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High Purity Ferric Oxide

: Origin of Impurities

and IROX-NKK Purification Process
T.MAEDA

Technology Department, IROX-NKK Company LTD.

2-11. Kanda Nishikicho, Chiyoda

-Ku, Tokyo 101-0054, Japan

Abstract — A new process based on the co-precipitation method was developed for removing harmful impurities during Mn-Zn ferrite

production such as 5i0Q, and P from waste pickle liquor. By this process a final result of less than 100ppm of Si0; and less than 10ppm

of P content in the ferric oxide is easily attained. Though Ca cannot

be removed by this process, water rinsing of the ferric oxide 1s

effective for reducing Ca content 1o less than 100ppm. For further purification, the origins of each impurity must be investigated and

then taken away.

I . INTRODUCTION
Ferric oxide is one of the major constituent materials of
ferrites. In particular, high purity ferric oxide is
indispensable for the production of high performance Mn-
Zn ferrite cores.
This paper reports the results of our investigation into the
origins of several impurities in ferric oxide and introduces

our novel process for removing them.

II. ORIGIN OF IMPURITIES IN FERRIC OXIDE
As most ferric oxide for ferrites is a by-product of the
hydrochloric acid regeneration process in a steel sheet
pickling line, there are a lot of opportunities for it to be
contaminated. Fig.l shows the outline of this process and
the major sources of impurities. As shown in Fig.1, alkali
metal and alkaline earth metal come from industrial water,

heavy metal comes from dissolved scale compositions of
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Fig.1. Flow chart of high purity ferric oxide produclion process



the pickled steel sheet and silicon comes from both.

Table 1. shows an example of our investigation inio the
origins of Si and Ca in the waste pickle liquor.

Besides these, there can be several other causes of
contamination. But these differ from steel mill to steel mill,
so people must investigate their particular sources of

contamination for removing.

Table 1. Source ratio of Si and Ca in the waste pickle liquor

Sources YR Ca
Industrial water 21% 9%
Dissolved scale compositions 73% -
Others 6% 945

. WASTE PICKLE LIGUOR PURIFICATION PROCESS

Though Si is the most influential impurity in the
magnetic properties of Mn-Zn ferrites, it is also very
difficult to remove since it exists at nanometer size
colloidal 5i0, in the waste pickle liquor. Several methods
have been developed for removing it such as filtration[1],
adsorption[2], re-crystallization[3], and so on.

We developed a novel process based on the co-
precipitation method which can remove 5i0, and some
other harmful impurities such as P simultaneously.

Colloidal 5i0Q, in the waste pickle liquor tends to carry
negative charges with the rajsing of pH, which is achieved
by the dissolution of iron scrap. On the other hand Al iom,
having positive charges, shows a significant change in
solubility with the raising of pH. Therefore, if Al ion is
added to the solution and the pH is raised up to 376 by
adding alkali, then Al ion attracls Si0O; colloid and
precipitates as insoluble AI(OH);. This procedure is

illustrated in Fig.2.

As for other impurities, the elements which form
insoluble hydroxide or oxide with the raising of pH can be
removed in the same way.

IV. WATER RINSING PROCESS

Alkali metal and alkaline carth metal cannot be removed
by this process from the waste pickle liquor because of
their high solubility. In the [ROX-NKK process, as roasted
ferric oxide is rinsed by de-ionized water for removing
them. Industrial water should not be used for rinsing
because the colloidal Si0, in it will be adscrbed by the
ferric oxide. This rinsing process also coniributes fo

reduce Cl content in the ferric oxide.

V. FURTHER PURIFICATION
The effect of water rinsing is not perfect. Even if a large
quantity of de-ionized water is used, a certain amount of
alkali metal and alkaline carth meta] still remain in ferric
oxide.
Fig.3 shows the residual rate of such impurities in ferric
oxide after rinsing and drying.

40 -

Residual Rale (%)

Ca Na K Mg
Fig.3. Walcr rinsing effect an impurities of ferric oxide

Process stage pH
012345

Nlustration

Waste pickie liquor

Fe scrap dissolving

ALC), addilion

NH,OH addition

Co-precipitation

510, colloid repulses each other due to

surface charge

Al 1om attracts SiQ, calloid with opposite

charge

Al ion forms insaluble hydroxide with
Lhe raising of pH and precipitates togelher
with 80, colloid

Fig.2. IMustration of wasle pickle liquor purification process



Tabfe 2. Impurity level ol several [ROX-NEK’s ferric oxide (wt%)

Brand Si0 Al Mn Ni Cr P Ca Na Cl
HI} (unpurified, unrinsed) 0.055 [0.033 | 01938 | 0013 0.028 0.013 0.016 n.012 0.185
SM  (purified, rinsed) 0.008 (0002 | 0204 | 0012 | <0.001 <0.001 0.007 0.001 0.088
SEW (further purification) 0.003 0.001 0.201 0.008 <(1.001 <{).001 0.002 | <0.001 0.084

It suggests that a portion of these impurities is irapped
within the ferric oxide crystals during spray roasting.

For further purification, de-ionized water can be used as a
replacement for the industrial water in the absorber
because the major source of these impurities is the
industrial water.

Table 2 shows the impurity level of several IROX-NKK's
ferric oxide products to compare the effect of each
purification process.

