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Introduction

Hydrogen in iron-based alloys causes partial
y—ey transformation that is often considered to
play a definite role in hydrogen embrittlement. A
reason for this transformation is that hydrogen
stabilises the hcp lattice as compared to the fcc
one [1] and reveals a larger solubility in the € than
in the y phase [2]. The knowledge about the state
of hydrogen atoms in solid solutions was obtained
from internal friction spectra (e.g. [3]). It was
shown that hydrogen in austenitic steels (FeCrNi,
FeCrNiMn alloys) causes so-called Snoek-like
relaxation due to diffusion jumps of hydrogen
atoms in atomic complexes of non-cubic
symmetry, although some disagreement exists
whether the complexes are just H-H pairs [4] or
they are formed by hydrogen with substitutional
atoms [3,5]. The internal friction spectra of
hydrogen-charged austenitic steels are quite
complicated and contain at least two relaxation
peaks of which the identification is not easy.
Moreover, two hysteretic peaks obviously caused
by hydrogen degassing during heating near room
temperature are observed at frequencies that are
compatible with the hydrogen migration rate [3].
Their precise identification is so far absent.

Results and discussion

Two types of alloys (FessCrysNiy and
FesoNiso) were chosen for studies. The first one is
close to the commercial steel AISI 310 where the
y—ey transformation is rather intensive [6]. The
second one is expected to possess a higher
mobility of hydrogen atoms in its crystal lattice
and, consequently, a smaller tendency to cause
phase transformations. Samples for internal
friction studies and for X-rays diffraction were
hydrogen-charged electrolytically in 1IN solution
of H,SO, with addition of 50 mg/l NaAsO, during
72 h at T = 300K and current density of 10
mA/cm®. A Pt foil was used as anode. After
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charging, specimens were stored in liquid nitrogen
to prevent hydrogen degassing.

Huber diffractometer with 0-20 goniometer
and FeK,-radiation was wused for X-ray
diffraction. Plates of 10x10x1 mm® were used for
these studies.

Relaxation and hysteretic phenomena were
studied using the internal friction technique with
help of a computerized low-frequency
relaxometer. The wires of different diameter were
used as specimens.

X-ray diffraction studies carried out on the
hydrogen-charged FessCrysNiyg and  FesoNisg
alloys show different behavior in respect to phase
transformation (see Fig.1).
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Fig.1. X-ray diffraction patterns of FessCrysNiyg
and FesoNis hydrogen-charged alloys.

There is broad peak identified as (10.1) reflection
from e-phase in the alloy FessCr,sNiyy, whereas in
the second alloy this phase is not observed. The
only additional peak, noted as yy, appears.

Internal friction study reveals quite different
spectra for FessCrysNiy, and FesoNisy hydrogen-
charged alloys (see Fig. 2). The identification of
the IF peaks in the alloy FessCrysNiy was made in
[3] using the frequency shift and changing the
heating rate. The frequency shift analysis of the



alloy FesoNiso is made in the present study. The
relaxation peaks are being shifted on the
temperature scale with changing the frequency
and do not undergone the influence of the heating
rate, whereas the behaviour of the hysteretic peaks
is just opposite.

One broad relaxation peak H,' at about 230 K
with the activation enthalpy of about 0.55 eV, as
observed in the alloy FessCrpsNiy, is caused by
jumps of hydrogen atoms in their complexes with
substitutional atoms, s-H. Two hysteretic peaks
(H,' and H;'") in the temperature range of 300 and
400 K are caused by hydrogen degassing. In
contrast, the IF spectrum of the alloy FesoNis
contains one clear hysteretic peak (H,) at 330 K
and two relaxation peaks (H,” and H,?) at 150 and
200 K with the activation enthalpies of 0.4 and
0.48 eV, respectively.
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Fig. 2. Internal friction spectra of hydrogen-
charged alloys FessCrysNiy and FesoNis.

There is also some small peak H,” at 260 K that
could not be analysed by means of the frequency
shift or the heating rate variation because of its
low intensity.

Based on the knowledge about the phases in
the studied steels, one can conclude that hysteretic
peaks H,' and Hi' in the two-phase alloy
FessCrysNipy are caused by hydrogen degassing
from the y and € phases respectively. Only one
hysteretic peak is observed in the alloy FesoNis
because the hydrogen-induced & phase is not
formed.

The low-temperature relaxation peak in the
alloy FesoNiso needs further studies. On account of
the data on the short range atomic order in Fe-Ni
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alloys (see e.g. [7]) one can suppose that it is due
to the reorientation of H-H atomic pairs in the
nickel-rich areas of the FeNi solid solution. The
enthalpy of hydrogen migration in Ni is rather low
(~0.4 eV), which is consistent with the low
temperature of this peak. The low intensive peak
H,” belongs probably a hysteretic process
concerned with hydrogen degassing from Ni-rich
volumes.

