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Research Progress of Titanium Matrix Composites Sheet Rolling
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Abstract; The reinforcements in titanium matrix composites make hot working much more difficult, thus making

high-performance titanium matrix composites sheet with considerable deformation or large size difficult to prepare.

Based on the recent advances in titanium matrix composites sheet and its hot rolling technology, the effects of rolling

temperature , deformation, and post-rolling heat treatment process on microstructure evolution or mechanical properties

were respectively analyzed, with a focus on interactions between reinforcements and matrix microstructure during rolling

and heat treatment. Finally, the deficiencies of current research and the future prospects of titanium matrix composites

sheet rolling were pointed out.
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Table 1  Hot deformation activation energies( Q) of typical

titanium alloys and titanium matrix composites in

a + 3 phase region

Materials Alloy type Q/kJ » mol ™!
TA152 near « 517.0
Ti-6 Al-2. 5Sn-4Zr-0. 7Mo-0. 3Si
(2] near o 616.4
(laboratory self-made )
IMI834 near o 703.0
S5vol% (TiB + TiC) /near a-Ti
(23] TMCs 608. 3
(laboratory self-made) "~
3vol% TiB/Ti60""! TMCs 681.2
5vol% (TiB + La, 05 )/
) TMCs 753.0

.[24]
near o-Ti'

2o 20 SRR, BRI A BORMROR il #5
RFEW TR, EEAFHELH 7
JES . BRI AL - v S T
oo Hirr BRELHI R R H S B A T T 24
EAR A e SR v S - O S
MO, AL R X AR o
AITE B AHIX B o + B PIAH X 4T (AHF I — I AXHE B
MXHEAT) , MRS A B T SR s R T
AXTT R R S 8] o5 — 5T, AELHIEORTEH 240
S RFATHER . S smAHI ) 040 . i v g s 55
Jrm A S

FE N AMIF 5T B3 T8 i & BT BEL R T2, AR
ELHI i — RV EEE S A R R A, Ik 2 B
FRESIBISA0ISE COa] A, L R B B e R
CRA G NG AR B AR S, Y I GR A
A AL R KR, WM ELTRIMER R, YR
FLR L B — M e B B A X B T LA R AR AR R Bt
N i P R = 5 N 35 | NN Y
W, B0 il AL ) T ok SOl R AR T B BLA AR
TR /NG, AL B A 2 5, 22 SR AR IR B
AL, 40 Tabrizi 25 7£ 900 °C (a + B WM IX) K
FHEE WAL T2 B 2 i 45 AR T & O 66% 11
2. 5vol% (TiBw + TiCp) /TC4 M bt . bifi 35 5L %128 % &
FIREIR,  FLAITRLEE A GL S I T — 2 A BT,
N Le 2561 S 34548 T &4 80% (1) 2. 4vol% ( TiB +
La,0,) /IMI834 fiubt, H41aaFLHIEE$E 5 % 1055 C
(BHIX), IFRHZERMEL T L (GERZE &N
10% H & =38 Bl AR 10 min, ULIE 1a) . AH
i, Zhang 2" 7E B AHIX (1110 C ) R JH 038 I
T2 GERZBIEEZA N 40% , VWLE 1b) sl
AT 85 35 90% (1) 5. Ovol% ( TiBw + TiCp )/ Ti-6Al-
2.5Sn-47Zr0. TMo-0. 3Si #RAf . YHLHI 25 B oF — 4
BRI, M A B R IR o, ik im A R
FHZ B EL T (E 1e) I A% 2255 AS [ 5L ) 18 vk
ZIA AR R BT G KRR R AR R, BT
il & HAS I & A 95% () 2. 4vol% (TiB + Re, 0,)/Ti
Wabto gr LA LAE W, AR Rmse, L6 T
SHONE S FLRL R B TR L L O
%, Ak, RIS IEL R T 2R, K
MRARELHTI A, BFSE N TR AR e AL T2 0 B il
LRI R SRR E SR AL T A, I
A T AR MR RS SRR R 2 0