SM is now widely used for low power loss Mn-Zn ferrite
cores, and SEW is a recently developed product suitable
ior high permeability Mn-Zn ferrite cores.

REFERENCES
[1] Japan. Patent 1408381
[2] Japan. Patent 1830908
[3] Y. Yamazaki and M.Matsue, Drigests of ICF6, p.1(1992)
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Impurity Level of several

IROX-NKK's Ferric Oxide

Brand HD SM SEW
Method [unpurified, |purified, |further
unrinsed  |rinsed purification
Si0, 0.055 0.008 0.003
Al 0.033 0.002 | 0.001
Mn 0.198 0204 | 0.201
Ni | 0.013 0012 | 0.008
JCGoo | 0028 ) <0.001 | <0.001
P | 0.013 <0.001 <0.001
- Ca - 0.016 0.007 0.002
. Na 0.012 | 0.001 <0.001
Cl 0.185 0.088 0.084
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Permeability Characteristics of Mn-Zn Ferrite Core
Using SEW  (courtesy of a customer)

e vs. Temp.
|
19000 3 |
18000 \\\\i
I
17000 — ;
16000 |
= :
15000 — ‘
14000 |
13000 ;
12000 i
0 20 40 60 80 100
Temp. (°C)
4 vs. Frequency l
100000 . . N
| ' ' S mE
¥ ; ~E
- J‘ B ! ! N
— T ‘ - ! : T
| i | |
] T ; I
>~ 4\ | N |
% 10000 — o R WE T
- [—— = — TN
! ! - _—i : I __T_ 7’4‘:‘7 — " !
l R
e
. Co
1000 | | 1 ] | P
1 10 7 100



APIXQ 2110 AiIng YSiy B[] 20Np0id 0] papaadans (§)
$59001d 9[OYA U3 ur sanunduwf Jo uIsSuQ ay) paIesnsoAu] (7)

uonejidoold-o)) uo paseq ss2001 [940N ® pado[asac (1)

UOISN[OUu0))




67LS-18V-Th-78  WOO [reunoy@)Apay
#H oE 3
ZAESHEE BeSE
HYE & sS4

_2’7“

Y44 3 3
= mbmmmm 5 fkEd "EEY)




EX.2 B ELE L Lo

) R K DR

B B K 58 o

R B e 88

 WEwEmun

B AR
L - BN

e - WS-
HEIZ - HER.
FLE)S -

HEEER:

¥

HBe- I

BN - .
HEESE

LTI
I Cbmput’é(f{#ﬁlﬂ 8 9

e B o ke 9

H| 4 32 oo e KT S CBE fun

EL£E-
FOT - Blif B
FC1 - Hf 2.

|
Y £ ELE

L

o
¥
-3

H < g B oo

£
#
2

L G HE INOIS S 42 4

| N |

o
=
B

i
[
-
T

il

Pl

g

CEX
.H:H_
4

5] X

o 2 5

£

.& am QQ& 3&3 &h

D . T .l o ST e

=l
=3

WEY L



dOHSMIOM 3% B %E1) 38

14 42 51 T M
Fy B 4ghywoned : g3y E —
[l (EL2 44 B0 3

FHES
U ASVEVLIVA H &

FEY Rl ik

) /s

ﬁ:)rg,



dOHSSNMOM ¥k %57} 3

BY e B CHY LR EE B =8 -
Yigll8 s i —

8 5E £OH2Ey -
F T ST

28 0w
I0E BEWE -
T WYY -

T L FaBE WREHE -

oS NEH| L

_.30_



dOHSMMOM S E B H

P
SEHLF

m_% HERiEE HERT Y H
Y HE LI pIT EES - SSYJdINIL
150d] “EEEFLEHBIT K H - [Vd
R LEE BT EEE - WOULVd
AdO¥NA ‘WE Y H EEs EHEHE

(B2 4pE 88 Y)

dSVAVLVA &4




dOHSYIOM & E ¥17)3

(44 EL9TeMJOS 6l Bl L2 £4) WOO UOMOD MMM /- dny

(¥ 24y ) dr-o3 mu-odmmm//:dny
(B 4zLfodomny) wodjouadedsa do//dny
(% 8 H2EHNED oo-uorgdpap-sma//:dng

CSLEREEIZINIT)-+7F S MRS RO RS R A

(4244 BT EY) oy ododiy mmay//dng

dSVAEVLVA F2& LANJJdLNI

_32_



JOHS™HOM 3 E 1) ¥

i N

g = RivSiw8lc FRrE Lo .
ERvIakres 2 ¥ [REia n AR RER a 25 BmE \G¥ -
_nw_mr parene @) noesees (B meve (@ =smzsofd) 3
-y w4 NREGER 'EEELY e
i rr ) "PesgRs vl i=iesisn @ 3
- D 5= =g | THENE 5 (E-dl)
J 7_._.,205.@ nﬁﬁfu_“nuo,nu_@ St REEICkeE
(e
5 i MEHElnT S 4 03B 3RER 4 SF T3S BELR BO00E «
il 3
5, BRed GNCIMP A HESE IR PRlca TOd 4«
T e ElERBeERREEe  TOANEN GADEZ . ERE ZTMTN A
Bielkiz4 vt NE RGN hies 4 Eﬂw RRBHS TEF 4

