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P53 B 45 Rk $E 900 C o Al AR 0.5, 1 F1 1.5 h, 4]
J5 R HKA

V6 5 7 R [ 9 Ak B RS 1) R AR RE A, L 30%11)
HNO3 BEAT JE 1, JEBhis ] 10's, RHA VHX-700 St
2R (OM) MEZRMAZ. KRB A 4R
FEE D/IMax-2500 2 X 5§ A7 5 7 HT i (XRD) X4
S HIMEAT 4. KA HDX-1000TM/LCD %4 % i
S 2 DA P v AT R R . R R S i T
WA N 1.96 A1 9.8 N, RN &4 V HFEHEEK
(Vss) FIEEfR (bulk, Sk Vss FIZE —AH) #H4T
T R, gk 1) 10 s, FEAMRAEEN 10 S EHE
PR T I R BCTIME . VR E R (Vss) Al IR R
FH /N LIgET TiB #H

A SZIG R RSy ZK-W58A-3 (KL HLEEAT = I 5L
HISLIy . FLHLARAS N @140 mm. FLEIEE A 12.0 r/min.
FI I 2 25 SCHR[19-20] 0 A4 38 5 38 TR PR FL 1% 1y
(7 R VAl A S L PR R
2 HR5HR
2.1 BEBRLESEEEMALR
2101 EEALIEEE A AL BRI h

V-5ATB & &84 [H AL FEZS (800, 900 A
1000 C4rHI{FIE 2 h) ¥ OM AL WK 1 . & 1a

RNEEA S OM AL, R RS20 326 um, KA 22
RKAEHIR A G & TiB Myt %54
W TiB AN A TE V AR L, Hia i E T
ATENTE B . A A A A FRIE 5 D 800 CHYF, V 2R P
TR EEZH TiB M, HIESS5HESEEMY, %
FERA I B 4 i b RS20 330 pm, WK 1b s .

YEEIRETES 900 C, VAN TIB HE K
KD, PSRRI IR 7 8O SR, IR K
LTS &SRR/ &4 R EE KK,
RAF23 369 um, W1 1c fim. &4 E &5
1000 C, TiB AH{E V HEAAHN LA D, MHEXT
900 ‘C, ULHS TiB AHEA LUK FTEAR 73 A T b ki
pbi KR, RSF205 402 um, 0/ 1d ffizm. 1000 °C
[y b B 5 A A L B T e 1d sk T
TRz ab). ATLLE Y, BEE A B R s, TiB
AEZ B Ik LTSN V AR Y, B Ja DUORL TR TE A7 A
i R RO Bl o [ A 3R (0 T i i oK. IR A
F 1000 CHJ, H T+ b A% Wi AR R K DA J2 v 200 4 1 Bk
P2 AR N R 3G T 5 BUH 2 IR AL
212 BEBEAEE A2 RMAL TR

5745 V-5ATB 4445 900 “C R A AL HE 2 h, TiB
FEARBNEFE AR, HAZUR B BUMAL. FUILAH 5
EFETE 900 °C WA 4 HEAT AN [F) B ) (19 [ 5 Ak 22

1 $675 V-5ATB & & FIR B VA AL #E 2 h ) OM A2
Fig.1 OM microstructures of as-cast V-5ATB alloys solution treated at various temperatures for 2 h (the insets show the high magnified
images): (a) as-cast, (b) 800 ‘C, (c) 900 C, and (d) 1000 C
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Kl 2 ¥ V-5ATB &4 f£ 900 C T & ¥ 4L ¥ 0.5,
1F11.5h 51 OM 4H4. &4 7E 900 C T [ i b 2
0.5 hJa, K&K TiB AHVISR G 2 M/ AR TE V 24 Y,
He PR LN 341 um, WE 2a . 4E54
[l i A BRE 6] A 4 h B, VO 3EAR N TiB A B Rk,
o TiB AH B A SR Ak 9 SR AR 25 1 iR B E A 2
b, Bl 2b Bios, FE R K, RF4)8 345
pm: A 4 [ AL A R] 1.5 h, TiB AHFE DL
RESH RS EERE B IAE vV RN, Sk
Gk, RF2909 354 ym, WK 2¢ . &4
f£ 900 C N[y, FEAE R HFEK, TiB
AHIZR TR LN VR, H i K AR B0 4R
SRR, & & bR R T Bl & R i 1) 1 28 K
[[R:: 8

V-5ATB & 4 7E FEAT [8 75 Ab BRI % AR 1 )5 1L 7%
FEHALLF 244 BT SR K ER TiB AH [
WEV Bk, BN ROIR A 5 — 7 TR SR A
FEAR A Ti A B R 7 DA —AHRE 4k S o
A b2 B R R R R 4 s AT H 1 X ik
FE o B AR BT J2s [ 5 A 3 3ok A v S 79 B 3= 223 7 o
gbAh, BRI Ti SR 2424 514 0.095 AT 0.145 nm,
MV JETF2EEN 0135 nm, HEFET B, Ti 53AJE
TV A2 Z L8 30%F1 0.7%, ALl B LR B [
Bk, Ti LESEE ARG T Vv k.

