#54%  H 1 wEERMIEIE Vol.54, No.1
20254 1A RARE METAL MATERIALS AND ENGINEERING Jan. 2025

DOI: 10.12442/j.issn.1002-185X.20230700

W X R4 Mo X Ti-Al-Mn-Mo & £ B K it g8
S0

7%‘@);]1’27 %}'J“/E\‘27 E%

M52, TR OR, AT

& Fasl, x| &7

(1. RAEKRZ MRRL S TREZERE, 107 PEFE 110819)
(2. ZEABSRIG = PORIRFE SHEORIF A, TR il 5282000

O SR T 2 MRS A . 5L Ti-44A1-3Mn-0.8Mo (TMM) 1 Ti-44A1-3Mn-0.4Mo-0.4W (TMMW) &4 (R
DB Y%, TED I EEGERMBLAFERE, 50T T H 0.4Mo-0.4W 4 0.8Mo J& Xt HCM BEVE . SAMEERE . ik fe DL B4
PYUSHERIEREMT . 45KV, WA Mo f Ti-Al-Mn-Mo & & 4 (IR B MEAE 5 B 2 B, BA&4&=RMAS
RPARSEEG BTt m, IR AE MR 0.75% $2 /2 1.50%, i MR R A BRAK. XL, & 4R W pRae 1 BN 5

T Mo, WIHEMRMEESEHN TR MMy HEREM, o, EGE

BRI, AEALR S ERE, A

/No TMMW & HoA 5w R s FERE R T 1 5 W B UG & S A MM BRI E BT R R, WERED Mo &
S ME R RS R R LR )2 R L B AR A B S v o o i R A B0 2 A i AR ) B
KA pEEy-TIAl A G WETERE; Rfifhne; 2HEL; WHRIMo

FEFESHES: TG146.23 ERFRIRAS: A

NEHS: 1002-185X(2025)01-0118-08

»-TIAl B & B AR (EEL 4 g/em®) i HL5E . R4
PUAAHE IR S0 TR WUR el R 25 R sl #i
PR EA T NN A s RETa
b Bt ], p-TIAL & G385 7] 40 8 238, 70 il B b AR 1Y)
245 y-TiAl Fl g 3k [ 1 p-TiAl & 4. 51645 y-TiAl H
Eb, B % ] y-TiAL A 4 BT i A7 72 /T AR TR 1 B AH
BR Sk A DL SEE RN T AR TR, 4 ) 2 — 44 AL &K, Mo,
W.Mn4§50 A FRE LR R m N &4, & n LIS M
Ze A N AT S FLR AR TER O, IO B p-TiAL A &
TREACRI R T TR

165 W gt [ y-TiAl & &K R, Ti-Al-Mn & &
& HH T A B AS 5 R T L T AR gk T E N A
T2 ™, E i B — e F F03E 55, Ti-42A1-
5Mn £ 4 W E Mn 1 B2 A8 78 3 JIr 4% i B 23 A 4k kAR
B2—a,+y,a,—Laves #1745, B2 #i {1 K Fa ik A8 ik 1 &4
I REAL, , B vy iR AR IR T SR PRI . £EXT B2 AH #4
R M I R B, TR Mo ¥ i ] 2 25 42 T Laves A
R AE , T Laves #HAAT U 78 BLIERE I, Wit & H
7t Laves AHAT H4 ) Ti-44A1-3Mn-0.8Mo(TMM) & 41", {H
FEIX KA G IR N F I (1 800 COANAFEEPTEALTEAS 2
M. WAE N — st E B R R, 1E
Ti-48 A1, Ti-42A1-5Mn & & YIRS, ol B W s i m] B S 3

ks HER: 2024-01-07

FHE &M ER AR " R — R W B R
#4> Mo 7t & , BF & 7 — BB &Y 1) Ti-44Al1-3Mn-
0.8(Mo, W) (TMMW) & 41", 1X 4 4 [F] i B AT R 47 1)
Y R R E R bR

