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BILIMB TEPMIYHOI OBPOBKH Y CEPEJIOBUIII BOJHIO HA
MATHITOCTPHUKIIIO 3AJII30-KOBAJIBTOBOI'O CIIVIABY

Pestome. 3anpononosano cnocid noninuienHa macrHimocmpukyii cniagy K50D2, y akomy ons
30invutentss 06’emnoco emicmy @nopsokosanoi gasu FeCo mepmoobpobky nposoounu y 600ui muckom 0,1
Mlla. e oossonuno 3wuzumu Ha 150 K memnepamypy obpobku (sio 1153 oo 1003 K) i cxopomumu ii
mpusanicms 3 5 00 4 200., 8paxosyrouu uac oecazayii. Ha ocnogi npogedenux excnepumenmanvHux 00CnioHiceHsb
NOKA3aHO, WO 3aCMOCY8AHHS B0OHI0, K MEXHONO02IYHO020 cepedosulya 8 npoyeci nooOpibHeHHs ma XiMiko-
mepMiuHoi 00pOOKU NOCMITIHUX MAZHIMIG 00360/1€ 30IMTbUUMU BETUYUHY KOHCIAHMU MACHIMOCMPUKYL.

Kniouosi cnoea: 6ooenv, macnimuuii momenm, memnepamypa mouxku Kiopi, maecHimocmpukyis,
KOHCMAanma MazHimoCcmpuKkyii, aHOMAanii enekmpoonopy.

Y. Zamora

THE INFLUENCE OF THERMAL TREATMENT IN THE HYDROGEN
ENVIRONMENT ON THE IRON-COBALT ALLOY
MAGNETOSTRICTION

Summary. Magnetic properties of materials are divided into two groups — the dependent and
independent on the material structure. Magnetostriction is a characteristic that depends on both of these factors
and can be both in ferromagnetic and antiferromagnetic metals. Magnetic materials can have both positive and
negative magnetostriction. The magnetostriction constant describes the ability of magnetic materials to change
their size while imposing a magnetic field or while exceeding the critical temperature of the magnetic
transformation (Curie point). The research of the influence of temperature and time of the thermal treatment in a
hydrogen environment on the magnetostriction constant of iron-cobalt alloy has been conducted. Dissolved
hydrogen increases critical temperature of o-f transformation in cobalt and promotes selfdiffusision of the Co
structure. The method of improving magnetostriction of alloy K50F2, in which the thermal treatment in the
hydrogen was made with pressure 0,1 MPa to increase the volume content of the ordered phase FeCo has been
proposed. It allows to drop the temperature of treatment to 150 K (from 1153 K to 1003 K) and reduce its
duration from 5 to 4 hours taking into consideration the time of decontamination. The temperature and time
intervals of forming hydride phases in vanadium, by which it is alloyed to improve plasticity to prevent the
hydrogen imbrittleness under cooling, have been found. On the basis of carried out experimental researches
there has been shown that the use of hydrogen as a technological environment during fragmentation and
chemial-thermal processing treatment of magnet allows to increase the value of magnetostriction constant.

Key words: hydrogen, magnetic moment, Curie point temperature, magnetostriction, magnetostriction
constant, electric resistance anomaly.

IlocTanoBka npobaemu. Benrka yBara JOCHITHAKIB CIIPSIMOBaHA Ha BUBYEHHS HOBOTO
KJacy (yHKIIOHAJIBHUX MaTtepialiB, siKi MalOTh BUCOKI MOKAa3HUKH (PI3MUHUX BIACTUBOCTEH.
Ile — mocTiitHi MarHiTH Ta MarHiTOCTPUKTOPH HAa OCHOBI cIiiaBiB 3d—mepexinaux metamis (Fe,
Co, Ni). OnHak Mar"iTOCTPHKIIHHI MaTepialid 3 TOYKH 30py BHUKOPUCTAHHS TEPMIUHOL
00pOOKM y CepeloBHIN BOJHIO HPAKTHYHO HE JOCTIUKyBadHCA. 10OMYy BCTaHOBJIICHHS
MOJKJIMBOCTEH 3aCTOCYBAaHHS BOJHIO SIK TEXHOJIOTIYHOTO CEpefOBHUINA IS ONTHMi3amii



