§527 5 9 M
Volume 27 Number 9

TEERERFR

The Chinese Journal of Nonferrous Metals

2017 49
September 2017

DOI: 10.19476/j.ysxb.1004.0609.2017.09.12

AVTIO,/TiC KRR EALE B

Ti;AlIC,/ALOs/TiAl; & 514 /Y Sz [z 4132

R
(1. BN WAk TARS=BE, S1PH 550025;
2. e TR B E BB Y TREARWI L, TN 510640)

O W N HUREREE AUTIOY/TIC E A R I N K s A BBl 12, i Ti;AlC,/ALO,/TiAl, A1
RHO G s 5. EIERE I, S5 AEREE G 2 A0 KM ESURIAEAS 0T, - S AR AL A L.
GERFW] . BAFRRAL A R R AELE T B P2 TiO Al TiC,: BUBERBE HE B I 52 45 K %of SR 45 B 4 404 /s

BI5IH TiALC/ALOy/TIAL &M Rl E K HE

KEER: JRALRN; BhH%: Ti;AIC/ALOLTIAL Ak &bl

XEHS: 1004-0609(2017)-09-1848-07

hE4SES: TB33I1

MRRARARRD: A

i R TR A B AR A 28 e Tl 45 R A AN
AR AR M RE, T HaE AR R P s A
(AN =T Y U e B O AR B g D W8 s [N 7
B — e SRR R A T DR RN, AR
WHEE R T a8 S A TATI YR R A B 4 LA
F RS RAT 2R = . W B, &8
AL AP BB A . OB BEAME ERBOR, BEAG T3
A TRE I FH Y R DU s A A A B A A A 1
()4 @ AL S PR SRR, Res SCEUA R AT
HWHUERIANE &, BABENET AN,

TiAL/ALOs 22 T TR 2 1) TIAL JEE A4 8L,
gt 2 I RE R AVTIO, 74 R IR Ji 5 Y.
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0.1~0.3 pm)F1 TiC #5(99.9%, <45 pm)fF 4 5k k} .

BB A A BE IR EE x(AD):x(TiO,):x(TiC)=11:3:2 () LA fc
HILF I, 45 QM=3SP2 AUAT AL EREEHL(RE KA ES A7)
HOREATER I o SR IS R 8 R 1) Ol B AL B o, B Bk
KEAA 10 mm, H/DEAE3mm, BB 8:1. iR
B AR NS BR AL LU TN R B SR, NG =
Bi, SRJGAEEREENL IR EE 50 h, EREENLEE N 300
t/min, &FFF 0.5 h {541 0.2 h IFE RFERHIBIT. HEREE
JEAF B AR AR A TR T 24 h F&ALAE 75
pm 9 R ZE R IR AR R A be gl it
R s s Nk A, KA NETZSCH STA 409 7 #4
SIATACIE EREE 50 h 5 R AR AR AEA [F FHR %
(5. 8- 10, 15 K/min) R[] DSC ik, R4 K ALO;
W, RES R BN 10~20 mg, W SAR AR,
VLTI O SR A 1200 °Co K EREE 50 h 5 IR0RY R T
B d 6 mmX2 mm /N fr, EAAEEEIN#ME—E
TEEAR TG BNIK K, R XRD 50 IS0 A ]
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Fig. 1 Morphologies of TiO, on Al particles surface after
different milling time: (a) 10 h; (b) 50 h
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Fig.2 DSC curves of AV/TiO,/TiC powder mixtures after 50 h (b)
milling at different heat rates 1.2r
J7EXS BT B R AT A B AT AR 98 $08 Ss R K18 ': o
A, 4R ASTM E698, £ i '
I E S )
dde) _ o 4567L (1) =
dQ/7T) 0.8F
A gAFHEIER, T ALIRE; E RIS EE;
RAEHRLL O o 080 08T 0% 085 0s4
2 HR I A LTI B S NY FR IE{E IR E Tn 2 ' ’ 'T-. N 0-3K11 ’ '

LA, 4 LA IRLRE T 80 1gB—1/Tp £ IRl YA (Lt 4]
3 ), B AT Rk 3R A IR A g B TG B
RN )AL U e 4 il 41 (275.32+£19.30) kd/mol
H1(225.36 4 13.00) kJ/mol.

