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ABSTRACT

The development of material for improving the performance of devices adds to the comforts of common man
which leads to the developments of society. In order to make these devices most energy efficient and economical,
one needs to find magnetic materials, which have the highest possible, saturation magnetization and
permeability and that too should be at the lowest possible price. So there is a clear chance for improving the
properties of the existing magnetic material and developing new ones. Therefore, new materials and
technologies provide solutions for emerging out applications.
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INTRODUCTION

Now a days the world’s leading industries in iron powder production, are specifying the use of water atomized
high purity iron powders for high quality soft magnetic applications. The processing cost is substantially high
for the production of pure iron; sintered iron with moderate amount of impurities in the form of solid cores is
used widely for telephone relays and switches, contactors, electromagnets, plungers, pole pieces, solenoids and
in other DC devices [1]. Since pure iron has low resistivity, it is unsuitable for its magnetic application in AC
devices. In general, the magnetic properties of pure iron can be further improved as the impurity level is reduced
[2]. The residual non-metallic impurity in iron must be less than the solid solubility limit at room temperature.
The estimated values for solid solubility limit of carbon, oxygen, sulfur, nitrogen and phosphorous in iron at
room temperature are 0.007, 0.01, 0.02, 0.001 and 1.0 percent respectively [3].

Literature review

The term “pure iron” is used to indicate a minimum of 99.8% purity and the absence of other elements by
deliberate addition. lron exhibits attractive magnetic properties such as high permeability, good saturation
induction and low hysteresis loss, and it is relatively cheap. Some of the physical and magnetic properties of
commercially pure wrought iron are listed in the Table 1.

The variation of magnetic properties of electrolytic iron of high purity (0.012%C, 0.075%H, 0.001%S,
0.003%Si, 0.0004%P) annealed at 800°C are shown in Figure 1. It indicates a characteristics abrupt increase in
initial permeability (H,) and maximum permeability (U, at about 50°C below the curie point, and continual
decrease of coercive force (H.). hysteresis loss (W},), and maximum induction (B,,) with increasing temperature.
Iron powder has been used in the communication industry at frequency up to 1 MHz. For this purpose, carbonyl
iron powder is often selected to take advantage of the spherical shape, the small size (= 5 um in average
diameter) and very hard nature, of the particles, although other grades such as hydrogen-reduced, electrolytic
and mechanically disintegrated iron powders are also used [6].

Carbonyl iron powder derives its name from the fact that the powder is produced from the liquid iron
pentacarbonyl (Fe(CO)s). Briefly, the preparation procedure involves (1) the reduction of iron oxide to sponge
iron in hydrogen, (2) the formation of Fe(CO)s by reacting the iron with CO and (3) the decomposition of liquid
Fe(CO)s in a heated vessel under pressure through atomization. Iron powder thus prepared has a layer of
insulating oxide on the surface of individual particles; thereby cores made of carbonyl iron powder have low
eddy current loss, in spite of 0.8%C and ~0.25%N.
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Table 1: Physical and magnetic properties of wrought iron [4, 5]
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Physical properties [4]

Value

Density, g/cm® at 20°C

7.874

Lattice constant, 10® cm

2.861

Resistivity at 20°C, ohm-cm x 10°

9.7

Resistivity for commercial iron, ohm-cm x 10°

11

Temperature coefficient of resistance

0.0065

Compressibility, cm’/kg x 10°

0.6

Modulus of elasticity, dynes/cm?® x 10™*

21

Proportional limit for annealed iron, Ib/in.? x 107

19

olo|~N|lolo|a|w(N]|k|=

Tensile strength, Ib/in.? x 10°

25-100

Magnetic properties [5]

Value

Brinell hardness number (annealed)

50-90

11

Curie temperature, 0. in °C

770

12

Saturation induction at 20°C, B in gauss

21580

13

Bohr magnetons per atom, pg

2.218

14

Maximum permeability of commercial product, pm

5000

15

Coercive force of commercial product, H,

0.9
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Figure 1: Variation of Magnetic Properties of Iron with Temperature, material is annealed at 800°C [4]

