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Abstract

In this paper, Mo-Re-Laz0s alloy was prepared by doping different particle sizes of Laz03 into Mo-Re
alloy using a solid-solid doping method. The fracture morphology, grain size, and particle size distri-
bution of the second phase after sintering at 2000°C were characterized. The density, hardness, and
tensile strength of Mo-Re-Laz03 alloy were tested. The research shows that as the particle size of
Laz03 decreases, the grain refinement effect of Mo-Re-Laz03 alloy is significant. The addition of
Laz0s3 enhances the mechanical properties of Mo-Re alloy, and 40 nm Laz03 has the most significant
effect on improving the mechanical properties of Mo-Re-Laz03 alloy.
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1. 5]

Mo J& THEE SR, Mmim . Z0URMG. S s S . mimARE tEar[1]. 4 Mo IRIRZETE 2 . Fi4h &
BEFEAR, S2masthn e 5 Rl S20E[2]. 48 Re IS B . WG, JovRNEE
BHE IR ME MR THERE OV E UM A SNt R . 7F Mo FHNIN Re J&, KETERR “BRZN.” [3], 3 BGE
M RN, JFRTMRR . PUR R SRR 4], BHAUEN @ KA, INH FEE
R (1) Bkn] LFIAHTE R MoReOs UL A, E5 MoO, BML AR, ARSI, i AL E N £
e AL (2) BRATLAR S &4 C O BIVEMRRE, MMy, S, #a st 3)
FHERA SRR TER v UR AR AT, MM F M BHEYE: (4) BRI BT R, R
THMIT I, AR ERRE, REUISE. £ Mo &@ AN Re BRI Mo &J& 1715 PERE(5)
[6], $RTHFPRIBEEE . FUlFASVERE . 12 PERE[7]. LacOs B N 5840, 784 @A RIRTI A i i 40 i 5
o MR RER, BEIRTIMRIG 125 . LarOs 9K BURLTE &)@ 2L R th AT SLin L, BAS il
BT BGE JGE R P ) AR, 44k SR (Hall-Petch 208 B, B 4N 0.5 wt.% LayO; fJff
SPETERRST A 50 pm BER 10 um PUR, JEARGREEEE T 20% LA o FERVETEIS RS, LaOs BURAZ 25
LA, TERI SN, SGE BBVE(UNES & G FL I R o 1 F-465 4 SRR T B IS 30%).
Lay O3 1= AR E PE(IE 21 > 2300°C)f HAE S B IE A P IR FEFEIZS, TR AR REUHE . Blan, fEfEEE A
MR, 1% LayOs vl AE T 3 HE 1 150 MPa, [FIFRFF 8% K AEM % . i Lok 5 A M SR M T8 s
I LaOy/ @It WD FLBAR SO A= . B HEN(TEM) /R, La,0s 5 Al A MR 0.5
Jm?, AT ALO; ] 2 Jm?. TEAHA G LayOs AL FR4E A Mo FRI AR ZH 2, IREGRAIM IR K
A%, #it LarOs RE G A A HE m Mo MR =il (RIR SR FFIPER]. IEF W, Mo-Re-La,Os &
&R MOCVD fi#ARE . WL IIHE 35 25 (A% S B HE FL R R G544 45 (9]

ARICELTE Mo-14Re &4 KA - BB A2 IMA R LaOs, Lax0s KIESN 5N 5 pm. 1
um. 500 nm. 40 nm, #IL La,O; 41k EkE, AFFT LayOs K AL X Mo-14Re & MO A 2R K 7124k
RE I REIA o

