Magnetic Composite Article and Manufacturing Method of the Same, and Soft
- Magnetic Powder of Fe-Al-Si System Alloy Used in the Composite Article

_ _ ' DESCRPTION
Technical Field |
The present invention relates to a magnetic composite article using soft
magnetic powder of Fe-Al-Si system alloy that l,is employed in transformer-
cores of power supplies, choke coils, or magnetic heads, and a manufacturing

method of the same.

Background Art

Electric appliances' aud electronic devices have been downsized, which
entails a demand for small and efficient magnetlc artlcles Ferrite cores and
dust cores are thus employed as choke coils that are used at a high frequency
band. The ferrite core has a problem of a_ low saturation-magnetic-flux-
density, while the dust core formed by compacting magnetic powder has a
substantially higher saturation-magnetic-flux-density than the ferrite core.
The dust core has thus an advantage over the ferrite core in the way of
downsizing app].iances_ and devices. _ -

On the other hand, the dust core is inferior to the fei'rite _core in regard
to permeability and power loss. Because ot .these points, when the dust core
is used as a chcke coil or an inductor, a great amount of core loss raises the
core temperatu.re, which is an obstacle to downsizing.

- The core loss of dust core compnses, in general hysterems loss and
‘eddy current loss. The eddy current loss mcreases in proportion to the
.square of the frequency and the square of the size of eddy current ie. the
square of path length'of the eddy current Therefore, the magnetic-powder-
'surface is coated with msulatmg resin so that the dust core restrams itself

from producmg eddy current



The dust core is forxﬁed generally with the compacting pressure of not
less fhan 5 ton/cm 2. Its magnetostrictive is increased,_ whﬂe the permeability
is lowered through this process. As a result, the hystcresis loss is increased.
In crder to release the magnetostrictive, a heat .tre'atment has been applied to
the dust core after the compacting. Some of the heat treatments are
disclosed e.g. in thé Japanese Patent Application Non-examined Publication
‘Nos. H06-342714, H08-37107, and H09-125108.

However, a conventional dust core using powder of Fe-Al-Si system
alloy has a drawback that the core loss increases in step with temperature
rising. To be more specific, when a temperature coefficient of the core loss is
positive around the room temperature, the transformer or choke coil produces
heat due to the core loss during its active use. Its temperature thus rises and
the core loss further increases, which induces a greater heat. This vicious
circle is repeated to provoke a thermo-run-away.

In order to avoid the thermo-run-away, it is thereforé crucial that the
dust core should have a temperéturé characteristic such that the core loss is
minimized at 80°C - 100C in an active use.

In general, the Fe-Al-Si system alloy shows its maximum permeability
stecply around the composition of Si#9.6%, Al=5.5%, and fhe‘ remainder of Fe
(the figures are wt%) v;vhere tHe crystal_ magnetic anisotropy. K =0 and
magnetostricitve constant’ A = 0, as shown in Figs. 2 c.nd 3. The
_.composition within tlﬁs range is genei'ally called "sendust”. This maximum
permeability was taken int'o consideration, and the, magnetic composite
articles employing the powder of Fe-Al-Si sysfem' alloy have been p_ropcséd,_
and some of them are disclosed in the patent gazettes of the Japanese Patent
Application Non-examined Pu‘ciication_ Nos‘.. _H06;342714, H08-37107 and
H09-125108. However, no description about the fela‘tio’n between the core
loss and the temperature chéracteristic is found in any of these proposals.

- The tenip_erature characteristic of the core-loss '._.is determined by

behavior . of the hysteresis loss, ie. the temperature characteristic of



permeabi]if:y. Ferrite in the conventional manner has shown its maximum
permeability at a given temperature and shown also its minimum loss at the
same point. This is because the crystal magﬁetic anisotropy K shows "0" at
the given temperature, where magnetic domain walls can move with ease, and
 therefore, the hysteresis loss decreases. A conventional "sendust” dust-core
employing the soft magnetic powder of Fe-Al-Si system alloy increases its
core-loss monotonbusly as shown in Fig. 1 when the temperature is not lower
than the room temperature. Therefore, this dust-core has been evaluated not

good for a large-power transformer.