HERA S, p-TiAL R & 4 B AT AL S I B
BRI , NATTHH S5 0R 1 2 & G 3 B — e R AL T
PEELSR A5 AL AT, I PR T84, i AE S B B
R A, 9 T R AT Re AR s A U = AR [, PR
VR0 BE AT DA 0 5 B % — LRy s RS 1 5 R
AN DT R IE SR IR S A R 9 5 B 5
PERE 0 T8k VR AL IAORL R T 40 8 R FH P B Uk A
o SR, TIALA S — Mo B A RL, B R R TR 2
{17 . FH AT T ARG e o RV b, 25 BRI B S ik
TR KR B S5 A B P B P o i O AE — LG B
A BRI BRSNS AR R ISR . fE—1
PERAT R R I, W B 4 AL 38 5 8 05 04 AN 1) 1
FERBTH B0, AT — SR SO X R B kAT R
T W A 41 DA T 81 2 THT DX 38 S8 i REE B2, 0K 3] o038
FARHI B 1 1) B Y. BAR W TE TIALA 4P IR A
FH 5 Gl s #om Tk, g 2H 21505, B — 2 1
T8 AF 0] AR N ke PR i B R v A A e 1 A% A 20 A
iE .

EETR . TSR R H (X210291TL210) ; [ 5 H R/ BHERE4: (51971215)
EETEN A0 2o, 1999 448 -1 2E , AR R, 107 R FH 110819, E-mail : 2247752781@qq.com



1 W

Bt A% : W B 5r Mo X Ti-Al-Mn-Mo & it B 2 i T 4 BE (1 52 <119

N, AR AR £ 0T T R TMM Al TMMW 2 28
G4, MR T 2 86 & 5 A F T8 2 8 10 21 5) B
A7, I G0 AT 1 2 2K 6 4 S MO JBE i o 1 g B MU 401
ZURFE, KGR IT T W BG4 Mo X Ti-Al-Mn-Mo %
G E AR5 T RE R R f S T R

1 S8

PAIRFZR AR VAR (FRalih R b 1Al & 4 R Hh ]
G N ERE, SR FH 37 R N k7 2 4 Ti-44Al1-3Mn-
0.8Mo CJ5 7 43 H0) A 4 A1 Ti-44A1-3Mn-0.4Mo-0.4W (&
TEO &5, 7 BRI N TMM & &/ TMMW &
&, B EE T 20 kg, B )R R4 XRST N 050 mmx
800 mm [RIFEHE . B )G X B 5E AT FELRTE , SLHI AR T 2
TERAIEE N R =48 Y BYFLHL— IR 28 L R E AR
912 mm BB, FL WU AE TR FE R 1380 °C, R4 L
i AR BT SCHR[22]0 X AL HEAT 1270 °C B i Ak
B, A HLEE] 2 30 min, ¥4 #1757 KO 2 SRS TE 850 C
AEFE3 h, A E T NP .

4 I AL RS (8 1 R @10 mm BT TR, STTF
FEHIREZ R N 0.8, ik TiALFF 5 PMF10E. 5520 iX 2
TR I 1) 58 2 TR ) B 40T A, i 1 P . B2 9T
FEAN S 1 AR JE B, ST A S fI, S IR —
Uity 5 4% B AN B , o G Bl R B e B A% Bl A P A A
B, B s S IR E R, ST IS 2
(B P= A A A S A2 3l , TEA W AR g s v, <)
LR B = vl || e o 3792 P W A= = d T ) 3797
MR : (1D100 C, T (O MERIZ3NHE
FE CH 24 T o™ % b % 5D 2 1000 t/min, M1 1) )3 48 457 N
11.68 kg ¥ 2 £+ , 1T bA F 4% 3 fE 3.5 t/min. 1 &
EHEE 9 mm 5 38 2 AT FEE2 he B
56 5€ &5 » K STP FA2004 15 Pl &5, 1 FF A5 4
BEASUHT JG 015, VEAR AT R S AT R AR 1
a2,

