W47 % 55
2018 4 5H

BHRERERMBISIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.47, No.5
May 2018

MK La,0; 158 Mo-Si-B 5 &L EERAMMRE N

F ORL REE AR FRFL KRR
(1. Pk OEEale, Bavh Vi< 710016)
(2. PHZBIT R, BEVE P42 710048)

B E:. RHSHEME. P B B BB 4R 50 LS T BT T 4K A 1 S o A
2 & 111 2 A Mo-128i-8.5B A &AL LRI J) 2 PEREI g i o 45 SR, G M4 232 MosSi Il MosSiB, LA
TEAS KRB A 7E BATEBEE5 M a-Mo BE44 [ (0 RL P R Ak o g oK ROBE (0 S84k B BURE B B2 - AT 7E Mo-128i-8.5B &4+
a-Mo [F &KLY, #5347 7E T MosSi Il MosSiBa MUKL P o 44K S A 3 ASORL A7 75 R I 4046 T o-Mo B4 (15 R R SJ Il MosSi
5 MosSiB, MBI R ), A4 4:H a-Mo. MosSi A1 MosSiB, A -3 fivhr BB RS 44/8 T 1 ume 33 52 B0 &
B, R AL B T Mo-12Si-8.5B A4t 4l i 3 A0 0 JB0RE B8R 14 2 3 E (Y s AL AL 1

KHEIE: Mo-Si-B 54x; La0s454%:; WOMAIZ; sl

HESERNES: TG146.4'12 XREFRIRES: A XEHS: 1002-185X(2018)05-1529-08

Z HH Mo-Si-B & 4 1 T-15 miimr i ) 24 1k g
PUAEA P i D0 Jr 1 o8 A v e 0 A A K1) B P
J1, KRz K", ZH Mo-Si-B &4 1 H
BEWR, Hh—3 2t h4EMAE Y MosSi; (T1),
MosSiB, (T2) Fl MosSi (A15) K =M &4 5
—REMEEM a-Mo 14 & )4k A1 4 R 1) Wi AR &
4 (a-Mo 1 MosSiB,) 8t —AH# 4 (a-Mo. Mo;Si #il
MosSiB,). H MosSis+ MosSiB, Fl MosSi 20 B i) = 4
H 4 Rh B A B 2 1) MosSis il MosSiB, 42 )& [ 4L &
Wi 2 B HH A 5 0 0 SR R g RN e T 0 AR v B Y,
AT 52 4@ AL S D ARE I VE 5w, 180 & 4
=3 5 JE R BT S4B M R AR (2~4 MParm'?) .
a-Mo. Mo;Si Fl MosSiB, 2H 1% 1 =1 & 45 a-Mo F
MosSiB, 4 S ARG 4 b 38 & A 4 )8 A a-Mo  CHIX
F MosSi Ml MosSiB, MM 75, a-Mo AMZENERD, {fi%s
SRS S ER WA B G, SRR
2574 15 MParm'?, 1300 ‘CHym[i&F]%) 23 MPa-m'%7,
{H a-Mo HIZEHE ] Mo-Si-B £ 41 [R] I 41 {2 25 5K 1%
eI SR

O W se g BRI, B A R 5 24 1T
PLIE % 0038 Mo MG & n = L il =, X
6 22 RORE IR 40 K - TOK G A8 A P UKL 23 A1 7 Mo 1 il b
PRI S AL, A 4010 T Mo &4 1 ftokn )RS
i Honr DL SRR A I E . A SR R4

Fs HER: 2017-10-23

SEEESEIPEN . Liu 25 NUPUR FI-905 2% 07 00 4% 1
K La,05 7% Mo & & HAM R4 )1 BE,
1% 4 e R e B2 R ZE A 22 43 ] =y ik 820 MPa T 40%.
Zhang % NPUHFSUR L La,05 5 2% fE6Y) (MoSiy) 1]
DI S 4 ) P = 50% LA b, S B A7 (0 35 8RR
B AT UL, B S A RORL 45 2% B 7 AR ) 5 ) Ak AR
W] BE ARG H T N & a-Mo A48 lal ik & Ml i 2
A Mo-Si-B &4 .