BTl Bk R

34 Titanium Industry Progress 39 &
*2 BAKESSHMERHNEELLNTIZSH
Table 2 Main rolling process parameters of typical titanium matrix composite sheets
TMCs Before rolling Ty C T ing” C Deformation/ % Thickness/mm
1. 2vol% (TiB + La,0, ) /Ti(IM) '*"’ as-forged 1035 1010 ~ 1060 95.0 1.8
2. 4vol% (TiB + La,0, ) /IMI834 (IM) ' as-forged 1040 1055 80.0 4.0
2. 5vol% (TiB + TiC) /near o-Ti(IM) ** as-forged 1080 1000 78.4 7.8
5vol% TiB/near -Ti(IM) as-forged 1010 1050 ~ 1100 70.0 3.0
5vol% ( TiBw + TiCp) /near o-Ti( IM) [’ as-forged 1100 1110 90.0 2.0
Y,0,/0-Ti(IM) " as-cast 1010 1050 83.3 2.0
TiC/TC4 (IM) ! as-cast 985 1070 40.0 24
Ti-6Al-4V-0. 1B(IM) " as-cast 985 " 950 75.0 3.2
Ti-2A1-9. 2Mo-2Fe-0. 1B(IM) as-cast — 900 85.0 3.0
2. 4vol% (TiB + La,0,) /near o-Ti(IM) " as-cast 1040 1010 95.0 3.0
0.2% MLG/Ti(PM) [+ as-sintered — 950 60.0 4.8
1. 0% TiBw/Ti65 ( PM) 1! as-sintered 1040 1100 60.0 —
2. 5vol% (TiB + TiC) /TC4(PM) ©*! as-sintered 985 * 900 66.0 —
3. 5vol% TiBw/TA15( PM) ¢! as-sintered 1010 1200 92.0 2.0
5. 0vol% TiBw/TC4 ( PM) 7] as-sintered 985 * 1000 80.0 4.0
8. 0vol% TiB/Ti60 ( PM) 1 as-sintered 1050 1040 70.0 3.0

Note: #— @ transition temperature of matrix alloy; 7T,— f transition temperature of titanium matrix composites ;

IM—ingot metallurgy ; PM—powder metallurgy
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Fig. 1 Rolling processes of typical titanium matrix composites sheets: (a) 2. 4vol% (TiB + La, 0, ) /IMI834 sheet with

80% deformation; (b) 5.0vol% (TiBw + TiCp)/Ti-6Al-2. 5Sn-4Zr-0. 7Mo-0. 3Si sheet with 90% deformation;
(¢) 2.4vol% (TiB + Re,0,)/Ti sheet with 95% deformation
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Fig. 2 Microstructures of typical titanium matrix composite sheets rolled at different temperatures ;

(a) Ti-6Al4V-0.1B; (b) 5.0vol% (TiB + TiC) /near -Ti
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Table 3 Tensile properties of typical titanium matrix composite sheets rolled at different temperatures

Rolling temperature

Room temperature properties

High temperature properties

TMCs Phase region
/°C R,/MPa A% R,/MPa A/ %
o 950 (a+B) 1042.0 3.05 641.0(650 °C)  8.36(650 C)
Y,0;/near a-Ti
1050 B 1168.0 2.07 642.0(650 °C)  5.28(650 C)
870 (a+pB) 1315.9 6. 56 — —
. * [52]
ticsTea 1050 B 1266.9 7.24 — —
5vol% (TiB + TiC)/ 1020 (a+pB) 1327.6 3.82 813.8(600 C)  15.23(600 C)
near q-Ti' > 1110 B 1298.6 4.94 821.4(600 C)  10.84(600 °C)
Note: * —data inferred from tensile curves.
2.2 TREEXIEFAHMAEALTN S FEHERENZIN ARHRAE . T WRSE T AL AR ) A AR 0 R

HREY], XiE e a+BEKAGENE, 7Ea+
B WIAHIXEL IS, FEE LTS R0, B AR Wi Bk
PR s . B B b BRI o AH =2 T 1) 2 5%
WA, MRS E—ERER, o M B MK
WEESNSHES M EETA; 7€ B MXMELR, Ff
BRI, B AR 2 T AR B A8
(ERRLERL K I WY AR ) |« b Sk g AHEh &
LSS ITIR & B AISE A TS G Y s
ERNE, BRI BRI R SRR A &M
L2 2R T 2 R ) 2 ) 5 % 2 K 4 1) B i AR
— 3, EH AR B AF AR A LB A B AR R] 1Y 40 4L