2. SSRMBRITE
2.1. SEEMREMIAZ%

Mo ¥y 9% IR EE 3.0~3.5 um, Re ¥k 75 pm, 73 BB FEPRLEE ) LayO3 3K, LayOs R4 51
N: 5 um. 1 pm. 500 nm. 40 nm, FESRUWE 1~3 FioR. 5 2%6H1#% Mo-Re-La,Os & & i, B4R LEIN
(P REELL): Mo # 85%- Re ¥ 14%. Lax031%, 1% La,O3 By AKKLEE M KB/ N 54 av by ey do Kk
HINERBERT P BATERBR A1 50, IMAELAE 3 mm MEALESERIEAT 780 R R 4 h, BREMN 101, #4
N 20 r/min, BEFE 30 min (LR, BEIRETE 10 min. #4732 Mo-Re-La,O3 IR A K. IR A5G
(K R 208 S 5 TR ) R A o TSR IRON AR B0t A JEAT il e 4, e R B 15038 2 2000 °C AR I BN (7]
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Uh, FHEREGE.

Figure 1. Morphological diagram of molyb-
denum powder

1. $AMERE

Figure 2. Morphological diagram of rhenium
powder

2. SR SRE

SUS5000 15.0kV 10.1mm x10.0k SE(L)

SU5000 15.0kV 10.1mm x10.0k SE(L) . SU5000 15.0kV 10.0mm x20.0k SE(L)

Figure 3. Morphological diagram of lanthanum oxide. (a) 5 pm morphology; (b) 1 pm mor-

phology; (c) 500 nm morphology; (d) 40 nm morphology

3. SERTSRE. (@) 5 um FE5R; (b) 1 pm FESH; () 500 nm F4%R; (d) 40 nm F458

5.00pm

2.00pm
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2.2. MEREMIA SRAE

RS I R ot SR R P T R R, 4 AT (X (402MVA™) K& &R o R 4 e 1
TBL(HITACHI SU-5000) M54 4 I A0SR, H Imagel B 70 B 4 v 5088 ARk RS, A
I HL(GNT-100) MK & & Hrhi e .

3. EWERS 5
3.1. AEHHI

B BREWT LRSI P 4 R, B 4 ATAIR IR 2t LayOs HIE & iR ALK 0NN LaxOs &
EERLL AN, FIZONHOR S 1K Mo-Re-LayOs Sk Rf 225 AN, 58 — A LayOs HIRLEE T A
S IEAR IR RS, K900 LayOs RS NG B SR 4Bk ok 1 7 F

ARG S S IR ReLs, SRR H H A2 BIRHAG, XS E LR IR M. =54 i
Mol 2056 B, WA E RS, SR, BN RAEEORNETIL A, RAS X
R A Rl 58 —ARRE B, (I, EEE AR TAEERIIEOU T, AR RS A A, B A R
BAK, AR RIE &g, 51200 SRl . ARSI NG LayOs Sl BAHIE, HLFEEAF,
R EE RIS LayOs BURLEGEE , X ki KR B 58, R LS I oK 2 1) Lay 05 ) Mo-14Re & 42 i
RERSF 4/

Figure 4. Fracture morphology of Mo-Re-La>O3 alloy sintered at 2000°C
[ 4.2000°C Mo-Re-La:03 & & e 45T O 57

HUEDIEE ) av by o d Be25 PR BERE, LM ACHIME Yo )G, B kg ont o e T i3k 47 65 ok
JEME, LA SR WA A SEH, ER SRR ST, Imagel B A W A4 1H 5 Mo-Re-LayO5 i fi
R, Wl s pos, WSRO 1 R, HIE S 8567 1 nTAIBEE I La,0s R 98/, Mo-
Re-La, O3 & @2 0R 1) S RLIZ MR /N, 58 “AHANAGAE FHEA S, 35 ARSI DR FEE B A% S 1 2 AR 1 o R R
o [FIETAT U HOR 28N Mo-Re-Lay 05 s A4 59 17.08 pm. 16.83 pm,  GKZLAN N Mo-Re-
La,Os g B SF 20508 13.42 pm. 13.16 pm,  [FEAEIGIE T INZKL 500 nm. 40 nm LayOs 116 4 df i 4%
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Figure 5. Metallographic structure of Mo-Re-La>0s alloy
5.Mo-Re-LaxO: A& & 18

Table 1. Grain size of Mo-Re-LaxOs alloy
%2 1. Mo-Re-Lax0s & & BALR T

Doped LaOs particle size Grain size of Mo-Re-La20s alloy
a 17.08 pm
b 16.83 um
c 13.42 pm
d 13.16 um

3.2. FHEBRIRST S

HL av by o d BEEERESIEAT T, HTEE A LasOs IR R SF KN oA, B4t e (A e A
R MR E 6 fios. B4 EER A Imagel BF 20 i it S48 50 195 25 A [ R LaOs HIS —
A EmRLR ST U 2 Fis .

