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Effects of Mn on structure and mechanical properties of
Mo,FeB,-based cermets
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Abstract: Using Mo, Fe, FeB and Mn powders as raw materials, Mo,FeB,-based cermet was prepared by reaction
sintering process. The microstructure was characterized by SEM, EDS and XRD. According to the empirical theory of
solid and molecule, the influence of Mn on the third phase and wettability of the formed liquid phase was studied. The
results show that the brittleness of third phase is improved by increasing n, values for the covalent bonds with Mn

addition. Meanwhile, the wettability of hard phase by binder phase is improved. Consequently, Mo,FeB,-based cermet

has higher mechanical properties.
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K LA gk, o gk sy b Fe 2021%, B
0.71%, Si 0.58%, Al 0.27%, C. KT A FBH
By Rk, R R A R 36 1 gl

K QM—1SP4 17 2 K EREEHLLL 260 r/min (1% 14
MBS 24 h, WREEN UM TOK SBE. KGIRALF I 5Ok E
THEAE AR 75 C R R DY-30 B
FHL, SIS 250 MPa, R/ 60 s. K aF IR ik
AN FLAE GG AE 1280 'CHE4h 40 min.

F1 WA Bt
Table 1 Composition design of experimental materials (mass

fraction, %)

Cermet  Fe FeB Mo Cr Ni C Mn

A 1842 28.78 475 24 29 0.5 0

B 1592 28.78 475 24 2.9 0.5 2.5

1.2 ST
WRFEEE B Pe)5, 4F CMT-5105 BLHLT T figd

ML I e 4 IS AR I T A ni A, SR — U s,
PEEE N 14.8 mm. KT HR—150 ¥4 PR 1+ e o Ag
FE o 48] QUANTA200 14 HL B8 W ST FE (1 IO 4 2R,
XM GENESIS2000 GE A AT X 1) H 25805,
FIH D8Advance 7Y X S ZRATHHC o AT SLAH L o SR H
HeK g iebe gt kw5 . I T 4 IR E R Re 45
PRWT LRI, Fo a8y 294 N, In#gnt (a4 15's,
Ingd N 0.1 mm/s.
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2.1 ARA5MERE

Mn 4} 4 @ b B E v RE e an gk 2 Brsil. H
F2 WM, 5AE Mn W& EMEMLL, 70 Mn G
RSB EDUS TRIE . M. WIS
P, HPprEsapriks) 1613 MPa, filifif 90.2 HRA,

2 Mo,FeB, Jk<5 i B & i My L g
Table 2 Physical properties of Mo,FeB,-based cermets

Transverse
. Fracture
Density/  Hardness, rupture
Cermet 3 toughness/

(grem ™) HRA (MN-m 2 strength/
MPa
A 8.07 89.8 16.4 1409
8.15 90.2 17.9 1613

Wi BIPE ol 17.9 MN/m*?, %55  8.15 g/em®. [AI,
VRN Mn [¥] Mo,FeB, 54 Ja B & 455 ) - PEREI AT -

K1 BT B A F1 B [ XRD . & 1 Rl 4,
RFE A A B #B2EH1 Mo,FeB, il Al Fe JLhbEAAN
D EENE FeoB 4K

Bl 2 Fis AN Mn 5 ¥ MoFeB, 34 & P &
Mgl a2 %N, RERREE AR A 1 43 A AE
Fe HAKHAN T, AL 5 A7 4G /> B M 1 55 = AH Fe,B.
R 3PTHI A% 3 AHIBERE S0 b . thE& 3 W[ %1, Mn &

*— MOchBz
o— Fe
- = -— FezB
.;J w(Mn)=2.5%
L] L
- -
,,_'—F‘—’UU U R 7 :

‘D w(Mn)=0%
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20/(%)

B 1 Mo,FeB, 34 m M %) XRD i
Fig.1 XRD patterns of Mo,FeB,-based cermets

B 2 K Mn % & MoFeB, 34 8 M % 1) B 14124
Fig.2 Microstructures of Mo,FeB,-based cermets with different
Mn contents: (a) Without Mn; (b) With 2.5% Mn
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Table 3 EDS analysis results of main phase

Phase w(Mn)/%
Hard phase 0.96
Binder phase 3.36
Fe,B 6.3

BEAE T3 S ARRRE AR . PRk, Mn B2
XM S = A Fe,B A1 Fe Hkb A1 (145 1M 5% vy
Mo, FeB, 5 4 J B &5 (1) 1 24 M g « SCHRR[S—610F 7T 4R 1E
Mn. Cr fl Al %548 7G5 AE8 5 # Fe,B 1 Fe JE R[]
AR T Mn Fl Fe b5 05 FIRAEAE G R H R
FA M (rvn=0.179 nm. #p=0.172 nm). K, Mn
H 5 H 2 AR Fe JE)(Fe, Mn),B [E¥ 4.

