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Fig. 1
annealed at 830 C for different aging time: (a) 0; (b) 10 h; (c)
30h

XRD patterns  of  Sm(CopaFe.108Cu0.131Z10.042)7.0

30 h 51 TEM #%. HE 2 /T, &< R S ke A
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Fig. 2 TEM images and EDAX analysis of
Sm(CopaFeg 10sCUg.131Z10,042)7.0 annealed at 830 °C for
different periods of time: (a) 10 h; (b) 20 h; (¢), (d) 30
h; (e) EDAX analysis corresponding to region 1
marked in Fig. 2(d)
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tH SmCoy I SEHT AT e MEE KA bR U8 P AH A2 S
K100, e RS & T (HIEE Zr (0 RA R L
MR )3l EATT IR, JERAE 830 °C I AL 1] 4E
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B3 Sm(CopuFeq 108Cuo131Zr0.042)7.0 71 830 CHI LTS (1) SEM KL I K Rl 7 ir
Fig. 3 SEM images and EDAX analysis of Sm(CopaFeg 108Cu0.131Z10.042)7.0 annealed at 830 °C for different time: (2) 3 h; (b) 10 h; (c)
20 h; (d) 30 h (Liner EDAX analysis of elements Sm, Co, Fe, Cu, and Zr is superimposed in Fig. 3(b))

El 4 Sm(CopaFeo 108Cuo.131Z10.042)7.0 11 830 CIN R ibH 5 1) FESEM 4
Fig. 4 FESEM images of Sm(CopaFeq 10sCuo.131Zr0.042)7.0 annealed at 830 ‘C for different time: (a), (b)10 h; (c), (d) 20 h; (e),
()30 h
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10~150 nmo FHIEATIL, & <e AR PRAH (00 i B 5 1
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0.846T, EHNMEEEL N 26%. Hei At 830 °C FH I a] Py 25
LIS BN, I TAF] 10 h A RO m e
RN TASERC 28 20 h I, Ho 1K FWEAH 2417.9 kA/m, It
I (BH)max 19 95.0 kI/m® o {HLJ2: B e 2800 1) b — 25 4iE
K2 30h, Hy KIEFK. £ 2 Pk 830 COHR 20 h
ARFEAE S 500 CrmREvERE. Mk 2 WL, Hy
7E 400 CHY Ny 1045.4 kA/m, FEIEEIAF] 500 CH A
693.5 kA/m, PEHF I E REL Pig-soo < H—1.5X
10°C, HAMRR s rERE.

HE 1~4 w50, 7E Sm(CopaiF e 108Cu0.131210.042)7.0
(RN R A P R o A7 IR S5 A4 R TE SR IR &S
FAI PRI TV B0 B 3 BE MG TN DRGSR AR BIBT HE K OK% 3
FhLH LA R AR A . Cu AN Zr 76 [ Y A B 5 35 [ v T

F 1 Sm(CopaFeq10sCuo.131Z80.042)7.0 7E 830 “C LA [l I i)
Ja IREME e
Table 1 Magnetic properties of Sm(CopaFeq 10sCug 131-

Zrg042)70 annealing at 830 ‘C for different time

Sample - -
th BJT  Hy/(kAm™") (BH)pa/(kI'm™)
No.

0 0 — 19.2 —

1 30625 829.1 60.3
2 10 0.701 1409.3 84.2
3 20 0.735 2417.9 95.0
4 30 0.846 1181.0 109.3

F 2 Sm(CopyFeq10sCuo.131Z10.042)7.0 TE 830 CELRUR 20 h 1
18~500 CHETERE

Table 2
Zr¢.042)7.0 annealed at 830 C for 20 h measured at 18—500 ‘C

Hc’i/ (BH)max/ ﬂ/

Magnetic proper‘cies of Sm(CObalFeovmgCUOVBr

Temperature/C ~ B/T

kAm™" (KIm?) 10°C!
18 0.735 24179 95.0 -
100 0.720  2146.6 87.1 -1.4
200 0.686  1747.6 79.2 -15
300 0.643  1396.5 68.0 -15
400 0.595  1045.4 55.6 -15
500 0.539  693.5 45.0 -15

SmCo; A1, 7 830 “C i Hof [] $AuAh B i 35) 5] Hhy 73 AT T
LT ) SmyCop,R EAHFT SmCos JUBEAAH, G
SmyCoy;R AHH T & A8 2 (ARG 70 3 T H AT B
TG . BEAE I N R AE RS, SmyCoysR AHH ) Cu
BN SmCos #H, 1M1 Zr WI'E SEAE FoRA R, [l
GaEPICtEEER T E & KE Zr M5 Cu 1)
Sm(Co,Cu,Fe,Zr), & . I SmyCoy,R AH 1] Cu.
Zr SFAEREVE ST R B WD, TG G R R B A IR R
) PR AR S K, sk 1 rdl. X 5% Cu. Zr
M) SmyCoyy BURG T KBRS AT AN, 54
TEI AL B R, g LT AN B IR [R] 1 32 4k 1T
Ak

