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[IpoBeneHo Uccaea0BaHIE BO3MOXKHOCTH OTXKHUTA Ae(popMHUpOBaHHBIX JieHT crtaBa Ni— 13.9 mac. % W ¢ ucnosis-
30BaHHEM MyYKOB YCKOPEHHBIX HOHOB Ar* C sHeprueil 15 k3B. YcTaHOBIEHO, YTO KPaTKOBPEMEHHOE OOIyUeHHE
Qumoencom ~ 3.1-10% ¢m? (B Teuenne 50 ¢) npu Temneparypax mumenn 7 < 370°C u T = 630°C NpuBOAHT K CHATHIO
MUKpOHAIPSDKEHUH B 00beMe JICHTHI TOJMIIUHOM 80 MKM, TIPH 3TOM COXpaHSETCsl HCXO/IHAs TEKCTypa. AHAIOTHYHbIE
W3MEHEHHS YPOBHSI MUKPOHAIPSHKEHHUH KaK ¢ 00Jy4eHHOMH, TaK U ¢ HEOOIyuYeHHOW CTOPOH 00pa3LoB, PH IIPOCKTUB-
HOM mpobGere HoHoB Ar* ¢ sueprueii 15 k3B B HUKeNe ~ 7 HM, CBHACTEIBCTBYET B MOJB3Y PaAHANHOHHO-THHAMUYC-
CKOH IpUPOJbl BO3JECUCTBUS IIyYKOB YCKOPEHHBIX HOHOB Ha BELIECTBO.

Knirouesuie cnosa: O6J'Iy‘leHI/I€ HOHaMU; OTKHUI'; MUKPDOHAIIPSIZKEHUS; TCKCTYPa, peHTFeHOCprKTypHBIﬁ aHaJInu3.

STUDY OF POSSIBILITY OF DEFORMED Ni - 13.9 wt. % W ALLOY
ANNEALING USING BEAMS OF ACCELERATED ARGON IONS
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The possibility of annealing the strips of deformed to 99% Ni — 13.9 wt. % W alloy was investigated using beams
of accelerated Ar* ions with an energy of 15 keV. The alloy after deformation and subsequent recrystallization an-
nealing (T = 1000°C, 1 h) acquires an especially sharp texture and is a promising material for the manufacture of
substrates for HTSC cables. Irradiation with continuous beams of Ar* ions was carried out on an ILM-1 implanter
equipped with a PULSAR-1M ion source based on a low-pressure glow discharge with a cold hollow cathode. The
irradiation parameters were selected in such a way as to irradiate the samples Ni — 13.9 wt. % W at two different
temperatures. In the first case, the samples were not heated above 370°C due to movement under the ion beam at a
speed of 1 cm/s. In the second case, the temperature of the samples during irradiation was 630°C. An X-ray structural
study of the strips in the initial state and after ion-beam treatment was carried out using the Rietveld method using the
FullProf program. X-ray diffraction patterns were recorded on a DRON-4 diffractometer. It was found that short-term
irradiation with low fluence ~ 3.1-10® cm™2 (50 s of irradiation) at target temperatures T < 370°C and T = 630°C leads
to the removal of existing microstresses in the volume of the tape 80 pum thick, while the original texture is retained.
Similar changes in the level of microstresses from both the irradiated and unirradiated sides of the samples, when the
projected range of Ar* ions with an energy of 15 keV in nickel is ~ 7 nm only, testifies in favor of the radiation-
dynamic nature of the action of beams of accelerated ions on matter. Such action is associated with the generation and
propagation of post-cascade powerful elastic and shock waves.

Keywords: ion irradiation; annealing; microstresses; texture; XRD.

BBenenue JIETENIbCTBYIOLINE O TOM, YTO HOHHOE 00JTyye-
B pab6orax [1-4] momy4eHbI TaHHBIE, CBU- HUE Ta30BbIMM HOHamMu ¢ »Heprusamu 10-
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50 k3B ¢ moTHOCTSIMU HOHHOTO TOKa | = 100-
400 MxA/cM? e OPMHUPOBAHHBIX MaTepHa-
JIOB MOXKET SIBIISITHCSl AIbTEPHATUBON TEPMHU-
YeCKOMY OTXUTY. PaniuanioHHBIA OTKUT B
ATIOMUHHUEBBIX U JIPYTHX CIUIaBaX MPOTEKAET
IIpHU 3HAUUTENIBHO OOJIee HU3KUX TEeMIEepary-
pax, 3a OoJiee KOPOTKOE BpeMs U TpH CyIIle-
CTBEHHO MeHbIIUX (B 2-3 pasa) 3arparax
SHEPTUU IO CPABHCHUIO C TEPMUUYCCKUM OT-
xurom. Ilpu sTtomM riyGuHa BO3AEHCTBUA
HMOHOB HE OTPAHUYUBACTCS 30HOW MPOHUKHO-
BEHHUs HOHOB, a Gosee ueM B 10* pa3 npeBsI-
mraer ee [1-4].