Disclosure of the Invention
The present invention addresses these problems and aims to provide
magnetic composite article having excellent characteristics such. as a high
permeability and 'a low--core-loss. A magnetic composite article according to.
the.present invention ‘employs sc;ft magnetic powder of Fe-Al-Si syStem alloy,
of which magnetostrictive co_nsta_aﬁt A ié positive at the room temperature so
that a teﬁperature coefficient of the core loss at the room temperature is
negative. The soft magnetic powder employed in the article preferably
comprises 4.5% =< Al < 8.5%, 7.5%= Si< 9.5%, and the remainder of
Fe, (the figures are wt%).. This structure realizes a core having a low core-
loss even at a high frequency, an excellent temperature characteristic such
that the témperature coefficient of the core loss is negative, and an excellent
permeability. | | | o |
' How_eVe—r, according to the presgnf: invention, in é case of the xﬁagnétic
composite article employin-g- the s_bft rﬁa_gnetic powder of Fe-Al-Si system al_lpy,

-the cfyét'al 'mag'n,et.ic' anisotrbpy' K does not gove.rn: the temperature: .

characteristic -contrary' to the established theory, b1_1f the magnetostricitive S

constant A that has not drawn attention hitherto governs it. Further, the
following fact is found. That is, when the magnetbstrictive constant A takés_

po_sitive value at the room temperature (around 20-30°C),_'the .témperatmfe
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coefficient of the core-loss has a negative inclination. In particular, when

employing the soft magnetic powder of Fe-Al-Si system alloy that comprises
4.5% = Al < 8.5%, 7.5%= Si= 9.5%, and the remainder of Fe (the |
figures are wt%), the inventors can -obtain an excellent temperature
characteristic such as a high permeability and a low core-loss. Preferably the
soft magnetic powder that comprises 5.0% = Al = 6.5%, 8.2%= Si=
9.2% and the remainder of Fe is used, whereby the more effective result is

obtained.

Brief Description of the Drawings
_ Fig.1 shows a temperature characteristic of the core-loss of the bmseht
invention, compared with a prior art.
Fig. 2 shows how much the maximum permeability (&) of the Fe-Al-Si
system alloy depends on the composition of Fe, Si and Al. |
Fig. 3 shows how much an initial permeability (&) of the "sendust" at |

its center composition area depends on the composition of Fe, Siand Al.

Detailed Description of the Preferre(l Emhodiments
(Exemplary Embodiment 1) _

The soft magnetic powder of Fe-Al-Si system alloy is produced by the :
water atomizing method so that its final composition is shc_)w_n in Table 1.
The volume content of oxygen in the powder show 2000 - 3000 i)pm. " The
- powder is sifted with- a sieve so that an average grain size is 50 Y m. The

powder is mixed with butyral resin as an insulating .binder by a mixer in the

~ weight ratio of 100: 2. A ‘single axis press machine provides the mixed

‘powder w1th compactmg pressure of 10 ton/cm to- produce a tor01dal
" compacted article of whmh d1mens1on is outer d1ameter—25 m, inner '_

d1ameter=15 mn, thlckness=10 m.  After th1s heat treatment is prov1ded to.

the resultant art1cle at 690 °C in mtrogen gas, then silicone resm is -

. 1mpregnated therein. The samples are thus obtained.



The permeability of the sampless is measured with an LCR meter at 10
_kHz. The core-loss thereof is measured with an ac B-H curve measuring
device at 50 kHz and 0.1T magnetic flux density. Both of these values are
measured from 20°C to 120°C with an interval of 20, and temperature
characteristics of both the values are also méasured. The values at the
minimum loss temperature are shown in Table 1. In the case that the
minimum loss temperature exceeds 120°C or keeps under 20°C, the core-ioss
and permeability at these temperatures afe shown. When the article is used
for a choke coil of an active filter against harmonic distortion, the samples
having the following excellent characteristics are obtained: .c'ore-lossS'IOOO
kW/m?, permeability =50 and the minimum-loss-temperature=80C, at the
condition of measured frequency = 50 kHz and measured magnetic flux -.
density=0.1T. | |

As Table 1 shows, when the soft magnetic powder of Fe-Al-Si is used, _
which comprises 4.5% = Al = 8.6%, 7.5%= Si< 9.5%, and the.remainder _
-of Fe (the ﬁgures are wt%), the sampl.es, of a high perineabﬂity and a low
" core-loss are obtained. Preferably the soft magnéti_c powder of Fe-Al-Si is
used, which comprises 5.0% = Al < 6.5%, -8.2%§ Si< 9.2% and the

remainder of Fe (the ﬁgureé are wt%), to produce the more effective results.