TR RE TERE Rt ‘RieE % wLE

BB Rk B 5EN FI0TERE 4
‘EkiEl r=io

=R BiED

Wiz T .
"B HE BEREDEZ T ke 10k - itk Dl RE SR
"RERIETE 08 BRER BTRE 4 2 B hiok Lod

T RE BhahS FER RRE
"0 QdMa 3k FREY RIgE

e SMaN SLLL] esy

RTFRlom  EWSNEr

_33,



dJOHSYNOM & %)%

o e L wEREERE TG S ' T e

ipll 2D

‘(FRRRE

T T rE -
PDRREICIDRERIC Bz SV Ny S0

ONSES DR IN S8 28 Iy
18 TS B AIYE BEN R EHSRY R0 )G R

[TSmi)

&

I [Z_mal gt ime,
[ Eo W NeEAE | By o CBREE

;

AR (1]

T

10t s AT

. SET U dart g 0 dldy 0 THSE: o BEAL
mabel  Rvabizglr AR ARKE

T s T R

" ey i bl e IR R O

- 34 -



dOHSIOM s/ %) 3

Py PH 4 . EE=CI N NG - - : :
\‘. A e e ey = o el kel b, R i, P AT R —_
= ek g inaiva s SO LS

N ormeg e, pasueapy _ Py ROUAL] 15914 4

SYNE 8. UMUWTRT]

T [ = pleis fuv]

i [< piag .E,&
TEERE-14] g WESEI-CEEL o

3906 [d0NNG W M3 2 0ok Jo SUOGUGap plan ot 138 mea no g (TON aNY ¢ ‘(LY M)

J0108UI00 B[00 9T 2506YD "SR oa Fmsn Uay ©aIe ADUI 1aEs J0 18] 31 o) 10133{3s AU i pIYIIeIs
3q 01 spjay Tmjed A 109j25 seal ANUS X&) THOQ IO SUC W YO5Eas o1 s hok sasemd 1o spicam 3 adAy,

oirag 1Xo] ued[oog

@
Iull
In-
|
Il

I
i
lIi

TR AL §

Spaiegy £2- 109 meN (] /projimog (] &

iy’ Emja_nnaxEou wgl Emyma ._53._5\\ ucmii

,35_



JOHSYIOM 3/ %9/

(P L Y TR A PR

_.nh« - |1T¢ = — [ A Sy T z-
T — L THWER HEShE
o G THEHRT

i @ Trmea-m@® O

_._Abm._u
mﬂnﬂ =

T R

Mool — (REpiTeaintal O 7 L5R4 -
I o Ee e WS PRIV RO
A R e Ry T EILE N A ¢ | R«
SRS e T el — 0 & L8 -

- e
: TR
i A .Nm@w?wm&{

_36_



dOHSYIOM ZE %E1) 3

___JNnd ZRTE
0 BRKE

| W FRRRS
1 z=Re

Ty uses

o _jong wmrs

Jodo WBRE

v BES

o Rl

_in uss
& RES

ey s
I3d 4R34

[T8 o [NE 3 [wRR | TF o | W2 & [hy

e

PRS-

‘Ha REneE TRHcel "RERE

ABTQ



dOHSX@MMOM 35 B4/

o ki

i BT




dOHSYIOM @ )53

2 - ORRAEB] - et T - C IR EE NS DR BRES
R . HATH A R e I ety PLL 1 S HLT GOT LYV UL gL FUU Tred

RETH BC B Zie BT Bl 00/100-010K 206220-E661 19
RETN 6ER RIS BlynIN FI0ZASAE 206902900 01BL00-CE50  [2X

BETH RV FEICll 90/6v0-0100, rEIM(-ERGL R

BA TR C B BET RET J0/6M0-D100 pESIG-EE61 RS

AR T EAE RER B 872 FRE OVEN-DI0D  £261I0-3E61 N

SE AR T B0 ED Bem iy SE-2E ¥/I00-D600  SE0B00-1561 K

TE B0 R BE TW 50 S0 ATR oy w/00-0600  L20300- 1661 12

EASend B BER FHTI0E Y RS0 e BRI R0 M p100-4200  Lbr0-1661L KW

TE B0 & BR T B0 Bk B-E7 r2AMN-0600 BH000-1661 KB

BET B SISBYY SR TH Tidly 00/500-9r0D. BSZFI0-0561 MK

BT TR B[R Eﬁz ICh Bic [CY, 0/50-9100 | LbRE0-DES1 1ot

. . - Heid BEN m_om_a 0/6P0-0100. LIL)O-EREI  IRE
RARTH ER St WERE T 5 BIS RYREI0F GEI0 BHUNE foi2, 007]10-Q50% 280010-B061 KW
ER Bz RET 0/I00-0500 Q1006851 K

, ARTH 510 & Tid LY BIET p2/I00-2607 DS00-6861L 4w
: , RARTN 50 T Ii3loly BES p2/I00-D80D  GROYDO-ES5! %
. . mA TR B0 B S0 255 RR0% WAN-0501D  HEN-Esl s
BR Tl EEE BRIy 52 SAE 04M-0100 IR20-6L 1S
= TH GRE BER Y S2-SRE 00/100-4229, S9BL00-0A51 [
Rl WERE GERIE 8B MER 0/6.0-2002 prS600-5051 2R
2 C % RERER BES 00400-8120 622500-6850 HiE