AEMAI S RERET R I #Bussh. #
WIS REF, VRABEREN XA HIERLE —
s PUR ORI

- p® p- -
J= Dﬁx (D =Dyexp[-Q/(RT)]) (1)

Horp, IOy HGEE, DAY HARL, o AR N
RBIKREE, x NEEES, Do NEIREZRATT R RLL,
Q MY MIGERE, R AMEH, T NEMIEEZ. H

X (D AT BPYBOEE SRS EFRICLR, |
FERE, R T HCE R R (R I 5 L [ A AR
TES A FEE o i R R R T v AN BT K

7E V-5ATB & 4 [E 7 A BERE R, [l o5 [ 9 A B
BREM TR By Ti JE 116 Vv (1 [ 35 P 328 7 438 K g ]
WE OV SR, FrCLM AR N 800 CHHE A
1000 C, JE-F¥ B AN, KEPIREE —AH TiB
BT W R, TR AT B 4 UL RUIRBUR R IR %
AR A [ AL FR S R 30, R4 s SR
ST f£ 900 CN, B EEALEEN B M, TiB A
Wi & AR AR, T RATIRIG TiB 5 v Sk 2 8] 47
TR 2, FTDAEARR R, Tis B EF&m V&
PB, MIMTAE 0.5~2 h P TiB A H K &R 7] FE FE IR 5%
RORTE U A, 7E KA 26440 T R B8 B PR R BRI T 5

V-5ATB & 4 [# ¥ Ab B /5 1) XRD & 1% W & 3 s
B3 V-BATB & 4 5 — AH @ i 3% 5 i 7 B R
(TEM) EX HFATH e E N TiB #, %SG
XRD #rft A5 1 AN R TiB A7 55 0B, R b 48 [ v
MEEZS A4 XRD 35 1 AN T R TiB fit bt
e, WYUK RS S PA TiB AH. WK 3 har LA
t, 7800 ‘C/2 hy 900 ‘C/0.5 h LA K 900 C/1 h
BIE FWEEE T TiB AHATH UG, X 5 e iR 1) 250
HLH TiB AHI T BN—E. fE445. 800 C/2 h.
900 ‘C/0.5 h PL & 900 C/1 h [& 7% 4b B A3l FE 1 2 sk 4L
g, Vv AN AR Z KER TiB AH, i LA [
TEACEE T 20T B R A 2k K AR TiB AE 2 1
B B R B SRR, TiB M & EMK T XRD #94
DR PR, Fir LA TiB AT 5 06 A H LFE XRD B3 1.
2.2 BREE

Bl 4 RTEARRNREE NEE AL 2 h (1) V-5ATB &
SHAE (Bulk) F1V A (Vss) B EARAK il 2%
B iR 2 B b e 22 . AT CUE H, A AL EE 5 1

2 #%A V-5ATB A4 7E 900 CLRIEA [T 8] 17 OM ZH 4
Fig.2 OM microstructures of as-cast V-5ATB alloys solution treated at 900 °C for various time (the insets show the high magnified
images): (a) 0.5 h, (b) 1 h,and (c) 1.5h
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2
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200 =
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il A o
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T J‘ 900 C/1.5h

f 7900 ‘C/2h
. h—") ; . . 1000 ‘C/2h
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201()

B 3 SEMERLEA V-5ATB 441 XRD Kt
Fig.3 XRD patterns for as-cast and solution treated V-5ATB

alloys

V-5ATB & &AM (HV) BRES G & BIREE
(2263.8 MPa) #A T MK, F HAS [R5 i [ 75 Ab 24
BG4 Vss T —BERT & &R AEMEEE. ik
FEART 1000 CH, Fifi [ 75 b 3R FE T, A ek
TR 2R PR . TSR A 3] 1000 CHY, & 4%k
T 5 (i R T /N e T T A AL RS A b Vss
) A FEE ok B v T RE S K. Bl 5 O V-BATB &4
FE 900 °C T[] v Ak 3 A 2 I O il I 1) £ A 4K il 42
V-5ATB & 41 900 ‘C T [l AL 3 J5 1) 844k (bulk) fifi
£ A i B ) S T ARG, 1T Vs R 5 I ) S K T
e, I HFEE A G S Vss 2R T &
SRR Y

— R, SRR, —HHSAE&PE
AT [ AL B FR R BT BUR N B A O, S —
J7 5 A 4 1 bl RS 6 . V-BATB & 4 i TiB
HHAE [ 95 b B 3ok B2 v B8 IR RE 0 T R 2B W N E Vss

