed from four aspects: crystal structure,
microstructure, properties, preparation, processing and application, and its development prospect was prospected.
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