Table1
Sample | Final composition Characteristics at mmmum loss
. No. ' (wt%) temperature |
Al | Si Fe Temperature | Core- | Permeability |
) loss
' ' : kW/m® .
1 |{4.4 ]| 7.5 | Remainder =120 1100 55 Comparison
2 9.5 | Remainder 80 1200 75 Comparison
3 4.5 | 7.4 | Remainder - 2120 1210 80 Comparison
4 7.5 | Remainder 2120 580 84 Embodiment
b 9.5 | Remainder 80 . 770 80 Embodiment
6 9.6 | Remainder 0 | 1100 72 Comparison
7 | 49|82 |Remainder| 1200 | 500 80 Embodiment
8 9.2 | Remainder | . 100 550 78 Embodiment
9 5.0 | 8.1 | Remainder | . 120 510 |. 95 Embodiment
10 8.2 | Remainder | 100 270 105 | Embodiment
1 9.2 | Remainder | 100 |- 430 122 . | Embodiment
12 9.3 | Remainder | 80 530 113 | Embodiment
13 | 65|81 |Remainder| =120 | 590 90 Embodiment
14 .8.2 | Remainder 100 220 . 95 Embodiment
15 9.2 | Remainder | 100 220 118 Embodiment.
16 9.3 | Remainder | S0 580 | ° 115 | Embodiment
17 | 66|82 |Remainder| . ' .| 330 80 - |Embodiment
-18 - 9.2 | Remainder | 212:0 . | 850 | 76.‘ Embodiment
19 | 85|74 Remainder 190 1280. | 35 Comparison
20 7.5 | Remainder | - 850 | - 56 Embodiment
21 9:5'| Remainder 80 | 900 52 | Embodiment
22 | |96 |Remainder | .._2'_61(-’20' 1260 | 82 | Comparison
23 8.6 | 7.5 | Remainder | .1 1350 - .85 Comparison :
24 | 95 |Remainder| . > | w70 | 85 Comparison | -




(Exemplary Embodiment 2)

Soft magnetic powder is produced by an ingot grinding method so that
the final composition thereof is Al=6.0%, Si=9.0%, and the remainder of Fe
(the figures are wt%). The volume content ef oxygen in each sample powdei'
ranges. from 1000 ppm to 2000 ppm. The powder is sifted with a sieve or an
air classifying method so that an average grain size is as shown in Table 2.
The magnetic powder is mixed with organic silicone resin as an insulating
binder by a mixer in a weight ratio of 100: 5. A sirtgle akis press maclt-.ine
provides the mixed powder with compacting pressure of 7 ton/cm 2 to produce a
toroidal compacted article of which dimension is outer diametei'=25 mm, inner

" diameter=15 mm, thickness=10 mn. After this, heat treatment is provided to |
the resultant article at 720 °C in nitrogen gas; then epoxy resin is
impregnated therein. The samples are thus obtained.

The permeablhty of the samples is measured with an LCR meter at 10

kHz. The core-loss thereof is measured with an ac B-H curve measuring
deﬁce at 50 kHz and 0.1T magnetic flux density. Both of these values are
measured from 20C to 120°C with an interval of 20T, and temperature
‘charaé.teristics of both the values are also measured. The values at the
minimum loss-temperatlire are shown in Table 2. In the case that the
minimum loss temperature exceeds 120C or keeps under 20°C the core-loss
and permeab:hty at these temperatures are shown. When the artlcle is used
for a choke coil of an active filter against harmonic d1stort1on, the samples
having the foﬂowing excellent characteristics are obtaiﬁed: core-loss=1000 _
kW'Ims; permeability =50 and the minimum-loss-temperature=807C, at the
. | condition of measured _' frequetxcy_ = 50 kHz and measured magnetic flux
density=0.1T. | o | | - |

As shown in Table 2, the core-loss stays at a low level when the average _

grain size is between 1#m and 10011. m, and preferably, the core-loss is

ensured at a low level when the average grain size is between 1 #m and 50

pm.