240

—— Bulk hardness
—o— Vss hardness

Heat treated for 2 h

2301

2201

2101

2001

1901

Microhardness, HV/>9.8 MPa

180 As-cast 800 900 1000

Temperature/ 'C
4 AFEEFLRET V-5ATB &4 %4 (bulk) 1V 3k
Bk (Vss) filf AR AL,
Fig.4 Hardness variations for V-based solid solution (Vss) and
bulk of V-5ATB alloys solution treated at various

temperatures

%5 52 %
220
§ Heat treated at 900 ‘C : 32;12?;%::5
o 210t
X
>
T
4 2001
g k///*////%”/%
=
&
5 190}
L
=
180 L L L L
0.5 1 15 2

Time/h

B 5 AFEFEELABENE T V-5ATB 44 %k (bulk) 1V 3
[E AR (Vss) i EAR 4L
Fig.5 Hardness variations for V-based solid solution (Vss) and

bulk of V-5ATB alloys solution treated for various time

i, 2 S E Vss IR IR AE Clbis s B a 224k, AT
T80 Vss [FRE T o A% A a (BT S BRSOk [22]
AR A2 a FIRE AR 0 M 2 HR A
B ERE 1S 2, A TAEEE(211) & . Cu Ky 1)
W 1~ 0154 056 nm. 3 1 fTn N V-5ATB & & ARl
FE R AR 2 h 5 Vss B (211) &k T XRD 7 5 0 ) B
20, fhTEIEE d FIEEAS 3 a fi. ARPATBUE H,
b [ v AL BRI FE . V-5ATB &4 1 TiB Ml
BT Vss i, & a BEZIE K, Vss dnik
Wiy A A5 FEE I [ v A IR BE T B O, AT S BUE &R
Vss B B TH . SR, TiB 25 A AT H 50 25 B th 23 it
% [ A BR BT R B S . S 4k, B T b
WET &, AR R ST 2K, 4 5 A 28 A
B D55 o [ b BRAS A 4 R B AT Y 2 A G T
SR8 ek 555 R KT [V S A K R IR, F 8
A4 M EARREREAE 1000 °C LA BE [ vA AL BEIE B T
M FEAG T 24 [ A AL BRIR FE A 1) 1000 TR, HT &
L TiB LTSN T Vss i, 5 AT HsRik

#1 VSATBE&AEIBETERLE 2h 7 Vss (211) &E
XRD {751 XS L 20~ REEEE d. BA&FEH a EM R

R~F
Table 1 26 and interplanar spacing d for (211) crystal plane,
lattice constant a and grain size of V-5ATB alloys

solution treated at various temperatures for 2 h

Temperature/ 269/  d-spacing/ Lattice constant, a/ Grain size/

C (9 x10'nm 10" nm pm
As-cast 76.56  1.2434 3.0457 326
800 76.54  1.2436 3.0463 330
900 76.48  1.2444 3.0483 369
1000  76.44  1.2450 3.0497 402
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T WS EEAHE T 25 V-5(ASTI-1B)Y A0 B A & B 41 18 RN AL il P g 1 i * 265«

S 2 AL 1) AN E — 2 ek 55, AFL ]V SR AR S AE A
& Vss IR RE I — D3R mr, AT S & 4 B4 B
HEL T NI B[R T

AL BT R R S SR R TR, ER—RET
TE Y Hh I K A B (] A R TR TR Y8,
Wi 65 M RIBT H B N o TR A Ak B [ ) S Kt
i 4 iR K R b 2 s o 8 4 S i & 4 R A
FEME . %2 RIHSE V-5ATB &4 900 °C T [ i Ab ¥
ANFRE G Vss 1) &k 8 430 a [ AE & f b R, M
KT LLE H, BEE V-5ATB & 4 [F v Ab FH A 2 K,
TiB AHZ 5V AN B Vss 1, Vss i B 5 # a th Bl 2 48K,
EWRAE Vs fn s W AR AR FE B [ v Ak B B R) 2E K T 3
K, MNTFE Vss BT . SRT, TiB AHRIEE —
FEBIT HH i A 850 A, I [ 9 A B8R ) T S K077 98 55 o 53 b
bt 5 ] AL BRI (R AE G, A a2 380K, 28
i o A RN LB 2 R o B A AL BRI, A
& v R AT H A B A SR A ) R 1 ek 5 AR B K
T SR A N R AR E, B8 V-BATB & & TE
900 °C T~ [l v Adh B Pty 2R 4k B 5 A1 o [ 7 Adk B BT (1] S
KT P