TC4 SREEE S M B LU 52, R A B2
FEAH AR A 47 R FLIR sk 2480, R 42 5 28 1 1] LU
AR —BRFERIE (K] 3a) o Ak, AR
P T4 2 DRI S AR B 5 1 BRI A MR E R S
WA —FY . Chen %5 8 i 5 58 5Ll i 72
o TiB ks X Ti-2A1-9. 2Mo-2Fe & 4> 8 25 F9-45 4T
S RZNA & B, TiB JURL ] LU o BHAS A 45 42 2
A A IR E M A, BRI A
TiB foikr 3= 1) sl A P45 & 58 A e (181 3b) o 25U
M, Zhang %" FEBFSY 2. 5vol% (TiB + TiC) /i o-Ti
FL et BRI A B0, WAy TiB i TiC AL AT LK o



5 6 4]

SAASAE . BREEE A R LIS 37

AR SR B AL AL, 38 ] LA LA o
MR, BRI AALER-, L o Y
SFAL; BEASTE AR R, N AR T SRR B R O
IR B 5 7 I B Y o B B e o) | NG
3¢)o LR LTk, ALHIASIE R A4 2 e BE AL A s

gy, BRI, ShAS IS L sl A P S R B O 58
Gy [AIN, 2 fo 8 o AR DR 2R B2 o e {70 B Dy
B o 3 AT T LA T 1 HEB, BE AT R diok e
BARBUBAMIEAZA L, SCRT LA R i) ok ok,
i TP P it A 1

B3 AR EY T TRUSEL S MM Lamp 0
Fig. 3  Microstructures of typical titanium matrix composite sheets after rolling under different deformation ;

(a) GONs-2Cu/TC4; (b) TiB/Ti-2A1-9.2Mo-2Fe; (c¢) 2.5vol% (TiB + TiC) /near o-Ti
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Table 4  Tensile properties of typical titanium matrix composite sheets after rolling under different deformation

Room temperature properties High temperature properties

TMCs Deformation/ %
R, /MPa A% R./MPa A/ %
o0, (5 74.6 1126.0 9.90 764.0 (455 °C)  11.90 (455 C)
b 84.3 1162.0 9. 80 771.0 (455 °C)  12.20 (455 C)
60. 0 1270. 0 9. 00 643.1 (650 C)  20.87 (650 C)
2. 4vol% (TiB + La,0, ) /near a-Ti *'*" 80. 0 1320.0 2. 60 683.2 (650 C)  20.46 (650 C)
95.0 1310.0 11.70 755.0 (650 C)  20.20 (650 C)
2 Svolth (Tibe +TiCo)/ o 65.0 1255. 8 6.22 742.7 (600 C)  16.70 (600 C)
. + -
vorfe R Tibwer kb /mear az i 85.0 1308. 7 8. 13 826.4 (600 C) 21.30 (600 C)
. Ovel L/ TCA* 1) 40.0 1291. 4 6.49 — —
overe 80.0 631.6 0. 44 — —
Note: * —data inferred from tensile curves.
3 ] S ANE AR 250 [ RS EAE | B4y B A D EEMH‘H%%’:\ o HHAE
A 7aY 52 N
FEEAS | o AR KAk b B2 AT R, EAT 2 b
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P UEE A RE R B T B W LR S T 4 Dy R BRI A 5 B ORE AR R FAAE BSR4
DrARALAEIE A B R AL AN A A, 3 T SRR TR R T ) o KB AR
REamE, POHEREESLEB MY o Iy A o MR BFIRYHS LS i L5 5 B AH—IKE o

50010 mint

B4 BRARTSHAAM R G 0 im0
Fig. 4 Microstructures of typical titanium matrix composite sheets after heat treatments: (a) GONs-2Cu/TC4;
(b) TiB/TC4; (c) TiBw/Ti60



5 6 4]

