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Introduction

The  hydrogenation,  disproportionation,
desorption, recombination (HDDR) process is
studied for a modification of the structure of
ferromagnetic alloys with the aim of improving
their magnetic properties. Realization of the
HDDR and its effect on materials characteristics
are interesting both from a scientifically
standpoint and from the applied one [1]. This
process is investigated in compounds of different
composition: from NdFeB to (Nd,Pr,Ce,La)FeB
[2,3]. The results of study of the Solid-HDDR
process in E-78 ferromagnetic alloys (wt%: Dd —
36.1; B — 1.1; Al — 0.8; Fe — balance) are
presented in the given work.

The initial alloy was prepared by induction
melting and obtained from Expromag Ltd. The
process of Solid-HDDR was carried out at initial
hydrogen pressure 0.1-0.15 MPa and temperature
850-920 °C. The microstructural features were
observed using a JEOL 840 scanning electron
microscope (SEM).

Results and discussion

The microstructure of the initial alloy is
characterized by a presence of the elongated
grains of ferromagnetic phase divided by a
mixture of rare-earth metals (Dd)-rich phase grain
boundary (Fig. 1a). The thickness of major phase
grains is 10-20 um, length is several tens of
micrometers. The grain boundary possess a
colony-type structure with thickness ~1-7 um and
several tens of um long. According to the data of
elemental analysis, Dd content in the major phase
is close to one in the charge of alloy and a mass
proportion Fe:Dd equal 1:1in Dd-rich phase.

Dd-rich phase remains without change in the
microstructure of the disproportionation alloy. A
mixture of light-grey regions of rare-earth metals
hydride and a dark droplets of iron and iron boride
appear within the area of major ferromagnetic
phase grains after disproportionation (Fig. 15).

The materials morphology is changed after
complete cycle of the Solid-HDDR (Fig. 2). It
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was observed an insignificant redistribution of rare-
earth metals. The uniform gray regions (I in
Fig. 2a) of major phase grains contain a slightly
larger amount of impurity rare-earth metals (Pr, La,
Ce and Dy). The amount of Dd-rich phase grain
boundaries considerably decreases.

The fine grained structure of materials with
grains size < 1 um is observed at region 1 (Fig. 2b)
and region 2 (Fig. 2¢).

Three cycles of the Solid-HDDR lead to
complete decomposition of a colony-type structure
of Dd-rich phase grain boundary (Fig.3). The
coarse remains of this phase have a form of
irregular shape islands with size up to 15-20 pm
(Fig. 3a). The regions of the major phase (I and 2)
are differed in the contents of impurity rare-earth
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Fig. 1. SEM image of E-78 alloy in initial (a) and
disproportionation (b) state.



metals. According to the data of elemental
analysis, Dd content in the regions of appearance
of Dd-rich phase (3) is 50...55 wt%.

The fine grained structure of the alloy (Z) with
grains size up to 1 um is observed (Fig. 3b). The
structure of 2 region demands further

investigation using a microscopes with higher
resolution.

Fig. 2. SEM image of E-78 alloy after Solid-
HDDR; 1 and 2 are regions of major phase with
different contents of Pr, La, Ce and Dy.
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of Solid-HDDR.

Conclusion

The carrying out of the Solid-HDDR process in
Dd-Fe-B alloy results in its homogenization. A
colony-type structure of Dd-rich phase is partially
dissolved between the grains of major phase and its
remains are changed into a coagulates with size up
to ~20 um. The increase of number of Solid-HDDR
cycles leads to the raise of alloy homogeneity.

This work was carried out due to a financial
support of STCU (project Nel236).
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BBenenne

[Ipomecc rumpupoBaHus, AUCIPONOPIIHOHU-
poBanus, necopouuu, pekomoOmnanuu (I'1JIP)
n3y4yaercs A MOJU(HUKAIMH  CTPYKTYPHI
(beppOMArHUTHBIX CIUIABOB C IICIBIO YIyUIICHHS
WX MarHUTHBIX CBOMCTB. Peanuzanus I'JI/IP u ero
BIUSHUE HA  XapaKTEPUCTUKA  MaTEPHAJIOB
MHTEPECHBl M HAYYHO W MpakTudeckd [1]. DtoT
MPOIIECC HCCIEAYIT B COCOUHEHUSAX Pa3HOTO
cocraBa: ot NdFeB no (Nd,Pr,Ce,La)FeB [2,3]. B
JAaHHOH  paboTe MPENCTaBICHBI  PE3YJIbTATHI
MeTaJIorpa)uIecKuX HCCICIOBAaHUN Ipoliecca
Solid-T 1]IP B npoMbIlisieHHOM (eppOMarHUTHOM
crtaBe E-78 (mac.%) : Dd — 36,1; B — 1,1; Al —
0,8; Fe — ocranpHoE.

CrnaB BBITUTABIIEH B MHIYKIIMOHHOW MY H
npepoctaBieH OO0 «Dupma  Ixcnpomaey.
Mpouecc Solid-IU'1JIP mpoBeaeH mpu HaYalbHOM
naBnennu Bonopoaa 0,1-0,15 MPa u Temnepatype
850-920 °C. Meramtorpadnueckne
WCCIICJIOBAHUS BBINIOJIHEHBI Ha AIIEKTPOHHOM
Mukpockore JSM-840 dupmser “JEOL”, SAnonus.

