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Magnetic Properties of Anisotropic Nd-Fe-B Type Resin Bonded
Magnet Produced by Imjection Molding

Yoon Bae Kim, Woo Sang Jung and Won Young Jeung
Metal Processing Research Center, KIST, P.O. Box 131 Cheongryang, Seoul 130-630

(Received 8 February 1999, in final form 24 March 1999)

In the present wark, magnetic and rheological characteristics of anisotropic Nd-Fe-B type 1esin bonded magnet
produced by injection meolding using polypropylene as a binder were investigated with the variation of powder
loading in compound, applied magnetic field and injection molding temperature. The maximum powder loading
determined by torque sensor was 70.7 vol.%. The remanence and maximum energy product of resin bonded magnet
were increased with increasing the powder loading in compound and showed a maximum value at the powder
Ioading of 54 vol.%. Further increase of powder loading above 54 vol.% resulted in the decrease of remanence and
maximum energy product. On the other hand, there was no change in coercivity with the variation of powder loading
in compound. The decrease of remanence and maximum energy product above the powder loading of 54 vol% is
due fo the decrease of degree of powder alignment caused by the decrease of fluidity of compound, which could be
confirmed by the measurement of viscosity using capillary rheometer. The magnetic properties of resin bonded
magnet were increased with increasing the injection molding temperature. This is due to the increase of powder
alignment by improving the fluidity of compound at high temperature.
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Table 1. Some selective properties of reactant powders

Substances Fe Fe, O, NiO Zn0
Manufacturer  Aldrich  Aldrich  INCO Aldrich
Purity[%] ~ 99.99  99.98 9999  99.09

. <1 pm,
Size <12 pm <45 pm <12 pm <150 pm
Density [g/em’]  7.86 5.24 2.26 1.83
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Fig. 1. Block diagram of the experimental process.

e B X
o by 2ol

ol pMl-g F ulge] gigd AR AMLA (phase
1df:nt|f1catlon)-— A2 FAE AL 2 E Ba4]
Z 2L X4 38 2471 (MXPIA-HF2000)2- ©)-4
S0 oI A Cu targers] KALE 2)83]
of BPAQop] 2070 SN ek 44T
4] vl A Z2A-E FALH AR (Jeol 2400y o]-8-8}]
BaasIc) A2PAR sl = #2e] )H 54
& A7|EA B3] (Toei VSH-5)Z Algsled 25
KOe®] 73 A5l A5 243t B4 715 4k
2 o] 43je] 4mMHS) 77| o|ETUE N, o2
B AL E(Br), BA [He), ESASHMs), A5
#}8HMr), 238 (squareness ratio} 5-2 A= sgd ).

sle] s} Fig 12 £ ol tol4]

m. Ay ¥ O

Fig. 2= 953 A B4 vlazaE FApskdd
vlge s #EG dylelch whEES vlAg Fue
E3H R FAEe] 9lont, A gk Fele A
Z7]7} 7t FrRElRen Uy AR 7o) AT
2ic}. Fig. 32 ubg- Ad}t 32| X4l 34 ¥4 Ao
o} 4 WA dlE U8 B4l Fe, NiQ, Zn0, Fe,0;
4] 3 H o] FrateR|ul, o 40k-E- Fofl = spinel F&
71 = i) 5E kg 28R u-Fe,0,9]
HAQL ultFe= =4 Fhislelc)h Fig 4= Akagt
o] t}E XM A4 HelE A
0-Fe;0,2} spinel®] #w|71% ol th3t spinel?] =
EAztme] AEal 33 HPxe] wsle[ct. oA



n B BRI
o z
et -

Al .800

25kt Xl.0028

{b)
Fig. 2. Scanning electron micrographs of reactant (a) and
product (b).
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Fig. 3. x-ray diffraction spectra of combustion products
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Table II. Triple points of Fe-Ni(Zn)-O system in phase
stability diagram at 2000°C [12]
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Table 1. Standard free energy of the chemical reactions at 2000°C [12]