22 Mn 35 =48 Fe,B HIENT

Mn ¥ Fe,B t Fe JiFE 4ok, ML A S 5y
T2 BT HAS(BET L) I 2274(BLD ¥5)iH4
AL . T Mn 4035 Fe SEUR Fe,B i
e BOR A, 4% BLD HECHERIFME, HR3E EET
FRAE T N R AN Fe,B [ W A4 S A% 5 SRR
1T H1 T Mn 5 R ) A 00 AR 4 ) bl R RS
HIASAL T R, T Fe,B fA% o 1K) Fe 543 4% Mn I
£, BT LA K Fe A Mn BRI R T2 4000 A 1,
S SR A ] 130,
R3(I)=R™ (x + R¥ (1)1 - x) (1)

S

nd =nMx+nfe1-x) 2

X RS() M (Fe, Mn),B (881, RM (DA R™(1)
S Mn I Fe (FEUB R n S Ol Fe A Mn P34 (1)
LM E TG n MR 5L Mn Rl Fe 3440 fL
. UL, (Fe, Mn),B [f1 AR S5 # a] LLAERCH S,B.
22.1 (Fe, Mn),B [1)d ARG HE) Sz 1] FMI 45 [) B 4

A EET PR L LAY, (Fe, Mn),B # Fe,B
HAMFN S,B dhikgity, HEHN C-16 A440 Y
TR, Fe,B (LSRG M E 3 fron. =5
I4/mem (No140), M=4. S F B 43 B> A fE -

B: (0, 0, 0), (0, 0, 0.5¢), (0, 0, ¢)

S: (0.167a, 0.333a, 0.25¢), (0.833a, 0.667a, 0.25¢),
(0.333a, 0.833a, 0.25¢), (0.667a, 0.167a, 0.25¢)

FIF A5
Dy, =[(x, —x,)?a* + (v, =) ?b* +(z, —2,)*c*]"?

(€)

®—B A—Fe O—Fe
3 Fe,B fiffu4hitt
Fig.3 Crystal structure of Fe,B
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Dy (n4)=0212430nm, Dy, ., (ng)=0.217 97 nm,

Dy o (nc)=0.24134nm, Dy, (np)=0.243 95 nm,

Dy i (ng;)=0.269 18 nm, D, i (n,)=0.269 18 nm,

Dg s (npy) =0.27249 nm, D, o (5,)=0.401 14 nm.
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WEFLEW], 48N Mn 1) Mo,FeB, J: 4 J8 i & 2%
HRem . ACVEE u(Feo‘gz,Mnom)zB VLTI ¥
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Dy 2 (ny)=2R"(I)— Blgn, (4)
Do o (ng)=R>(I)+R®(I) - Blgng (5)
Dg o (nc)=2R*(I) - Blgnc (6)
Dg g (np)=2R%(I) - Blgny, (7
Dg. g (ngy) =2R>(1) = Blgny, ®)
Dg g (ngy)=2R(I) - Blgny, )
Dg s (ng)=2R%(I) - Blgny, (10)
D (ngy) =2R*(I) - Blgng, (11)
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74 f=0.06 nm.
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Blgyy =R3(I)=R°(I)+ Dy _o(ny)—Dg_pp2 (np)

(12)
Blgyc =2R3(I)=2R®(I)+ Dy > (ny) —Dgo_g ()
(13)
Blgyp =2R*(1)=2R®(I)+ Dy > (ny) - Dg_g (np)
(14)
Blgye =2R3(I)=2R®(I)+ Dy 2 (ny) — Dgo_gs (ng;)
(15)
Blgye, =2R5(I)-2R®(I)+ Dy _,: (1)) — Do _y (ngy)
(16)
Blgyp =2R5(1)-2R®(I)+ Dy _» (1)) — D _gs (ngy)
(17)
Blgyp, =2R3(I)=2R®(I)+ Dy 2 (1) — Dgo_gs (1)
(18)

A (12)~18)n &1, T Fe « Mn Al B i (1) 2%
B k1S y.(0=B, -+, F2). it (19)~2 1)K ny, B
MR n, (n=y,xns, a=B, *++, F2) ¥ n AN K (4)~(11)
B a] $F 4 S B BE D (n,) . T 3L | D (n,)-D(n,)| <
5 pm FIWAE— AT LS, B0 BE PR R S0 H R
F 4. I, K Feo Mn Fl B [RRASZAL RS 4