B nannoit pabote B kauecTBe 00BEKTa UC-
CJICTOBAHMS OBLT BEIOpaH CIUTaB
Ni—13.9 mac. %W mocie XOJIIOIHOM IIpo-
KaTKM C BBICOKOHW CTENEHbI0 aedopmanuu
(99 %). U3BectHO [5], 4TO 3TOT CILIaB TOCIE
YKa3aHHOH BbIIIE AePOpMaIIH U ITOCIIEIyO-
IIET0 PEeKPUCTAILTU3ALUOHHOTO OT)KUTa TPH
T=1000°C B Teuenue 1 4 mpuodbperaer 0codo
OCTPYIO TEKCTYpy M SBIISETCS TEPCIEKTHB-
HBIM MaTEPHUAJIOM I U3TOTOBJICHUS MTOMJIO-
ek a1 BTCII-kaOeneii. B cBsasu ¢ 3tuMm
MPEJICTABIISICT HMHTEPEC OIICHUTh BO3MOXK-
HOCTh oTxwura jieHT cruiaBa Ni-W ¢ ucnosib-
30BaHHEM MOHHO-ITYYKOBOW 00paboOTKH.

Marepunajibl M1 MeTO/AbI HCCJIAOBAHUS

O6pasip! crutaBa Ni — 13.9 mac. %W pas-
MepoM 8x15 MM, BeIpe3aHHbIE U3 IPOKaTaH-
HBIX JIeHT TonmmHoi 80 MM, oOnydanu He-
[PEPHIBHBIMU [Ty4KaMH HOHOB Ar' Ha WM-
iantepe NJIM-1, ocHallieHHOM HOHHBIM HC-
touHukoM «I[1YJIbCAP-1M» Ha ocHOBe Tie-
IOLLETO pa3psifia HU3KOTO JaBJICHUS C XOJIOA-
HBIM TIOJIBIM KatonoMm [6]. I1pu sTom Bapbu-
pOBaJM mapaMeTpbl OOJIyd4eHHUS C LEJblo
o0ecneunTh pa3IUyHbIi HarpeB oOpas3loB U
UX BBIACPXKKY IPHU 33JaHHBIX TEMIIEPATypax.
Pexxumbl 00myueHus npuBeaeHs! B Taom. 1.

CbemKy 00pa3IoB B UICXOJHOM COCTOSIHUHU
U TI0CIIE BO3JIEHCTBHS ITydKOB MOHOB Ar' (C
o0JlydueHHOH U C HEOOJy4YeHHOH CTOpPOH
JIEHTBbI) TPOBOAWIN Ha JuUdpaKTOMeTpe
JIPOH-4. Tlony4yeHHble JaHHbIE aHAJIU3UPO-
BaJI1 METOJIOM IMOJHONPO(UIBLHOTO aHaIn3a
PutBenma ¢ ucCnoib30BaHMEM NPOTrPaMMBbI
FullProf [7].

Tabmuma 1. [Tapamerpsl oOmydenHus nehopMHPOBAH-
Horo cmiaBa Ni — 13,9 mac. % W nonamu Ar* ¢ suep-
rueii 15 k3B

Table 1. Parameters of a deformed Ni — 13.9 wt. % W
alloy irradiation using Ar* ions with an energy of

15 keV

or- Makcu-
Ne ot Bpems MaJbHas
HOCThb diroeHe
pe o0yue- TeMIepa-
- | AOHHOTO s HOHOB Typa
TOKA j, F, cm?
Ma | A ol t,c MHIICHH,
°C
1 50 3.1-10% *
2 100 750 4.7-10Y 870
3 50 3.1-10% 630
4 200 1.3-10Y

*B aTOM Cilyyae 00pasilbl HE HAIPEBAIUCH BBIIIE
370°C 3a cuer mepeMeneHHs 01 HOHHBIM ITyYKOM CO
cKkopocThio 1 cm/c.

Pe3yabTaThl M MX 00Cy:KAeHUE

Ha puc. 1a B kauecTBe npuMepa npuBeaeHa
JUdpakTorpaMmMa, CHsITas ¢ MCXOAHOro 00-
pasua mnocie nehopManuu.