Conclusions

1. Two phases, y and ¢, exist in hydrogen-charged
FessCrysNiyy alloy. Two hysteretic processes, as
revealed in the internal friction spectra of
hydrogen-charged FessCrysNiyy alloy, are caused
by hydrogen degassing from these phases.

2. The absence of chromium and increase in the
Ni content makes the FeNi alloy resistant to the
hydrogen-caused y—¢ transformation.

3. Only one large hysteretic peak, as observed in
the FesoNisy alloy, corresponds to hydrogen
degassing from the vy solid solution that is the only
phase in accordance with the and X-ray
diffraction data.

4. A new low temperature relaxation peak with
the activation enthalpy of 0.4 eV is observed in
the hydrogen-charged FesoNis, alloy presumably
related with H-H reorientation in nickel-rich
regions of the ordered Fe-Ni solid solution.
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PEJTAKCAIIMOHHBIE U TUCTEPE3UCHBIE SIBJIEHUS B
HABOJAOPOKEHHBIX CIINTABAX HA OCHOBE KEJIE3A
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WNuctutyT Metanmnodusuku, Oyn. Bepnanckoro 36, Kues, 03142, Ykpauna
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Beenenne

B cmmaBax Ha OCHOBE JKele3a BOJOPOA
BBI3BIBAET YacTHYHOE (ha30Boe TpeBpalleHue
Y—>€n, KOTOpOE, 10 MHEHUI0 MHOTMX aBTOPOB,
WTpaeT ONpPENENAIONIyI0 pOJib B BOJOPOJAHOM
oxpymuuBanuu. Ilpuumna Ttakux  (azoBBIX
peoOpa3oBaHUN COCTOUT B TOM, YTO BOJOPOA
crabummsupyet I'TIY cTpykTypy 1o CpaBHEHHIO C
I'IK [1] u obnamaeT Oonbliei pacTBOPUMOCTHIO B
e-paze uwem B 7Y-daze [2]. Hndopmaums o
COCTOSHMM aTOMOB BOJOpoJa B  TBEPIBIX
pacTBopax Obula IIOIy4e€Ha W3  CIEKTPOB
BHyTpeHHero TpeHus (cMm. Hampumep [3]). beuto
MOKa3aHO, YTO BOAOPOJA B AYCTCHUTHBIX CTaJsX
(crutaBer FeCrNi m FeCrNiMn)  BbI3BIBaeT
penakcanuio CHyka, OOYCIOBICHHYIO TUQPY-
3MOHHBIMH MpPBDKKAMM aTOMOB BOJOpoJa B
aTOMHBIX  KOMIUIEKCaX C  HEKyOW4eckou
cummerpueil. OJHAKO CYIIECTBYET HEKOTOpPOe
pasHoriacue B TOM, SIBISIOTCS JIM 3TH KOMIUIEKCHI
TONIFKO TTapamMu atoMoB Bojiopoaa (H-H maper) [4]
WIX OHU CHOPMHUPOBAHBI ATOMaMH BOAOPOAA C
atomMamu 3amenienus [3,5]. CnekTpsl BHYTpeH-
HETO TPEHHsS HABOAOPOKEHHBIX ayCTCHUTHBIX
cTajieil BeCbMa CIIOXKHBI U COJEpKaT Mo KpaiHei
Mepe JBa peJaKCallMOHHBIX IUKa, HICHTU(U-
Kalysg KOTOpBIX HEoJHO3HauHa. B To e Bpems,
HAOJIONAIOTCST  Ba  T'MCTEPE3UCHBIX  IHKa,
KOTOpble OOYCJIOBJIEHBI ~ BBIXOZOM BOJOPOAA B
MIpolLIeCCe HAarpeBa MPH YacTOTaX, COM3MEPUMBIX C
CKOPOCThIO Murpauuu Bogopona [3]. OgHako ux
TOYHAs IPUPOJA HE YCTAHOBJICHA.