Table 2
Average Characteristics at minimum loss
Sample | grain size | temperature
No. (um) | Temperature | Core-loss | Permeability
() kW/m®
25 - 110 =120 1370 125 Comparison
26 100 =120 940 121 Embodiment
27 60 =120 560 97 ‘Embodiment
28 50 =120 400 77 .Embodiment
29 20 =120 240 - 64 Embodiment
30 5 =120 110 -54 Embodiment
31 =190 100 50 . Embodiment
32 0.8 >120 340 35 Comparison
(Exemplary Embodiment 3)

- Soft magnetic alloy powder is produced by a water atomizing method so
that the final composition thereof is Al= 5.8 wt%, Si=8.6 wt% and the
remainder of Fe, and the average grain size thereof is 30 1 m. The resultant
magnetic powder is mixed with butyral resin as an insulating bmder and TiO,
of which average grain size is 1 4 m as a space control matenal by a mixer in a
weight ratio of 100: 1: 0.5. The resultant mixed powder is’ deaerated and
ground into granulation of which average grain size is not-more than 500 & m.
A single axis. press machine pi'ovides the granulation with compacting |
pressure of 12 ton/cm 2 to produce a toroidal compacfed article of which
dimension is ‘outer d1ameter—25 IR, . innér diameter=15 mm, thJckness—l() mm.
Then the compacted article is degreased in the air at 450°C. After this, heat :
ltreatment is prov1ded to the resultant artlcle at 730TC in mtrogen gas, then
epoxy resin is- 1mpregnated therein. The samples are thus obtamed

The permeablhty of the samples is measured with an LCR meter at 10




kHz. The core-loss thereof is measured with an ac B-H curve measuring
device at 50 kHz and 0.1T magnetic flux density. Both of these values are
. measured from 20C to 120C with an interval of 20°C, and temperature
characteristics of both the values are also measured. The values at the
‘minimum loss temperature are shown m Table 3. In the case that the
minimum loss temperatﬁre exceeds 120C or keeps under 20%C, the core-loss |
and permeability at these temperatures are shown. When the article is used
for a choke coil of an active filter against harmonic distortion, the samples
having the following excellent characteristics are obtained: core-loss=1000
kW/m?, permeability =50 and the minimum-loss-temperature280°C, at the
cqndifion of measured frequency = 50 kHz and measured magnetic flux

density=0.1T.

Table 3
Characteristics at minimum loss
Sample | Oxygen volume : temperature
No. (ppm) Temperature | Core- | Permeability
(CY loss
: kW/m?
33 900 =120 - 1280 95 ~ Comparison
34 B 1000 =120 650 8 Embodiment
35 3000 . =120 670 82 . Embodiment
- 36 5000 2120 720 14 Embodiment
387 8000 =120 780 70 Embodiment
38 8100 >120 2430 35 | Comparison

" As shown in Table 3, a low core-loss is achieved when the volume .-

. content of oxygen stays-betw.een, 1000 ppm and 8000 ppm.
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~ (Exemplary Embodiment 4)

Soft magnetic powder of Fe-Al-Si system alloy is produced by a gas
atoxnizing method so that the final composition thereof is as shown in Table 4.
The powder is then sifted with a sieve so that an-average grain size is 60 Lm. -
The sifted powder is mixed with butyral resin as an insulating binder by a
mixer in the weight ratio of 100: 5. A single axis press machine provides the

_granulaﬁon with compacting pressure of 7 ton/cm ? to produce a toroidal
compacted article of which dimension is outer diameter=25 mm, inner
diameter=15 mm, thickness=10 mm After this, heat treatment is provided to
the resultant article at 710C m nitrogen gas, then silicone resin is
impregnated therein. The samples are thus obtained.

The permeability of the samples is measured with an LCR meter at 10
kHz. The core-loss thereof is measured with an ac B-H curve measuring
device at 50 kHz and 0.1T magnetic flux density Both of .these values are
measured from 20C to 120C with an interval of 20C, and temperature
characteristics of both the values are also measured. The values at the
E minimum loss temperature are ‘shown in Table 4. In the case that the
minimum loss temperature exceeds 120C er keeps under 20C, the core-less
and nermeabﬂity .at these temperatures are shown. When the article is used-
for a choke coil of an active filter against harmonic 'distortio‘n-, the samples |
having the following' excellent characteristics are obtained: ce'r'e-lossS 1000
'kW/m permeab1hty =50 and the mmlmum-loss-temperature280°C at the
condition of measured frequency = 50 kHz and measured magnetlc flux
density=0.1T. - ' ' _

As Table 4 shows, when the soft magnetlc powder of Fe-Al-Si is used, -_ .

