Hs3%  HTH mEERMISIRE Vol.53,  No.7
2024 4 7H RARE METAL MATERIALS AND ENGINEERING July 2024

DOI: 10.12442/.issn.1002-185X.20230339

CNTs i INE X E{AL B4 Ti,AIC 13% Ti-48A1-2Cr-2Nb
BeEA5 xRN

Bl RAEY, s, BB,

z 2,3

(1. WHT DK% WU DRE2ERBE, Wi i 310000)
(2. BN WL T8 7] BAG I 5N TEARW AU E s =, #iL a4 318000)
(3. 2B WA 2R3N S HARE L=, Wil #M 324000)

W OE: RHESEIUREP & T EA A 4 TLAIC B 58 Ti-48A1-2Cr-2Nb &4, WIFL T CNTs & &4 TiAl &4 K
HLUEAT R S M Re . S5 R W, B CNTs SR, A&MEREEN S Al TR, y HEENZ,

5k FEIE AR AL, TRAIC MEAF LRSS ERERb. 405858400 K& ThAIC AR IER T, &
SRS B AR S BE A ONTs & =130, & & 4 ICHE & i1 3512.3+188.2 MPa #& 5 % 7 4199.3+226.4 MPa.
A o 1A 22 IR PR 447 T R R R A B P Y B CNTs & SN Se s i/ o 24 CNTs WINE N 1.0% URESE0 1,
F 5 IR R 48 58 B A R RS 43 BIA B 1890.61 MPa 11 29.09%, 43 BIHE T 54.95%F1 28.31%. 7E 800 ‘CE4EH, & &M
AR Z CNTs & &2, 1.0%CNTs )4 &R I H s 19 E48 588, AT RIFI CNTs B4 A4 31.42%, T

1.5%CNTs [ 45 < 75 /A 5 Wi I 406 56 P 1A 1 0 T 2R B H e AR S AL 28R,

X421 TiAl &4 ; CNTs; HLABA; S
FEEDHS: TB333 XHEAFRIRED: A

EHES: 1002-185X(2024)07-1917-11

TiAl &4 N HREE ., SHEE . RIGKiiaibsE
LRI o Y WS 8 [ b i PR KB 5 S N
BN, EHLREEYE L 800 C LA b5 EA iR
FHR Ay —Fi BRI &4, HRixigm 3t
IR EIT T KR, EEAFBAESHY. 255
P B G AMREARET, ML T, EaH
RHEARARIH — 5 TR, B I8 o 1 55 3 4 5 498 o A
{7 Wi TR0 0 EL M FH AT [RS8 157 THAL A 4 P e 55 42
PEo dE, WA TiB,. ALOs. SiC. TiCU'%, i
MAX M (M, AX, A8, b M ARER WL E SRR,
AR A 8L IVA JEIT SR, X & C 3E N L&, n=1,
2,3,4,5,6) VPIHEK & 8BS T/ 200 BB K
ARG R, SR RE A B RS, 4t R
S, SAME. BN, SR TR A &R T
P, WAES B R R, o, TiL,AIC HER—
Pl LA MAX K, B AT TiAL AT 28 B R IK 2R
B, IMAES K TLAIC/TIAL A FHEHE AT DL AR P N
T3 B A A R

#il#% TLAIC/TIAl EAEMEHNITIER 28, Wl
Gath R B TR B A G
BRI 4% . Bahiraei 25 A\U'H PVD 352 A0 5 Ak

Yis HER: 2023-07-01

AR T AIC-MAX AH, WPRHE AR I e fs 3 BORTR
Fto Hou %5 N il v 256 B9 F- el S S ab 3, T
Hil#& T HA AN EREG MW TLAIC/TIAL B4
KBl ZEEMEHERIR N EA RIFHITURREFIE .
Zhou % NUOVE R 7 AR AT Gl e I R ) A% T
Ti46A12.6C-xNb (at%) #4r. Gao & NPT S B 44k
B4k Ni fl TLAIC oK, fil# T IR AL i i e 5 4
MR RIUE AR BB 2EE TiLALC 3G T .
TR, HRALKE (CNTs) 1EN C 5, #

RO/ AR SE . gk iR, T Ti-48A1-2Cr-2Nb
VERN—FhRk &4, R CNTs W HAERE R AR5 16
B o MUATIE 50K P B2 B IUG R92: JR AL A AN [F] CNTs
T RESH: 0%, 0.5%. 1.0%. 1.5%, KD 1
Ti-48A1-2Cr-2Nb &4, ST HAOMA LA 5 A =i
J1EAVEREREAT AT IT, N TiALl & 410 S 4R (LB A S
e

1 £ R

K E4E Ti(99.98%) « A1(99.99%) . Nb(99.98%) .
Cr (99.98%) FI CNTs (99.99%) JyJEttkl, fiifHHES
BT R 1 2 A [E) CNTs Wiz (0% 0.5%-. 1.0%-

EETH: ExXARBEES (52171120, 52271106, 52071188); HivLA HARIEE S (LZY23E050001)

fEEEN: B, 5,

1995 454, B-LAE, WL TR TR P, Widl Hi/H 310000, E-mail: 2112102346@zjut.edu.cn



* 1918 -

Mty @A RS TR

1.5% ) [ Ti-48Al-2Cr-2Nb & & %E, Al & N
TiAl-OCNTSs. TiAl-0.5CNTs. TiAl-1.0CNTs. TiAl-1.5CNTs.
A MR HT TSE A6 F £ /K5 CNTs JEATIRUE LA 2 44,
PRI R P R e O RS SRS 40 B CNTs, JEH AL SR
E. NIBRS LA SN, SRR T
B IFE B IA 4 8, TG &5%5E28 80 g.

