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Introduction

An orientation dependence of mechanical
behaviour is found in fcc crystals with low
stacking fault energy because the Burgers vectors
of Shockley partials (a/6)<112> have different
crystallographic orientations and the Schmid
factors of the leading and trailing dislocations are
different [1,2]. It is shown that, as a result, the
applied stress reduces the partial separation under
tension with orientation of the tensile axis [100],
whereas for the case of [111] tensile axis the
actual separation is increased. These peculiarities
lead to mechanical hardening in [100] and
softening in [111] directions.

Hydrogen causes significant change in the
structure and  mechanical  behaviour  of
engineering materials. In relation to the
orientation dependence of the dislocation splitting
under applied stress, the hydrogen-caused
decrease of stacking fault energy in iron-based
alloys (e.g. [3]) seems to be important because the
difference  between  “hard” and  “soft”
crystallographic orientations has to be more
pronounced providing for larger initial static
splitting of dislocations. This presentation aims at
the clarification of hydrogen effect on the
orientation dependence of the yield stress, cold
work hardening and dislocation structure in single
crystals of stainless austenitic steel under tension.

Results and discussion

Single crystals of Fe;»CrgNiyq alloy doped by
0.2 mass% N that stabilises the fcc lattice were
chosen for studies. The samples were hydrogen-
charged ... Samples for mechanical tests and
TEM studies were cut in [100], [111] and [110]
directions. Mechanical tests were carried out on
the plates of 50x1.3x1.2 mm’ in size with the
strain rate of 8-10* s using standard mechanical
machine with accuracy of loading measurements
of 0.5%. TEM studies were carried out using
transmission electron microscope JEM 2000FXII.

Results of mechanical tests for [100] and
[111] single crystals are shown in Figs 1,2.

* E-mail: gavr@imp.kiev.ua
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The obtained results for hydrogen-free single
crystals are consistent with the expected hard
[100] and soft [111] directions. According to [1],
the dynamic steady-state separation Ax of two
partials moving under applied stress is given by

L=l|:7i(m1 _mz)ab:|’
Ax C 2

where C is a constant that depends on materials
and dislocation type;

v is the stacking fault energy;

m; and m, are the Schmid factors of the leading
and trailing partial dislocations with their Burgers
vector b;

and o is the applied uniaxial tensile (+) or
compressive (-) stress.
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Fig. 1. Curves stress-elongation for hydrogen-free and
hydrogen-charged single crystal with [100] tensile axis.
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Fig. 2. . Curves stress-elongation for hydrogen-free and
hydrogen-charged single crystal with [111] tensile axis.

In hydrogen-free crystals, the splitting of
dislocations is diminished under tensile stress for
[100] and enhanced for [111] tensile axes. Narrow
dislocations require a larger stress for their
movement through the crystal lattice and are
inclined to form the cellular substructures [2],
which leads to the observed increase in the values
of the yield strength and work hardening of the
[100] single crystals (Fig. 1), whereas these values
are decreased for [111] crystals (Fig. 2).

Hydrogen charging changes this behaviour to
the opposite one: [100] direction becomes “soft”
while [111] transforms to the “hard” one. This
change occurs in spite of the hydrogen-caused
decrease in the stacking fault energy. The larger is
the static splitting of dislocations, the more the
orientation dependence of the splitting under
dynamical loading is expected without any change
in the sign of the dynamic splitting.

TEM studies were undertaken in order to
clarify a reason for such a hydrogen effect. It was
confirmed that hydrogen charging decreases
stacking fault energy and causes additional
splitting of dislocations. Along with this, the
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hydrogen-charged samples contain the plates of
the e-martensite with the habit plane (111),.

The explanation of the obtained results is
proposed based on two hydrogen effects: (i)
formation of the e-martensite and its retarding
influence on the movement of dislocations
whatever the crystallographic orientation is, and
(i) the hydrogen-increased concentration of
thermodynamically equilibrium vacancies [3] that
are expected to be collected preferentially in the
hydrogen atmospheres round dislocations, i.e. in
the slip planes (111) and ease the movement of
dislocations on the slip plane.

The effect of superabundant equilibrium
vacancies on the mechanical behaviour has to
depend on the orientation of the slip plane relating
to the tensile axis. The largest softening caused by
vacancies concentrated over the slip plane is
expected for the [100] tensile axis that provides
the maximum shear stress in the (111) planes. If
the [111] direction that lies in the (111) plane
coincides with the tensile axis, a smaller shear
stress on the slip plane is expected at the same
applied normal stress. Therefore, the vacancy-
caused softening on the slip plane can be less
pronounced.

