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B E. UIREELHIZEE T 24 Ti-B20-0.1B &AL TR . SREH: A>T 2 E MLk s
SR, REASNRIERET); Ti-B20-0.1B A4 vl NG R EOE I FE AT LR ALH), Bl A4
HP AR S TiB EZEEAE L7 g MRS, 52 mHES ) TiB S Z20GE I Y 7 AR B LI A 4 i AR s
A B AL T RN, Ti-B20-0.1B A& ¥IE o MK AR EHE G Sl A % & 550 CIRb
i, BEAEFUHA SR R . IR T RIET] 80%H, BRI Ti-B20-0.1B &4 MIPiiim ik F] 1497.5

MPa, TN 6.4%.
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%1 Ti-B20-0.1B &4 M4LHI L2
Table 1 Rolling schedule for Ti-B20-0.1B

Sample  Starting/  Ending/ Reduction/ True

Pass
No. mm mm % strain
I 10 7.8 1 22 0.25
II 10 5.9 2 41 0.53
I 10 4.0 3 60 0.92
v 20 4.0 4 80 1.61

RFE, BT R SF A 2 mmX 6 mm, AREEA
18 mm, FLHREGAE T BESR RGN EHEAT . B
F N 0.5 mm/min, [[]— T 25 EERH 3 YOFBCE
¥IHE.

2 HER59H

2.1 EEFLFI R BRI

Ti-B20-0.1B #5¢ (1 Bl i 1 fros. e
LO)FT~ A 1) 7 HEX SR o412, E 1(b)
ATLAE Y, B 5 B AR 3 A A i S TiB

1 %4 Ti-B20-0.1B &4 M4 21
Fig. 1 Microstructures of as-cast Ti-B20-0.1B alloy
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B o AR UG B S A P IUHT T B AR
ATH A EAIE a A FIFHBRZENTT G B AbRLR
SFA(176£27) pm,  MEAEGE /N Ti-B20 #5681 ki )]
SFAE 175 £ 179) um) o ZRAL SR A0 A 35U R 7 S
bk A P A R IR, WD R AL AR 4E KT Timetal
6850, Ti-62428™. Ti-1100M" M I [ 4 bk ] ~T #8
W T —ANECR . ZHU 25250k TiB &2 n 68 /e N
J5h6 B AR AR I AT B RE A, 3X— W R
WSS RGP 8 T o B W AR 410 ok 4 AL Lok
AN TSI 0T R BCPR ,  Tf Ag JE ERL T ] 4 )
[ =3 S T TV A0 B R 5 DR o i v (i 18
Mt S A% G B B PR A A A . B Ti-B
TouEEENT M, B 5 Ti fghs kA3 ROV AE Rk
ANEAE TiB GhZ0 b1 3 il S N R AR AR e 1 9 e s
BB, PRI TiB d 2l E 22 A b e (LB 1(b)).
5 i AL BB AR 2 FT ORI, b TSR AL TiB
LA R A s g i KU, Ol e SR A e
PRELHBAE T 4 A 2L R S AL 4T Ti-B20-0.1B
B4 a/p HA SN 810 °C, 5 Ti-B20 HIAIAS fi—
FM, YL R B AR A A AR 55 AR
HIEELHG Ti-B20-0.1B &4 B gl 2
FIE 3 Fior, AFEEFRGYIE o M S5 a dHELK
TiB &l ES A =4 T BFE M. T H
FEHELHIAR AT P X 0T (LIRS 790 °C), FLAI
ZHTDRIRLIN J5hs B HAR NI ST th T WA o A1, OB
AELERNKFR K NERA 22%H 41%H1, KK
ZRVIA o FHECEL S AT, 1D i 5 5L 7 1) 3 LA
Ao AHAE RN PR R R A TS IO E 2(0). MK
TNEIEINE] 60%HIT, 25K 2 B SORWT A ok R
T3, FEEFLHT R YR N R 80%H,
KA RFERHE T AN g, 2800914k
o AHEEHAR NS0k . fEX) Ti-6A1-4V-0.1B & &k
AT AR T e AL A5 31 T AL s B 45 5
NI N FRARE o AHIE W BIFLIRITT 1), R R 3
(84%) FEA A I o AHSE A FEAR Sy SO, W,
o MM TLE MR X TR, KBEA
TR A BE Al RO 5 5 ) i (0 B 35 FE XGRS, AT
PR GRR o FREEAR 0 oW AR 1) S5t o AT RIS
SR, o AR ER I AR AR TR 4G T S AR
h 1.0 Ay, LG R AR SE A T 4 il T LS N AR
1.69. {EAMFFURESLNAE A 0.25, 0.53 F10.92 1,
B KA RIS FEOLE 2(a)s (b)FI(c)). 1M
B NAR ) 1.61 B Ti-B20-0.1B & 4 A& A= W Gk (1) 7545
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B2 Ti-B20-0.1B &< HEALHIZLZ
Fig. 2 Microstructures of Ti-B20-0.1B alloys of direct rolling: (a) Sample 1 ; (b) Sample II'; (¢) Sample III; (d) Sample IV