Hydrogen treatment [7] of the iron, also known as hydrogen anneal is effective in removing oxygen, carbon, and
nitrogen and, to some extent, sulfur [5] and carbon is removed probably more readily in moist than in dry
hydrogen. It involves thorough heating in an atmosphere of wet, pure hydrogen above 1350°C, followed by slow
cooling through the y— o phase transition. Hydrogen treatment by reducing impurity level in the material
lowers the coercive force and improves maximum relative permeability. The effect of temperature of hydrogen
treatment on maximum permeability of iron is shown in Figure 2.
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Figure 2: Effect of Temperature of Hydrogen Treatment on Maximum Permeability [7]
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Typical magnetic properties for several pure iron materials viz. Ancorsteel 1000, Ancorsteel 1000B, Ancorsteel
1000C produced by M/s Hoeganaes Corporation, USA, compacted at 415, 550, and 690 MPa and sintered at
1120°C and 1260°C for 30 minutes in dissociated ammonia are listed in Table 2 [8]. The chemical analysis of
these steel powders is given in Table 3.

Table 2: Typical magnetic properties (15 Oe) of Ancorsteel* 1000, Ancorsteel 1000B and Ancorsteel 1000C [8]

. Sinterin Compaction Pressure Sintered
Material temperatureg("C) pMPa (tsi) Density (g/cm3) Heog | Br(kG) | Bmacko) | Mo
415 6.7 203 8.3 9.8 1990
1120 550 7.02 208 9.7 114 | 2320
690 721 2.09 106 124 | 2650
Ancorsteel 1000 415 6.71 2 8 102 | 1920
1260 550 7.03 193 10 119 | 2490
690 725 1.95 105 127 | 2790
415 6.79 207 9.1 104 | 2150
1120 550 7.0 2.06 10.7 119 | 2710
690 7.26 203 114 127 | 3020
Ancorsteel 10008 415 6.8 1.95 95 109 | 2460
1260 550 712 19 108 122 | 2890
690 7.28 19 118 132 | 3190
415 6.82 1.84 9.2 106 | 2530
1120 550 7.14 183 108 121 | 3070
690 73 183 116 129 | 3340
Ancorsteel 1000C 415 6.86 1.76 95 11 2730
1260 550 7.14 172 10.9 124 | 3190
690 732 168 117 132 | 3570

*Ancorsteel is a registered trademark of Hoegnaes Corporation

Table 3: Chemical analysis of Ancorsteel 1000, Ancorsteel 1000B and Ancorsteel 1000C

Ancorsteel C (0] N S P Si Mn | Cr Cu Ni Apparent Density (g/cm®)
1000 <0.01 | 0.14 | 0.002 | 0.018 | 0.009 | <0.01 | 0.2 | 0.07 | 0.1 | 0.08 2.94
1000B <0.01 | 0.09 | 0.001 | 0.009 | 0.005 | <0.01 | 0.1 | 0.03 | 0.05 | 0.05 2.92
1000C <0.01 | 0.07 | 0.001 | 0.007 | 0.004 | <0.01 | 0.07 | 0.02 | 0.03 | 0.04 2.92

The data in Table 2 and Table 3 indicate that the magnetic properties improve with increase in purity level of the
base iron; it is due to improved powder compressibility. For a given density level, an improved value of
maximum permeability of sintered iron is obtained for the base iron powder with improved purity as shown in
Fig. 3. Further, permeability increases with an increase in sintered density of the product and as well as with
sintering temperature [9].

The coercive force of sintered materials is mainly governed by the grain size of iron matrix and by the size and
shapes of the pores; rather than governed by its density [10]. Intense (high temperature and long time) sintering
lowers the specific pore surface (total pore surface per unit volume) of the sintered materials by pore rounding
and pore coarsening, and thus lowers the coercive force [10].

