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The present invention relates to an alloy represented by the formula (MnxAly)Cz, the alloy consisting
of aluminum (Al), manganese (Mn), and carbon (C), and optionally unavoidable impurities; wherein x =
56.0t0 59.0 y=41.0t044.0 x + y =100, and z = 1.5 to 2.4. The alloy is highly suitable for forming the e
and t phase in high purity and high microstructural homogeneity. The present invention further relates to a
method for processing an alloy of formula (Mnx'Aly")Cz', wherein x' = 52.0 to 59.0, y' = 41.0 to 48.0, x' +
y' =100, and z' = 0.1 to 3.0, the process comprising one or more of the steps a. providing the raw materials
of the alloy, melting the raw materials, and forming particles of the alloy by gas atomization of the molten
alloy; b. performing a heat treatment on the alloy at 900 - 1200 “C; ¢. milling the alloy represented by formula
(11) at a temperature of -20°C or below, preferably -100°C or lower, further preferably -150°C or lower; and/

or d. performing a heat treatment on particles of the alloy represented by formula (I) at a temperature of
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900 to 1000°C for a time of 0.5 to 20 minutes, preferably 5 to 15 minutes. Each of these process steps,
separately and in combination, facilitate the formation of an alloy having high phase purity and allows

obtaining an MnAl alloy having improved magnetic properties.
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3 A HE T DS PR BURIEI A FIRCR: 75 7 22 TR P o8 - (5 P
BB T (3 0 Ry 240 2 B IR A US4 o 2 Mn AT 32
B L RO A (6 SR P 2 7 e T o 2 B o

[0169]
P
2180

¥4 > $R4 B (Stena Aluminium AB, Sweden » >97 & 5 %) i 6] 5 &
(Carbomax AB, Sweden » >98 58 E%){E4J1100°C 2 AREE THEAE
SR AT o B o RI08E 48 (Manganese metal company Ltd, SA -
>0 78 %) FLIEHHE OB FE 3B % 1400°C LR R ROBRE TS 2988 0 BEf%
T RIRE T AL 19F 2 BE ) T AT SRR (L - DL 13- 5RAB T (L T-brk
% Bl BT 1 5T 5 0 M 4 B 1 4 SR B 5 490 03 B 8 %) -
MnAl& 4 o BRI A LU E 223 o 25 2 B ALK -

[0170]
2.2 EE

AT (LR TR (PRS00 ORI SR B 2 MM 4005845 B8
(Retseh GmbH)I 735 75 4% 58 58 T BRI < (5 FI 50 mLEE (L3 -+ 25mm
PR 230 Hz 2 S R0 » DULS: IR0 LEFF 86 57 4 -
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[0171]) B RTELZEMA0.025HE & Yo H B (A0 FE M /o & 1L b 2 Jij 2%
& W) < EFRGBEIRE 277 > B2 E/MNRAREGF 2413077
§ o L3788 Z I R (E/ NGRS AI15 g o AE BB 28
R0 7 {4 T HET T (R BFF I

[0172]

2.3 XRDEM]

XRD = I % 55 H 2& ff5 7 X-Celerator [& f& & 43 {2} 25 < Panalytical
X'Pert Pro PW3040 Multi PurposeZEi S 24 (T - HEEE &G E B
Panalytical B.V. X'Pert HighScore Plus#ifg » ik A4.0H - = H{EGE &
CuK ¢ 0.15406 nm - fIZEEEE45 kV > B 40 mA > Ni-i#HJE25 > 20-FF
#1E © 20-100° > SEHEUHEE0.5 » BFREI30 min o FEMALEE 2 EE D%
PAan B35 . 380 oy Fre 2 O FOEAT o

[0173]

2.4 BEMEER

% b {% #&5 fHLakeShore 7400 VSM (& K Ji 1 351 .8T) Kz Quantum
Design PPMS (8 K059 T) BRI R BT RE - R ENRHE
B HASSIEME (1.8 Th L #FE<0.01%)EE < fRES100 kg/m3 ~

[0174])

2.5 ZRFHEEAEMAE(DSC)

R 2 & Bl e 2 Al 1 (% #8 & B Netzsch (Jupiter STA 449 F3)
520 2y M s (TGA & DCSHENM ; J7E10C/min£1250C R & Rm T+
ff i RS 4940 o
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[0175]
2.6 FFHHE T MM (SEM)

R T B o BN A A iR CFU-4 K 8 “KPhenoCure™ 7 $3 Bl iy 7K
(Fina Met)tf » F5HIZEE JAME RO 21 um - HAJOPS-S A gz Ak
CEALW RRIFIRM S rsE LI BT HE - RmERERE B
=07 (Keller's reagent) bz : %54 BEHCI 6 ml » HNO; 3 ml » HF 1
ml zH,0 290 ml - Avi# @ R N R E F I RREEEN: - FRlEERE
H BT B L (EDS) A4 (Bruker EDX XFLASH 5010) S8 5 R /i &

