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Abstract

In this paper, a citrate precursor method was used to prepare nano-sized NiCuZn ferrite powders with a composiigaf £King ¢50)
(F&_.Mn,03.05:)090, (X = 0-0.04). Because of excellent sintering activity, the nanocrystals can be sintered belo@ @@bout the
addition of sintering aids. The effect of Mn dopant on the microstructures and the initial permeability was investigated. The results show
that the introduction of Mn into NiCuZn ferrite has a great influence on its electromagnetic properties. The initial permeability of NiCuzZn
ferrite increases greatly with a small amount of Mn addition firstly, and then further increase of Mn content leads to a decrease in the initial
permeability. By changing the content of Mn addition, the useful frequency dependence of initial permeability could be adjusted in a range
of frequency from several hundreds of kilohertzs to several megahertzs.
© 2004 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction (x = 0-0.04). Samples made of nano-sized powders could
_ be sintered at a low temperature of 8@without any sin-
In the past 10 years, with the development of surface tering aids. The effect of Mn content on densitification and

mounting technology, great progresses have been made imijcrostructures as well as the electromagnetic properties of
the miniaturization of electromagnetic components. As one the ferrite ceramics was investigated.

of the most important media materials, Ni-Cu—Zn ferrite has
been commercially used to manufacture multiplayer chip
inductor in high frequency region. In order to be cofired 2. Experimental procedure
with the inner electrode (usually Ag is the most suitable
internal contact material with a melting point of 981), The starting materials were iron nitrate, nickel acetate,
Ni—Cu—Zn ferrite must be sintered below 900. The nor-  copper acetate, and citric acid. Firstly, iron nitrate was
mal way to lower the sintering temperature is using sintering dissolved in distilled water before being precipitated by
aids such as BDg3, V205 etc, which usually does greatharm  a ammonia solution to form Fe(O#l) Filtered, washed,
to the magnetic property of the ceramics acqueet]. Ul- the fresh Fe(OH) precipitate was dissolved into hot citric
trafine Ni—Cu-Zn ferrite with uniform composition, small  acid solution at 60—80C in the ratio of 1:1 of Fe:citric
grain size, and narrow size distribution is expected to realize acid, and a transparent solution was obtained. Then, nickel
low-temperature sintering and attain ideal magnetic property and copper acetate were added in stoichiometric quanti-
at the same timés]. ties in the above solution to give the required composi-
In this paper, a citrate precursor methi6dl was used to  tion (Nig.15CUo,2ZN0.650)(F&_Mn, O3, 05,)0.99 (Where x
prepare nano-sized NiCuZn ferrite powders with a com- = 0.005, 0.01, 0.015, 0.025, 0.03, 0.035, and 0.04, named
position of (Nb.15CUp.2ZN0.650)(F&—Mn,Oz,05,)0.90, as M005, M010,... and MO040, respectively). After that
appropriate ammonia was drop into the above sol until it
* Corresponding author. Tekt86-10-6278-4579; was neutral or slightly alkaling (pH §—8). After heating
fax: +86-10-6277-1160. at 125°C, dried gel was obtained. Finally, the gel was
E-mail address: wxh@tsinghua.edu.cn (X. Wang). heat-treated at 70@ for 4 h, resulting Mn-doped Ni—-Cu—Zn
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nanocrystals with grain size of about 50 nm determined 700°C. It is obvious that a single-phase NiCuZn ferrite with
spinel crystal structure was formed for all the powders. Mn

by TEM.
The nanocrystalline powders were pre-milled and pressedsubstitution does not affect the final crystal phase.
into disks (10 mm in diameter and 1.0 mm thickness) and

The microstructures of the ceramics sintered at €90

toroidal samples (20 mm outside diameter, 10 mm inside di- with various Mn content were observed using SHW. 2
ameter, and 3mm thickness) with the addition of 5wt.% shows the SEM images for the specimens with 0, 0.015,
PVA as lubricant. The ceramic samples sintered at°820
were used for magnetic property measurements.

powder X-ray diffractometer (XRD) using CuoKradia-

powders were observed using a JEM-200CX transmission

0.025, and 0.03, respectively. The ceramic grain size de-
creases with increasing Mn content from j@ for un-
The crystalline structures were determined by a Rigaku doped sample, to 04om for the composition withr = 0.03.
It indicates the doping of Mn ion could suppress the grain
tion. The morphology and grain size of the nanocrystalline growth of NiCuzn ferrite.