BeimonHenHslit  aHanu3 audpakTorpamm
MOKa3all, YT0 B MCXOJHOM COCTOSIHHH CILJIaB
HaXOJUTCSl B KPUCTAIUTMYECKOM COCTOSTHUM C
JOCTAaTO4YHO OoybIIMMHU 3epHaMu. Pediexco
3HAYUTENIbHO YLIMPEHBl H3-32 BHYTPEHHUX
MUKPOHAINPSKEHUH, O YeM CBHJETEIBCTBYET
HaKJIOH MpPSIMOl 3aBUCUMOCTH BEIMYMHBI
B(20)xcos® ot SiN® Ha puc. 16. MukpoHna-
NPSOKEHHS U30TPOITHBI, T.K. SKCTIEPHMEHTAITb-
HbI€ TOUKH C XOpOIIEeH TOYHOCTBIO JIeXkKaT Ha
npsmMbIX (cM. puc. 1 6, B). 3HaUUTENbHOE TTpe-
BBILIICHHE MHTEHCUBHOCTU pediekca (220)
Ha/l OCTaJbHBIMH TIOKa3bIBAET, YTO B IPO-
necce Aedopmaiuu 3epHa, B OOJBIIMHCTBE,
BBICTPAMBAIOTCS TUTIOCKOCTHIO (220) B TNIOCKO-
CTM TpoKaTku. B 53Toil miockocTH Takxke
HaOJII01aeTCsl M YacTh 3€PeH C OpUCHTAIUEH
(200). ITonmydeHHble B pe3yibTaTe aHalK3a
TUQPPaKTOTpaMM CTPYKTYpHBIE TIapamMeTphl
MPUBEICHBI B Ta0I. 2.

[Tociie oOnyuyenus wonamu Ar' ¢ ykaszaH-
HBIMH BBIIIE MTapameTrpamu (Tabmn. 1) Bug au-
(dpakTorpaMM TMOJHOCTHIO AHAJOTUYEH WC-
X0/HOU mudpakTorpamme (puc. 1 a).

OnmHako MMeeTCsl OTIMYHUE: 3aBUCUMOCTH
B(20)xc0sO ot SiNG, moy4YeHHbIE B PE3YJlb-
TaTe aHaM3a AUdpakTOorpamMm, CHATHIX € 00-
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Puc. 1. DkcnepumeHTanbHas maudpakTorpamma 00-
pasma crmaa Ni — 13.9 mac. %W mocie nedopmariin
(@), a Taxxe 3aBucuMOCTH BemmuuHbl (20)*C0SO ot
Sin® myst McxoaHOro 0Opasna mocie aedopmamuu (6)
1 i 00pasia mocie obnydenus nonamu Art ¢ E = 15
k3B B pexume: j = 100 MxkA/cm?, F =3,1-10% cm?, T<
370°C (8). KpacHble KpyXKH — 3KCHEPHUMEHTATbHBIE
TOYKH, OI‘I/I6aIOH.[a$[ CHHAA JIUHUA — paC‘IeTHHﬁ po-
(Wb, ITPUXH — YTIOBBIC TIOJOXKEHHUS peIeKCOB

Fig. 1. Experimental diffractogram of Ni — 13.9 wt. %
W alloy samples after deformation (a) and depend-
encec of the value 3(2@)xcos® from sin® for the initial
sample after deformation (b) and for the sample after
irradiation with Ar* ions with E = 15 keV in the mode:
j=100 pA/cm? F =3.1-10%cm?, T < 370°C (c). The
red circles are the experimental points, the envelope
blue line is the calculated profile, the strokes are the an-
gular positions of the reflexes

JY4YEeHHBIX O0O0pa3IoB, HWMEIT MEHbBIIHA
HaKJIOH (puc. 1 6, 8). DTO CBUIETEILCTBYET O

Tabmuma 2. CTpykrypHble HapaMeTpbl JieHThl Ni —
13.9 mac. % W B MCXOJHOM COCTOSIHUM TOC)E nedop-
Marmu (99 %) u mocie oonyuyeHus noHamu aprouna (E
= 15 x3B) B pa3nIU4HBIX pexKUMax

Table 2. Structural parameters of the Ni — 13.9 wt. %
W tape in the initial state after deformation (99%) and
after irradiation with argon ions (E = 15 keV) in various
modes

Mukpo-
Hapaverp HampsKe-
pemeglm HUS, Texk-
Pexum & Ad/dx10* | cry-
00paboTku o0uyy. CT.
/ 00yd. CT. pa
HEOOJI. CT. /
HEOOJI. CT.
Xonomwas | 4 54406) 35.0 220
nedopmanus
OGuy- 35437(2)/ | 217/
uenme, | 20 ¢ | 3.5435(3) 21.0 220
T<
< [750 | 35433(2)/ | 2231
370°C | ¢ | 35442(3) 21.1 220
OGuy- 35452(2)1 | 2077
eme, | 0° | 354623) | 220 | 220
T- [200 [35433(1)/ | 265/ | o0
630°C | o | 3.5425(1) 18.7

TOM, YTO B OOJIy4EHHBIX 00pa3liax yMEHbIIU-
JMCh MUKPOHANPSKEHHUS.