eKCIUTyaTallifHIX XapaKTePUCTHUK MAarHiTOCTPHUKINIHUX CIUIABIB € aKTyaJlbHOI HAyKOBO-
TEXHIYHOIO 331a4Yel0 Cy4acHOr0 MaTepialo3HaBCTBA.

AHaJIi3 0CTAaHHIX TOCTIIKeHD i myoaikamiii. Y mparsx [1-2] g0cIipKeHO B3aEMOJIITO
BOJIHIO 3 HAUTHITOBIIIMMU BIIOPSKOBAaHMMHU CTPYKTYpPaMH Ha OCHOBI d-TIepexiJHUX MeTalliB
Ta 3°SCOBAaHO MOJJIMBOCTI 3aCTOCYBAaHHS BOJHEBOI OOpOOKHM Ui 3MiHH iX (a3oBo-
CTpYKTypHOro cTany. llpo BmimB TepmiuHOi 0OpoOKM Ha MarHiTHI BJIACTHBOCTI 3aji30-
KOOAJIBTOBUX CILIABIB y JIiTepaTypi B3araii HeMae OJHO3HAYHOI JyMKH. I3 podit Emepi [3] 3
nocmimkenns cmiaaBiB FeCo (50%) 1 K502 BumimBae, mo HaKpaine CIHiBBiIHOIICHHS
MarHiTHUX BIIACTHBOCTEH (Majia BEJIMYMHA KOSPIUTHUBHOI CHIIM 1 BEJIMKA BEJIMYMHA MArHITHOL
IHIYKIT) MOXe MaTH MICIe JIWINE 32 BUCOKOTO CTYNEHS JaJIeKOro aTOMHOTO TMOPSAKY. 3
iHmoro OoOKy, B mpaii [4] mMOKa3aHo, IO MOBUIBLHE OXOJIOJDKCHHS B iHTEpBAIl TeMIiepaTyp
550-750°C, t0o6T0 B o0OONacTi, A€ BiIOYBAEThCS IHTEHCHUBHE BIOPSAKYBaHHS, BHKJIUKAE
CYTTEBE 3HM)KCHHS MarHiTHUX BiacTHBOCTeH. HeoOXiqHO Bi3HAYMTH, IO TepMivYHA 00pOoOKa
TaKUX CIUIaBiB TPOBOJUTHCS y BakyyMi 1 BIUIMB BOJHIO Ha MAarHiTHI BIACTHBOCTI
(epOMarHeTHKIB y BHINE3TadaHii JIiTepaTypi He pO3TIISIIaBCs.

MeTtoro 1aHOT po60TH € BCTAaHOBJICHHS 3aKOHOMIPHOCTEH BILIMBY TEMIIEpATypH Ta dacy
TEPMIYHOT OOPOOKH Y CepeIOBHINI BOJIHIO Ha (a30BO-CTPYKTYPHHM CTaH i MAarHiTOCTPHKIIIIO
3aJ1i130-K00AIBTOBOTO CILIABY.