Therefore, the competitive influence of the
hydrogen-caused e-martensite and superabundant
vacancies can be a reason for the striking effect of
hydrogen on the orientation dependence of the
yield strength and work hardening that is opposite
to the case of the mechanical behaviour of the
hydrogen-free single crystals.
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Beenenne

OpueHTalMOHHasT 3aBUCUMOCTh MEXaHHYEeCKOTO
noeenenus: peanuszyercs B ['TIK kpucramnax c
HU3KON 3Heprued NedeKTOB YMAKOBKH, MOTOMY
yTo BeKkTOp broprepca wacTuuHON AMCIOKAIIUU
[oxmun (a/6)<112> nMeeT pasiIuyHbIC
KpucTaiuiorpaduieckue OpueHTauuu U (HaKTOPHI
[lImupga nuoupyromwed © CclaeAyroumed 3a Hel
JUCIOKALMK pa3nuyHe [1,2]. YcTaHOBIEHO, UTO B
pe3ynbTaTe TPWIOKEHHAs Harpy3ka yMEHbBIIAeT
paccTostHEEe ~ MEXIy  AWCIOKAlUAMH  TIpHU
pacTsKeHUU ecnu 0Ch pacTsKeHUs
opueHTHpoBaHa B1oyb [100], B TO BpeMs Kak Ipu
pactsokeHun Broib ocu [111] 3to paccrosiHue
YBEIMYUBACTCA. OTH OCOOCHHOCTH MPHBOIAT K
MEXaHUIECKOMY YIPOYHEHUIO BJIOJTb
HampaBiaeHuss [100] W CHIDKEHHUIO TIPOYHOCTH
BIIOJIb HanpaBieHus [111].

Bonopon mnpuBoaMT K 3HAYMTENHEHBIM
W3MEHEHUSIM B CTPYKType ¥ MEXaHHYECKUX
CBOICTBaX KOHCTPYKLMOHHBIX MaTepuajoB. B
OTHOUICHUH K OPHUEHTAIIMOHHON 3aBUCHMOCTH

JIMCIOKAIIMOHHOTO pacHierieHus 3 (0}
MIPIIOKCHHBIM HaIpPsHKCHHUEM, BBI3BAHHOE
BOZOPOJIOM  YMCHBIIIEHUE DJHEPruu  JAcdexTa

VIaKOBKM B CIUIaBaX Ha OCHOBE jene3a (CM.
Harp., 3D MIPEICTABIISICTCS BaKHBIM
00CTOSITEIbCTBOM, TaK KaK MOXXHO OXHJIATbh, YTO
paznuuune MEXIY “ynpouyHeHuem” u
”CMATYCHHEM BJIOJTH Pa3HBIX
KpucTauiorpaguyecknx  OpueHTanuii  Oyzaer
BBIpOKEHO CHJIbHEe, obecneunBas Oomnbliee
HavyaJbHOE CTaTHYECKOe paciierieHue
JUCIIOKALUA. Hacrosmee HCCIIE0OBAHNE
mpeciefyeT ILedb BHOCHT SICHOCTh BBIACHHTH
BIIUSHUE  BOJOpPOJAa HAa  OPHUEHTAIIMOHHYIO
3aBHCHMOCTh TIpefeNia TeKydecTd, nedopma-
OUOHHOE YNPOYHEHHWE H  JHCIOKAIMOHHYIO
CTPYKTYPY MOHOKPHUCTAJUIOB ayCTECHHTHOW CTaJIA
P PaCTSHKEHUH.