" which comprises 4.5% < Al 8. 5% 1. 5%S Sis 9.5%, and the remainder - |
of Fe (the ﬁgures are wt%), the samples of a high permeablhty and a low
core-loss are obtained. Preferably the soft magnetic powder of Fe-Al-Si-is

‘used, which comprises 50% = Al = 6.-5_%,'_ 8.2%=. Si< 9.2%, and the

remainder of Fe (the figures are wt%), to produce the mqre effective results.
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Table 4
Sample | . Final composition Characteristics at minimum loss-
No. - (wt%) ' temperature
Al | Si g Fe Temperature | Core-loss | Permeability.
. (C) kW/m®

89 |44 | 7.5 | Remainder =120 1200 70 Comparison
40 9.5 | Remainder 80 1170 83 Comparison
41 | 45|74 |Remainder| =120 1210 87 Comparison
42 7.5 | Remainder =120 750 90 Embodiment
43 9.5 | Remainder 80 . 920 86 | Embodiment
a4 9.6 | Remainder 40 1070 82. | Comparison
45 | 4.9 | 8.2 | Remainder 100 . 550 85 Embodiment
46 9.2 | Remainder 100 530 84 Embodiment
.47 | 5.0 8.1 | Remainder 120 530 95 |Embodiment |
. 48 '8.2 | Remainder 100 350 105 Embodiment
49 '| 9.2'| Remainder 100 460 122 Embodiment
.'50 _ 9.3 Reméinder 80 530 113 Embodiment
51 | 6581 |Remainder| =% 510 ‘98 | Embodiment
52 8.2 | Remainder | ~ 100 210 104 . |Embodiment
53 9.2 | Remainder 100 250 110 _Embod.iment
54 9.3 | Remainder | % 600 115 | Embodiment
55 | 6.6 | 8.2 | Remainder 100 330 90  |Embodiment
56 - 9.2 _Relmai1.1de.r s 21(1)(2’0 | 380. I 91° 'Embodiment |
57 | 8.5 | 7.4 | Remainder 1270 - 35 Comparison
58 | |75 |Remainder| =20 880 60  |Embodiment
59 9.5 | Remainder 80 930 57 | Embodiment
60 , 9..6 I?.emainder N ._ 261020 1350 - 30 .Comparison |
61 | 8.6 | 7.5 | Remainder | 1370 42 Comparison .
62 9.5 | Remainder 80 1250 - 37 | Comparison
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(Exemplary Embodiment 5)

Soft magnetic powder is produced by a gas atomizing method so that its
final composition is Al=6.0 wt%, Si=9.0 wt% and the remainder of Fe. The
powde'r is sifted with a sieve so that its average grain size is as shown in Table
5. The sifted‘ magnetic powder is mixed with organic silicone resin by a .
mixer in the weight ratio of 100 : 3. A single axis press machine provides the
granulation with compactiug pressure of 9 ton/cm 2 to produce a toroidal
compacted article of Which dimension is outer diameter=25 mm, inner
diameter=15 mm, thickness=10 mn. - After this, heat treatment is provided to
the resultant article at-730°C in nitrogen gas, then ei)oxy resin is
impregnated therein. The samples are thus obtained.

The permeability of the samples is measured with an LCR metet at 10
kHz. The core-loss 'there.of' is measured with an ac B.-.H- curve measuring
'device at 50 kHz and 0.1T magnetic flux dehsity. Both of these values are
measured from 20C to 120C vv.rith- an-interval of 20°C, and tempera'ture--
characteristics of both the values are also measured. The values at the
minimum loss temperature' are shown in Table 5. In the case that the
minimum loss temperature exceeds 120C or keeps under 20C, the core-loss -
and permeabmty at these temperatures are shown. When the artlcle is used
for a choke coil of an active filter agamst harmonic distortion, the samples
having the foﬂoWing excellent eharacteristics are obtained: core-l(')ssS 1000
kW/m® permeability =50 and the m.lmmum-loss-temperature =807, at the
condltlon ‘of measured frequency = 50 kHz and measured magnet1c flux
dens1ty-0 1T.