PesyabTaTn AociaixkeHb. Y 3aralbHOMY BHIQJKy MartiTHI BJIACTHBOCTI MaTepiajiB
MOJUISIFOTH Ha JIBI TPYIU — 3aJIeXKHI M He3aJleXKH1 BiJl CTPYKTypu MaTepiaiy. [lepii moB’s3aHi
3 HaMarHidyBaHHSIM, HAIPHKIAJ, KOCPIWTHBHA cWia. J[pyri — 3 TeMIepaTypHOIO 3MiHOIO
MarHiTHOTO TOPSJIKY — MarHiTHU# MOMEHT Ta TeMmmeparypa Touku Kiopi. Ane e Taka
XapaKTePUCTHKA, SKa 3aJCKUTh BiJI 000X BKa3zaHUX (aKTOpIB — II€ MArHITOCTPHUKINIS, SKa
NpOSIBISIETBCS. SIK Yy (epOMarHiTHUX, Tak 1 aHTH(QEepOMarHiTHUX MeTajaxXx. BuBueHHs
KOHCTaHTH MAarHiTOCTPUKII Mae BaXJIMBE 3HAYCHHS IMPH pPO3pOOJCHHI Ta BHUTOTOBIICHHI
OaraTboX BHpPOOIB CydacHOi TEXHIKH, 30KpeMa B paIiOTEXHIIli Ta eJIEeKTPO3B 3Ky —
TeHepaTopu YJIbTPa3ByKy, HaIUyTJIMBI MpHiiMadi 3BYKY, JiHII 3aTPUMKH 3BYKOBHX Ta
€JIEKTPUYHUX CUTHAIIB 1 BUCOKOE(EKTUBHI €JIeKTPOAKYCTHYHI IIepeTBOpIOBadi Ta ToMorpadu,
SIK1 3aCTOCOBYIOTHCSI B METUITHHI.

3a BU3HAUEHHSM, KOHCTAHTa MarHiTOCTpuKIii A = A 1/ 1, ne | — noBxuna 3paska. Bona
XapaKTepU3ye 3JaTHICTh MarHiTHOrO Marepialy 3MIHIOBaTH CBOI pO3MipH INpH HaKjIaJaHHI
Mar”HiTHOro moOJsl abo TMpH Tepexoli uepe3 KPUTHUHY TEMIIeparypy MarHiTHOTO
nepetBopeHHs (Touky Kropi). Ciig Big3HA4UTH, IO 3a IIMX yYMOB HIKEJb Ma€ BiJl'EMHY
MAarHiTOCTPHKIIiIO, TOOTO 3MEHIIy€e CBOI po3MipH, a cIuiaBu Ha ocHOBI P3M iX 3011bLIyIOTS.
[Tpu mbOMy MarHiTOCTpUKIiKHI crutaBu P3M, 30kpeMa aucmpo3ito i TepOiro, BOJIOIIIOTH TakK
3BaHOI0 «TiraHTCHKOIO MAarHiTOCTPHKIIIEIO» — 30UTBIIEHHS I1X TCOMETPHUYHHUX pPO3MIpIB,
MOPIBHSIHO 3 3aCTOCOBYBaHMMH Ha JIaHWH Yac MarHiTOCTPUKI[IHHUMH MaTepiajaMu (CIiIaBu
Fe-Co, A = 107°) moxe gocsrarn 3nagens A = 107 1].

HocnimkyBanu 3anizo-kobansroBuii cmiaB FeCo, neropannii Banamiem (K5002), skuit
BBOJSTH JUIS WiJABHINCHHS IUTACTUYHOCTI Tepe] XOJOJHHM BajbIIOBaHHSIM. MarHiTHi
BiactuBocTi BuxigHoro cmiaBy FeCo (50%) i BanaaieBoro nepmenaopy KS0®D2 B nmokoBkax
TOBIIMHOIO 15...20 MM OJIHAaKOBi, a B XOJIOJHOBAJIBIILOBAHHUX JIACTAX BIJIPI3HSIOTHCS — Y
crutaBi 3 V OifibIlia KOEpIUTUBHA CHUIIA.