Pe3yabTaThl U UX 00CyXKIeHHE

Jlist uccnenoBanmsi OBUTA BEIOPAHBI J1Ba CILIaBa
Fe55Cr25Ni20 u FeS()NiSO. HepBBIﬁ o COCTaBy
Omm3ok K KoMmMepueckoi crtamum AISI 310, B
KOTOpPOW TPOUCXOAUT JOBOJILHO WHTEHCHBHOE
npeBpaiieHue y—>ep [6]. Bo BTOpoM, Kak 0u-
JaeTCs, aTOMBI Bojgopoaa OyayT oOiiamaTh Ooiree
BBICOKOM INOABHKHOCTBO B KpHCTaHHH‘IeCKOﬁ
pemeéTke M, KakK CIEeNCTBHE, 3TOT CIUiaB OynxeT
MeHee ToJBepkeH (Pa3oBBEIM TpEeBpaIICHUSM.
OOpa3Iel A1 YCTAaHOBKY BHYTPEHHETO TPEHUS U
IUIE  PEHTTCHOBCKMX  HWCCIENOBaHWUH  ObUIM
ANIEKTPOUTHYECKN HaBOJOpokeHbI B 1IN pac-
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TBOpPE CEPHOHM KHUCIOTHI C HEOOIBIIOW 100aBKOH
NaAsO, (50 wmr/m). HaBomopakmBaHHE IIPOM3-
BOJWJIOCH B TeUeHHe 72 4yacoB NpH TeMIepaType
300K u miotHocTH Toka 10 MA/cM’. B kauecTse
aHoJla WCIIONIb30Bajach IUIATHHOBAs  (QoJbra.
[locne  HaBomopakuBaHus  0oOpasubl  OBUTH
MOMEIIEHBI B XKHUIKUH a30T BO M30eKaHNE BBIX0A
BOZOpPOAA.

Jlist peHTreHOBCKON mudpakimuu OB HCITONb-
30BaH gudpakromerp Huber ¢ 0-20 ronmomer-
poMm. OO6pasznamMu CIy>KWIH TUIACTHHBI pa3MepoM
10x10x1 M.

PenakcaniioHHblE W THUCTEPE3UCHBIC SIBICHUS
ObUTH W3Yy4YeHBl Ha YCTaHOBKE BHYTPEHHETO
TPEHHS TIPH IIOMOIIM KOMITBIOTEPU30BAHHOTO
HU3KOYaCTOTHOTO pellakcomeTrpa. B kadecTBe

00pa3loB  OBUIM  HCIOJB30BAaHBl  MPOBOJIOKH
Pa3HbIX AUAMETPOB.

UccnenoBanusi peHTreHOBCKOM  audpakiuy,
MpOBEJEHHOE Ha HABOJOPOXEHHBIX CIUIaBax

FessCrysNiy u FesoNisg, mokazano pasnmmyHoe ux

MOBEJCHUE TI0  OTHONICHWI0O K  (a3oBBIM
npesparieHusaM (cm. Puc. 1).
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Puc.1.PeHTreHOBCKHE  CIIEKTPHI  HABOJOPOKEHHBIX

F655cr25Ni20 u Fe5oNi50 CIIJIaBOB.

Nmeetcst mupokuii MUK, WACHTUDUITUPOBAHHBIN
kak pedaexc (10.1) e-¢asbr B crutaBe FessCrysNip,
TOrZla KaKk BO BTOPOM CIUIaBE BO3HUKACT JIMIIb
JOTIOJIHUTENIbHBIH ~ pedieKc  THK  PeméTKH,
0003HAYCHHBIN Y.



Crektpel BHyTpeHHero Tpenus (BT) maror
pasHyl0  KapTHHY I  HaBOJOPOKCHHBIX
FessCrysNipg u  FesoNisy crumaBoB  (Puc.  2).
WNnentndukamus mukoB BT mns  FessCrasNipg
Oplla BBEIMONHEHA B [3] ¢ HCIONB30BAaHUEM
“H(pOPMAIUK O YaCTOTHOM CJIBHTE U M3MCHECHUU
CKOpOCTH HarpeBa. VI3mMepeHue dYacTOTHOTO
coBura gua FesoNisp cmmaBa  CAOellaHO B
Hacrosmie pabore. PemakcarmoHHBIE TTHKA
CMEINAIOTCS 10 TeMIepaTypHOHW IIKame C
M3MEHEHHWEeM 4YacTOThl W HE IOJBEpraroTcs
BIUSHUIO CKOPOCTH  HarpeBa, Torja  Kak
TUCTEPE3UCHBIC MTUKH BEIyT ceost
IIPOTUBOIIONIOKHBIM 00pazoM.

OJHMH MUPOKHil penakcanuonHsii muk H,' mpu
temneparype ~230K c¢ suramsnueir ~0.55 3B,
Habmromaemelii B cmiaBe FessCrpsNiy, BBI3BaH
MePECKOKaMU aTOMOB BOJOPOJIa B MX KOMILIEKCAX
¢ atomamu 3amernienns (s-H). JIBa rucrepe3ncHbIx
mika (H,' u Hs') mexay 300K u 400K BbI3BaHBI
nerazanued Bojxopona. Hamporus, cnekrp BT
cruaBa  FesgNis) WMeeT OAMH 4YHCTO THCTe-
pesucusii muk (Hy?) mpu 330K u mBa pemakca-
mronHeX muka (H;”> u H,%) mpu 150K u 200K ¢
sHTanenuel 0.4 5B u 0.48 3B, cOOTBETCTBEHHO.
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Puc.2. CnexTpel BHYTPEHHEro TpPEHHS HABOJO-

poxeHHBIX cruaBoB FessCrysNiyy 1 FesoNis.