Pure iron powders are susceptible to nitrogen aging i.e. the coercive force increases with time when the
magnetic device is exposed to elevated temperatures for prolonged periods. As a result, the end user can find the
magnetic performance of the part deteriorating with time. The key for preventing nitrogen aging is the sintering
in atmospheres with low percent of nitrogen (< 25 ppm), thus, minimizing nitrogen pickup in the sintered part
[11].
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Figure 3: Variation of maximum permeability with density of pure iron [8]
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For magnetic applications, two classes of steels are involved. One is low carbon steels and the other the ferritic
stainless steels. The composition of low carbon steels is typified by AISI C1010, which contains 0.08-0.13% C,
0.3-0.6% Mn, up to 0.04% P and up to 0.05% S. Despite the presence of these elements in steels, little or no
sacrifice of magnetic properties is noticed. Since low carbon steels are inexpensive and yet exhibit far higher
yield strengths than pure iron, make the low carbon steels attractive for many low frequency magnetic
applications such as laminations for relays, pole pieces and pole supports of motors and other electromechanical
equipments [12]. Semi-processed low carbon (Fe-0.04-0.06%C) steels have permeability of about 2000 and watt
losses of 5.5 W/kg, the permeability are usually measured at 15 kG (1.5 Tesla) [13]. Further, for low carbon
wrought steel with 0.05%C the permeability, coercivity, saturation induction, resistivity and core loss values
reported are 5000, 1.0 Oersted, 21.5 kG, 10 micro-ohm- cm and 2.8 W/kg (at 15kG and 60 Hz) respectively
[14].

Low carbon steels with appropriate carbon percent for magnetic applications are produced via compacting and
sintering route from iron powders admixed with graphite [15]. Sintered irons with carbon and or copper have
better dimensional stability during sintering and possess better mechanical properties in comparison to that of
low carbon wrought steels. M/S Magnetics International (MI), USA now offers the new iron powders, these Ml
powders are marketed under the name of Accucore [4]. Different grades of pure iron powders containing C<
0.02% such as NCI 100.24 and ASI 100.29 are also being marketed by M/S Hdéganéds India limited,
Ahmednagar, India. Water atomized admixed or diffusion alloyed low carbon (C< 0.01%), low alloy steel
powders for high performance applications (specially for structural purposes), which have high strength, good
hardenability and toughness, are developed by M/S Hdganas AB, Sweden and M/S Hoeganaes Corporation,
USA with the trade name Ancorsteel [8,16,17,18]. Ancorsteel®2000 (0.61%Mo, 0.46%Ni, 0.25%Mn),
Ancorsteel ®FD-4600A (1.75%Ni, 0.5%Mo, 1.5%Cu) and Ancorsteel ®FD-4800A (4.0%Ni, 0.5%Mo, 1.5%Cu)
conform to Metal Powder Industries Federation material standard-35 MPIF FL-4200, FD-02XX and FD-04XX
respectively. The use of Ni and Mo as principal alloying elements permits these Ancorsteels to be processed
using conventional P/M compacting pressure (620 MPa), sintering temperatures (1120°C), sintering time (30
minutes) and atmospheres (dissociated ammonia). High Mo content in Ancorsteel ®°85HP (0.86%Mo, 0.12%Mn)
and Ancorsteel®150HP (1.5%Mo, 0.12%Mn) allows exceptionally high compressibility and a good response to
heat treatment for these low carbon prealloyed Mo steels. M/S Hoeganaes Corporation has indicated that double
pressed double sintered alloys have better strength and toughness [19, 20].

CONCLUSIONS

In the summary, the material and its processing technology, both are equally important for the smooth
functioning of the device. The characteristics of soft magnetic materials are continuously being improved, and
many new applications are possible. In fact, magnetic materials seem to offer an infinite variety of applications,
when one application is displaced another arises.
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