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Table 1 Binder formulation and preparing condition

) Plasticizing component Viscous o Condition
Binder Stearic acid
PW DBP PT oil components Solvent 0, ¢ Remarks
b1 100 — — — — — No solvent — —
b2 32 — — — 60( PS3) 8 No solvent 110 C, 2h M ixing
b3 49 o - — 43(PS3) 8 No solvent 110 C, 2h M ixing
br4 — — 32 — 60( PS3) 8 No solvent 110 C, 2h M ixing
b5 = = — — 40( PS3) 60 No solvent 110 C, 2h M ixing
r6 — — — — 60( PS3) 40 No solvent 110 C, 2h M ixing
b7 78 — — — (PS») 2 Solvent @O 130 C, 3h  Dissolving
-8 78 — — — (PS)) 2 Solvent @ 130 C, 3h  Dissolving
-9 70 — 8 — 20( PS)) 2 No solvent 130 C, 3h  Dissolving
b 10 70 — 8 — 20( PSy) 2 Solvent @ 130 C, 3h  Dissolving
il 70 o 8 — 20( PS)) 2 Solvent @© 130 C, 3h  Dissolving
12 70 — 8 — 20( PS4) 2 No solvent 130 C, 3h  Dissolving
r13 70 = 8 — 20( PS)) ) No solvent 130 C, 3h  Dissolving
Ir14 70 = 8 — 20( PSs) 2 No solvent 130 C, 3h  Dissolving
Ir15 39 — — 34 26( PS;) 1 Solvent @O 130 C, 3h  Dissolving
16 — — . 41 59( PSe) 0 Solvent @) 130 C, 3h  Dissolving
17 — 70 8 — 20( PS)) 2 Solvent O 130 C, 3h  Dissolving
Ir18 — 55 8 — 35(PSy) 2 Solvent @ 130 C, 3h  Dissolving
b 19 — 44 10 — 36(PS)) 10 Solvent @ 130 C, 3h  Dissolving
20 — 44 10 — 36( PS,) 10 Solvent @O 130 C, 3h  Dissolving
21 — 60 15 — 20( PS)) 5 No solvent 130 C, 0.3h  Mixing
22 15 60 — — 20( PS)) 5 No solvent 130 C, 0.3h  Mixing
Ir23 75 — — — 20( PS)) 5 No solvent 130 C, 0.3h  Mixing
r24 75 = — — 20( PS)) 5 No solvent 130 C, 0.3h  Mixing
Ir25 60 — 15 — 20( PS)) 5 No solvent 130 C, 0.3h  Mixing
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Table 2 Feedstock formulation

Bl Y8 powder
Feedstock

No w /! % ®/ % w/ % ®/ %
bp1 b1 8 60 92 40
bp2 b2 4.9 47 95.1 53
bp3 b2 5.4 49 94. 6 51
bp4 b2 6.0 52 94.0 48
bp5 b3 4.9 47 95.1 53
bp 6 b3 5.4 49 94. 6 51
bp7 b3 6.0 52 94.0 48
bp8 b4 4.9 47 95.1 53
bp9 b4 5.4 49 94. 6 51
bp- 10 b4 6.0 52 94.0 48
bpr 12 b 13 5.1 47 94.9 53
bp13 b 13 4.5 44 95.5 56
bp 14 b 14 5.1 47 94.9 53
bp 15 b 15 5.0 46 95.0 54
bp 16 b 16 5.2 47 94. 8 53
bp 17 b 16 4.6 44 95. 4 56
bpr 18 b 17 5.4 49 95.6 51
bp 19 b 18 4.9 46 95.1 54
bp20 b 18 4.6 45 95. 4 55
bpr21 b 19 4.6 45 95. 4 55
bpr22 b21 4.7 45 95.3 55
bpr23 b 22 4.7 45 95.3 55
bp24 b 23 4.7 45 95.3 55
bp25 b24 4.7 45 95.3 55
bpr26 b 25 4.7 45 95.3 55
bpr27 b 26 4.6 45 95. 4 55
bpr28 b 26 4.5 44 95.5 56
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Fig.1 TG and DTG curves of polymer
component, binder and feedstock
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Table 3
low temperature region (0~ 300 C)