Bimomuit crioci6 TepmidHOT 00poOKHM MarHiTocTpuKIliiHOro criaBy K502 momsrae y
HacTyHmHOMY: HarpiB y Bakyymi 1o 1173 K, Binnai 3a 1i€el Temneparypu BIPOJIOBXK S5 rofl. Ta
MOBLIBEHE 0X0JIoKeHHS 31 mBuAKicTIo 20 — 30 K/xB. 1o Temmneparypu 1023 K 3 mopaisimmm
MBUAKUAM 0XoopkeHHsM Ha ToBiTpi (300 — 400 K/xB.). KoHcTaHTa MarHiToCTpUKIIii CIUIaBy
K502 micns Takoi TepMmiuHOi 0O0poOku jgocsrae BenuuuHu (60 — 65)10°. Opnax i
ICTOTHIMH HEJIOJIIKaMHA € BHCOKa TeMmIlepaTypa 1 3MiHAa BIIACTUBOCTEH 3a XOJIOJHOTO
BaJIBI[IOBAHHSI.
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OCKIJTbKH 3aCTOCYBaHHS BOJHIO SK TEXHOJIOTIYHOTO CEPEJIOBHUINA B TPOIECi XiMiKoO-
TEpPMIYHOT OOPOOKHM TMOCTIHHUX MArHiTiB JO3BOJMJIO MiABHIMUTH iX KOEPLUUTHUBHY CHITY 1
Mar”iTHy eHepriro [2], B maHiii poOoTi OyJau MpOBEACHI TOCTiPKEHHS BIUIMBY BOJHIO Ha
KoedinieHT MarHiTocTpukii crasiB cuctemu Fe-Co.

JlocniKeH S BILTMBY TEMIIEpaTypH Billally Ha BUCOTY aHOMAJIil €JIeKTPOOIIOpY CIIaBy
K5002, ska cnocrepiraetbesi B OKoJi Temmeparypu Touku Kropi (puc.l), mpoBoauiu,
BUTPUMYIOUH 3pa3KH B iHTepBan temmeparyp 700-900°C mpotsirom 1Box roaus (puc.2).
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Pucynok 1. TemmeparypHi 3alie)KHOCTi eleKTpootiopy cruiaBy K50D2
3a HarpiBy (1) i oxonomkeHHi (2)

Figure 1. Temperature dependence of the electrical resistance of the alloy K50F2
under heating (1) and cooling (2)
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Pucynok 2. Bruus TemMniepaTypu Bilnaiy Ha BiIHOCHY BHCOTY aHOMaTii elekTpoornopy cruaBy K502

Figure 2. The influence of annealing temperature on the relative anomaly height of the alloy K50F2 electrical
resistance

SIK BUIIMBAE 3 OTPUMAHUX PE3yJbTaTiB, MaKCUMaJbHEe 3MEHIICHHS BUCOTH aHOMaJIii
elekTpoorropy (o  BIANOBiAae  HAWOUTBIIOMY  3pOCTAHHIO  MAarHiTOCTPHUKIII [S])
cnioctepiraetbest 3a temneparypu 840°C. Lls TemmepaTypa € KpUTHYHOIO JUISL ICHYBAaHHS
BriopsiikoBanoi ctpyktypu FeCo [1] 1 Tomy Oyna BuHOpaHa U MOJAIBIINX JIOCIIHKEHb
KIHEeTHKH 3MiHU BUCOTHU €JIEKTpooropy ciiaBy K50D2.
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Bcranorieno (puc.3), mo B TMporeci 130TePMIYHOTO Bigmally BHCOTAa aHOMAJIil
3HWXKYETHCS IPOTATOM 4 TOJIUH BiJNaTy, s 4OTo 11 3MiHa CTaO1Ti3y€eThCs.

g
Hy

L0
0.9
0.8
0,7

0.6

L

0,5

I 2 3 4 5 6 1o

PucyHnok 3. BrumuB vacy Bianany npu temrnepatypi 840°C Ha BiTHOCHY BUCOTY MakKCUMYMY elIeKTPOOTIOpY
cruaBy K502

Figure 3. The influence of annealing time at 840°C on relative height maximum of the alloy KSOF2 electrical
resistance

TakuMm yMHOM, BCTAaHOBJIEHO MiHIMAJIBHUN Yac Bijamaiy, HEOOXiTHHH Ui OTpUMaHHSI
MaKCHUMAaIIbHOTO 3HA4YeHHsI MarHiTocTpukiii. [lei pe3ynbraT MOKHA TTOSCHUTH JOCSTHEHHSIM
TaKOTO CTYNEHS aTOMHOTO TOPSIKY, SKHA TEpMOIMHAMIYHO MOXIIMBHHA 3a 3aJaHOoi
TeMITEpaTypy IPOBEACHHS EKCIICPUMEHTY.