Reactions AG [keal/mol]
1 0.472 Fe;NiO, — 0.445 Oy(g) + 0.472 Ni(g) + Fegqss0 17225.7
2 0.474 Fe,NiO, — 0.447 Oug) + 0.474 Ni(g) + Fe0.9470 15112.0
3 0.500 Fe,Ni®, — 0.500 Og) + 0.500 Ni(g)+ FeO 15928.4
4 1.000 Fe,NiO, — 0.500 Oxg) + 1000 Ni(g) + Fe,0, 38818.0
5 1.500 Fe,NiO, — 1.000 Og) + 1.500 Ni(g) + Fe,0, 40652.6
6 1002 FegasO — 0.001 Oyfg) + FegpsO ~2150 1
7 1058 FeggisO — 0,029 Oi(g) + FeO 22998
8 2.116 TFegguO +0.442 O,(g) — Fe,0, 2362.4
9 3,175 FegesO +0.413 Oyg) — Fe,0, —14032.0
10 1.056 FeggyO — 0028 Og) + FeO ~293
11 2.112 TegsrnO + 0.444 Oyfp) — Fe,0, 69033
12 3.168 FeyynO +0.416 Oyz) — Fe,0, —7220.7
13 2.000 FeO +0.500 O,(g) — Fe,0, 6962.0
14 3.000 FeO +0.500 Oyg) — Fe, 71327
15 1500 Fe;0; — 0.250 Og) + Fe;0, 175757
16 2116 FeyousO +0.942 O,(g) + 1.000 Zn(g) — Fe,Zn0, —4602.5
17 2112 FoyenO +0.944 Og) + 1000 Zn(g) — Fe,Zn0, —61.6
18 2000 FeO + 1.000 Oyg) + 1.000 Zn(g) — Fe,Zn0, 29
19 1.000 Fe,0; + 0.500 Oy(g) + 1.000 Zn(g) — Fe,ZnO, —6964.9
20 0.667 Fe O, + 0.667 O,(g)+ 1.000 Zn{g) — Fe,Zn0, 4752.2
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Fig. 5. Phase stability of NiFe,O, (a) and ZnFe,0, (b)
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Table IV, Average combustion temperature and combus-
tion velocity with oxygen partial pressure and compacting
pressure

Zn0 0, compacting combustion velocity
size  pressure  prcssure temp.
[um]_ [atm]  [MPa] e Lmmised
150 1.0 0 1250 9.3
150 0.5 8.0 645 38
150 0.8 8.0 958 6.3
156 1.0 8.0 1153 8.8
150 12 8.0 1163 9.1

1 1.0 8.0 1133 7.3
150 1.0 9.0 1148 82
150 1.0 11.0 1140 7.8
150 1.0 15.0 - =
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Fig. 6. Apparent activation energy change with oxygen
pressure.
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(Ni,Zn)Fe.0, powders were prepared through self-propagating high temperature synthesis reaction and the effects
of initial zinc oxide powder size and oxygen pressure on the magnetic properties of the final combustion products
were studied. The ferrite powders were combustion synthesized with iron, iron oxide, nickel oxide, and zine oxide
powders under various oxygen pressures of 0.5~10 atmosphere after blended in n-hexane solution for 5 minutes with
a spex mill, followed by dried at 120 °C in vacuum for 24 hours, The maximum combustion temperature and
propagating rate were about 1250 °C and 9.8 mmy/sec under the tap density, which were decreased with decreasing
ZnO size and oxygen pressure. The final product had porous microstructure with spinel pealks in X-ray spectra. As
the ZnQ particle size in the reactant powders and oxygen pressure during the combustion reaction increase, coercive
force, maximum magnetization, residual magnetization, squareness ratio were changed from 1324 Oc, 43.88 emu/g,
1.27 emu/g, 0.0034 emu/gOe, 37.8 °C to 11.83 Qe, 68.87 emu/g, 1.23 emu/g, 0.00280 emu/gOe, 43.9 °C and 7.99
Oe, 75.84 emu/e, 0.791 emu/g, 0.001937 emu/gOe, 53.8 °C, respectively. Considering the apparent activation energy
changes with oxygen pressure, the combustion reaction significantly depended on initial oxygen pressure and ZnO

particle size.