Ects Tarke HeGombimoit muk H,” mpu 260K,
KOTOPBIH HEBO3MOKHO OJTHO3HAYHO
MIPOAHAIN3UPOBATh, MCIIONB3YS YaCTOTHBIN CIIBUT

WIK CKOpOCTh HarpeBa BBHIAY Mallol ero
WHTEHCUBHOCTH.
OcHoBBIBasiCcb Ha CBeleHMAX O (asax B

M3YUYEHHBIX CTAJISIX, MOXKHO CAENATh BHIBOJ, UTO
TUCTEPE3UCHBIC MTUKU H' u Hy' B IBYX(ha3zHOM
criaBe FessCrysNiyy BEI3BaHBI BBIXOJOM BOAOPOAA
u3 y- u g-¢a3, cooTBeTcTBeHHO. B crmaBe FesoNisg
HaOI0JaeTCs TOMBKO OJWH TUCTEPE3UCHBIA THK,
4TO CBSI3aHO c OTCYTCTBHEM €-(a3ssl,
HHIYLIHUPYEMOH BOJOPOIOM.
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HuszkoremnepaTypHbli peflakCalliOHHBIN MUK B
FesoNisg CIIJIaBE TpeOyer JMaTbHEHIINX
uccnenopannii.  [lpuHMMas BO  BHUMaHUE
cBenleHUsT 0 OmmkHeM mopsake B Fe-Ni cruraBax
(cm. wHamp. [7]), MOKHO TIPEIIMOJIOKHUTH, YTO OH
o0ycnoBieH nepeopuenrtanuerd H-H aToMHbIX map
B O0JIACTSIX C BBICOKHM COJAEpKaHWEM HUKEIs B
TBEPABIX pacTBopax Fe-Ni. DHTambINs aKTHUBAIIIH
muGy3ud BOIOpOa B HUKEE JOBOJILHO HH3Ka
(~0.4 5B), yTO HaxXOmUTCA B COOTBETCTBHH C
HU3KOU TeMnepaTypoun 3TOr0 MHKA.
ManounreHcuBHbli  muKk  H,® cooTBercTByeT,
BEPOSATHO, TUCTEPE3UCHOMY IPOIECCY, KOTOPBIN
OTBEUaeT 3a BBIXOJ BOAOpOJa W3 O0JacTeil ¢
BBICOKUM COJICPYKAaHUEM HUKEJIS.

BriBoabI

1. B HaBonmopoxxeHHOM cruiaBe FessCrysNiyg
HaOmonatorcs aBe  ¢aspl, y wu & [lBa
THUCTEPE3UCHBIX TIpollecca NpU HArpeBe 3TOTO
CIUTaBa BBI3BAHBI BBIXOJIOM BOJOPOJA U3 3TUX (has.

2. OrcyTrcTBHE XpoMa M IIOBBIIIEHUE
colepxaHusi HUKens nenaeT cruiaB Fe-Ni
YCTOWYHMBBIM IO OTHOLIECHUIO K (ha30BOMY
NPEBPALLEHUIO Y—>€, BEI3BAHHOMY BOJIOPOJIOM.

3. B cinaBe FesgNisy HaOIr0qa1ca TOJIBKO OLUH
OOJNBIION  THCTEPE3WCHBIH MWK,  KOTOPBIH
COOTBETCTBYET BBIXOJy BOJOpOJa W3 TBEPAOTO
pactBopa Yy-(haspl, SBIAIOIICHCS EIMHCTBEHHOU
(hazoii, B COOTBETCTBUM C IAaHHBIMH PEHTICHOB-
CKOW A paKkLuny.

4. B HaBojopoxeHHOM cruaBe FesoNisg
HaOMromaeTcsl  HOBBIM  HHU3KOTEMITEpATypPHBIH
peNaKCallMOHHbI NUK C JHTaJIbNUENH aKTUBALUU
0.4 eB, KoOTOpBIA, NO-BUAUMOMY, CBSI3aH C
mepeopuentarmein map H-H B obmacTax
YIOPSAOYEeHHBIX TBEPIBIX pacTBOopoB Fe-Ni ¢
MOBBIIICHHBIM co/iepikaHueM Ni.
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