La,0; #5724 1] LL#E 7 Mo-Si-B & &M =il 5 mik
580 5E I [ i 4 Ak A G P A5 AR R ST U, i A 4 v A ek
() T 5 A T DA [) b 2 o s s A A S A 1S A AL Bl
2% Mo-Si-B % 4 R I 72 A 2 P Ak R o (B2 4
1k, BRI K HA G S 300 Mo-Si-B &4 £ E iR
IR ME L4 55, I O Mo-Si-B £ M 2 & 44
Ry vl 5 P BE TR 458 P s AR AR R 1) ) R — o A SE
KOt UM A St A, BB UK Lay0; B
Mo-Si-B & &Mk, ARGl MR beds, 1952 4
FJI Mo-Si-B & 4. W97 La,0; #5744} Mo-Si-B & 4
THOWL AL 2R s 448 55 ) 2 M RE IR B2 W o I LM R 46 7
L ARG KR TERE A OCPE R A, BRT 2 A, 2R
FE Mo-Si-B & 4 WAF(E I 2 B AL 4, i i e =t
ARy B AR I DT R A, O Mo ik K e
MESE 4 I8 R A MR K 5 2 R B e A SR AN
2%,

HEe&wmH: ExaA®/REise (51701162); HELER2AHE4S (2016M602885); BRpt4 i+ /5 R H (2016BSHEDZZ07)
TEZREY: 2= &, B, 1983 4, L, Wit S EMboEE S BRI T, BRI B 710016, HLiE: 029-86231082, E-mail:

libincailiao@163.com



* 1530 -

Wit R RS TR

847 %

1 %X I

AWFFIEH Mo(99.95%, Jit i 43 %0, Si(99.9%),
B (99.8%) Al La,O5 (99.9%) M4k Ay 5ok}, K44k ()~
PRLE 73 51 4 Mo < 2 um, Si < 5 pm, B < 1 pm F1 La,0,
< 100 nm, 4% T 4l Mo. Mo-Si A4 (Si % &4 0.6%
FT1.0%)Mo-12Si-8.5B(at% ) Sz i I i /& 43 B 0.9%
f) La,03 &4 (Mo-128i-8.5B-0.9La,05). 1% kb7 fic '
T A K AR SR G AE QM-3SP2 47 A AU ERBE ML L 4T
VERHGE, BIEREL N 1:1, BREEPLEEH N 350 r/min,
TR (0] 24 6 ho JRBFTE G, FEIR A 35 IR AR 7E 1
7= (RetschPM-400MA ) & BEEK B ML AT ML &
S AGALBE, R EEGER B K WLC M BT, A 28N
AR, e 300 r/min, BFEREECA 1:10, FULMRG S46
BRI 15 he SNBSS0 AL VRSB R TE 1600
‘C, 50 MPa Jkuft FRFATE DR RES, TRUE IR K
W 2 h, EHAEET 107 Pa, AR $60 mmX
10 mm [& PFARIAFE o

KH OLYMPUS 2 m]AE P2 1) CX71 {51 & 8 G AH
T G I HOW A AT I EE o AT H AL 74 7
(1) JEM-3010 Z43% 5 Hi i 7 BE (i % Oxford [ INCA
BB OO XA ST IS . &4 & s 4R 50 7E

500 nm

s
—

500 nm

HT-2402 J5 fig # Bl B8 HL AT, i 280 %
0.15 mm/min, XA 5 mm>5 mm>10 mm. R4
WRIGHT, AR MIEATI B L H, fRuFR
T ARAAE B I A BPAT O B 0E E, REA
S A DI 5 AR DLPR UE R 56 Es ) v

2 HERESH

2.1 WMELUBES ST

K 1 fi7n A Mo-12Si-8.5B £ 4 il Mo-12Si-8.5B-
0.9 La,Os & 4 W & AHTE SR A 43 A i) TEM f . o,
FAR a-Mo s Ath, skESIRIN G —, 104 JE
WEY A KB, ERBREAMMNTES . HE 1a
1 1b afLLEH, KBZ< La,05 1) Mo-12Si-8.5B 4
BHMSSHMUAL, &8 a-Mo MG kLRI 48
] 4645 ) MosSis MosSiB, AHRURL ST 1)~ B8 73 51 A
2.02 f1 1.65 pm. Mo-12Si-8.5B-0.9 54> a-Mo /it ki
1 Mo3Sis MosSiBy AH MR RS 1~ 28 73 A A 0.93
071 pm. BEAh, B 1e HET LT B 241 Lay0s
WORL, W RUE t, BORLRSHAUN R ILHaok, R
N, IXEEYIK G I ERTE La,O5 WKL 3 43 A7 1
a-Mo SERLIN, 4 20 Aii /E MosSi Al MosSiB, UL Y,
wiE 2 fros.

