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Table 1 Part thermodynamics parameters of Fe-Ni-Al ternary
[17]

system
Phase Excess Gibbs free energy/(J-mol ™)
I XarxNiXre [(—62066.21+11.7632T)x o+
(57195.0)xpe+H(—8440.930)xx]
XarxNiXre [(—178140.69+96.0612 T)xp+
’ (—207403.88+117.740T)xx;]
" Xa1xNiXre [(—85763.63)x 4 H(—23327.05 )xpet+

(—63420.34)xy]

HHE ZHANG 26 VST K (40 22 i e 5
#3311 NizAl-Fe (12 E AR A E W& 1 Pros. AT
Fe-Ni-Al ki &5 A0 TP I vy 8% pIBT RO ILRE s 540, &
GBI BOEAEHILE y BB pratBAIIX . T AR 1
ATLAEH, y ARG, S — i AL B
B Y+ I =AW S A ISR,
AR TH AR EA AL =0 TE pratp X, 16
— 5C Y FRAL B B R (505~606 °C), NisAl & & H
3%~45% (T 7 BO VG N, #80] LA 2] ptatprit =
FHALZR . b T B Gk S SRE LAk, BR 4l I R
AR K, Niv Al JTCESA 75 195U 5 1 =)
T IIE E AE R AR T SEBRAR N Ni;AL &5,
KT yrotpAHIX IR S NizAL &5 (3%).
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Fig. 1 Vertical phase diagram of Ni;Al-Fe
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Table 2 Components of alloys containing different Ni;Al

Mass fraction/%

Alloy No.
WC Cr Mo NizAl Fe
1 50 1 1 0 Bal.
2 50 1 1 0.5 Bal.
3 50 1 1 1.0 Bal.
4 50 1 1 1.4 Bal.
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Fig.3 DSC curve of alloy 4
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Fig. 4 XRD patterns of alloys containing different Ni;Al
contents: (a) 0; (b) 0.5%; (c) 1.0%; (d) 1.4%
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Table 3 Composition of MgC(I) in alloy 1 and binder phase(II)

in alloy 4
M(C(I) Binder phase(Il)
Element  Mass Mole Mass Mole
fraction/% fraction/%  fraction/%  fraction/%
C 1.6 13.6 1.2 5.5
W 70.5 38.9 4.0 1.2
Fe 23.8 43.2 88.9 87.1
Ni - - 3.4 3.2
Al - - 0.4 0.8
Cr - - 2.1 22
Mo 4.1 43 - -

Binder phase

WC segregation

[ 3

K we segregation

Austenite+martensite

10.um

Fig. 5 Microstructures of alloys containing different Ni;Al contents after corrosion: (a) 0; (b) 0.5%; (c) 1.0%; (d) 1.4%
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Fig. 6 Backscattered electron diffraction images of alloys containing different NizAl contents: (a) 0; (b) 0.5%; (c) 1.0%; (d) 1.4%;

(e) 0; () 1.4%

Fe;WiC(L K 6 Hi Sk BiR). &4t WC K% 2R IR,
FEARNTAAERBIB A . X EERHT WC ££ Fe
ARSI, AR T A &AL T WC IR it
HIEFR. B N AL S5, WC sbRiA oM EH,
a4 4ty mE.

K 6(e)FIDATR &4 1 A4 AR B 7
Bo MERTLLRIL, &4 WC /NI 2 BB IR 7
AAERGEE AR, WC “ 87 Z (0] SAEAE LA X 4/
() WC sl i e & WC “ 57, Bl WC M4

WEm AP RIS . HEE 6(e) 51 6(f)n UK
B, &4 4 PR WC Ry IHARECDN, WC ik
3 A S A R

3.5 SEYEHFELE
YIFYEREINZ 4 PR, BT B AR BREYE ol 55

BatE, DRSS AT RE AN 3 S A e R B m] LIARER
BREARECE [R5 i il A < e

B CRl 4T PRl PRLRT 88 2 ) SoF B G A5 8wl DUAOE 1



55 28 425 1 1] MR K, A8 NiAL S0 WC SRA S i & 21 U5 TERE I 131

Marbite SR EoR: B Nis Al S8, &4k
SRR EE R, BN NBAL G, &8
T NS FE AR ORI S (R 14 0 o i ) 2 amox T
WERERS BN B, (ERSE A& B — ML, &
S WA et R REBRAN , TUDRE 25 A 5 BE BRI CRE 45 A7)
H RN, Frmid ok . IR 4 T UG, B
A4 NGAL SR M, &8y Br, H
I NBAL 5, A EFemb A 8RR Em LT, ik
Ab, MK 4 e LG H, A% ERE NiAl i
(1) 34 MW B FRAEG o A P S RIS s B2 n 18] 7 B s
M7 AR5, A<l R NisAL 255 iR iz
BTt B 4 RIS BN A S R b
Niz Al BG I 56~ B B4 m.

x4 OEMYPLTER
Table 4 Physical performance of alloys

Alloy  Binder magnetic ~ Coercive force/ Density/
No. saturation/% (kAmfl) (g'cnf3 )
1 49.93 3.89 10.53
2 46.83 5.03 10.43
3 46.36 5.27 10.39
4 45.35 5.37 10.36
87 2500
Il Hardness o
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Fig. 7 Mechanical properties of alloys
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Effects of Ni;Al content on microstructure and
properties of WC based steel bonded carbide

CHEN Fei', LONG Jian-zhan"*?* CHEN Chong', LI Qiang’,
SHEN Meng-long®, XIA Yan-ping”*, RAN Li-ping'

(1. State Key Laboratory for Powder Metallurgy, Central South University, Changsha 410083, China;
2. State Key Laboratory of Cemented Carbide, Zhuzhou Cemented Carbide Group Co., Ltd., Zhuzhou 412000, China;
3. Research and Development Center of Hard-metal,

Zhuzhou Cemented Carbide Group Co., Ltd., Zhuzhou 412000, China)

Abstract: In order to improve the performance of WC based steel bonded carbide, the effects of NizAl content on
microstructure and properties of WC-Fe(Cr, Mo) steel bonded carbide were explored based on thermodynamic
calculation. The alloys with different Ni;Al contents (0, 0.5%, 1.0%, 1.4%, mass fraction) were prepared by liquid phase
sintering method through adding Al with the form of NizAl prealloyed powders. The liquidus temperature, phase
composition and microstructure of alloys were analyzed by the differential scanning calorimetry (DSC), X-ray
diffractometer (XRD), scanning electron microscope (SEM) and metalloscope, respectively. The effects of Ni;Al content
on the mechanical and magnetic properties of alloys were investigated. The results show that, with the increase of Ni;Al
content, y-Fe content increase, due to the improved stabilities of austenite through the solution of Ni element. The driving
force for the nucleation of the y-binder precipitating from liquid phase at 1250 ‘C increases, which refines the grains,
NiAl precipitation in the binder phase increases. The hard phases are mainly WC and Fe; W5 C, with the increase of Ni;Al
content, more C element dissolves in y-Fe binder phase, which leads to a less precipitation of FesW;C, refined WC grains
are distributed more dispersedly. Above all, with the increase of Ni;Al content, the density of alloys decreases slightly.
The magnetic saturation of binder phase decreases while coercive force increases. The hardness of alloys raises while the
transverse rupture strength of alloys first decreases, then increases. Both the hardness and transverse rupture strength
reach maximum value when the NizAl content is 1.4%.

Key words: WC based steel bonded carbide; Fe-Ni-Al binder phase; microstructure; property
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