As shown in Table 5, the core-loss stays ata low level when the average

_gram size is' not greater than and 100 um and preferably, the core-loss. is '

. ensured ata low level when the average grain size is not greater than 50 4 m.
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Table 5
Average Characteristics at minimum loss
Sample | grain size temperature |
No. (pm). Temperature | Core-loss | Permeability
(&) kW/m®

- 63 110 =120 1120 145 Comparison
64 100 | =120 950 125 Embodiment
65 60 =120 620 135 | Embodiment
66 - 50 =120 460 -100 Embodiment
67 . 20 =120 260 856 - | Embodiment |
68 5 =120 120 62 ' | Embodiment

(Exemplary Embodiment 6)

Soft- magnetic powder i is produced by a gas atomizing method so that
the final composition thereof is Al= 5.8 wt%, Si=8.6 wt% and the remainder of
Fe, and the average grain size thereof is 40/4m. The resultant magnetic
powder .is mixed with butyral resin as an insulatihg binder and MgO of which
average grain size is 1 £ m as a space contrbl material by a mixer in a weight
ratio of 100: 1: 1.. The resultant m1xed powder is deaerated and ground into
granulation of whlch average grain size is not more than 5004m. A single
axis press mach.me provides the granulation with compacting pressure of 10
ton/cm 2 to produce a toroidal compacted article of which. dimension is outer
‘diameter=25 mm, inner diameter=15 m, thickness-;-lo m. Then the -
: compacted article i is degreased in ‘the air at 450°C.- After this, heat treatment
is p_rov_1ded to the resultant artlcle in n,1tr_og_en gas _as_shown in Table. 6, then ) h

epoxy resm is impre_gnated therein. The samp_les are thus obta'ined., _
The permeabﬂity' ef_the samples is meaSured with an LCR meter at -1(_) _
- kHz. The oofe-loes there_of is n:ieasure_d with an ac B_-H_ curve .measuring. .

device at 50 k'Hz and OlT magnetic flux density_. Both ,of these values are -
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measured from 20C to 120C with an interval of 20C, and temperai:ure

characteristics of both the values are also measured. The values at the

minimum loss temperature are shown in Table 6. In the case that the

minimium loss temperature exceeds 120°C or keeps under 20C, the core-loss |

- and permeability at these temperatures are shown. When the article is used

for a choke coil of an active filter against harmonic distortion, the samples

.having the following excellent characteristics are obtained: core-loss=<1000

kW/m®, permeability =50 and the minimuin-losé-tempexature%SO“C,_ at the

bonditi_on of measured frequency = 50 kHz and measured magnetic flux

density=0.1T. _
Table 6
-Heat Characteristics at minimum loss

Sample | treatment temperature '

No. temperature . '
Temperature | Core-loss | Permeability
- () kW/m®

69 480 =120 1500 38 Comparison
70 500 =120 850 80 Embodiment |
71 630 =120 590 90 Embodi'mer_xt
72 650 >120 350 114 Embodiment
73 800 =120 470 115 | Embodiment
74 820 >120 660 125 Embodiment
75 900 =120 770 135 Embodiment -
76 920 . =120 - 8520 165 Comparison

As Table 6 shows, a low core-loss is realized when the temperature

treatment is prbvided'-at" the temperature ranging from 5OD°C to 900C..

Preferably, the lower 'cote-loss iis'expéc'ted at the temperature ranging from

650°C to 800C.




16

(Exemplary Embodiment 7)

Soft magnetic powden (inventive article) is produced by a gas atomizing
method so that the final composition thereof is Al= 7.5 wt%, Si=8.5 wt% and
the remainder of Fe. Another soft magnetic powder (conVentional aiticle) is
produced by also the gas atomizing method so that its final composition is
Al=5.4 wt%, 5i=9.6 wt% and the remainder of Fe. Each powder is sifted with
a sieve so that the avera‘gé grain size of each is 404 m. The resultant
magnetic powder is mixed with organic silicone resin as an insulating binder
by a mixer in a weight raﬁo- of 100: 4. A single axis press machine prow_/ides
each mixed pov&der with comps.cting'pressure of .10 ton/cm ? to produce a
toroidal compacted article of which dimension is outer diameter=25 mm, inner
diameter=15 mm, thickness=10 mn. After this, heat treatment is provided at
720C in nitrogen gas, then epoxy resin is impregnated therein. The |
samples are thus obtained. _

~ Fig.1 shows a temperature characteristic of core-loss at a measured -
frequency of 50 kHz and a measure magnetic flux of 0.1T. This characteristic
graph tells that the inventive sample hss a negative inclination around the
‘room temperature (20C - 30C) and a minimum loss temperature is 80°C or
‘more. The conventional artlcle on the other hand, has a positive mchnatlon
around the room temperature and a minimum loss temperature is not higher
‘than 20C; Therefore, the conventional sample has a,possibjlity of thermo-

run-away at a high temperature.