B3 HEAEWH Ti-B20-0.1B 48 a
M
Fig. 3 Morphologies of a phase at grain
boundary in Ti—-B20—0.1B alloys after direct
rolling: (a) Sample I ; (b) Sample II; (c)
Sample III
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Fig. 4 Microstructures of as-cast Ti-B20-0.1B alloy solution treated at 780 ‘C((a), (b)) and 740 "C((c), (d)): (a), (c) SEM image;

(b), (d) Image software
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Ti-B20-0.1B 5 4t FLAT PRI 1) I 00 3 o 1 A 7 bt
B kG4 in Beta C Al Ti-15-3 A4 4E 450~600 °C U [l
P IR 3R AT 58 A A AR TR B 16~20 W', s it
R L 25 5 E R T Ti-B20-0.1B &4 p s
JCE T REBIREE Mo M K4N 10.3), XFIKT B
SRR E T & T A A S O N TR o X I A
LT TEM 0 #7, 453 wilE 6 Bk, TEM Wi54141
IR o AHFSEYI A o AHESSINT B R IR T, IR2E
o AHARE AN/, KA T A0k E . &l 6(b)nT 4,
TiB 53R AMRRE T M7 BRI S, TiB il
EJERIGAT B AR R AR R, PRI 3 2 A RSS2
{1

[ ¥ 4
Fig. 5 Microstructures of Ti-B20-0.1B alloy solution-treated
at 740 C followed by aging at 550 “C for 1 h (a) and 4 h (b)
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H0.12%H1 0.75%, 1M T Ek 80% I (< 2 15 Jin 2
6.7%F1 7.9% o FEALLIK S 56 45 RAE I AHER & S h th pl %
I Pl E AL B E R T Ti-6A14V-0.1B 4211
FAMPTRIRE . JE IR FNIEYE . Ti-6A1-4V-0.1B &
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H, BRI A RIS B . TN RN
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SR AN IR (] I 52 5

M 2 hATLAB H, 780 C WA HH 5 IN A& 41
FLARGRSE ST 740 °C AR G I 280G 40 Ui 2L
ZRGAR ] I <6 PR i P82 = o [ v i P s il i
JEARFFECT I BARA S P IE o RRUS S 5 2

Bl 6 Ti-B20-0.1B #4111 4% TEM 4
Fig. 6 Bright field TEM images of Ti-B20-0.1B alloy
solution-treated at 740 “C and aged at 550 “C for 0.5 h (a) and 2
h (b)
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2 ARG Ti-B20-0.1B 447E 550 CHA 1 h
IREALTES 1

Table 2 Tensile properties of solution-treated Ti-B20-0.1B
alloys at different temperatures followed by aging at 550 C for
lh

Solution Sample
ob/MPa Uo'z/MPa 0/%
temperature/'C No.

1 1175.5 1117.8  0.75
I 1181.9 11459 2.1

740
111 1195.5 1139.7 5.2
vV 1296 1283.6 7.9
1 1256.4 1196.3 0.12
I 1355.2 1309.9 1.9

780
111 1397.5 13337 3.5
vV 1486.4 1423.6 6.7

ZERN (LB 4), 38 i [ B4 a AR B0
A B S R A9 B i AR A BRI A o ARUT . T
HaT a FRPFAT AR BUZHIE o AHRIRAE o 41T
B, B LA i R (780 C)INF B M H B 22 ik
A o (5 740 CREIHERE G IR LE) . WKAE a AHRST
JEH A/, HRSAE Tk B (K 6). K4 /)
MR o FHEEISERIA: o BT I, 259 T & 4o
FESES, DRI vk [ -+ 280 A 3 5 4 A i 3 A
v TR A+ B B 4. B 7 38 LA
780 “C [l bl J I 25 5 A VB AR T 740 “CEW bl
WG 4. 1T B BUVERA G M = TH)E o
RS RS HPR YT o AR B, R kAR X T
i, ARG S B A S AT S H R )
SEEYIE o A, TR T A e TS .
Ti-B20-0.1B 440 HI7E 780 ‘CAHI 740 °CI[H %5kl