KB KLV E G & S FEV)RISRGT A ¢4 mmx
6 mm [EA:, HTFWESESHHS %MK, K
FER 2T BE A 200043F 46 /5, H Kroll 5

(5%HF+10%HNO;+85%H,0, A% &, T
RS EL, {# ] Bruker D8 Advance X 5TZRATEHX
(XRD) Kf#fiE & rMHAR (Cu 0, FH# M
20°~90°) o f§fH Jade BAFLL S XRD ARl 53, #EAT »
PAKC an PR RS B TH B, T 88 CNTs & 500 I AH
mn g B BRI 2 . G A RETEA (EDS) AL T K
% (EBSD) i T 2B & &0 2MAaR. T
KOATHEAT 7> 1 o 18 Tmage-T #0454 SURRAE B 80
JEHIRSE FZEBE ., SBA AR B KA AT
T, XA HENE 3 R, FFECEE.
TECNAI G2 i& i i 7 A B AT OW S5 44 70 BT » FF i il
H R B TR .

KA BT 1% AR AL TiAl & 41 % iR &
800 CifdJ& T I R4t Re it A7 /0, IRk FeZh M L Ry
0.2 mm/min, JIRGEE N 15 C/min, JE4E056 EH T
3 K. H4ERBEEIMES &M R, SMEnE
DIE 5 A SRS

2 FR51R

R SR RAN

Bl 1 AN CNTs & &1 Ti-48A1-2Cr-2Nb & 4: 1)
XRD i, AILAEH, Ti-48A1-2Cr-2Nb A4 EHE i
y-TiAl #HAT ap-Tis Al AHZELRE, ARATINE] B2 AHAAT HH0E,

2.1

0.408 —1.022
0.407f F——% — —5 |1 020
£ 04061 ; S
5 0.405f ¢ ——c {1018 &
2 —e—cla B
L =
§ 0404 11.016
& 0403f — 3 z
8 0402f 11.014 3
= 0.401f . 5 5 5
— . + 4+
11.012 2
0dool »—
0.399 1.010

0.5 1.0 1.5
CNTs Content, w/%

0.0

5553 4%
oy-TiAl
H a0, TijAl

0 Ti,AlC
=
s Ao 00 o
=
& A
(]
E

e M A
20 40 60 80
20/(°)
Bl 1 AF CNTs & & Ti-48A1-2Cr-2Nb & 411 XRD &3

Fig.1 XRD patterns of the Ti-48Al-2Cr-2Nb alloys with different

CNTs contents
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Fig.5 TEM analysis of TiAl-1.0CNTs alloy: (a) microstructure of the matrix; (b) SAED pattern of lamellar structure; (c¢) HRTEM image of
y/Ti,AlC interface; (d) FFT image of y/Ti,AlC interface; (e) IFFT image of y/Ti,AlC interface
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Fig.6 TEM images and crystallographic orientation relationship of y/Ti,AlC interface: (a) TEM image of Ti,AlC and TiAl matrix; (b) HRTEM
image of y/Ti>AlC interface; (c) FFT image of y/Ti,AlC interface and (d) IFFT image of y/Ti,AlC interface
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TiAl-1.5CNTs 4199.3+£226.4
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Fig.7 Compressive stress-strain curves of TiAl alloys with different

CNTs contents at room temperature
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Fig.8 Compressive fracture morphologies of TiAl alloys with different CNTs contents at room temperature: (a) 0%, (b) 0.5%, (c, ¢) 1.0%, and
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Effect of CNTs Addition on Microstructure and Mechanical Properties of
Ti-48A1-2Cr-2Nb Alloy Reinforced by In-situ Ti,AIC

Tang Fuhao', Zhu Dongdong™*, Wang Xiaohong®, Ma Tengfei’, Dong Duo*”
(1. School of Mechanical Engineering, Zhejiang University of Technology, Hangzhou 310000, China)
(2. Zhejiang Provincial Key Laboratory for Cutting Tools, Taizhou University, Taizhou 318000, China)
(3. Key Laboratory of Air-Driven Equipment Technology of Zhejiang Province, Quzhou University, Quzhou 324000, China)

Abstract: Ti-48Al-2Cr-2Nb alloy reinforced by in-situ Ti,AlIC was prepared by vacuum arc melting. The effect of CNTs content on the
microstructure evolution and mechanical properties of TiAl alloy was investigated. The results show that with the increase in CNTs content, the
solidification path of the alloy moves to the direction of high Al and the volume fraction of y phase increases. Meanwhile, the lamellar structure is
gradually refined, and the length-diameter ratio of Ti,AlC gradually decreases. The mechanical properties of the alloy are improved significantly
under the action of solid solution strengthening, grain refinement strengthening and Ti,AlC precipitated phase strengthening. With the increase in
CNTs content, the Vickers hardness of the alloy increases from 3512.3+188.2 MPa to 4199.3£226.4 MPa. The compressive strength at room
temperature and high temperature of the alloy firstly increases and then decreases with the increase in CNTs content. When the addition of CNTs
is 1.0wt%, the compressive strength and maximum strain at room temperature reach 1890.61 MPa and 29.09%, which increase by 54.95% and
28.31%, respectively. At 800 °C, the hardening and softening effects of the alloy are affected by the CNTs content. The alloy with 1.0wt% CNTs
shows the highest compressive strength, increased by about 31.42% compared with that without CNTs addition, and the alloy with 1.5wt% CNTs
shows better softening effect without sacrificing the compressive strength.

Key words: TiAl alloy; CNTs; microstructure evolution; mechanical properties
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