FEA AT (FE-SEM) Hitachi SU6600R #1747 17 ©

[0176]
2.7 B pEHE
YOHEANFY B & By KB R 2 B > AR ZEEER T - RE

i BB 7

[0177]
2.8 BB R Z PR H

fE#EEE(L 50em » @4em ; Entech AB) i A8+ FTom 2 m & 7y
i TP BRI » ot > R MBS R A EEE TR > H#
2R AR B2 P4 B R AN(10°C/min) » f£350°C F4ERFE & H £ EFK
HIBEZBET) - A£5F B » R ETREEIE 1 E950°C (>40°C/min) LA

7 "PUERER | - B iro00C ZBFE I £498 78 » MERE L0 218
SR o ALSE IR - RIE B E ZEEESR o

[0178) HEfELLEGREAE » BELITE MR HEHLEZDSCo
%3 T BRI DSCE R
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I i 1fy | W1 | 2 | 20 | SRR
-] 1574 e 0 = i = = (J/g)
(C) | Ug | (C) | U
2-Bl (Mns54Al46)Co.76 | 70.6 = 786.9 | 20.5 | 862.1 | 3.0 23.5
2-B2 | (Mns54Al46) Co76 | 717 = 7924 | 244 | 8450 39 283
2-B3 | (Mn53Al48)Co36 | 222 & - - | 8588 | 1438 14.8
2-B4 | (Mns3Al47)Cy 58 | 332 & | 7864 | 21.7 | 8660. | 29 24.6
2-Al | (Mns9Al41)C2.05 | 28.6 & | 7877 | 534 - - 53.4
2-B5 | Mng1Al39)Co22 | 275 & | 7913 | 696 - - 69.6
2-A2 | (Mns7A143)Co 04 | 2738 & | 786.8 | 431 - - 43.1
2-B6 | (Mns3Al47)C150 | 354 & | 7852 | 221 | 8655 19 24.0
2-B7 | (Mns5Al45)C101 | 547 & | 7885 | 258 | 8507 | 29 28.7
2-B8 | (Mns5Al45)Co45 | 12211 ) 800.0 | 20 | 8307 ) 101 30.1
2-B9 | Mn57A143)C1.19 | 4738 = 787.2 | 199 | 8574 | 32 23.1
2-B10 | (Mn55A145)C1 24 | 440 = 7864 | 9.0 | 8526 | 84 17.4
2-B11 | (Mn59AI41)C1.32 | 45.0 & | 7963 | 768 - - 76.8
2-B12 | (Mn59AI41)C1.33 | 44.0 & | 7947 | 68.0 - - 68.0
2-B13 | (Mn56A144)C0.96 | 58.8 7 790.6 | 52.5 - - 52.5
2-A3 (Mn57A143)C2.14 | 264 = 788.7 | 45.7 457
2-A4 (MnS6A144)C2.18 | 258 = 792.1 | Sl - - 51.0

[0179) fEDLEEESH  @idh "2-B, X HEAFEOFMTE]
ZHD) - Mmaak "2-A ) ZEFEFERD -

[0180) [E6& R b &R 2kt 2 BlR EDSCIE (B 6a : & f12-
B1 - [El6b @ BE2-A3) - 49450 % 550°C 2 M ENEF R Hefl Etil 2 B K
#8 16 % (martensitic transition) - £ 47780%870°C & fF JZ pkefll » A4
1170C £ 1240CHR » & HBER: -

[0181] f£780%870°C & [E] HY I ~ 48 I & Bl bk 72 &~ vfH HY & 1
B HAM/MEFEES 2 SQmEEE ERF LI/ egfEr - bR > WS HEE

TR REZRBEZOE - A > AEE2HFEZ55% MnZ aEd > EHE
BEEZ1. 7% 205 - IIMn Z B RFFIE IN 2 & - HEm{ESoH 2R E T

HiE o 5 0 IR E ZVHEAEMn/CEERBEHT28 (F£26 2335 E ) > IR

5 45 HEEYIERBIE)
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R B 6 A0 B2 2T Wik 6 A0 2 oA 2 A8 0 T 8 JE DAk 24 — 2 piR B (B e 20 R
H) o

[0182] &Aifn 5 AAVE MG LB R EGH ISR E
P > TRBDE = U AR DA R Bk 6 A0 2 tfE (Min/CEE 3R fE A 28 230 2 /) -

[0183] 4k - BROLR&ERE M & AV E R =D 2 & & 1{E780-
810°C (E(780-800°C) 2k EHiEN(EB R —HDSClE - LmFlEL - 5
AU 2 B E N - R E BN E—{E X [BlefH =~ BH S AE 2