HSU 2P ] TiO,/A356 465 4 JRhr S N A B T
TiAL/ALOy EARRE,  JLTH5H 0 3 U BT i A
286.8 kJ/mol, PAN “5'N 5 H TiOy/A356 [ W [FIE M
BT EEN 277 kI/mol, XL AT H g
A JITAE SN PR L ORE REAE i . BRI A
X RV R R Al 5 TiO, A3 2 TiAl, A1 ALOs,
R LS AL M A I T, LI s 8 ) =4
(IR B ALOs A= ML (K1 T AT SR A7 A 41

CHOI UM T TiO,/Al/C R R A
TiC/ALO; 5 & M REIE i o 55 AN BRI Y. J2 B (1)

R ATV E

Table 1 Thermodynamic data for different exothermic peaks

Heating rate/(K-min ") THC Ty /C
5 695.2 924.9
8 707.3 953.2
10 716.1 961.5
15 724.8 983.1

3 NIRRT N WY 1gB—1/Tp I ERME R R
Fig. 3 Relationship between lgf and 1/Tp of different
reactions: (a) Peak A; (b) Peak B

FABIERE, 24K A0 AR (294 4+31) kI/mol, 11K
FH 7% 22(0.03 pm) B 1) 4 (236 £22) kJ/mol, X — %l 5
C 1E TiC 4 BOBG REAH 2 ASCHEF T IR
e B P Y Y IR 3R M 0TS BE ((225.36113.00)
kJ/mol) 55 CHOI %5 H Ik f8 vF 55 H IR0 R JE & ¢
. HATRHM TVAUC 3% TVAUTIC & RREEH K
THAIC, A SGHGER 2, (HR AR X THREE A ik
T ARG, RS LB BT IR >, SClkep ok
DA B Y 2 MR e A5 R AR DG « AN B9
FIHINA Ti-Al &8 AL G Y I TiC, 4 A B Ti;AlC,
AR R 4. CHEN 25U VR LT 25RO 4
TiAL &K H TVAIVC KRG Ti;AIC, B[]
. YOSHIDA “PU#ERHA Ti/AUTIC 1A RMEE I
Ti; ALC, [ R H 2L T w0 P4 TiAL o B 5 B 5
BT TVAUC ARRTEIN TiAL AR K
TLAIC, BRI REmT, S5 R 7 RN hids
TiAL I A8 W48 & SOV = TiALC, ARV & & .

GOTMAN 5PV 50 B 25 0 0 TiC, 2 & ik
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(R JBAIEE B OXGE I 52 I3 [ 6 MBS BE ) A 1 AL,
ALY ARSI B S W IR 2 TiAL 5 TiC & R
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SEAEAN TN [R5 D R
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DA b B skAS 12 5 28 s HOR B sl 115 24
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TN PN BT A TR A, AT RONILER 1 43
Fri A RESR L2 15 B

BRI, A T WF A e o 2 A0 R I s B i
FEERES 50 h J5 IR0 AR 3 N AR AN RIS, 44 i 1L
AH B 4 Fros A EREE 50 h JE AR DL AR AN R
PACHEJE ) XRD . HIE 4 vTRLEH, BREEE R AR
HERAREIRN, TOBAHAER. 2 n#E 800 CJE,
Al RTINS G, LT TiAlL IMRTSE, R Arde
Y911 TiO (AT BEUIAE AL IS )5, Al HT TIO,

3 v—Al  °—TiO,
—TiC —TiAl
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1200C$ 1],
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* fo‘g & StﬁARI *’aﬁ ) os ‘g