The Mn-substiution has a significant effect on the sinter-

electron microscopy (TEM). The magnetic properties of the ing behavior of NiCuzn ferrite, as shown kig. 3, the little
ceramics were measured using an HP 4291A RF impedanceMn doping could enhance the densification, but further more
analyzer. The dc resistivity of the ceramic was determined Mn addition leads to a decrease in the density on the con-
using an HP 4040B micro-amperemeter. The microstructurestrary. The density of the Mn-doped NiCuZzn ferrite sintered
of the ceramics were investigated using a Zeiss CSM-950 at 890°C reaches its maximum value (97.5%)at 0.015.

Fig. 4 gives the frequency-dependent permeability curves
of ceramic samples with different Mn content. It is found
that the initial permeability does not change linearly with
the Mn substitution and it goes up firstly from 400 to 510 as

scanning electron microscopy (SEM).

3. Results and discussion

Fig. 1shows XRD patterns of (WihsCup 2Zng.650)(F&—
Mn,O3105¢)099 hanocrystalline powders calcined at

Mn concentration increases from 0 to 0.015, then drops to
300 for the composition witkk = 0.03. As well known, the
electromagnetic properties of the NiCuzZn ferrite as a soft
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Fig. 1. XRD patterns of (Ni15Cup.2Zng 50)(F&—Mn,O3105,)0.99 Nhanocrystalline powders.
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Fig. 2. SEM images of the fractures of ceramic samples with Mn content of (a) 0; (b) 0.015; (c) 0.025; and (d) 0.030.

magnetic material may be affected by many factors such aswherep; is the initial permeabilityMs the saturation mag-
the composition, the microstructure, additives, density, and netization,K the crystal magnetic anisotropy, the mag-

the grain size etc. In fact, the initial permeability of ferrite netostriction constanty the inner stress, and andb are
constants. Therefore, in our case, the significant increase in
the initial permeability within the range & x < 0.15 is

is usually expressed as the following equation
2
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Fig. 3. Density for the ceramic samples with various Mn content.
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Fig. 4. Frequency dependence of initial permeability for the samples with

various Mn content.
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60 be sintered at a low temperature below 9@0without any
= Mooo sintering aids. The introduction of Mn ion into NiCuZzn fer-
504, --o--M010 . . . .

" A MOI5 rite has a great mflyence on its microstructures and e!ec-
§ 40 _".. oy M025 tromagnetllc propert|.es. The initial perme.ab|llty apd quality
S et & M030 factor of NiCuzn ferrite are enhanced obviously with a small
L. 304 va®4 —%-- M040 amount of Mn addition firstly, and then excess Mn content
2 ""3'::0: leads to a decrease in the initial permeability as well as
§ 20+ *“*v-f" quality factor. By changing the content of Mn addition, the
O 4. v e L useful frequency dependence of initial permeability could

'v:fg. z: be adjusted in a range of frequency from several hundreds
04 v ““untnn“n‘nnnt— of kilohertzs to several megahertzs. The obtained NiCuzn
ferrite with optimum Mn substitution of 0.015, possesses

™ Frequ;:gl (Hz) 100M fine-grained microstructure, showing high initial permeabil-
y ity above 500 and high quality factor over 50 at 1 MHz,
Fig. 5. Quality factor vs. frequency for the ferrite samples with various which is an excellent material for high frequency MLCls

Mn content. application.
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