AHanu3 1okasai, 4to B ciayyae oOIydeHus,
KOrja TeMIepaTypa MULICHU He MpeBbIIaia
370°C, mapameTp peuIeTKH MPAKTUYECKU HE
U3MEHWICS, TOTAAa KaK MMKPOHAIPSKEHHS
ynam ot Ad/dx10* = 35.0 no ~21.0-21.7 yxe
1ocjIe MUHUMAIIBHOTO ()IFOCHCA, U TIPH Jallb-
HeimemM oOyd4eHUH He M3MEHWIIMCH (Tabdl.
2).

OO0ny4yeHrne MOHaAMM aproHa JIEHT CIUIaBa C
HarpeBoM MmunieHu a0 630°C takxe NnpuBo-
JUT K YMEHBIICHUIO YPOBHS MUKPOHAIMpsIAKe-
HUN BO BceM o0bemMe 00pasioB. [Ipu Hu3koM
dmoence F =3.1-10 cm (Bpems 06mydenns
50 ¢) Ad/dx10% = 20.7 u 22.0 ¢ 061yueHHOi 1
HeoOJyueHHOH cTopoHbl BMecTo 35.0 y uc-
xomHoro ob6pasma. [lpu ©Oosnee BBICOKOM
dmroence F =1,3-10% cm2 (200 ¢ o6myuenus)
YPOBEHb MUKPOHAIPSKEHNH HECKOJIBKO BO3-
pacraer ¢ OOy4EeHHOHW CTOPOHBI MO CpaBHe-
HUIO ¢ 00pa3ioM mociie 00TyYeHUs HU3KUM
dmroencom nonos Ad/dx10%=24.5 u mpu sToM
cocraBiseT 18.7 ¢ HEOOIy4EeHHOW CTOPOHBHI.
Tekctypa (220), cBoOiCTBEeHHass HUCXOJHOMY
J1e(OpMHUPOBAHHOMY COCTOSTHHIO, COXPaHsi-
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eTcs MPU BhIIICYKa3aHHbBIX PEXUMax 00yye-
HUS.

3akiroyeHue

Takum 00pa3oMm, BBITIOJIHEHHBIE HCCIIEHO-
BaHUs TOKa3ajlM, YTO KPaTKOBPEMEHHOE 00-
Jy4eHHe MOHAMHU aproHa c sHeprueit 15 xsB
yKe TIpu Hu3KkoM (uroence ~ 3.1-10° cm?
(50 ¢ oOmyueHust) mpu TeMmIepaTypax MH-
mean 7'<370°C u T = 630°C mpuBoauT K
CHSTHIO HMMEIOIIMXCS MUKpPOHANPSIKEHUI B
o0beMe MpeIBAPUTEIBHO J1e(hOPMUPOBAHHOM
aentsl u3 Ni — 13.9 Bec. % W npu coxpane-
HUH UCXOJHOU TEKCTYPHI.

CnexyeT OTMETUTh, YTO U3MEHEHUS
YPOBHSI MUKPOHAIIPSDKEHHH KaK C 0OJy4eH-
HOM, TaK U ¢ HeoOJTyYeHHOU CTOPOH 00pasia
TouHOW 80 MKM, NMPUMEPHO OJHMHAKOBBI,
IPU 3TOM MPOEKTUBHBIA MPOOEr MOHOB ap-
roHa c sHeprueii 15 k3B B HuKene, cornacHo
pacueram metogom TRIM, coctaBnsier ~7 HM.
[TomydeHHBIN pe3ynbTaT CBUAETEILCTBYET B
MOJIb3y PaJMallMOHHO-TUHAMUYECKON Tpu-
pOIbI  BO3JCHCTBUS IMYyYKOB YCKOPEHHBIX
HMOHOB Ha BEIIECTBO, CBI3aHHOM C TeHEpaluen
U pacmpoCTpPaHEHHWEM MOCTKACKATHBIX MOIII-
HBIX YIIPYTUX U yAapHBIX BoH [1, 3].

B nanpHelineM rmiaHupyeTcs MpoJOKUTh
MOUCKH ONITUMAIIBHBIX PEKUMOB OOIydEHUS,
no3BosIstoIUX oTKedb mieHku Ni —W ¢ ¢op-
MHUpPOBaHHEM HEOOXOTUMON TEKCTYPHI.

HccnenoBanue BBINOJIHEHO npu
¢uHaHCcOBOM  momaepxkke  Poccuiickoro
HayuHoro ¢onja (mpoekt Ne 19-79-20173).
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