Bl 1 Mo-128i-8.5B £ 4 & Mo-128i-8.5B-0.9La,05 £ 4[] TEM J& A (8 57 3k BT R b LaxOs JRL 43 4
Fig.1 TEM images of Mo-12Si-8.5B (a, b) and Mo-12Si-8.5B-0.9La,0; alloys (c, d) (the distribution of La,0O; particles is indicated by

the arrows in Fig.1c)
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Fig.2 Distribution and morphologies of phases in Mo-12Si-8.5B-0.9La,05 alloy: (a) SEM image, (b~d) TEM images and SAED patterns
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Table 1 Volume fraction of the phases in both alloys

Volume fraction/%

Samples

a-Mo MO3Si MOsSiBz La203

Mo-12Si-8.5B 43.1 26.5 30.4 -

Mo-12Si-8.5B-0.9La,0; 43.7 253 29.8 1.2
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Fig.3 Compressive stress-strain curves of the two alloys at room

temperature
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Table 2 Yield strength (65) and compression strength (o) of
both alloys

os/MPa
2343(+57, -76)
2721(+78, -89)

o,/MPa
2424(+72, -110)
2806(+94, -93)
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Fig.4 Schematic diagram of fine-grained strengthening

mechanism
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Fig.5 Microstructures of pure Mo with different grain sizes: (a) 10.4 um, (b) 20.7 um, and (c) 62.5 pm

1000
800 F
| 10.4 um
<
% 600 |
2 a0} N
£ | 20.7 um
200 | 62.5 pm
0 " 1 " 1 " 1 " 1 " 1 "
0 5 10 15 20 25 30

Strain, &/%

B 6 AN I i RS 2 5H PR P 447 g - A% i 2
Fig.6 Compressive stress-strain curves of pure Mo with different

grain sizes
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Fig.8 Compressive stress-strain curves of the Mo-Si alloys
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Fig.9 Change in yield strength with the Si concentration in the

Mo solid solution
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Fig.10 Schematic diagram of Orowan strengthening mechanism
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Fig.11  Various strengthening effects contributing to total yield
strength of a-Mo matrix in the Mo-12Si-8.5B and
Mo-128Si-8.5B-0.9La,05 alloys
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Gadd~ONo-add=287 MPa, XK T 5 il & 46 52 50 38 73
) i IR SR PR 2548 378 MPa (3% 2), X AT RESE i T4
SEAL B E T S 28 T Lap,Os Bk IE ik 4 i 5t
HUAH F 6 G e R s A FE F L& a-Mo di Kz A 77 1)
5 AR (MosSi BY MosSiB,, & 1a) X Ji IRk 5 J&
DTk, R 2 a4 a-Mo ki Ro~F A B 4 A
], 3B AR URL O e IR i 5 1) DT R B Y A BT
AN

4 % i

1) Mo-128i-8.5B-0.9La,0; 54 EEH A a-Mo.
MosSi fil MosSiB, 3 #l1. H-H, MosSi Il MosSiB, Al L4
WKL TE AR U A AE S a-Mo 384K b, gk
La,Os FOkE 12 B3 AT 7E a-Mo AH I éilBL Py

2) 442K La,O5 MURL &b 25 4l 4k T Mo-Si-B £ 42 Tl
ML, &4 a-Mo gk Fl MosSiv MosSiB, AH ki
JF A 43 A A 0.93 F110.71 pme.

3) Mo-12Si-8.5B-0.9La,0; % 4= (I st AL ML 3= 2
FEA db A [ AL R AL o o B2 AT 4 AU
BT A0 i s A0 R URE S A DA 3 ) R A AL
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Multiple Strengthening Effects of Mo-Si-B Alloy Enhanced by Nanoscale La,0;
Particle

Li Bin', Zhang Guojun®, Lin Xiaohui', Li Laiping', Zhang Pingxiang'

(1. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)
(2. Xi’an University of Technology, Xi’an 710048, China)

Abstract: The effects of La,0O3 addition on microstructure and mechanical properties of the multi-phases Mo-12Si-8.5B alloy prepared by

hot pressing were investigated by metallurgical microscope, scanning electron microscope, transmission electron microscope and

compression testing machine. The results show that the spherical Mo3;Si and MosSiB, particles are dispersively distributed within the

grains and along with the grain boundary of the continuous a-Mo matrix. Most nanoscale La,O; particles are also dispersed in the a-Mo

grain and partially in the Mo3;Si and MosSiB, intermetallic particles. These La,O3 particles can refine the grain sizes or particle sizes of

o-Mo matrix and intermetallic. The average grain sizes or particle sizes of a-Mo, Mo3Si and MosSiB; phases are smaller than 1 pm. The

fine grain strengthening and particles strengthening are main strengthening mechanisms by quantitative analysis.

Key words: Mo-Si-B alloy; La,O; addition; microstructure; strengthening mechanisms
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