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ABSTRACT The molecular dynamic sinmlations indicate that hydrogen solubilized in nickel de-
creases the critical stress mtensity for dislocation emission from A.(8 = 453°) = 1.00 MPa-m!? or

Tl = 70°) = 0.82 MPam'/® to R}.(8 = 45°) = 0.90 MPa'm!/? or A},(6 = 70°)=0.70 MPam'/?,
respectively. Therefore. hydrogen could enhance dislocation emission. In addition, hydrogen decreases
critical stress intensity for cleavage of a Griffith crack along the only slip plane m the quasi three-
dimension model from Ajg(f = 09)= L.03 MPa-m’ 2 4o K8 = 0°)=0.93 MPa-m'/? and then the
surface energy from vy3;=2.20 J/m? to 47;,= .78 J/m?, resulting in facilitating dislocation emis-
ston, fr situ observation in a transmission electron microscope (TEM) shows that hydrogen enhances
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dislocation emission and motion before the initiation of hydrogen—induced crack.
KEY WORDS nickel. molecular dvnamics simulation, hydrogen, dislocation emission, TEM
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Fig.2 Atomic configurations emitted the first Shockley dis-
location from a loaded crack tip in Ni at K {f =
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2.2 ZBRER

1 SRHMRERRENCHEILENE 5a. #4FF
IR MESHAFHERTE 0.5 h SRETHEEER
ETHRAL. WE b, AP ML A K7
fiith A—B{EMMEEM 457). WM 5a 1wy C --D
VIR ATZ R RS, SitE. ¢ D
WP AR AR A A, FRE b, e AL B
R HE n# S ARETE A Hy & (p=10" Pa) {§
F1—3h FHWE, AEREE Rib S ho @3RN
RASHEOTH AL, (MAE Sa P, aXEFEE,
LAY SRR (Il FEAY DN e IO B AdA . &
wA TEM, SR T23Rafi s Eit WK &
Tl BTG4 27 h, 3 TEM g 184 0.5 h.
beAEC BE. SR ERMBGE T i BrgaE
(LRI THMMA ) BEAETEIT L C) F5% W
FRABRAHE. STRPGRRIELE, B\t
ERTAMRLUHASRENTErRET H5E

B 5 S{Rur{ofs g Esp TEM 1=

Fig.-5 TEM observation of hydrogen—enhanced dislocation

emission and moticm

(a) a steady dislncatiun configuratiun ahead of a
loaded crack tip A after precrept in air for 21 h

b} evident change in the dislocation cemfiguration

after chargmg for 0.5 h


http://www.cqvip.com

1 8 B F o A{CIRA R Sy o1 3h 1 R e e 1
. [ 5 F0A, 8T S0t 2k A gy R T SRR Eay A Al ®HE), 111 = ARE18=07)/2=2.2) J/m", Burgers
BHIAE . RRW b = an/V6 . zg = 3.32 - 107" m R
2RISR SIS RS R ENE 6o £ R0 = 45°)=1.06 MPam!'/®. 4 ra ¥ DE Y

SUECHTIR A TE S TR S E A—B 1 C—D.
WS F i —vff B F. E3)ERE 050 15, B
AATIITEE R A8, C—D | B—F eifiE S
Wb, WLE 6b. X EEEA, SRR N A .

He TwEAWERLEEATHEL

Fig.8 Change in dislocation configuration ahead ol a

loaded crack tip before la)l and after charging Tor
05hb)

3 itie
sh BRI TEM B WSH M, [JiEs
REfREE (P A g Fiza). My eEaE P M E T, ik
KRR R R A R T
2 (b
~ s Pcos (/2 [[1 — BT

+

d~ed 2500 8
. sin JW ()

Vaar, ('J_f +
are(d 4 )

of., 0 VRANESHEEEL£R: o WITFHELG v
# Poisson H.: & Mg Burgers ¥R, 7 {irgd

EHIREEREIE T, Y AEEEE. r. AMELER W
fee, re = anf2v2 . B A 0 = 457 g = 748~ 10T MPa.
r=0.276. 7t=1.2 MPa {7 1% %/ "3 Al §7%m% D,

K18 = 457)=1.00 MPa-mm*? s S
Moy =220 J/m? BEE ~7, =178 I/m" A{¥ ~ TE
EMREER P57 EE KRiRE R TR e H
fa =4
v =2uil — et d
g 12

v =il + 1?2

v, 4 REEE. a Y EFEHE-FeE g e
vie W d REEE (EHEER). SE g W
RIES IR o TRE. 7 (H)=p " (H) /AL #7754
(1) &%

2 - T (HD

An(H) = — — —
1ol sin Beos (B/2) vl ~ )2,

* 3525 -
NGr 4——“';3)5 +fj? i (31

A A H)=1.78 JAan® el R iH = 43%)1=
0.837 MPam!?. j}rah it {E Y RL18 = 157)=
0.90 MPa-m 2. v e[|l o3 FIE 7S SRR T 4% Eiak o
RS ey 7). AT R B R e A e e - T
i, WSRO B A A A0 R SRR T e ek
T .