#&4 Fe Ml B i TR IRES L

Table 4 Hybridization parameters of Fe and B atoms

SIS R AT 577 Mn 19 FeoB L 745
Fi. % 4 Bo SR BT F NG Fe A1 B ETHO%¢
IRAZ S 2 5 1 6 FTH15- 0 (Fe, Mn).B il FeB
T4

DI =1y +1grg+-+ 1 (19)

>ne =2ng +ng (20)
2 nc

np = Z (21)
IV

M 5 A6 nH, Fe,B fhfflrh & om il A v [220]
BL) A3 AT Fe—Fe Ji 18, LM i 7 x5 ne=
0.325 92 ZHAE T HCAL A h AT 8 4%, MRk T
2% . WYL 7] (F) Fe>—Fe’ Fl v [423] 4 7] (1)
Fe’—B yUkai i, A7 h[002]f B'—B> g5, i
E I F 8 i T3040 B /i LA k. B A
717 43 [002] 1) B'—B® 5552 1% i Fe,B il M 7 A A% Jit
FEPERI B . BT B 7 A R S B, B R
AT 1A MR . DRI, 00214V ) 2 Fe,B AHA KK
PR T T FABRBIF TR LSR5 AR [ 45
w1, 4 Mo,FeB, 34 @ M & 5% Jiit, Fe,B 7241 111E
FH R 545 2 Y [002] 47 7] & A= %5 it Wi A 4 407 e 1
AN 4 JE P B IGE  2E . IRIk, mT LA BLAREE —

Atom o R(l)/nm ne ny n,
Fe Al3 0.104 08 4.690 5 0.679 60 5.563 5
B 3 0.079 80 1.173 4 0.182 66 3
Mn C13 0.122 12 2.0952 1 3.0952
%5 (Fe, Mn),B [El¥ A M L7454
Table 5 Valence electron structure of solution (Fe, Mn),B
Bond Bonded atom 1, Ty D (n,)/nm D(n,)/nm AD/nm
A B'—B’ 2 0.155278 0.208 133 021243 0.004 297
B S*—B? 16 0.335 501 0.213 673 0.217 97 0.004 297
C s*—s§? 2 0.365 687 0.237 043 0.241 34 0.004 297
D s*—s’ 4 0.330 833 0.239 653 0.243 95 0.004 297
El s —s* 8 0.125 635 0.264 883 0.269 18 0.004 297
E2 s*—s! 8 0.125 635 0.264 883 0.269 18 0.004 297
Fl $—s° 16 0.110 648 0.268 193 0.272 49 0.004 297
F2 §>—s* 16 0.000 793 92 0.396 843 0.401 14 0.004 297
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Table 6 Valence electron structure of Fe,B

Bond Bonded atom 1, T, D (n,)/mm D(n,)nm AD/nm

A B'—B? 2 0.153 324 0.208 463 0.212 43 0.003 967
B Fe>—B? 16 0.314 735 0.214 003 0.217 97 0.003 967
C Fe>—Fe? 2 0.325 920 0.237373 0.241 34 0.003 967
D Fe>—Fe’ 4 0.294 857 0.239 983 0.243 95 0.003 967
El Fe>—Fe! 8 0.111 972 0.265 213 0.269 18 0.003 967
E2 Fe’—Fe' 8 0.111 972 0.265 213 0.269 18 0.003 967
Fl Fe>—F¢’ 16 0.098 615 4 0.268 523 0.272 49 0.003 967
F2 Fe>—Fe® 16 0.000 707 58 0.397 173 0.401 14 0.003 967

H1 Fe,B 4 it L B & RIS R 55 47,
B BTl S-P Zxft, T B BT ML i R
Ak

E. =bfn, | D(n,) (22)

e o H AT IR BT VR R 3 6=37.5: Tk
e ) £=1.540 51, n, 2 o BEIISLA TR D(ny)
JESIGRERE . KDL RN (22), THH(Fe, Mn),B
sl B'—B? A E 4 4.222 7 kI/mol, Fe,B i fitd
B'—B? # i AE A 4.169 5 kI/mol.