] ERREDE MR 8- BET 20/:00-8220  LSBL00-E86L M
= RETH BRE Bt KEREAR GERE BIY 0-G120 000-E05 R
! RERN CR B BT LB nﬁm w0 IE_E L _.m}mmmm BT mn\qa.mam ,Emﬁ-mmz [£1-]
ZBE Iy KE T

'Tﬂ.w

[~ |
3 TRNE Y
* EI80ERG] OLESD0-E66 L
; 906000- 1651
RERESRMOED
o0/£19-8122 TEES o=
=R WK B AT G NERR MBIy Selys BER T8 BT 5F S SNE =5 BT 58 TIE 08 YR BET &I
2 oS2 ESKGNHEE MO TRILES SR/ B0 5= 1052 TR S8 Ysea BBT 0% HE2 SERA LERER VHERE KT #1T
5B 2o K3 53 TieAz Bk S{es BES DRy BKEE BT3RO vENRR T 55 YHERE RRIRICLESS RS 20 hEE SRER
RANE BFYILNG ETIAR BN KNS ER BIR BEEM

(,’..31’*

Y

-39 -



dOHSIOM ZE B3

_40_

34008
Od|
HO ‘AONY
1X31L 1704 IVNOILONNS 018 SlddIM
10VYH1S8Y 31111 IVOINHO3L .0d3 ‘Odr ‘nal
(LNVOIddY “‘31LI1L) (3QIXO NOHI) (NOYLVd)
<INdLlNO> <QHOMAIN> <38VYaviva>
_ |
(3AIXO NOYI)
Old01

F B



dOHSYHOM ZmE %) 5

#9S - HEFH

«d"1.LLL,, Ul

nﬁum.wﬂh\w&mﬂd : HdOM A -

EFEHE LIS T EE %71 £€861

INOYULVd - dSVHVLVA §

ETA

D lE 525 121} M

ﬁ41_



A)

= Bl HHREE)

i+

gy @ M~ O oW Mmoo — QO

,42,

WORKSHOP

~

4

i

FR{Li5 B



dOHSYHOM 3@ 1/ H

SH3IHIOHW
INFWIO =
SN1vHVddV
SISATVNY O

TVYIH31LVIN
OILINDVI B

INSANDIo .
AH3IAODO3Y

‘ONINIZ3H B LELLEEST (1L 5L o

(o) (E 5 FH (1 2 34

_43ﬁ



dOHSYMAOM S E B33

%S¢
ANYIWHIO

%Vl
NVdVl

) %Y
%G VSN
SHIHLO

oS

LERBEN [1F 22 e

(Bl (BB FH 14 X6 &

- 44 -



JOHSYIOM SHE %) A

NOI1ONAa34
103410

O AMNVS
YHVHIHSI

43 AVE STVYNSIAIANI

00S0d SH3IH1O

[l (EHY HH [E =



Vkd 1S 1% 0425+

Wz 75




Dispersity of NiCuZn Ferrite Siurry and Microstructure
of Green Sheet in Water Mixed Medium System

B. H. RYU, J.C.KOH

Advanced Material Division,
Korea Research Institute of Chemical Technology
P.O.Box 107, Yusung, Taejeon, 305-600, Korea

E-mail: bhryu@krict.re.kr

Abstract-The characterization of NiCuZn Ferrite (NCZF) slurry and green sheet using
an water mixed medium system has been studied. The raw materials and the NCZF
powder were ground by wet ball milling with the 0.7wt% polyacrylic ammonium
salt. The 21vol% of NCZF slurry was prepared by a ball milling. The polyacrylic
vinyl copolymer (Mw; 60000) was used as a binder. The mixture of distilled water,
I[sopropyl alcohol (IPA) and 2-butoxyethanol was used as a dispersion medium. The
water content of medium varied from about 40% to 80%. The NCZF slurry was
characterized with the water content. The microstructure and the mechanical property
of the NCZF sheet have been investigated.

L. INTRODUCTION

Surface mount technology is the biggest theme in the area of electronic component
[1]. To miniaturize an electronic component, the ceramic wet process for lamination
and/or screen printing method through a solvent medium system is widely used.

In the solvent medium system of tape casting process, the strong and uniform green
sheet is easy to achieve, but the solvent-based slurry system is very volatile and
irritating to process. Furthermore, the environmental and heaith aspect of the tape
casting process has received special attention in recent years. Therefore, slurry
formations using water as dispersion media have appeared and reviewed in the
literature [2-3]. An aqueous system has advantages of incombustibility, non-toxicity
and low cost, but disadvantages of smaller tolerance to minor change in drying
condition, casting composition or film thickness.

To take advantages of the two systems, the preparation and characterization of
NCZF slurry and this green sheet using the water mixed medium system has been
studied.
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II. EXPERIMENT

A. Preparation and characterization of NCZF slurry

The mole fraction of NiO(Dp; 14.48 um ), CuO(11.25 um), ZnO(1.54 pm ),
Fe,05(1.37 um ) was 7:13:32:48. After 18h ball milling of 30vol% of mixture slurry
with 0.7wt% of polyacrylic ammonium salt (PAN) used as a dispersant(D), the
average particle size and specific surface area of raw mixture were (.54 um and 12.9
m?/g, respectively. The ball-milled raw mixture, calcined at 700°C for 3h, was totally
changed into NCZF with spinel phase [4]. The 45vol% of NCZF slurry with 0.7wt%
of PAN was ball-milled for 60h. The 21vol% of NCZF slurry for tape casting was
prepared by further over night ball milling after adding the organic solutions.

