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Abstract A new binder system and debinding process for low carbon residue in the injection molding of
Nd(Fe,Co)B powder are investigated. In the injection molding of magnetic materials, it is demanded to reduce
carbon residue which deteriorates their magnetic properties. The binder system developed is composed of po-
lyethylene glycols (PEGs) and polypropylene (PP). PEG was selected as a major binder component to be ex-
tracted in a molecular state by solvent extraction in ethanol, which step would leave no residue. PP was select-
ed as a minor binder component to be subsequently removed by thermolysis which step would leave carbon

residue. The behaviors of solvent extraction with the variations of PEG molecular weight, temperature, and
time were examined. The dependency of residual carbon content on thermolysis atmosphere was also studied.
Opened pore channels introduced in a green body by the solvent extraction and microstructures of the sintered

magnets were observed using SEM.
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Fig. 1. DSC analyses of PP and PEGs with various
molecular weights in air.
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Fig. 2. PEG extraction as a function of (a) time, and
(b) square root time at different temperature. The com-
position tested was Al.
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Table 1. Composition of the Nd(Fe.Co)B powder-binder mixtures prepared, vol. %

Nd(Fe.Co)B powder PP

PEG-20000

PEG-10000 PEG-4000 PEG-1000

50
50
50
50
54

15(30(a))
15(30)
15(30)
15(30)

Al
A2
A3
A4
F 15(30)

27.6(60) -

35(70) ; - ;

35(70) - -

- 35(70) -
35(70)
4.6(10) -

(a) : Volume percent of binder system.
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weight at different temperature. The compositions tested
were Al-Ad.
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Fig. 5. SEM micrographs of the (a) injection molded, (b) and (c) solvent extracted, and (d) thermally debound samples.
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Table 2. Debinding atmosphere versus residual carbon
content for moldings with 54 vol.% powder loading
(10x7x 15 mm samples) debounded at a heating rate
of 3°C/min up to 600T

FAEA felA A AR
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Residual carbon 1700 8300 9100 8600 1600

content(ppm)

oll
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Fig. 6. X-ray diffraction patterns of (a) Nd(Fe, Co) B
powder and powders thermally debounded to (b) 600
°C, (¢) 700°C, and (d) 800°C
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Fig. 7. (a) SEM micrograph, (b) back scattered image
of the sintered body.
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