HIE 6 4545 2 W LLEH, BEE B LaOs IR EE IR/ AP35 R IZ#TR /N, B4% 5 um Ml
1 um 1) LayOs 5845 J5 55 —MIRIE N 2.1 pm A1 1.2 pm, KRG LarOs Bk 2 i) La05 55 — M1 P34 R sf
INCANBEL, R0 023 um. 0.13 pm, A5 AHBURIEE S, A E ), AIMLER R

3.3. AENFMEST
A Mo-Re-La,Os & HEM I % B 112, 4 Mo-Re-La,Os & 4x il 4 Shi fHRE EAT 77 5 M Re Al

W4 3 Pan. 3% 3 W LVE B LaOs Ja & &% LRI K, BREOKRI. 9K LayOs X 1 1%
JEIRTHIF AW . Mo-Re-LayOs & & IR AN HTHL R L BEE LarOs R EEARALIETH IR, LarOs B A BRARATE
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FERRC. PihisRE M, X EY La0s BLEEXT Mo-14Re & 535 (R HMLIE R, ZE7RINERELLE] LayOs ¥
K, By ARMEGH/N LaOs Ki 780 2, 55 AR RCR IR s o T340 7T A0 LaoOs K £ 22 A 7E dh 7t
by PHAE SRR . BRTFSRSE . BSRIME[10], FINRRLE K La0s 7] 2 EHETF Mo-Re-La,0; &4 /1541
A, RLEERRCN & & SR R R R —.

(@

Figure 6. Metallographic structure and second-phase distribution in Mo-Re-Lax03
alloy

B 6. Mo-Re-La20; S £ &R E_MBNTH

Table 2. Second-phase particle size in Mo-Re-La>0s alloy
#* 2. Mo-Re-Lax0s AR B R~

Doped La2Os particle size Sintering temperature Average size of the second phase
a 2000 2.1 pm
b 2000 1.2 pm
c 2000 0.23 pm
d 2000 0.13 pm
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Table 3. Density, hardness, and tensile strength of Mo-Re-Lax03
2 3. Mo-Re-LaxOs [, FEE ., PEE

Test number Density (g/cm?) Hardness (HVo3) Tensile strength (MPa)
a 10.33 204.92 574
b 10.37 282.71 643
c 10.59 297.26 677
d 10.64 311.73 714
4. g

JEILE - 4B 2EE Mo-14Re & & IR INASFIRLEE La,Os B0k i1l %75 £ Mo-Re-La,O5 &4, ¥ Mo-
Re-La,03 & & IO A 23 1 7 % M RRHEAT XF LU 7045 H DA R 45

1) La,O5 AT LA4HAL Mo-14Re & & IR R <), LayOs LB/ INIAL A B2, AR INAK 2% LayOs 414k &
RLAE AR T 10K 5

2) IS pm A1 pm ) La,0; ] Mo-Re-La, 03 A 45648 5 58 “AHKIEE N 2.1 pm F1 1.2 pm, 49KZ%
(1) La,Os BRI ) Lay0s 55 AT RSN — D EE S, 405008 0.23 pm. 0.13 pm, 28 ZAHRORECHE
%, DATHEIE], R AE R

3) WIIAFERLE LayOs ) Mo-Re-La,Os & &% EARMNA K, FE#E LaOs FLEE /NG S0 1Tt
PURL R E G KR AR SR IR, TR INEAH F ST LayOs RLEEER /NG & 4 775 e RESR T i
.
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