The 10.6wt% of polyacrylic vinyl copolymer (Mw; 60000) having KOH 54.5mg/g
of acid value and 1.03wt% of polyethylene glycol (Mw; 1000) were added as a
binder(B) and a plasticizer(P). The total organic content was 12.33wt%. The mixture
of distilled water, IPA and 2-butoxyethanol was used as a dispersion medium. The
water content of medium in NCZF slurry varied from about 40% to 80%.

The viscosities of NCZF slurry, supernatant, and binder (10.6wt% of polyacrylic
vinyl copolymer) solution were measured by the Cone and Plate type viscometer from
1.9S" to 384S”". The supernatant of NCZF slurry was separated by a centrifuge. The
zeta potential of NCZF particle with the same ratio of organics was measured by the
electrophoretic method.

B. Preparation and characterization of NCZF green sheet.

The NCZF green sheet was cast by a doctor blade method through a gate opening of
300um and at a carrier speed of 50cm/min, then, dried at 45°C for less than 30 min.
The specimen for mechanical test was loaded at constant cross head speed of
10mm/min. The pore size of NCZIF green sheet was measured by a mercury
porosimeter.

ITI1. RESULTS AND DISCUSSIONS

The 21vol% of NCZF slurry for tape casting was prepared at the 44 ~ 81wt% water
content in medium. The viscosities of NCZF slurry (a), supernatant and binder
solution (b) were shown in Fig. 1. The supernatant and the binder solution were clear
and transparent.

The viscosity of NCZF shury depended on the water content of dispersion medium
and the shear rate. At a low shear rate, the viscosity of the slurry decreased with
increasing the water content. At a high shear rate, the viscosity of the slurry was the
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Fig. 1. Apparent viscosities of (a)NiCuZn
Ferrite slurry and (bjorganic solutions
vs. water content.
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highest at the water content of 68~74wt%. The tendency of viscosity became almost
the same the one of supernatant at a high shear rate.

The viscosities of supernatant solution also depended on the water content of
dispersion medium, and not on the shear rate. The viscosity of binder solution was the
highest at the 68wt% water content.

In general, the formation of associated colloid was resulted from the proper mixing
of surfactant, water and hydrocarbon. The shape (or property) of associated colloid is
changed by the concentration and/or HLB of surfactant, temperature and the ratio of
water to hydrocarbon [5].

The polyacrylic vinyl copolymer, called binder here, was used as a surfactant. The
acid value of binder is 54.5mg/g of KOH. The ratio of IPA, used as a cosolvent, to 2-
butoxyethanol is fixed with about 33wt%. In this study, only the different ratio of
water to the sum of 2-butoxyethanol and IPA might result in the change of shape of
associated colloid. Tt is thought that the viscosity of binder solution relates with the
shape of associated colloid at different ratio of water content.

Furthermore, the tendency of viscosity of supernatant is almost the same as the one
of binder solution. It can be concluded that the supernatant of NCZF slurry is
composed of the associated colloid.

As the result of thermogravimetric analysis of supernatant, about 90wt% of the
added organics, composed of free polymer, is remained in the supernatant. Therefore,
only 10wt% of the organics is adsorbed on the NCZF particle at all the range of water
content. However, the adsorbed organics on the particle was not analyzed
quantitatively yet.

At all the range of water content, the zeta potential of the NCZF particle diluted
from the slurry has lower than 20mV that can not maintain the dispersion stability of
the slurry. Finally, the dispersion stability of the NCZF slurry using the water mixed
medium system was attributed to the free polymer rather than the electrostatic force of
the particle.

The mechanical property (a) and the most frequent pore size (b) of NCZI green
sheet prepared from the NCZF slurry using the water mixed medium system was
shown in Fig. 2.

The mechanical property and the most frequent pore size of NCZF green sheet
largely depended on the water content. The tensile stress of NCZF green sheet was
increased from 3MPa to SMPa in the range of 44-51wt% of water content. However
the tensile stress was abruptly decreased to 1.5MPa at 55wt% water content. In the
range of 55-81wt% water content, the tensile stress was increased to SMPa as the
water content increased.
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The strain to fracture of NCZF green sheet was about 4% in the range of 44-51wt%
water content. However, the strain to fracture was abruptly increased to about 7% at
55wt% water content. In the range of 55-81wt% water content, the strain to fracture
was 2-3%.

The most frequent pore size of the NCZF green sheet was about 0.39-0.25um in the
range of 44-51wt% water content. However, in the range of 55-74wt% water content,
the most frequent pore size of the green sheet has shown the two types of pore sizes
at the same time. The most frequent pore size of large pore was increased from 0.6pum
to 3um at 74wt% water content.

It was found that the mechanical properties were related with the microstructure of
the green sheet prepared from the NCZF slurry using the water mixed medium
system. The tensile stress of NCZF green sheet was increased with decreasing the
pore size. The strain to fracture was decreased in the range of having the large
pore(Figs 3~4).