Kinetics analysis results in

b-24 bpr25
Methods M echanism E E
_ Ru - Ry
/ (kJ*mol™ ") /(kJ*mol ")
R; 38.991 - 0.999 23 36.915 - 0.999 70
D, 73.171 - 0.99256  47.363 - 0.963 82
Differential
D3 91.531 - 0.999 58 79.063 - 0.999 95
Fy 51.028 - 0.99542 57.428 - 0.989 26
R; 44.239 - 0.998 14 33.849 - 0.999 97
D> 86.077 - 0.99620 57.789 - 0.99593
Integral
Ds 96.779 - 0.999 11 75.997 - 0.999 98
Fy 49.955 - 0.99872  43.177 - 0.996 73
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Table 4

Kinetics analysis results in

high temperature region (300~ 550 C)

Methods M echanism

PS]

b-24

E

/(kJ*mol™ 1) R

E

/(kJ*mol™ 1) K

R;
D,
Differential Ds
F,

F,

158.957 - 0.979 63
276.342 - 0.993 18
300. 780 — 0. 989 69
175.100 - 0.974 87

223.530 - 0.963 08

97.3930 - 0.98220
72.1004 - 0. 984 06
233.151 - 0.999 38
124. 465 - 0. 995 64

R;
D,
Integral Ds

F

130. 497 - 0. 996 60
257.124 - 0.998 26
272.320 - 0.996 82
138.345 - 0.994 69

104.556 - 0.999 77
196.274 - 0.999 78
220. 438 - 0.999 97

117.431 - 0. 998 20

k> 164.556 — 0.986 91 - -
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Fig. 6 Binder fracture sectional SEM photographs of different samples
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Fig. 7 SEM photographs of extrusion green-body fracture section

(a) =YG8, d13 mm; (b) —YG8, d6 mm; (¢) —YGI15, d13 mm; (d) —YG6, d6 mm
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Fig. 8 Fracture sectional SEM photographs under different states
(a) —Before debinding; (b) —After pre-debinding; (c¢) —After debinding; (d) —After sintering
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Table 5 Thermal debinding results of binder

in feedstock

No. w (binder) / % Error/ %
1 4.976 - 0.005
2 4.953 - 0.028
3 5.026 0. 045
4 5.033 0. 052
5 5.017 0. 036
1 4.942 - 0.039
2 5.027 0. 046
3 4.957 - 0.024
4 4.923 - 0.058
5 5.012 0. 031
1 4.865 - 0.116
2 4.774 - 0.207
3 4.736 - 0.245
4 5.148 0. 167
5 5.203 0.222

Mass fraction of binder in feedstock is 4. 981%
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Fig. 9 Microstructure of sintered samples

(a) —Vacuum sintered( d 16 mm) ;

(b) —HIP sintered( d 16 mm)
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Table 6 Physical and mechanical properties of

Y G8 extrusion rods

Bending ~ Compressive M agnetic
strength strength coercive force

(MNem™?%)/(MNe*m™?%) HJ(kA*m ")

Density ~ Hardness

/(g*em™ %) (HRA) /

14.78 89.5 2 100 4450 12.5
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Novel technology for plasticizing powder extrusion molding

ZHOU Jtrcheng, HUANG Baryun
(State Key Laboratory for Powder Metallurgy, Central South U niversity,
Changsha 410083, China)

[ Abstract] For vacuum worm type extrusion press, the physics essence of plasticizing pow der extrusion molding ( PEM) process

based on a novel binder system, and using cemented carbide powder as a test material, has been analyzed. The material functions have

been deduced by rheological method. The nomrisothermal debinding mechanism and dynamics of binder and extrusion molding bodies

was studied by thermogravimetric analysis method. Combined with theoretical analyses and experimental results, a novel multrcom-

ponent binder has been developed successfully, and the PEM processes parameters and condition were optimized. The cemented car

bides PEM rods, with diameters up to 20 mm are manufactured.

[ Key words] novel technology for PEM; binder; rheology; thermal debinding; cemented carbides
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