_ (Exemplary Embodlment 8) _

~ Soft magnetlc powder of Fe-Al-Si system alloy is produced w1th a water
- atomizing method so that 1ts final compos1t10n 1s as shown in Table 7. - Then
the powder is sifted with a sieve so that its average gram size is 50z m. - The
sifted magnetic powder is mixed with butyral resin as an insulating binder in
a weight ratio of 100: 1.5. A 'single axis press machine prov1des each mixed

powder with compactmg pressure of 10 tonlcm 2t0 produce "E" and "I" shaped |
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compacted articles. After this, heat treatment is provided to the resultant
articles in nitrogen gas at 700*C, then epoxy resin is impregnated therein.
The samples are thus obtained. .

' The "E" shaped and "I" shaped samples are combined into a power-
choke-coil of DC/DC converter in a notebook type personal computer. This
choke coil mounted in the active personal computer is evaluated at 200 kHz.

Temperature-rise of this evaluation is shown in Table 7.

Table 7

Sample Final composition (wt%) | Temperature rise
No. Al Si Fe (%) '
77 50 ]| 8.1 Remainder - 25 Embodiment
78 75 | 9.0 | Remainder |. 60 ° |Embodiment
79 40| 7.0 Remainder 52 Comparison
80 85 | 9.6 Remainder 60 ~ - | Comparison

As Table 7 shows the temperature-nse is not h1gher than 30°C when

the soft magnetic powder is used, which compnses 45% = Al = 8. 5%, L

1. 5%S Si< 9.5%, and the remamder of Fe (the ﬁgures are wt% J .

As the foregoing exemplary emhodiments describe(i the rnag'netic
compos1te article is formed by employing soft magnet1c powder of Fe-Al-Si |
system a.lloy of wh1ch magnetostnctlve constant A is pos1t1ve at the room
temperature. Since the temperature coefficient of the_core-los_s at the room
temperature can'stay -ne'gative excellent m-agnetic' chara'cteristics such as a
low core-loss and a high permeab1hty even at a h1gh frequency range can be |
obtained. . Preferably, the minimum loss temperature of the magnetlc
compos1te article is not lower than 80C. | _

‘The magnetlc compos1te artlcle accordmg to the present invention - |

compnses mamly the soft. magnet1c powder of Fe-Al-S1 system alloy and an
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insulating matenal such as remainders after the heat treatment of the
insulating binder, resin for impregnation or hollow holes. In view of
magnetic characteristics, a volume content of the soft magnetic powder is
pre‘ferably between 70 - 99 volume %.l The soft magnefic powder is preferably
comprises 4.5% = Al < 8.5%, 7.5%= Si=< 9.5%; and the remainder of Fe
(the figures are wt%.) When a small amount of impurities or additive are
included therein, as far as they do not negatively influence the magnetic
characteristics, the same effect can be expected. The magnetic composite
article can include magnetic powders other than the main component i.e. the
soft magnetic powder of Fe-Al-Si system alloy. . .

. Further preferably, the magnetic composite article formed v&ith' the
following methods is employed to produce more stable and excellent magnetic
characteristics, i.e. soft magnetic powder of Fe-Al-Si system alloy is turned
into powder by a gas-atomizing, water-atomizing_method,. or is directly ground
after being alloyed. The same result can be obtained when the soft magnetic
‘powder can be shaped into anyone of spherical, compressed, or polygonal state.
The article is preferably .formed by the soft magnetic powder of Fe-Al-Si
system alloy of which average grain size ranges from 1 Lim' to 100 1 m.
‘When the average grain size is smaller than 1 4 m, the core compact becomes
less densely whereby the permeabﬂlty is lowered Therefore, the powder of
which average gram size is not less than 14 m and preferably ranges from 1
ym to 50 £m is desirably used. The powder is preferably coated with an
oxide ﬁlm.of not less than 5 nm thickness,'the'article of higher insulating and

-more effective to reduce the eddy -_current loss can be obtained.