Finally, it is concluded that the microstructure and mechanical property of the green
sheet are related with the property of free polymer. And the associated organic colloid
in the NCZF slurry was formed by using the water in the mixed medium system.

IV. CONCLUSIONS

The characterization of the NCZF slurry and this green sheet using the water-mixed
medium system was executed. The results are summarized as follows:

1. The dispersion stability of the NCZF slurry was attributed to the free polymer
rather than the electrostatic force of the particle.

2. The microstructure and mechanical property of the green sheet was related with the
property of free polymer depended on the ratio of water content in the medium.

REFERENCES

[1] T. Nomura, A. Nakano, ICF6, Japan, pp. 1198-1201, 1992

[2] D. Hotza, P. Greil, Mat. Sci. Eng. A, vol. 202, pp. 206-17, 1995

13) B.H. Ryu, M. Takahashi, S. Suzuki, J. Ceram. Soc., Japan, vol. 101[6], 643-48, 1993

(41 B.H. Ryu, J.C. Koh, J. Korean Mag. Soc., vol. 5[6], pp. 928-36, 1995; B.H. Ryu, J.C.
Koh, ibid., vol. 5[6], pp. 937-46, 1995

;5] K. Shinoda, Progr. Colloid and Polymer Sci., vol. 68, pp. 1-7, 1983



(6] & B8 0] MO, D MA: "3t S s AtgtE iAol HBEINE", S2ets
gl X, 8, (5), 830- 836 (1997)

[7] J.C. Koh, B.H. Ryu, Y.M. Yu, Y.K. Lee, and J.M. Lee: "Characterization of NiCuZn Ferrite Slurry and Green
Sheet Using Water Mixed Medium System", J. The Magnetics Soc., Japan, 22, Supplement, No. 81, 170-
172 (1998}

(8] B E, QIAC, DA "SHHUILIHE OIS8 NiCuZn Ferite® =dicl MZE" J. of Korean
Inst. of Resources Recycling, 7(4), 35-42 (1998),

o] E4 3 0l&T!, DA " NiCuzn Ferite2 ZEJ| Datsz ot ZIIENEC s8E O
ZAO 2tst AR J, of Korean Inst. of Resources Recycllng 7() 27- 4(1998)

(10153 &, 0l g2, f &2, 1 W& "=A-Hl+=H ==EW A2 HOIZAEE NiCuln

LR oas e

Ferite =210 HE2X1” , L2EH Z &3] —.—71|04%1”*E9I 3‘5%@, 118-122 (1936)

[11]D. Andrew R. Jones, Bruce Leary, and David V. Boger: "The Rheology of a Concentrated Colioidal
Suspension of Hard Spheres” , J. of Colloid and Int. Sci. 147(2), 479-495 (1991)

[12] Tatsuo Sato, Shigeru Kohnosu: "Effect of Polyvinyl-pyrolidone on the Physical Properties of Titanium
Dioxide Suspension” , Colloids and Surfaces A : Physico-Chemical and Engineering Aspects, 88, 197-205
(1994)

[13] Silke Neuhausler, Walter Richtering: "Rheology and Diffusion in Concentrated Sterically Stabilized
Polymer Dispersions” , Colloids and Surfaces A : Physico-Chemical and Engineering Aspects, 37, 39-51
(1995)

4] 8 B2, & X, W M "I AFSE LE0 A= M Qg Jl=, 11, 272-278
(1996)

0.3mm

600°C, 2h TSRS 0,36mm

CpaTeirs | e S
i - e PR .

prmrmmnerLad ok, e feelral

faphs

£08 ooy Scemirmen MWMM

g doweier lod Pagr ety Y

Fig. 3-1  Microstructure of Green sheet



¥ '% ; ﬁa P
¥ 3 - e | R — .
3 ¥ b ,
x ] ﬁ, Bpion (1 T a
o A, = : b
5 a} ) far = - e H
E % = 3
53 i ; B oo )
= % k :
g Py ? F] [ .
£ £ #
@ o l i m—
g 13 i . .
ke LIS B I 1
: wo el - A ,’
4 , . 1
LY ! ™

el

Ut davelss Lol

R2,000 (Brw NO39 12,000 LGrn HOID (2,006 10va UD33

Fig. 3-2 Microstructure of Green sheet

g

] 0 ot

W ki,

s

R T LI ——
// [{24Ed -

Pl i H A R
=l e R

SN e,

E

Temperature increase

O

=

o
Hydrophilic <>

=
jab]
—_—
D
-

Hydrocarbon
Phase volume (%)

Fig.4 Schematic diagram of emulsion.



Manufacture of the Ultra Fine CuO Powder

by Spray Pyrolysis Process
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2.2 Nozzle®l A7 2 A=

D o] %A e Titanium A2 = Zo] 70cm, 27 6cm
2) 87 system -2

3) Nozzle tip®l 24 05, 1, 2, 3, Smm

4) 29 SRl 917
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1) 518 w22 1 3 zone type = Z¢] 100cm, 474 60cm
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blowerell 213 cycloneWZ FY ¥ T bag filter2 °}F.
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(c) (d)
— (.bum

SEM photographs of roasted powder with roasting temp. at raw material
solution of 1200 g/ ¢ CuClz.2H:0.
(a) 800°C (h) 900°C (c) 1000°C (d) 1100°C

(a) (c)

— (.5

SEM photographs of roasted powder with roasting temp. at raw material
solution of 100 g/ ¢ CuClz.2H20.
(a) 800°C (by 900°C (c) 1000°C (d) 1100°C
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(a) {c)

— O.5um
SEM photographs of roasted powder with copper chloride concentration of
raw material solution at 1000°C roasting temperature.