RN PRIEE SRR LI 39

FREAR S R & A, SEEL T A4k 4L 4 E i (&
4a, 4b); AR, MR JGREHEER, o SRR K
K, FEGE Kb FRCRA BT, R, $ubms
HOHR R H GRS BA BeE . — R, 78
o+ B T AH DX [ 9 Aub B A T 345 XU 20 2 26 Al
41, TTE B HAH X [ 1 Ak 3RS 7] 3145 7 24180
Yang 25 B8 T + RGP BE T 2% 5. Ovol%
TiBw/Ti60 & & FARMMOAH U B, K B4 950 C
PR, LR o MK, BB o HIEIK;
JR4EZ 500 CHIRL, sk o MHINE, A0/ o A
WAL MR BE TR & 600 CHE, 41/Nkh o 4
R, 2T T MG 220 (1 4e) o $Akh B Xt
SR AL SRS A (19 5% 0 5 PR b T2 i I 344 5 A 2K
RUBEYIAR G s AR I AL BRI, TR AR R X o,
FEARTEAAL ;AR I P RN, 39 5 AR 55 A 4y
AR 5 3R A 2R AT OC, an A AR B 2%k TiC
5 AT B R AL, TiB AR XA S 5 IR AL
TR, R ARE S5 RS0 A 5 25 % T P 1 ) B K % 2
B, U0 TIC & BRI AL 2 T o il 2k,
TiB I ply £F 4R 55 A48 S A1 IR BT S5 etk T + 4
L am A (Y, 05, La,0,%) MiIXI o, HIES
AT ASALBN T ehh, TEPAb B FEeh, 1
SR AT LA R R 5555 2, 3 R AR,
SERAE S FRSE R A FIE O, P — et
AL

P T 1o T 2 R 4 2 4 S R R R A T

&S5 ALETZABKES SRR ERE

. M ATSERIE, SRR EE B A AR AP RE Y
Al UTAFSR, ARG 7 P B R R 52 5 1 R
Bkt hi e RE RS T T — & RIBESE AR, Wk
5 B BTl RS IR KR X GONs-2Cu/TCA
EUAR A IR PEREAI R R, K BIR KIRLEE T e
T o AHA B AHER S RS S A AT, KB AR o ARIE
B, AR TR R MEE DT (A5 AR R 5k
JEE WAV T A SR 08 K, Yang 46T 3 5 4% 5% #A b 34
T 2% 5vol% TiBw/Ti60 S 45 4 FH Al b1 28 i F1 vy I
PR PEBEARZ MR, Sl DIE Ak 3 B 11 [0 9 A0 ek 2 Ak
HHIEE, ¥k (950 )C/0.5 h/WC) Bk +500 C
I e AR B A B W 25 5 PR PERE . Z Hr T,
I8 Ak B BE n] 52 e P45 e A R A i R s Ak 1 T
REAC AP A s A, FLARGR BE AR M M S s (H
2 IR B Ao i B PR I AL A, ARk i
R, T EGRE MBI A P, ERHEE R,
PLh B R R SR A A L AR R A A A
SRR 5 | A R R P 2 X LR A R B 7 A —
SEFC o L5 BT, $UCI TR R EE S G A R
FA TR ZL N g 27 1 RE 52 R 1) 1 5% © LA — 7 ik
J , BRI o A 2 AR e BAKE B B AN ], T
KT HHEARBBEFEARR B A 5 [, g AR X Hukb
P G2 [ 9 Ak BT AR A OV 2E ORI A 4 RE 52 )
ABIETE AT s 23— 20 RGN ai 5 LAk, BAAh B
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Table 5 Effect of heat treatment on tensile properties of typical titanium matrix composite sheets

Room temperature properties

High temperature properties

TMCs Heat treatment
R./MPa A% R./MPa A/ %
O 600 °C-AT 1384. 0 5.00 — —
> 800 C-AT 1147. 0 8.59 — —
ST 1379. 0 4.10 916.0 (600 C) 18.80 (600 °C)
5vol% TiBw/Ti60"* ST +500 °C/2 h/AC 1319. 0 7.50 904.0 (600 °C)  20.10 (600 °C)
ST +600 °C/2 h/AC 1098. 0 5.90 876.0 (600 °C) 18.60 (600 °C)

Note: * —data inferred from tensile curves; AT—annealing treatment; ST—solution treatment.
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