T3 J7 1, SmyCoyy BUH LK WA EHE MU AL
il A s BE AT AL, R AL I R — O A et ) S
Sm,Coy7R HIFT SmCos A2 [H] (I EE fit 22 i 11 LEISY,
1P

e pP7RA " 2 SmyCoyrR i HEAHAT SmCos
JELBE R PR ¥ BB« SmoCoysR it MUAH BT s Sk oo
% Fe, ILWERERERH Fe JUE AN 1M SmCos
AIIBEEERE S ARREME TR Cu S EAER LR, Cu i
) B 0 K B T A (s EE AR, MK T
SmyCosR 5 SmCos W AHZ A [FIBERERE 22, Al /)
1K . Cu 78 SmyCoyy TR 7K WA RS 285 A B o
MR FIEBAT A By 8, K Cu & &M
Sm,Co 7R AHHY ik A & Cu 75 5 (1) SmCos AHH . 4l
Fod i A w e A E A SmyCopR AHHEA SmCos
FPTTHR WRE R, R TBEAMERAT . AT AE
Sm,Co7R AHFI SmCos FHIMFEAR FIE R, 1 HA 4
W Ze 7 SRR A R TR TR AR 0 2B B B AR R
FORAMAEE R LA 3~5 nm, 10 H kS

HooAy =y
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Sm,Coy7R AT SmCos AN i 3 BN ZZREK, 33X
FEAFEAATAE e R T s RIS 2 PN P8 RS 20 1) AT
W FEOREERE . I, SmyCoyH AHEAT i)
PHEREL, BON Cu. Fe &Ry Imd HuliiE. pril
FOPRAR IR B EEATT R Cu &5 B (1 R B AT G
B AAE 830 CREI [A] AL RN, TR FIRAN LD
ART Cu ST HEER, WA E MW RE 250,
Hemi 378 o SEA 830 CHFRLIS AN, FofRAR S e 2,
Cu Ji 7 #EN SmCos MIIIHIEE 2%, SmCos AH (Y15
BEREPEAC, M Ty, 5 —Jiim,
Sm(Co,Cu,Fe,Zr), #rHiAH & A KR Zr M
Cu. Fe, HATEARMIBERERE, JFA] LT S My
AUNINY TR DN

3 #ig

1) SiES Sm(CObalFeoA1CU0,16ZTOA04)7,075: 830 ‘CHIZL
ISIE) 1 10 h ZEKF 30 h, B, 1 0.625T 1% 0.846T,
Hg; {E 830 ‘CAL3H 20 h Ik 55 KAE 2417.9 kA/m, (el
IR 500 CRH A B Has 4 693.5 KA/m,
G HAI R I R .

2) Sm(CopyFeq 1Cug16Zrg04)70 F 40 I AL B 5
BT 2577 SmyCopR FEAHFIZN T Sm(Co,Cu)s M BE A
MR IR S5 4 . B INfE ARG 2 EIRINTT R Zr
JrR& e FIZb R Zr 1) Sm(CoCuFeZr), Hr HiAH

3) B I AR AL B R b A B IR 5 4 11 T
FAK L ARG T B8 FERE I DR —AH )
Bt 5 KORAE =M 2 S5 M A2tk . K HILBE 830 CIif
AL BRI AT 10 h ZEKC 3] 30 h, SmyCoyrR FEAHMIN
S H 80~110 nm K KF] 150 nm, & Zr FORAK 2
B4R, & Zr (1) Sm(CoCuFeZr) A AT FAAR 7 B %
& Cu [t SmCos BEEAHFI'E Zr 1) Sm(CoCuFeZr), H7H
AHIE I AT FLWRRE b A S P it iy (1 S iR A S i )
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Microstructure transformation and magnetic properties of
Sm(CopaFeq.10sCug.131Zr¢.042)7.0 during annealing treatment

LI Li-ya, GAO Zhi, GE Yi-cheng, DENG Hui, YI Jian-hong, PENG Yuan-dong

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Microstructure and magnetic properties of Sm(CopyFeg 108Cug.131Z10.042)7.0 annealed at 830 ‘C for 10-30 h
have been systematically investigated by means of transmission electron microscopy (TEM), scanning electron
microscopy (SEM), X-ray diffraction (XRD) and magnetic measurement. It is found that the heat-treated alloy consists
of the rhombohedral Sm,Co;; phase as the cell and the hexagonal Sm(CoCu)s as the cell boundary phases. In addition,

the structure contains Zr-rich plate-like phase on the basal planes, running across both the cells and cell boundaries, as

well as Zr-rich Sm(CoCuFeZr), precipitates. It is obvious that the annealing time significantly affects the microstructure.

With increasing the annealing time from 10 h up to 30 h, the Sm,Co;;R cell size increases from 80—110 nm to 150 nm
and becomes uniform, the density of platelet phase and the content of Sm(CoCuFeZr), precipitates also increase. The
Cu-rich SmCos sell boundary phase and Zr-rich Sm(CoCuFeZr), precipitates are responsible for the high coercivity at
both room and high temperature. Magnetic analysis shows that the remanence B, enhances from 0.625T to 0.845T with
the annealing time increasing from 10 to 30 h. The intrinsic coercivity H,; reaches the maximum value of about 2417.9
kA/m at room temperature and 693.5 kA/m at 500 C after annealing for 20 h.

Key words: Sm,Co;;-based high temperature permanent magnet; annealing treatment; precipitate; cellular structure

Foundation item: Project(51574293) supported by the National Natural Science Foundation of China; Project
(2016cx04) supported by the Innovation Supporting Program of Key Laboratory of Advanced
Materials of Yunnan Province, China
Received date: 2015-04-02; Accepted date: 2016-05-03
Corresponding author: LI Li-ya; Tel: +86-731-88877328; E-mail: liliya@csu.edu.cn
(wE I B




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