CIij BiI3HAYMTH TaKOXK, IO IPH TeMIlepaTypHoMy iHTepBam Hmkde 600°C MoXkIHBe
YTBOpEHHSI MiKpooOiacTel, 30arayeHuX BaHAMi€M, IO, B CBOIO YEpry BHUKJIIHMYE IPOIEC
TLAPUIOYTBOPEHHS Y CIUIABI W MPHU3BEJIE JIO HOTO T1IPUIHOTO OKPUXYCHHS [6].

BucHoBku. 3a mapameTrpaMu aHOMalii €JEKTPOOTOpY Ha 3MIHHOMY CTPpyMi MOXHa
SIKICHO CYJIUTH TIPO BEJIMYMHY KOHCTAHTH MarHiTOCTPHKIIT ()epoMarHeTHKiB.

MakcumanbHa MarHiTOCTPHUKINSL CHOCTEPITAEThCS y CIUIaBax, IO XapaKTePH3YIOThCS
YTBOPEHHSIM BIIOPSIKOBAaHUX aTOMHHUX CTPYKTYp — YUM BUIIHN 1X 00 €MHHI BMICT 1 CTYIiHB
MOPSAKY B CILIABi, TUM OLIbINa BEJIMYMHA KOoe]ilieHTa MarHiTOCTPHKIILI.

[ToxpamuTa MarHiTocTpukiifo criaBy KSO®2 moskHa 3a Takoi 00poOKu:

— - BiAman y cepenoBuiii BoaHio TckoM (0,5-1,2) 10° I1a;

— - TeMrreparypa Biamany 780-850°C;

— - gac BiJnairy — He MeHIIe 4 TOJI1H;

— - moBUTBHE Ox0J10,KeHHS (40-50 rpan/roa.) no remmepatypu 600°C;

—- mBugke oxonomkeHHs (1000-1500 rpam/rox.) Bim 600°C mo KiMHATHOI

TeMIIepaTypH.
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PucyHok 4. KoHncrantu Marsitoctpukuii crmaBy K5092 y Bakyymi (1)
Ta MicJis TepMivHOT 00pOOKH y cepenoBHILLi BOIHIO (2)

Figure 4. The constants of magnetostriction of alloy K50F2 in vacuum (1)
and after thermal treatment in a hydrogen environment (2)

Taka TepMooOpoOKa MPU3BOIUTH O 3POCTAHHS KOHCTAHTH MAarHiTOCTPHUKINI CIUTaBy
K502 Big 64-10° xo 9510 (puc.4) 3a 3umKeHHs Temneparypu Bigmamy (Ha 150°C) i
CKOPOYCHHSI TPHUBAIOCTI 00poOKu (Ha 1 roi.).

Conclusions. According to the parameters of electrical resistance of anomalies of the
alternating current the value of the magnetostriction constant of ferromagnet can be found.

The maximum magnetostriction is observed in alloys, characterized by the formation of
ordered atomic structures - the higher their volume content and degree of order in the alloy,
the greater the coefficient of magnetostriction.

The magnetostriction of alloy K50F2 is possible by such treatment:

—annealing in hydrogen environment by pressure (0.5-1.2) 10° Pa;

—annealing temperature 780-850 °C

—annealing time — not less than 4 hours;

—slow cooling (40-50 deg / hr.) to temperature of 600°C;

—rapid cooling (1000-1500 deg / hr.) from 600°C to room temperature.
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