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ABSTRACT  The effects of hydrogen on shear bands and cracking in bulk amorphous alloy
ZrgsAl7 5NijgCuy7.5 have been studied through in situ tensile single—edge notched samples and three-
point bending smooth samples in SEM. The results show that for either hydrogen—free or hydrogenated
samples, shear crack will initiate and propagate along shear bands when shear bands grow to a critical
condition, and open finally, resulting in rapid fracture of samples. The characterless zone on the frac-
ture surface is the shear band instead of fracture surface of shear crack. There is no essential difference
between the morphologies of tensile fracture and shear surface. Hydrogen blistering will form after
charging for a long time, and if the blistering is very small or unformed, there is no evident effect for
forming of shear bands and initiating of crack. If the hydrogen blistering is large enough, the shear
crack will initiate at early growing stage of shear band, resulting in brittle fracture under low stress.
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Fig.1 High (a,b) and low (c,d) magnified micrographs of
uncharged ZrgsAl7 5NijpCujz7.5 bulk amorphous
alloy
(a) shear cracks a, b, and c initiated along the
main shear band AH
(b) characterless zone ABGHcba on the frac-
ture surface corresponding to the shear band
ABGHcba in Fig.la
(c) two characterless zones ABClcba and PRQ
(d) matching fractograph of Fig.1c

ouse. All rights reserved. http://www.cnki.net



’

7 BIRE AN SRR ER G SBAMITRE LR 691

O, BERE—Wr O EHBIIERHMEX, WIZE 7 —0r a4
RN EARFLE. R (9] RBHELL.
Firg 168 h /5, KA A BEMRE Y 50x107°,

B 2 BAK (=10 mA/cm?, 168 h) & & & FHYHH
/R T RS R R L RS T TR AR
Fig.2 Fractographs of the sample precharged at i= 10
mA/cm? for 168 h
(a) cracks a and b initiated along main shear band
(b) small hydrogen blisterings A, B and C
(c) low magnified image, ABCD is characterless

zone
(d) matching fracturograph of Fig.2c, EFGH is

characterless zone
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4d).

3 it

AN = ST, TWESZENS, {HiF 45°
Fie LA S, SRR T E A, BT
WAL (A 4b H1fy a, b, ¢) FEM T 45°, BH
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Fig.3 Fractographs of the charged sample, crack initi-
ated along the shear bands at early stage of de-
formation, resulting in brittle fracture under lower
stress
(a) charging at 10 mA/cm? for 720 h, hydrogem
blisterings A and B
(b) charging at 60 mA/cm? for 40 h, larger blis-
tering
(c) charging at 10 mA/cm? for 720 h, shear band

a formed
(d) charging at 60 mA/cm? for 40 h, shear band

a, b and ¢ formed
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Table 1 Critical stress intensity factors for forming shear
band, Kjy;t, and for fracture, K¢, as well as the
maximum width of shear band under different

charging conditions

Current  Time Hinie K¢ Width

mA /cm? h MPa-m!/2  MPa-m!/2 pm
0 0 24 78 60
10 40 25 88 44
15 168 48 108 60
10 V40 25 35 6
10 720 = 46 5
60 40 37 67

SRPHEE M, WHHES KXOEINVIRY, |
FHN AR, EIBkFRR & RRSERSRET R
SEIAENR.

FE 1b %8, WO L RFMERRIYIIH, SXFEX
FARM R VIR NS, ERME AN OREE
REH. MREREMAKRFTECARB DHRERS, L
1 BY-UIHE AR % 49 BY-UTIT O RN B ek O T A R X 5.

XF Zrg2Ti38NiioCurzsBeszs EREE, 4
i=10 mA/cm? 4 48 h HRENABME, HY
i >20mA/cm® FTE 48 h 7, EAKKERWED S
ghim 51 RATMILIERM, 3 ZrsrAlioNigeCuis.g
ERELE, TE 48 h, HALFHENEREREEN
ic=300 mA/cm®. MEXFANESEE, HEE
i=300 mA/cm?® TS 48 'h, EEENHRERD S8
. HEE 2b 174, ¥ i=10 InA/cm2 FE 168 h /5,
RERFE/DT 5 pm EFE. HFENEHFR, &I
FIARESUR. ® 3a KB, ®E 720 h /5, RAERTE
#£44 100 pm B KSR, XHEH, dFaEESPHYT
R, BUERESSRRERKEE. —BiARERRE
KRS, MROERSSR TR BR 1H, 214
10 mA/cm? & 720 h fhik#E, H Ko ENERTEH
—3. [P, FEEBH K1 > 0.5Kc TARE 720 h,
BRAEHESAFENERRKMAEHEHR. ERE
BEATREAN, K@M H%ST 8. B85
FFREEHE TR, ATTSEENATHHEHH, X
REREBEEHRG—FyLE 15, RERK, SBiam
EH. KAKSBREREIH SR TRESRESBHEE
3. R 1AFRHW, Y7E 168 h, BAUNF 5 pm FIEBGE
BHAREE Kc HETHR. AXEHEYX 2 mm =K
LSOk, MEE K = 0.9Kc, A i=10 mA/cm?
R 240 h, BB REHEBR. BAlFEFIE -6 E
BT SRAEE T LA BT TR B A B ).
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Fig.4 Initiating and propagating of cracks along the

shear bands in the tensile and compressive zone
respectively for three—point bending samples

(a) hydrogen—free sample, loaded at earth stage
(b) hydrogen—free, loaded at late stage, a, b and ¢

are cracks
(c) sample charged at 10 mA/cm? for 168 h,

loaded at earth stage
(d) charged at 10 mA/cm? for 168 h, loaded at
late stage
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