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ABSTRACT

For the Nd-Fe-B permanent magnets, a prototype thermodynamic database of the 8-element system (Nd, Fe, B,
Al, Co, Cu, Dy, Ga) was constructed based on literature data and assessed parameters in the present work. The
magnetic excess Gibbs energy of the Nd,Fe,,B compound was reassessed using thoroughly measured heat capacity
data. The Dy-Nd binary system was reassessed based on formation energies estimated from ab initio calculations.
The constructed database was applied successfully for estimations of phase equilibria during the grain boundary
diffusion processes (GBDP) and the reactions in the hydrogenation decomposition desorption recombination

(HDDR) processes.
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Magnetically hardened
shell of R,Fe,,B

A fine grain of R,Fe ,B

R-rich grain boundary phase
DR v
Fig. 1 The proposed optimal microstructure of the Nd-Fe-B permanent

magnets where the Nd,Fe,,B phase (blue) is covered with a non-
magnetic thin grain boundary phase (yellow).
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Table 1  Assessed binary systems included in this database where “O”, and
“X” indicate assessed, and unassessed systems, respectively.
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Cu O O O

Co O O

B O
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Table 2 Phase names, constituents and sublattices, structure types, and pearson symbols included in this database
where “Va” denotes vacancy and Phases with “*” are not unified.

Phase name Constituents and Sublattices Structure type Pearson symbol
LIQUID (Al1,B,Co,Cu,Dy,Fe,Nd),

BCC_A2 (AlB,Co,Cu,Dy,Fe,Nd),(Va), w cl2
FCC_Al (ALB,Co,Cu,Dy,Fe,Nd),(Va), Cu cF4
HCP_A3 (A1,B,Co,Cu,Dy,Fe,Nd),(Va), 5 Mg hP2
DHCP (Al,B,Co,Cu,Dy,Fe,Nd), Nd hP4
RHOMB_B (B,Cu), B hR105
LAV_Cl14 (Al,Dy),(Al,Dy), MgZn, hP12
LAV_C15 (Al,Dy,Nd),(Al,Co,Dy,Fe), MgCu, cF24
LAV_Cl6 (ALB,Cu),(ALCo,Fe), CuAl, tI12
LAV_C36 (Al,Dy),(Al,Dy), MgNi, hP24
DO11_1 (Co),(Dy,Nd), Fe,C oPl6
D2 D_1* (Co,Cu)s(Dy,Nd), CaCuy hP6
C23 (Al),(Dy,Nd), Co,Si oP12
ALBI12 (Al),(B),, tP52
ALB2 (Al),(B), AlB, hP3
AL5CO2 (A1) 714(C0)g 256 Co,Al hP28
AL3CO (Al1)y75(Co0)y.5 o e
AL13CO4 (A1)765(C0)g35 Co,All oP102
AL9CO2 (A1) 515(C0)g 15 Co,Al, mP22
ALCU (AL, Cu),(Cu), CuAl mC20
AL2CU3 (AD),(Cu), AlLCu, hP42
AL9CU11 (ADy(Cu),, Cuyo5(Cugr5,A1025)0Al ol24
AL5CU8 (Al),(ALCu),(Cu), o e
AL4CU9 (ALCu),(Cu),(Cu),(Cu)s(ALCu), CusAlg cl52
ALCU2 (Cu),(Cu,Va),(Al), AlCi, hP6
AL2DY3 (Al),(Dy), Gd;Al, tP20
ALDY (Al),(Dy), DyAl oP16
AL3DY (Al),(Dy), HoAl,; hR60
D024 (Al);(Dy), TiNi; hP16
AL2DY (AL,Cu,Dy),(AL,Cu,Dy), MgCu, cF24
AL2FE (Al),(Fe), AlFe aP18
AL13FE4 (A1) 6275(Fe)o235(AL,Va)g 1375 Fe,Aly mC102
ALS5FE2 (Al)4(Fe), FeAl, 0C24
ALSFE4 (ALFe), CuZng cl52
AL4ND (Al)y5(Nd), BaAl, tI10
AL1IND3 (A1) 7g57(Nd)g 2145 LaAl,, ol28
AL3ND_B (Al)y75(Nd)5 hP12
AL3ND_A (Al)g75(Nd)q 25 Mg,Cd hP8
ALND (Al)y5(Nd), 5 DyAl oP16
ALND3 (Al),5(Nd)y 5 Mg,Cd hP8
BCO (B)o5(Co)ys FeB oP8
CO3B (B)g25(C0)y.75 Fe,C oP16
B2DY (B),(Dy), AlB, hP3
B4DY (B),(Dy), UB, tP20
B6DY (B)4(Dy), CaBg cP7
BI12DY (B)»(Dy), UB,, cF52
B66DY (B)g(Dy), YBys cF1936
FEB (FE)5(B)os FeB oP8
ND2B5 (B 7145(Nd)g 2557 Pr,B, mS56
NDB4 o8 02 UB, tP20
NDB6 (Bossr1(Nd)g 1420 CaB, cP7
NDB66 o.0851 0.0149 YBy, cF1936
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