Fe-drm,  Lith k. frf -H MBS EA v E
HIBEB, AN F RN £ MR
GEEFE AR TR, BN AT(H) FRE 2wl
Zx{l — kT

Il f7F70 4]
b alfis s

AL.(H) = A exp| —
Kb, n RS R R b (R

L, [H R SRR B AL i ehaE Sy I
T, EHEERGESAH S MERTR A aH— i
b R R T e b R DR el R B ik
gepizaE) 2. Birnbaum % U] gyt i) &, (S EF
I TE(ir 8 RO B IR 0 R A, S = T
RE. BUCTETIRAShR B 7o(H) Tk ZiEa wilol
o F S FET e R R TR A B F {r f—
®izsh. o FESRE C N BT S BE L
BESA. BEF C 8N APRERIE H L
BAR. A THER B —RAEE. M1 HT LS 3
ETHLITAL. PRz

RIR OIS A fris. E Ay =25 - 10
MPa-m'/?, 4fr% At = 107 o af{uipligz=hT 3
MR HeEEn H E Ni oAk D =


http://www.cqvip.com

22 x B ¥ #H 38%

6.14 % 1071 cm?/s, 7E 107 s X—impntia e H sl
TR DArdiaEa. Bk, 0 FahhEitae, HA
C. N —#., WS iErR. HBisgEsh. T
fedoitRsRe. WER. WISEINkER 0w 5 (5
PEEE RIS =12 MPa; WFEfES. MEEZ 600 5
£ r(H)=2.4 MPa.
4 &g

(1) 7R it ERm. [EE SR HtEaT (s
Bt SEEHVENERYIEREET A8 = 457)
B 1.00 MPa-m'/? % 0.90 MPa-m''?; S {# K.(0 =
70°) M 0.82 MPa-m'/? &% 0.70 MPa-m!/*,

(2) TEM B ERMA, SAEEAS Ra, B
HEfLEE.

(3) & Griffith My BomReHBEET
Kiglf = 0°) M 1.03 MPa-m?/? &% 0.93 MPa-m!/2.
AFA. SERERETRE. MLk (i &4t

£330k

[1] Verpoort C, Duquette D J, Stoloff N S, Nen A. Mater Sct
Eng, 1984; 64: 135

[2] Boniszewki T. Smith G C. Acte Metatl, 1963; 11- 185

[3] Latanision R M, Opperhanser H Jr. Trars Metall, 1974;

5 483

Chu W Y. Hydrogen—fnduced Plasticity Loss and Delayed

Cracking. Beijing: Metallurgical Indnstry Press. 198B:

254

(ERp. IR ERETHE LR mE TR, 1988

254)

[5] Hirth J P. Metell Trens, 1980; 114: 861

[6] Oriani R A, Josephic P H. Acta Metall, 1974; 22: 1065

4

[7] Birnbaum H K, Sofronis P. Mater Scz Eng, 199%4: 176A:

192

[B] Lu H, Li M D, Zhang T C Chu W Y. Se: Chin, 1997;
40B: 530

[9] Robertson I M, Birnbanm H K. Acta Metell, 1986, 34:
353

(10) Pozenak P, Robertsan I M, Birnbaum H K. Acts Metall
Mater, 1990: 38: 2031

[11] Chu W Y. Wang H L, Hsiao ' M. Corroszon, 1984; 40.
187

[12] Hoagland R G. Daw M 3. Hirch J P. J Mater Res, 1891;
6: 2565

[13] Zhang ¥ W. Wang T C, Tang Q H. Scr Metall Mater,
1995; 33: 267

|14] Zheu G H, Ln H, Zhon F X, Chu W Y. Acta Mech S,
1997, 13: 377

[15] Zhou G H, Zhou F X, Wan F R, Chu W Y. Sc: Chin,
19498; 41E: 176

[16] Angela J E. Mody N R, Baskes N R. Modell Swmnul Mater
Sc1 Eng. 1995; 3: 28%

(17] Gao K W, Chn W Y, Gu B, Zhang T C. Qiaa L. 1. Cor-
rasion, 2000; 56 515

(18] Ln H. Su Y J, Wang ¥ B, Chn W Y. Corros Sci, 1999;
41: 699

(190 Fionis M W, Sinclair J E, Phios Mag, 1984, 50A: 43

[20] Lee CY, Depristo A E. J Chem Phys, 1986; 84: 185

[21] 8ih G C, Liebowitz. Fracture. VYol.2, New York: Academic
Press. 1984: 67

[22] Baskes M 1. Phys Rew, 1992; 46: 2727

(23] Ohr 8 M. Mater Sci Eng, 1985 72, 1

[21] Gherepanov G P. Mechanica of Bruttle Fractrure. MNew
York: McGraw-Hill Iuter Book Comp, 1977: 27

[25] LiJ C M. Scr Metall. 1986; 20: 1427

[26] Zhang T Y, Chn W Y, Hsiao C M. Scr Chin, 1986; 29:
1157


http://www.cqvip.com