3 Ti-B20-0.1B H<N R 4 h (R TERE
Table 3 Tensile properties of Ti-B20-0.1B alloys aged at
550 °C for4 h

Solution Sample
ab/MPa 0'0'2/MP3 0/%
temperature/ C No.

| 1184.2 1126.2 0.85
II 1195.2 1161.6 2.4

740
il 1209.9 1152.1 3.7
IV 1323 1293.1 8.5
I 1306.1 1253.7 0.1
I 1368.2 1326.6 1.6

780
il 1421.2 1390.9 32
v 1497.5 1463.2 6.4

JEI A4 h PEREWNRR 3 sl i 8 TLLEH, &
&1 VEREREAE T RN B i A, M RE AR
R ER 1 h GRS R 3. 780 CIE KRS
B4 h A IRAR R L [FIRE T 740 CLES RE S L
HaW, MR IE AR R . XL 2 FiEk 3
2 R nT AR H, IR 4 h A G Tk eI
TR0 2 b AA, XN DA R R T 2
A o HH

A S SR 1) v I T AR AT TS0 S B ok
Ti-B20-0.1B &4 (E 780 “C [H ¥t Ji I 2% (1 4 A b 11
JESNE 7 Pizme R ERECH, AarmidmmE
TR S, UG SRR )ik 3 — e 4
B, 2GR KR H AR T BE AR AG IR i A 27~ R
YR, IR T 2 SRR 11 2 M 5 iy 2
PEARTE AR, KA 0.1% A4 (W3R 3), BEi
BRIBYERZE . R P RE N, AermRmn
AR ERPI S, XL 5 LI AZ KR
REWH. AaWREEZB MR, Ry
REFEORWIRERE i, BRI B BRI B R 2R
FARFE T T 0 X B WA 8 Fraw, M 8 i LU
e, SRS 1A SEAT I TiB SR T AR &k T
%4, TiB WARSE A 8 GPal?, Hiliid Ti 5 B Ji

it N 9
B 7 780 “C It 5 B IR 2800 i PR R AR B 1 T35
Fig. 7 Fractographs for sample [ (a) and sample III (b)
treated at 780 ‘C followed aged by aging at 550 C
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- Fractures of TiB

B8 KRR I SEM &

Fig. 8 SEM images of near fracture surface for tensile sample
III: (a) Solution-treated at 780 “C followed by aging for 4 h; (b)
Solution-treated at 740 “C followed by aging for 4 h
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FKflth, 5 TiB T a BRES K otp WS 4
(K50 5 AE SCHRES, 10, 24145 HRIE

3 g

-

1) /b8 B IR E ST BEAML T Ti-B20 &4
FEREM SRR, AR g HLEIE R T/ B 7 -
TS A S BUR A A TR0, RS A S g
T B AR ARTEAZ R T ANk di o o L B8 3] 1) d52 ) o B
JLE B 5 Ti R R NARLT TiB fZ, XL TiB &
B AR S AL

2) ekl T A4 RE D), Ti-B20-0.1B
GEEALE T IAE O T AT HHELH HARAG T OB
B BEIEELHEE SR T AN BMAR, KNE

» WIE o AL 5

ARG B T A
W B AL 1)

MR HEH RIS IS AT TiB &
EEE 71

3) MG G AT I O, SN
o FAFGHIE o AHNTH, X EEFR S T A &ML
%K. {E 780 CHEHEG 550 CH % 4 h, Ti-B20-0.1B
H PR A 1497.5 MPa, (K R IE (R
6.4%.

4) TiB 7E [ 15 R 255 A FHH TR R4 7 i I RS e
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Influence of direct rolling process on microstructure and
properties of Ti-B20-0.1B alloy

HUANG Li-guo, FU Da-jun, ZHUANG Wei-bin, GAO Zhi-yu

(College of Materials Science and Engineering, Liaoning Technical University, Fuxin 123000, China)

Abstract: The effect of direct rolling process on microstructure and properties of Ti-B20-0.1B alloy was studied. The
result shows that the addition of trace boron significantly refines the grain size of titanium alloy and improves the
formability of titanium alloy. Direct rolling can be conducted on Ti-B20-0.1B alloy without the cogging process. Direct
rolling makes TiB at the grain boundary in the as-cast microstructure align along the rolling direction. The tensile strength
is improved by the aligned TiB whiskers through the load-sharing mechanism. The recrystallzation of primary a in
Ti-B20-0.1B alloy occurs with the increase of deformation amount. After being solution-treated in two phases zone and
aged at 550 C, the mechanical properties of the direct rolling alloy are significantly improved. When the reduction ratio
is 80%, the tensile strength of the aged Ti-B20-0.1B alloy is 1497.5 MPa, and the elongation is 6.4%.
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