The present invention provides the following manufacturing method of
the magnet1c composite article. 1) M]X the soft magnetic powder of Fe-Al-Sl'
system alloy of which magnetostnctlve constant). is positive at the room. |
temperat_’t_xre with electrical msulat1__ng binder, 2) apply compactmg pressure,

-and 3) provide a heat treatment ranging". from 500C to 900°C. The heat

treatment after_ the compacting pressure contributes to reduce the hy_'stere_sis N
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loss, whereby a stable and an excellent magnetic characteristics can be
obtained. .

The electrical insulating binder preferably consists mainly of at least
one of epoxy resin, phenol resin, polyvinyl chloride resin, butyral resin, and
‘organic silicone resin. Since the heat treatment is provided at the
temperature ranges from 500°C to 900°C, the ingredients of the binder
preferably less diffuse into the magnetic powder, and a non-oxide -atmosphere
is preferred for the heat treatment in view of preventing the alloy powder
from being oxidized. The heat treatment can be also provided in the air. .
_ ' After the heat treatment, the magnetic composite article is preferably
put into insulating impregnant. Because the heat treatment over 500C
dissolves the binder such as resin, mechamcal strength of the article is
. lowered, therefore the insulating impregnant is 1mpreg'nated into the article
after the heat treatment so that the core strength is improved, magnetic
- powder is prevented from being oxidizing, and surface resistance_ is increased.
Vacuum impregnation is preferred because the impregnant invades into
inside of the core. |

‘The soft magnetic powder of Fe-Al-Si system alloy according to the
present invention comprises 4.5% = Al < _8.5%, 15%< Si< 9.5%, and
the remainder of Fe (the figures are wt%). The volume content of 'oxygen
preferably reanges from 1000 ppm to 8000 ppm, and the magnetostrictive
constant A is positive-at the room temperature. When this material is used, |
the temperature coefficient of the core-loss at the room temperatme can stay
negative therefore excellent magnetic characteristics such as a lovv core-loss
and a h1gh permeability even at a high ﬁ'equency can be produced When the,'
volume content of oxygen is 1000 ppm or more, the eddy current loss 1is -
decreased Because the r931stance value of the magnetic powder increases in
step with the increasing of oxygen-volume-content the eddy current loss 1s
decreased. When the volume content of oxygen exceeds the upper hmit of '

- 8000 ppm, the hysteres1s loss increases, the total core- -loss thus mcreases
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CLAIMS

1. A magnetic composite article comprising soft maghetic powder

of Fe-Al-Si system alloy of which magentostrictive constant takes a positive
value at a room temperature so that a temperature coefficient of core-ioss

takes negative value at the room temperature.

2. The magnetic composite article as defined _in Claim 1, wherein

the core loss is minimized at not lower than 80C.

8. The magnetic composite article as defined in Claim 1 wherein
said soft magnetic powder comprising 4.5% < Al < 8.5%, 7. 5%S Sis
9.56%, and the remainder of Fe (the figures are wt%.)

4. The magnetic composite article as deﬁned in Claim 1, wherein
said soft magnetic powder is manufactured by one of a gas atomizing method

a water atom1z1ng method and a method of grmdmg melted alloy.

6. The magnetic composite article as defined in Claim 1, wherem-
an average gram 51ze of said soft magnetic powder is between 1 u m and 100

Lm.

6. Amethod of manufacturing a magnetic composite article, said
method comprising the steps of: | ’
mixing an insulating binder with soft magnet1c powder of Fe--
- Al-Si system alloy, .
_ applymg a compactmg pressure to the mlxed powder, and : _
prov1d1ng the m1xed powder w1th a heat treatment between
500C and 900°C '

7. The method of manufacturing a magneti_c composite article as
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defined in Claim 6, wherein said soft magnetic powder comprises 4.5% = Al
- < 85%, 75%< Si< 9.5%, and the remainder of Fe (the figures are wt%.)

8. The method of manufacturing a magnetic composite article as
defined in Claim 6, wherein the insulating binder comprises at least one of
epoXy resin, phenol resin, polyvinyl chloride resin, butyral resin and organic .

. silicone resin.

9. Soft magnetic powder of Fe-Al-Si system alloy comprising
45% = Al < 85%, 7.5%= Si< 9.5%, and the remainder of Fe (the
figures are wt%), wherein a volume content of oxygen is between 1000 ppm
and 8000 ppm, and a magnetostrictive constant A takes é. positive value at a

. room temperature.

10. The soft magnetic powder of Fe-Al-Si system alloy as defined
in Claim 9, wherein said powder is manufactured by one of a water atomizing

method and a method of grinding melted alloy
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