{a) 1200 g/ ¢ (b) 300 g/¢ (e) 50 g/i (d) 20 g/#

(a) (b) {(c) (d)
— {).bum

SEM photographs of roasted powder with copper chloride concentration of

raw material solution at 1100°C roasting temperature.

(a) 1200 g/ ¢ (b)y 300 g/¢ (c) 50 g/t (dy 20 g/¢

(a) (d)

— 0.5pm

SEM photographs of roasted powder with inlet speed of solution.
(Concentration of raw material solution: 1200 g/ ¢ CuCl:.2H20)
(a) Z2cc/min (b) 5cc/min (¢} 10cc/min (d) 20cc/min
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(c) (d)

(a)
— (.5um
SEM photographs of roasted powder with inlet speed of solution.
(Concentration of raw material solution : 100 g/ & CuCl.2Hz0)

(a) Zcc/min (b} Bee/min (c) 10cc/min (d) 20cc/min

(b) (c)
— 0.Hym

SEM photographs of roasted powder with nozzle tip size at raw material
solution of 1200 g/ ¢ CuCl2.ZH20.
(a) 05 mm (h) 1 mm {c) 2 mm (d) 3 mm

(c) (d)
— (.Dum

SEM photographs of roasted powder with nozzle tip size at raw material

solution of 100 g/ ¢ CuCl:.2H0.
(a) 1 mm (b) 2 mm (c) 3 mm (d) 5 mm



{c) (d)
— (0.5pm

SEM photographs of roasted powder with air pressure at raw material
soiution of 1200 g/ £ CuClz.2H20.

(a) 0.1 kg/cm® M 1 keg/cm® (¢} 2 kg/em® (d) 3 kg/cm®

— .51m

SEM photographs of roasted powder with air pressure at raw material
solutionn of 100 g/ ¢ CuCl..Z2Hz0.

(a) 01 kg/em® (b)) 1 kg/em’ (¢) 2 kg/em® (d) 3 kg/emd’

(a) (b) (c) (d)
— 1.51m

SEM photographs of heat treated product powder with heat treatment

temperature in air atmosphere. (Concentration of raw material solution
1200 g/ £ CuClz.2Hs0)

(a} 300C (b) 500TC (c) 700C {d) 800C
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— Dpm

SEM photographs of heat treated product powder with heat treatment
temperature in hydrogen atmosphere. (Concentration of raw material
solution © 1200 g/ & CuCls.2H:0)

(a) 300C (by 5HOOT (c) 700°TC (d) S00TC

(c)
— 1.5/m

SEM photographs of heat treated product powder with heat treatment
temperature in air atmosphere. (Concentration of raw material solution :
300 g/ & CuCle.2H:0)

{a) 300TC (b) BOOT (c) 700TC (d) 900T

(a) (b) (c)

_.5!:,5111

SEM photographs of heat treated product powder with heat treatment
temperature in hydrogen atmosphere. {(Concentration of raw material
solution : 300 g/ £ CuCl2.2Hz0)

(a) 300T {b) BH00TC (¢c) 7007TC (d) 900C
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(a) (b) (c) (d)
— 1.5m

SEM photographs of heat treated product powder with heat treatment

temperature in air atmosphere. (Concentration of raw material solution :
100 g/ ¢ CuClz.21H:0)
(a) 3007T (h) 500TC (c) 700TC (d) 9007TC

(a) {(c)

-— 5y

SEM photographs of heat treated product powder with heat treatment
temperature in hydrogen atmosphere. {(Concentration of raw material
solution : 100 g/ ¢ CuClz.2H:0)

(a) 3007TC (h) 00T (c) 700C (d)y 9007TC
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|I HMEE g 8 g 8 @ =
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2-3 MSHEO| MLy
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Of ZHg % QAL
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ZHQ| g= 22 OILRIS, SAHZERM HIE ANESZE 1 HIE0 &3 20 222t
SEICH HARZES 0" 1 3 20, AAMEYE s AHIEOIL SESEAM 2
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gl ge ZYLRIATE AMBHEC SM0 D= YEE <ot Hold S PE(AF S
E Ma=HHIHAM THEEES HolALH. MEl THFHL 25, 2, -S4, A
SE HEO MEdE MEstzs HEZNSHEO MAE ME2MHZ 24 6HAL

3-2 E8M s

MatEO Mas EEH) fIolH AtstE K ESE Hliots SSHEE SR &
EMEZ2= 2 B8 Ndaidl #otel EIE, 27t WE0E = MESIRLL. &3 &
ol 5% HHCZ EYME 5-30% EHoici) EUZ 2027 Egsts ESMEGE0 MTE
oA

HADEO &gl AHHAM HAZC ZRHEHC 25, R, LS4, AHIIF A
Hotm Matl OlXs S22 dest 2= T 5% 20 25 % S8 JEHHD Wiz
Of HAHZAL === P2 14 Jf A 21 HE HAS A2, =540t S0t (2 =&
B 2AaEE 2218 /hriiM 1482 fhr2 2020HH EICH E543F SO1atH 28 ==0AM 2A
2 Z0HAILE 2AEl= ®ArUS0] M 2HH0] SOict( i HEX I SEEE U
EOF SME A2 AMEEIH MM 2 gtME 24500 KHotohA

AU HHAESH DX d2s e 20, AL E015H8 Ml ¢tgll B
Sz BRI Mo g Bz RAGEIL Moot &30 21002 d22, A2HIDHE
JHEl ek B0 3N SRSl HM= Moot M, Mz o2t satp L.