[0184] AT AT EISMNEDR » s ISR S AR R =U(D) 2 & S AV AR B S 3R
BiMn/CLL R EH -

fim2-B3 (Mn52A148)C2 36) B A KEIR K /VEMn ° Il ad kX
BoRAR W 0 HAEIEES5051100°C Z B IF B © 143 h
XRPDH ZMn3AIC Z BHZ IETERI (IR 2 RE9g) - 5551 > 14.8 J/g 2 4RIEH
B RABN T ZIRAE/NA1.87% » BM R EEETEE - A
BREYIE - MEHE780-810C 2R EE EINR AR EHDSCIEE] > (2 EAEE
=om 5 T ERDSCIE2 -

& f2-B6 ((Mns53Alg7)Cy 50) & A BT R MEEEE 2 B0 - |
Mn 8 3B (K ifi -~ g i e 2 (D 2 B3R - 256 A1 BT g DL [ 10a) Foe) o A
BUr o MRS EABEMA TSR BRI 2EE R B A IFTE MRS
f BT HCHI 95 R e

fm2-B11 R2-BI2EHSMn/AlLLE - (HAEHF 250k - HHEE
L= R R B A 182 BB o AR Ry B Rey2

Fm2-BS/NEHEZE & 2 Mn/AILER » DU E#MER - 28T @ I
AL H] 58 R PR AR o VEAE A AP B R B E 2 R (E R

s
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IR E W) -
[0185) DLESGSREURETFERIETH - THE MM 2 & E il
ZEBEN RAE - MRS SRR LR EN: BRI R AR K

R BB M AR A =U(D) R B EE A 2 AR SR ETMnAl G & 2
4R B i [EFF &S o

[0186] &ERSINERAZIH AL HAD BREBEGHGH 0T 7
RIET B AR AR 14 HE R 2 Mn AlG 1Y & B R BT I 1R 2 kL 2 B

[0187]
THEMY

AEIRie T ERARWMEER - HIRIEE T3 EE A 281 )5 A L
Ko fAMnAl G 3
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(QEE SR
MnAl& 5 ~ HirF RIS Tk

EE SRR
MnAl ALLOY, PARTICLES THEREOF, AND METHOD FOR
PRODUCTION

(]
AR B Y — A (MnxAly)CRm 2 &< &G e Hda(Al

B (Mn) R IR(C) R B R F AL Z A Al R By FEE Bk - Hfx = 56.0%

TR 4l R = s T M 2 e ol - AREIR S IMARR Y —TE 7 R
() (Mny'Aly)Czpr 2 &MY J7A » Hfx = 52.0£59.0 y = 41.0%
480 x +y =100 Hz = 01F3.0 Z HEEEUTHER Y —=H%
o afRRBZEE L FER - BRZEFEMEENZEMECZRARELP
KEZ e 2T 5 bAE900-1200C THZ A HETEEM 5 ¢.{£-20C 5
A - #3E-100°C BEAR « B (E-150°C BEAS B R TR (1) FE
NG R/EdAE900E1000°C ZRE MRG0 522057 8% - IESE1S
oriE s B A RADFoR 2 &S FEITEERE - ILFE AP RE
ZJE—EHEHEBEGHEEPREASHAE G A EREANER
BLFF M 2 MnAl G <

[353]

The present invention relates to an alloy represented by the formula

(MnxAly)Cy, the alloy consisting of aluminum (Al), manganese (Mn),

F 1 HEGHED

C215542PA docx



201920706

and carbon (C), and optionally unavoidable impurities; wherein x = 56.0
to 59.0 y =410 to 440 x + y =100, and z = 1.5 to 2.4. The alloy is
highly suitable for forming the € and t phase in high purity and high

microstructural homogeneity. The present invention further relates to a

method for processing an alloy of formula (Mnx'Aly")Cz' wherein x' =

52.0 to 59.0, yr = 41.0 to 48.0, x' + y' = 100, and z2 = 0.1 to 3.0, the

process comprising one or more of the steps a. providing the raw
materials of the alloy, melting the raw materials, and forming particles

of the alloy by gas atomization of the molten alloy; b. performing a heat

treatment on the alloy at 900 - 1200 C; ¢. milling the alloy represented
by formula (II) at a temperature of -20°C or below, preferably -100°C or
lower, further preferably -150°C or lower; and/or d. performing a heat
treatment on particles of the alloy represented by formula (II) at a
temperature of 900 to 1000°C for a time of 0.5 to 20 minutes, preferably
5 to 15 minutes. Each of these process steps, separately and in
combination, facilitate the formation of an alloy having high phase
purity and allows obtaining an MnAl alloy having improved magnetic
properties.
[F5EEE]