A ST S R, T Mo RPN,
{43 Fe,B A L F 45 M R A8k . 15 Fe,B AHLL,
7E7 Mn (1] Fe,B A, &8 MLt X5 4 n, 38975
A, FRHESEE B—B B T n,
0.153 324 BN 0.155 278 M54k B—B AL R
K1 4.169 5 kI/mol 3G M| 4.222 7 kJ/mol. FLHHLF
X HSORVEEE RE TR I B T B RE D g . PRLE, Min
AN T FeoB AL

T P S A BHIRT oS — AR NI = AR R
BIEHIRES, MRHEF= BB TR, IR T 5K i
I B L G, TR ERER, BRIk
e, MOEHRPUROE AR M Re Dt s, %
L5 I R RN . Mn (R AT Fe,B i 4%
B n, BIE BT, RIS SR . (MR R AR
IAMEARTEIT, T EREEE 2 MR R AR I S &
Ik, Mn (%5 A AE Fe,B 42 5

Mn [FIIASGE T FeoB AR METESE o 7R
Kk, MEPESE =AM Fe,B B, Mkifd 2 khag. Mgy
JEF| Fe,B W AF R e R A e 5l 25 iy, 3 s 4 5
T, AWK S KA, RG4S R

Hg R I T Y FETE 2 IR, AT A 4 e s g
ZAETEM 16.4 MN/m*? 88 Hn5) 17.9 MN/m*?, 3
TP . B4 BRI 2.5%Mn 500 Mn
FARFERIWT IS, I 4 alF 1, S5RN Mn (4]
b, IINT Mn REAWT T, b B R 1 L A5 A %o
s M 2.5%Mn J5, Wi R RIANA, HIE
PR Z O, KB RN AR, B8
Mn [FINANSGE T Fe,B AHIIA MG, 3K T 244909
JEIH Dy, XATWIR R AN A 2 s R, T FEE
Z Mgk, HHTL SRR,

R AT SN g d 10
4 ANJA] Mn & ) Mo,FeB, £:4x & M &M O B0

Fig.4 Morphologies of fracture of Mo,FeB,-based cermet
with different Mn contents: (a) Without Mn; (b) With 2.5% Mn
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2.3 Mn 3 Fe E 5 iEEMR M

WIRTHTAR, Mn B3 5] Fe FERS AT R g [ v
4. ¥ 5 iR Fe-Mn i AH . 118 5 AT 40, 3.36%
() Mn [P NS 6-Fe DXIRAE /I (L <lyp)y-Fe X384 K
HE T CAED, Mn Db B RARR e o E . SARSER
i, Mn {t 6Fe-Mn H 24 D, 241k 12 fit; TMfE y-Fe 41,
Mn 4 C, Ptk 12 13 BrFl B, B2tk 6 Bre BT By
FhiZfbA 0 Mn JRFAEGE FIOZ4Eas, Rk, p-Fe
IR FP Al BATOREE p AHIY foe Z5HTERE, T
AEAE By B AL AS Mn J5UF 1520, Af mift y-Fe AH7E
Fe-Mn R4 4P o] LR FF R ARELE X . RIfEpe gl i,
Fe JEREIEATIE K p-Fe ML PR .

1800%
(0-Fe)

1?007

% 1600+

1500+ (y-Fe, y -Mn)

1400

Fe 20 40 60 80 Mn
Mass fraction of Fe/%
5 Fe-Mn %4l Af Kl

Fig.5 Fe-Mn phase diagram at high temperature

FH Mo,FeB, (iR HLER nf &0t 1), 75 1 092 °C,
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RSB SE I B4 o YR FEE RIS T o Y 3 A ¢
KT, T Fe Xt MoyFeB, IR Ay A S 3 P,
FIT LA AE AR N ) Y e e DRI, 30 P88 o Y 11
IR HE IR .. & 2 740, A Mn JCE G, 5
SRR N 8.07 g/em® B NF] 8.15 g/em’ s JX EF &
A Mn AR Ty AHIXTE L, AITREAR T p-Fe
(TR E , TAE Ly (RS RIS A, RIH 4 T4
THREGHEIE . ST THIAGAE SOV TR AR 2 EE
T i A R T S SN T e o R 11
P& ST VOURH S 25 S B e 45 R A (R LB . DALk mT BASR
R R B, Iy 2ErERe e s . il 2 m,
T A AORLT S A AT AL ok A KO, B
VRN Mn FEANE Min 1946 a8 P 8 R ST i/ o R
RN Mn ARG B2 AH R TR 1 e B, SR A
Mg, M RAF LU0 R4 /M MooFeB, 4

R

3 g

1) Mn X} Mo,FeB, 54 J& F %11 ) 4 PERe AT B35
SEMR, VNI Mn (14 @ B & B RAFI 1 Pk RE .

2) VT Mn XHEMESE =M Fe,B M HL 75411
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