ZE EFTIR, V-5ATB A <5 I 75 A 3 iR B A ]
Xof B G B A A BRI o A o ] VA Ak 3 ok AR R A
A FELEE ST EERL . B AR S A
A SR O o BT AR A AR Ak B A A 4 OB
B AR DA A & L o MR Be,  [FIB BEAY & G 41 21
¥I5) e A 4AE 900 “C/2 h [H 7 Ab 3 A fe i, HLR
A AR 5] . R 900 “C/2 h /& V-5ATB &4
BIE R ER A E TS5
2.3 ELHITERE

R T BT VR PR L 8B 2Ry RAEFLAIVEBE, =R P86
A5 V-5ATB & 4211 1y, 79 42.53%, [E AL HEZS (900 C/2 h)
BB rp £04 53%, A THEGSRTT T4 24%.
V-5ATB &4 [Eia bR G, B4 TiB Al s b,
WERERRAG, kb T 5LHIATERA Ay, A ALV RE S = o

F 2 V-5ATB &% 900 CTREIBLIEARRER B Vss B (211)
SE XRD fiTHfUEx L 20, REEE d. REEH a &
FARRL R~

Table 2 26 and interplanar spacing d for (211) crystal plane,

lattice constant a and grain size of V-5ATB alloys

solution treated at 900 °C for various time

Time/ 26/ d-spacing/ Lattice constant, Grain size/
h G =10 nm a/>10" nm pm
0.5 76.54 1.2436 3.0463 341
1 76.51 1.2441 3.0473 345
15 76.50 1.2442 3.0477 354
2 76.48 1.2444 3.0483 369

3 & it

1) V-5ATB & 4:7f 800~1000 C [H ¥ 4b ¥ 2 h, [#
Hilm LT E, TiB AHIZEWHE N Vss, abkifiz K K. 1E
1000 C EAF 4 4 TiB 35 — AHMT th 54k S 48 &b 2R A 1)
SO0 9 55 R B KT D R A RS P B AR, A
G il E R P T R 1T PRI . TR FE 1000 °C [ A AL HE R
G4 TiB MJLT-5E &N Vss H, [ a4k 2w 2t
— D3 A B 4 0 P I [T

2)V-5ATB A 4 1F 900 °C [#] ¥ kb P Fifi 25 i 8] 2E 4,
TiB MHZ L IENE] Vss 1, @hifEz KK, G&H
FEBT HH B B A ot 5 A PR 28082 9k 553 5 2 R T [TV oAk
RS EG INARFE 3 30A 478 W]V AL 3 5 1) A FE B I
[ 42 K 777 PR AT

3) V-5ATB 4 4 1] LLid ik [ v A 38 PR AR & 4 h
DATR & & LG SO RE 7, BUE BN EVE LB T 25
#9900 “C LR 2 ho [V b R JS 5 4 10 ryp 294 53%,
X T &G &R T4 24%.
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Effect of Solution Treatment on Microstructure, Hardness and Rollability of V-5
(Al-5Ti-1B) Alloys for Hydrogen Separation

Jiang Peng’, Liu Dawen®, Liu Hui', Ren Wenyue', Huang Huanchao®, Wu Wangping®, Song Guangsheng?, Zhang Yi',
Dai Guohong*
(1. School of Mechanical Engineering and Rail Transit, Changzhou University, Changzhou 213164, China)
(2. School of Materials Science and Engineering, Anhui University of Technology, Maanshan 243032, China)

Abstract: V-5 (Al-5Ti-1B) alloys (V-5ATB) were prepared by melting in vacuum electric arc melter. The effects of solution treatment
temperature and time on the microstructure, hardness and rollability of V-5ATB alloys were studied by optical microscope, X-ray
diffractometer, hardness testing and rollability testing technology. The results show that when V-5ATB alloys are solution treated at 800
and 900 °C, TiB phases gradually dissolve into V-based solid solution (Vss) and the grains grow with the increasing temperature. The
weakening degree of the strengthening effect of TiB second phase and fine grains of the alloys is greater than the increase degree of the
solid solution strengthening effect, resulting in the hardness of the alloys decrease with the increasing temperature. When the alloys are
solution treated at 1000 °C, the TiB phases in the alloys almost completely dissolve into Vss, and the solid solution strengthening effect is
dominant, resulting in the hardness of the alloys increase. When V-5ATB alloys are solution treated at 900 °C, TiB phases gradually
dissolve into Vss and the grains grow with the extension of time. The weakening degree of the strengthening effect of the second phase
and fine grain of the alloys is greater than the increase degree of the solid solution strengthening effect, resulting in the hardness of the
alloys after solution treatment decrease with the extension of time. The optimum solution treatment parameter of V-5ATB alloys is 900 °C
/2 h. The rollability of the solution treated V-5ATB alloy is improved by about 24% compared with those of the as-cast alloys.
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