ARG P2 A 1 B2 < R B 40 1k B P — T AR A » A

5 78 9FN1 234567 8 9Kl

FT TiAl G TAT A0 8 R 1 e 1
Fig.1 Actual photograph of the TiAl valve-stem and valve guide
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Fig.2 Working schematic diagram of valve-stem and valve guide
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Fig.3 Mass loss of the valve-stem manufactured by TMM and
TMMW (a) and valve guide made by 5520 and PMF10E (b)
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Fig.4 Microhardness of TMM and TMMW
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Fig.6 EPMA images of TMM (a) and TMMW (b) alloys
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Table 1 Volume fractions and sizes of lamella in TMM and TMMW alloys
Alloy Lamellar content/vol% Lamellar colony size/um Thickness of a, lamella/nm Lamellar spacing/nm
TMM 67.58+2.48 30.66+10.84 42.14+12.48 65.97+4.02
TMMW 80.65+2.07 36.24+14.03 17.17+10.71 42.05+3.99
El7 TMM#I TMMW 454 [ EBSD
Fig.7 EBSD images of TMM (a) and TMMW (b) alloys
£2 TMM & &M TMMW & £4HRABRNEERS
Table 2 Phase fractions of TMM and TMMW alloys (vol%)
Alloy a, B, y phase in a,/y lamella y (at colony boundaries) Total content of y phase
T™MM 2.32 5.96 65.26 26.46 91.72
TMMW 7.07 3.71 73.58 15.64 89.22
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Fig.8 TEM images of lamellar structure of TMM (a) and TMMW (b) alloys
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Table 3 Chemical composition and partition coefficients of TMM alloy and TMMW alloy components (at%)

Alloy Ti Al Mn Mo w
B, 57.76+0.65 34.01+0.51 6.36+0.17 1.87+0.32

T™MM y 51.83+0.02 45.37+0.01 2.24+0.02 0.55+0.03
kg 1.11 0.75 2.84 3.40
B, 56.20+0.58 33.13+1.01 8.25+0.40 1.27+0.01 1.14+0.01

TMMW y 51.87+0.35 44.69+0.43 2.74+0.07 0.37+0.02 0.33+0.02

kg 1.08 0.74 3.01 3.43 3.45
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Effect of W Replacing Part of Mo on Wear Resistance and Tensile Property of
Ti-Al-Mn-Mo Alloy

Yang Xinyue'?, Li Xiaobing’, Xue Peng’, Chen Bo’, Shu Lei’, Niu Hongzhi', Liu Kui®
(1. School of Materials Science and Engineering, Northeastern University, Shenyang 110819, China)
(2. Materials Science and Technology Research Department, Ji Hua Laboratory, Foshan 528200, China)

Abstract: The wear resistance and tensile property of two low-cost, easy-to-deform Ti-44A1-3Mn-0.8Mo (TMM) and Ti-44Al1-3Mn-0.4Mo-0.4W
(TMMW) alloys (atomic fraction, %, the same below) were comparatively tested. The effects of replacing 0.8 Mo with 0.4Mo-0.4W on their wear
resistance, microhardness, tensile property and microstructure were analyzed. The results show that replacing part of Mo with W can obviously
improve the wear resistance and microhardness of Ti-Al-Mn-Mo alloy, and also increase the tensile strength of the alloy at room temperature and
high temperature. The room temperature elongation is increased from 0.75% to 1.50%, while the high temperature elongation is slightly reduced.
It is found that the f-stabilizing effect of W in the alloys is slightly weaker than that of Mo, and the replacement of W reduces the content of
phase and y phase remaining in the structure, increases the content of o, phase obviously, increases the content of lamellar structure, and decreases
the lamellar spacing. The higher microhardness and better wear resistance of TMMW alloy are closely related to the changes of microstructure and
phase composition. The decrease in , phase content, the increase in lamellar content and the decrease in lamellar thickness are the main reasons
for the higher tensile strength and better room temperature elongation of the alloy after W replaces part of Mo.

Key words: S-solidifying y-TiAl alloy; wear resistance; tensile property; microstructure; W and Mo
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