Pe3ynbTaTthl H 00cyKIeHHE

Hdus  wuccrnenoBaHuii  ObUTM  BBIOpaHBI
MOHOKpHCTAILIBI Fe7,CrigNio CrutaBa ¢ mpuMechio
0.2 macc. % N, xoropwiii crabunmsupyer ['LIK
pemérky. OOpasubl OBUIM  HABOJOPOXKEHBI B
teuenne 72 yacoB B 1IN pactBope H,SO, ¢
nobapnenneM NaAsO, mpu mioTHocTH Toka 50
MA/cM?. OO0pa3ie! ISl MEXaHUYECKUX UCTIBITAHUN
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nu TOM ObuTH BBIpE3aHbl BIOJb HAIpPaBICHHUH
[100], [111] u [110]. Mexannueckue UCHBITAHUS
OPOBOAWINCH  HAa  IUIACTUHAX  pa3MepoM
50x1.3x1.2 MM’ mpu ckopocTH jaedopMaiuu
8*10™ cex’', MCIONB3Ys CTAHAAPTHYIO YCTAHOBKY
ISt MEXaHHUYECKUX WCTIBITAHUH c
YyBCTBUTEJILHOCTBIO M3MepeHui Harpys3ku 0,5%.
TOM  wuccrnemoBaHusi  OCYWIECTBISUIUCH — MpHU
MOMOIIM  TPAHCMHCCHOHHOTO  3JIEKTPOHHOI'O
mukpockona JEM 2000FXII.

Pe3ynbraTel MEXaHMYECKMX HCIBITAHUN

st [100] u [111] MOHOKpHCTAIIOB MOKa3aHbl Ha
Puc. 1, 2.
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Puc.1. KpuBas nHanpsokeHue—nedopMarus s
HEHABOIOPOKEHHBIX u HABOJIOPOYKEHHBIX
MOHOKPHCTAIIJIOB ¢ OCBIO pacTspkenus [100].

[lomydenHsle  pe3ynpTaThl  JII  HEHABOJO-
POKEHHBIX MOHOKPHCTAJZIOB  COTJIACYIOTCS C
oxkugaeMbiMu KECTKUMU [100] 1 msarkumu [111]
opueHtauusmu. CornacHo [1], auHaAMuYeckoe
CTaTUCTUYECKOE pacIienyieHue Ax JIBYX
YACTUYHBIX JUCIOKAllU{, JABUTAIONIMXCS MPH
MIPIIOKEHHOUM HArpy3Ke ONPEeNIeTCs KakK:
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rae C — KOHCTaHTa, 3aBUCAIIAS OT MarepHayia u
THIIA TUCIIOKAITHI;

¥ - HEeprus AedeKTa yImaKoBKH;

m; U my - ¢akropel Ulmuna aunupyromeit u
clenyIomel 3a Hel YacTUYHOU IUCIOKAIuH C
BEKTOpOM broprepca b;

G - TpPWIOKEHHOE BAOJb BBIACICHHOH OCH
pacTspkeHus (+) win cxatws (-).
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Puc.2. KpuBas Hampspkenue — aedopmanus s
HEHaBOJIOPOKEHHBIX u HaBOJIOPO>KEHHBIX
MOHOKPHUCTAJIJIOB C OCBIO pacTsbkenus [111].

B HEHaBOIOPOXKEHHBIX  KpHCTAIJIax
pacuienjeHue JAWUCIOKalWi yMEHBINAeTCs MpH
pacTspkeHuH BHOoh ocu [100] m yBenmmumBaeTcs
st ocu [111]. V3kuM npuciokanusm TpedyeTcs
Oonplllasi Harpy3ka JUis WX JIBUKCHUS 4Yepes
KPUCTAJUTMUYECKYIO PEMETKY, U OHU CKJIOHHBI K
00pa3oBaHUI0 SYCHCTOHON CyOCTPYKTYpHl [2],
KOTOpasi IPUBOJUT K YBEIUYECHHIO HAOII0AaeMOT0
3HAYCHHUS npejerna TEKy4eCTH u
nehOpMaIMOHHOTO YIPOIHEHUS [100]
MoHokpucTaioB (Puc. 1), B To Bpems kak 3Tu
3HaueHud moHmwkawTcs i [111] kpucramnos
(Puc. 2).

BBenenne Bomopona  M3MEHSIET  3TO
MOBEJICHUE Ha MPOTHUBOIOJIOXKHOE: HalpaBlieHHE
[100]  craHoBuTCS  “msarkum”, a  [111]
TpaHchopMupyeTCs B “9kécTKoe”. DTO U3MEHEHNE
HaOmroaeTcsi  HECMOTpS Ha  00yCIOBJIEHHOE
BOZOPOZIOM yMEHbBIIEHHE DJHEPTrUu JePEeKTOB
ymakoBku. OXupaloch, dYTo dYeM  OoJbime
CTaTHYECKOE paclIeIUICHUEe IUCIOKAalWh, TeM
CUIIbHEE JOJKHA OBITh BEIpaKCHA
OpUEHTAIMOHHAS 3aBUCUMOCTh JHHAMHUYECKOTO
pacuierieHuss  0e3  U3MEHEHUS B 3HAaKe
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JTMHAMAYECKOTO pacIeruieHus ,
COOTBETCTBEHHO, «CMSATYCHHUSI-YTIPOTHECHHSD».
TOM wuccrnenoBanus MPEANPUHUMAINCH C IEITBIO
BBUSICHUTh TPWYHMHBI TAaKOTO BIUSHHUS BOAOPOZA.
Beuio  moaTBEpKIEHO, YTO HABOJIOPKUBAHHE
MOHIKACT JHEPrut0 Jaedekra ymakoBKH H
MPUBOJUT K JIOTIOJIHUTEIBHOMY PpACIICIUICHUIO
aucnokauuii. Bmecte ¢ 3TUM, HaBOJOPOKECHHBIE
o0pa3Ipl comepkaT OONacTH € - MapTEHCHTa C
IJIOCKOCTHIO rabutyca (111) .