& 1
[RE < oL R ]
(2]

(Mn,Al)C, (1)

52 HEWED
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[ 5 0H H 35 SR 0

il
et

[£17H]
—HEARRRZEE
(MnxAly)Cz (I)

% oz A #a(AL ~ §E(Mn) K8 (C) R 518 St 17 AL 2 - A 8 00 1Y 7 B 4l

H

X = 56.0%59.0

y =41.0%44.0

x+y=100> H

z=15%24¢
[5£27H]

MR Z &4 > Hidz=1.7%2.2 > §ff#E1.9%2.1 -
[5£37H]

WMEFERIEN 2R E—IH &4 HobxBlzr h(x/2){E26433 ~ Bk
28 E30&E N -

[5F47H]

WMEE K1 E3FAE—IH Z &4 > HoxBizZ Bu(x/z)#£26 £30%: &
A o
[5£57H]

WEHFKFEIZAF X —HZ & & 0 H Px=565£585Hy=415%
43.5 > HHE gl > x=57.0%58.0 Hy=42.0%43.0 -

[5R67H]
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WEERFANESHFHE—H &% 0 HIEEF 290%8CE K Lletf P
FAE
[5577H]

WEERHEIE6FE—TH AE » HENFER  EEWNATHETR
RRELERgE PR -
[5581H]

— AR RIS B R B B A R (1) Z Sl 2 & TR A

(Mnx'Aly")Cy' (1I)

Hrp

x'=52.0%£59.0

y' = 41.0%48.0

x' +y =100 H

z2=0.1£3.0

MM~ Al ~ CRAGE DAL Z A B & 50 B R E &R -

#Z Al MR -

a etz oo ZEK - BRZEFRMEENZEMG S ZREBET

b.1£900-1200C N HZ & & ETHEHE

c. fE-20°C A ~ WifE-100CBCEAR ~ FHAE-150CHEM AL T
gz XD TR 2 &8 0 R/

d. 7900 £1000°C ZIHE FHRF4E0.52 207748 ~ IS £ 15788 2 B
HZBRADFRR 2GR T T BEE -
[597H]
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HIEESRIES 2 7% » SLe g (D). e By A0 5 R TE | 56 1 fF —TE
EHIRDLEE -
(%1078

403 RIBS RO — T8 2 5% - M & 4 B, BB R 2 BEd £ 900-

1000°C THEATEN G #R0.5-207 38 - H H P ez bt o (R 1E 8% P B d. 2 Fi
{7 -
[F113]

WEERIAS 10 £ —IH 2 Uik » A E#ITHERd. » St {E#ST
T EEb. o
[55127H]

WFE KA R I0FE—IH 2 ik » TR AP BRa. 2d. » I DL
a.~b. ~c. Kd. 2R -
[55137H]

WEFHRKIASEI0FE—IH 2 5k » HEEDBRa. ~ c. fd. » REFNR
FAEZSED. s N HaESEa - b Rd. » REBWELE 2T B -

[F147H]
—HE R MAFEKHESE 3 E—IHZ HAERZ & -
[£157H]

WEF KIAECEE KA ZTHE—IHZ G5 0 HtiHEE B80%E
Ko BEI%EE K -
[F167H]

WEFKIALA ~ 1S E—THEAERKIAI 27T —H L2 G » H A
Wi{EMs 5100 emu/gs( A - BX{E110 emu/gB R > HELLT emu/gsiE

5 3 H(GEHIHFEAEE)
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R EEE120 emu/gelFE KX -
[5175H]

WMEEKIEL4 ~ 15~ 16RAMFRBIEZTRHE—HZ G0 HEWNEH
SR A BT E < B K K DS0 £55000 pumECE /N~ F{F1000 pmE¢FH
N~ SO0 umERE N~ XE 100 pmBE /)N o FEAOLEI0E 100815 %
80 um & E N 2 FII R -

[5187H]

WMEEKIEL4 ~ 15SHI6KAMFRBIZTRHE—H &8 - HEWNEH
SEBUE EPTHE 2 B A EDS50 55200 umBGEE /N ~ Bi{#150 umE FE /N A
FE(ELE30-80 um&E BN Z A FRYER -

[5197H]

WMEEKIEL4 ~ 15SHI6KAMFRBIZTRHE—H &8 - HEWNEH
S BB ERTHIE 2 R ERI R DS0 5100 umB;FE /N ~ @S0 umBKFE /N - B
fE30 umECE /N~ FHEMEI0 pmEE /N - XEES pmBCE /N 2R F AP
:T:ﬁ o
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