=20 2L 8 580T2 UES = HAMC EFRFO MSIERIE MAH JIX=s d&
£ HESH| 25 =2 HAZA =24 148 4 2100 MM SEEZ 2700-4650 4 /hr
H2AMWM HatA2I0 3st dule D8 3 0 ZL. B2 |0 g Id 20
SIA

HHS Ol HiZAZEC HE, HM g DS Holote des LIEWAGC. Sdl ==
200 P1ONE 2R RAMRE 210! 600£ /hr SAEOl DX EE0t6t01 Atgtal P20 A&l
Of SHol Motel A22 Mo MM Mas SHaAID] fithM=E 2REE AxgE
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HS5 AR ZATHN M2 MR A2MY AE2)
=
NE 2 R | =S | MAH | BEQ) | Ma(a) | 2 (p)
HE
1 580 2700 14 1.35 27.82 24.63 17.40
2 580 2800 14 1.35 27.43 24,36 17.19
3 580 3100 14 1.35 26.98 4.1 17.08
4 550 2800 14 1.35 25.11 23.15 15.79
b 560 2900 14 1.3 25.76 23.13 16.24
6 600 2900 14 .35 27.26 | 24.37 | 17.20
7 580 3100 14 1.4 2r.42 23.95 16.52
8 580 3100 21 1.36 27.59 23.83 16.57
9 580 4050 21 1.85 26.17 21.89 13.8B3
10 580 4650 21 1.35 24.92 | 2119 | 13.31
11 550 3100 21 1.35 30.68 24,38 18.14
2 560 3100 21 1.35 28.92 | 23.27 | 17.16
13 600 5100 21 1.35 27.05 | 22.92 15.40
14 580 3100 21 1.4 28.85 23.38 16.78
BB E4 21HAlE HISREI S-S BF ¥ AME MR HoloiRou Hu2 o
2tol MBleErE LIEHHRILH Mo =Z4)l [IEHQ B2 U2 MaHg
A0l BIHE LIEHLCH O 2000 HE0iE LB 14 HMs =52 Ha SAIZ0 207
E/rOILE, SEA 2IMME 1482 /e, HUIE2Z B4 210MS 2AR0 =54 14
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2 AMAECH 0 B2 LE210M S 46504 /r A9, RSE 2AZ0| 218 /22
HASIE 229 20l HAZRHAM B S0 BIGIH 2AIR0| 20t 2528 B2
Ol ZOlLl AtZhEOrE Ma0l Kote ZQ SYS HA0IC. O2M cE4 142 2 8
SREI SRIMH TIH S5 8200 YoIUN S0 ASHECIROl MAIl altls A0
2 OAMZEDL. B, =B 210AE SEE SA0 ANHCZ Hob H30| 26 20
H o4 Q01 550COIM MA0l DI 2450 HA 220t B0HED A0l SJtetl M2t
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= (L) | HM{a) | 2M(b)
SHE Z20ILF | 94.483 —-0.135 0.887
Calcite 92.719 -0.812 2.597
Al A 92.211 —0.221 1.910
Talc 95.503 -0.087 1.270
aotetE L2=0ILL | 94.584 -0.283 0.523
= 94.166 0.029 4.815
203t 92.496 —0.019 2.323
DIEHOIE 56.303 16.617 54.788

YEOIEE HMels &h=20ILE, &3, M2IPtE2 #8 HEE =01 flet S8 MoK, o
EIE= B & 2R #Mcs =0l S22 MOIC. == 22 ArgtE 0l Hishd O
R 2L, HME 3 ML 12 $SE ¢ = 0. 53 HMMEo AL HEE Ut
Ol A2 HME=z sMg S A2 & & UL, ZEME L3zl 25 A2
AL RAGIHOOF E&A s Ma A AHE 27 HIE AEA EE2N 230 gieb=
MErE M HIoh @0 2 22 EEM=E MSSIOF HEL, O2tM 24E =8HE Hlus
LI AstEI RAS BB, A22F, MEHOIE B2E Sz MEsi)] Aot &
SME &ttEM 5~20% HIIE A2 EETHE SEO [ ASHEO MAQ Hal=sd 2
Ait= Jg 5, & 6, 28 7 I &

EIEtS &EtEN Hllel 3%, == 2df ASHE HIGHY 5% 80t 42 Mot oS
L O 02 EIEE SHA2 = 3% Bh= R0, HME0 A2 5% EIHA
MAQL MototR 2L J0Ia0 HIig0iMe Batdt Q0. BME0 2= &g MaE)
MO 10 ENENA Mote & 11 0l&8 HIMM= 20 2&EQICH ElE #lis
e StA0 FRHo2 HOMESIH et Bhe 2620 SMEQACL 2 e S
£ &= B
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