1000 °C
800 C

Mixed ’ L'
povders? )Mo e Tax_tare
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Fig. 4 XRD patterns of 50 h-milled powders annealed at

different temperatures

SEZVRAE ROV AR T TiAL 1 TiORY, xR+ DSC i
2 FISE—ANBEE . MTHE S 1000 CLLS, TiAl
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TE LA A S VA S R, ik B AL
X ALF TiO, JE R Rz 7e R BIR AR 1 58 R A O
Al TiAL FIZ 8 TiO. HF B mm AR K, [HIf
BREET G AL JURL H TR 24 B AR TR it A2 T
—E P RS IR AL R, XA A i S T R A R
A7 2 N A B0 52 A WA B A T A R 1) St 5 3 AT 5 1)
WA J). BEAEWEEM T, 76 TiAl Rga 5t EAT R
AN/ ALOs dki, I A R TiAL/ALOs PHAHAH L
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B2 TiC, tb &Rk AN TiAl K A - O,
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Jii » T LASE AP 35U S A BT TiAL/ TisAIC,/ALO;
HEMEL.

Kl 6 45 T (1250 °C, 50 MPa) {46, 10 min $84%5
350 TIAL/Ti;AIC/ALO; HAMEH BHUES. th
B 6 mTLAE . fE TIAL BEA b, BT IR A 22
0, ALOs FIYRHEL S i 1) /D B AR TiAIC, Z4b, it AfF
FE— SRR 1K IR THAIC, H, X4

Al ° TiO, @ TiIC -TiO

I3 TiAlL e ALO, ® TiAIC,
Bl 5 J5A R NA L TIAL/ T AIC/ALO; 5 A EbRE
Fig. 5 Schematic illustration of in situ reaction mechanism

forming TiAl;/Ti3AlC,/Al,O5 composite

B 6 TiAly/Ti;AICY/ALO; & AR RHE) AR Z
Fig. 6 SEM (a) and TEM (b) images of TiAly/Ti;AlC,/Al, 04

composites

ICEIR I TiALC, A2 B TiAL Al TiC e B . H
W, TiAly. TisAIC, LA ALOs 3 ANFHIRAATR 73 %0 5l
214 44%- 27%H1 29%. A T E— S Z A& e
A S HL oy ARt L, % TiAL/Ti;AIC/ALOs A+
BHO B ZE4T T TEM 08T, 2550 6(b)FTs .
ATLUE H ALO; ARLIAZEHT HEAE TiAL diRL L 5t L,
HRFZ00 0.1~0.3 pm. 5 L4/ ALO; kXt
TiAL R R BATHOMEH, i B a5 4
MOEHR B2 . FAPIRIG TiALC, A58 4 ik A
TiAL Sk i, kX AT AERE R BP0 AH BAA W
B EREFALE, 3X 55 STHR[26 HRAE ) Tiz AIC, A JZHHR
ZERAH— B

3 it

1) AUTIOYTIC &M A I# R0 L B,
Al 1 TiO, MR TiAly Al ALOs, 244k 2 i 5
1000 C LL_ER, TiAl A1 TiC J W 2E A TisAlC, .

2) I S N A AR B il B oy AEAE TIO AN
TiC, =4, ALOs A AR B 22 B 1, 24l
JEIAF 1200 C I H 42 F I A] 2 2% A8 i

3) WUBRERBE JE R AL-TiO, KE 7R 46 My o & %,
MR /N Tohk B IR NI TiAL/TisAICy/ALO;
HEME R CEZ,
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In-situ reaction synthesis mechanism of Ti;AlC,/ALLO;/TiAl;
composite from Al/TiO,/TiC system

XIAO Hua-qiang', CHEN Wei-ping®

(1. School of Mechanical Engineering, Guizhou University, Guiyang 550025, China;
2. National Engineering Research Center of Near-Net-Shape Forming for Metallic Materials,
South China University of Technology, Guangzhou 510640, China)

Abstract: Through analyzing the exothermic reaction and in-situ synthesis kinetics of milled Al/TiO,/TiC powder
mixture, the synthesis path of Ti;AlC,/Al,O5/TiAl; composite was proposed. Furthermore, the in-situ synthesis
mechanism of composite was proposed combining with investigation on morphology and phase transformation of milled
powder mixture. The results show that TiO and TiC, are found to be the transitional phase, and the core/shell
microstructure obtained by mechanical milling is essential for in-situ reaction synthesis of TizAlC,/Al,O3/TiAls
composite with uniform fine microstructure.
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