[Ipemnaraercst 0OBSICHEHHE MOTYYEHHBIX
pe3yJbTaTOB, OCHOBBIBasCh Ha JBYX 3(ddexrax
Bojopona: (1) oOpa3oBanume €-MapTEHCHUTA,
MPETATCTBYOIICE JABMXKCHUIO JUCIIOKAIWHA, IS
000N KpHUcTaIorpaguueckoi opueHTarmy u (2)
MOBBIIIIEHHAST BOJIOPOJIOM KOHIICHTPAIHS TEPMO-
JUHAMUYECKH PaBHOBECHBIX BakaHCHUl [3], KOTO-
pBI€ pacroiararoTcsi IpeuMyIIECTBEHHO B BOJO-
pOImHBIX aTMocdepax BOKPYT JUCIIOKAIHHA, T.e. B
miockoctu (111) m obnerdaror HBWKEHHE HIHC-
JIOKAlMi B IUIOCKOCTH CKOJBKEHHs BCJIEICTBHE
YMEHBIIIEHU TUTOMAIN, HECYIIeH HAarPy3Ky.

O¢ddexkr  HU30BITOYHBIX  PABHOBECHBIX
BaKaHCUH Ha MEXaHUYECKOE IMOBEJCHUE 3aBUCHT
OT  OpHUEHTAlMd  IUIOCKOCTH  CKOJBKEHUS
OTHOCHTEIHHO OCH  pacTsokeHus.  bombiiee
CMSTYCHHE, BBI3BaHHOC BaKaHCHUSMH,
CKOHIIEHTPUPOBaHHBIMHU B IJIOCKOCTH
CKOIIbXKEHHA, MIPeIoJIaraeTcs JUTS ocH
pacTsbKeHUs [100], 4TO obecrieynBaeT

MaKCHMaJbHOE HANpsHKEHUE COBUTa B IIOCKOCTU
ckombxerns (111). Ecnmm nampaBnenwme [111],
KOTOpoe JeXHUT B miuockoctd (111) coBmamaer ¢
OCBI0 PaCTSDKEHHUS, NPEANOoNaracTcs MeHbIee
HamnpsOKEHHE CIBUTA B IUIOCKOCTH CKOJIBKEHHS
Nnpyu TOM ke MpuiokeHHoW Harpyske. [losTomy
BBI3BAaHHOE BAKAHCUSIMH CMATYEHHE B IUIOCKOCTU
CKOJIbKEHHS MEHEE BBIPAKEHO.

CrnenoBaTensHO, KOHKYPHPYIOIIEE BIIHS-
HUE WHIYIHPOBAHHOTO BOAOPOAOM E-MapTEHCUTA
1 M30BITOYHBIX BaKAHCHUH MOXET OBITh MPUINHON
BIMSHUS ~ BOAOPOJAa Ha  OPHUEHTAIMOHHYIO
3aBHCHMOCTD npejena TEeKy4eCTH u
nedopManoHHOE YIIPOYHEHUE, TPOTHUBOIOIOXK-
HOTO  CIIlydal0  MEXaHHYeCKOro  IOBEJCHUs
HEHABOJIOPOKEHHBIX MOHOKPHCTAILIOB.

Jluteparypa

1. Copley SM and Kear BH, Acta Metall.,
1968;16: 227 — 231.

2. Kestenbach H-J, Phil. Mag., 1977; 36:
1509 — 1515.

3. Gavriljuk VG, Bugaev VN, Petrov YuN,
Tarasenko AV, Yanchitsky BZ, Scripta
Mater., 1996; 34: 903 — 907.