Pe3yabTaThl u 00cy:K1eHHE

MuxkpocTpyKkTypa HCXOJIHOTO CIIaBa
XapakTepu3yeTcss  HallMdueM  MPOJOJTOBATHIX
3epeH (eppoMarHUTHOW (a3bl, pa3meICHHBIX
BbIeTIeHUsIMA ~ (pa3bl, OOOTAIeHHOW CMeChio
peakozemenbHbIXx  MetamuioB  (Dd)  (puc. la).
upuna 3epen ocHOBHOH ¢azel  10-20 MM,
JUIMHA — HECKOJBKO JIECATKOB MHUKPOMETPOB.
Mesx3epeHHbIe BBIICICHUS KOJIOHYATOIO THIIA
AMEIOT IMPUHY ~1-7 MKM M JUIMHY HECKOJBKO
JNECSITKOB MKM. 3a JaHHBIMH DJIEMEHTHOTO
aHanm3a copepkanne Dd B ocHOBHOH (aze
ONM3KOE K COACPIKAaHHIO B IIMXTE CIJIaBa, a B (aze
oboramennoi Dd maccoBoe cootHomenue Fe:Dd
paBHo 1:1.

Ha mumkpocTpyKType IHMCIpONOpIOHHUPOBA-
Horo cruiaBa (asa, oboramennas Dd, ocraercs
0e3 wu3MeHeHHWA. B Teme 3epeH  OCHOBHOM
(deppomarHuTHON (ha3bl TOCHIE AUCTPOIIOPLIMOHU-
pOBaHHA BHIUM CMECh CBETJIO-CEPBIX oOmacTeit
THIOpUIA PENKO3eMETIbHBIX METaJIOB U TEMHBIC
BKpAIUICHUS KeJie3a U Oopuaa xenesa. (puc. 15).
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[Mocne monuoro uwmkia Solid-U'IJIP mopdo-
JIOTHS Marepuayia  HM3MCHHUIACH (puc. 2a).
[Iponzonuto HE3HAYUTENHLHOE Iepepacipe/eieHue
peako3eMenbHBIX MeTaiioB. OITHOPOJHEIE cepble
yuactku I (puc.2) 3epeH OCHOBHOW  (ha3bl
coJiep)kaT ~ HECKOJIBKO  OOJNBIIOE  KOJHYECTBO
MIPUMECHBIX PEJIKO3EMENIbHBIX METAJJIOB, TAKUX KaK
Pr, La, Ce u Dy. 3HaunTensHO yMEHBIIMIOCH
KOJMYECTBO  MEX3EPEeHHBIX  BbiAeneHW  Dd-
oOorameHHon (a3bl.

Ha yuwactkax 1 (puc.2b) u 2 (puc.2c) B
YBEIMYEHHOM  BHAE BHIHO  MEJIKO3EPHUCTYIO
CTPYKTYpY CIIaBa, pasmepsl 3epeH
KOTOporo <1 MKM.

Tpu uukna Solid-I'’I/IP nmpuBoAAT K MOTHOMY
Pa3pyLICHHIO KOJIOHYATOW CTPYKTYPBI MEXK3EpeH-
HbIX BBLIEIECHHUHA (ba3bl, oboramennoit Dd (puc. 3).

f ‘ f / y

Puc. 1. MI/IKpCprKTypa crutasa E-78 BI/IXOI[HOM
(@), wm  Solid-nucnponopuuonuposanom  (b)
COCTOSIHHH.



Ee kpymHble ocTtaTku UMEOT (OpMY OCTPOBKOB
HENpaBWIbHOW  (OpMBI C  pa3MepamMu  OT
HecKONbKkuX 1o 15-20 mxm (puc. 3a). Ydactku
OCHOBHOW (a3el I ® 2 oOTIMYalTCI 10
COICP)KAaHHIO PEAKO3EMENbHBIX METa/UIoB. 3a
JAaHHBIMH DIIEMEHTHOTO aHanu3a cojaepkanne Dd
B 00JTacTSX BBIICICHUS OOOTarmeHHon uM ¢assl 3
cocrasister 50-55 mac.%.

Ipu  yBemmuenun  x10000  (puc. 3b)
HaOIII0/JTaéM MEJKO3EPHUCTYIO CTPYKTYpy CILIaBa
(ywactox 1) c pa3mepamu 3epeH 10 1 MKM.
CrpykTypa yuactka 2 TpeOyeT NOCIEAyIOIEro
W3y4YeHHsS HAa  MHKpPOCKOMax ¢  Ooubliei
pa3pemaromniei CrrocoOHOCTHIO.

Puc. 2. Mukpoctpykrypa crmiaBa E-78 mocie
Solid-TIAP; 1 u 2 — y4acTku OCHOBHOU (hasbl ¢
pasubIM conepxkanuem Pr, La, Ce, Dy.
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wukios Solid-T' 1J1P.
BuiBoabI

Iposenenue mpouecca Solid-TI'JIJIP B cruiase
Dd-Fe-B  npuBomur K ero roMOTeHHU3aIUH.

Komonuareie  Boimenenmss ~ Dd-6aratoit  assr

YaCTHYHO PACTBOPSIOTCS MEXIY BBICOKOIUCIEPC-

HBIMH 3€pHaMH OCHOBHOH (a3bl, a OCTaTKu

MpEeBpaIIaoTCs B KOATryJSITHl ¢ pazMepamu 10 ~20

MKM. VYBeIMYEHHE KOJIWYecTBa IHMKIOB Solid-

T'ZIJIP nmoBekIIIaeT roMOT€HHOCTh CIIJIaBa.

Poboma evinonnena oénazooapsa gunancosoii
noooepacke YHTI]; npoexm Nel236.
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