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Abnormal Grain Growth in Ferrites
Shigeru ITO
Department of Industrial Chemistry, Faculty of Science and Technology,
Science University of Tokyo, 278-8510, Japan

Generation of abnormally large grains in the microstructure of small grains has been investigated on some {errites.
Some fractions of large grains were observed in the microstructure of sintered ZnFe 904, Mn-ZnFe»Qy, Fe304 (in Np)

and MnFep, (in air}, On the other hand, the large grains were not observed in NiFez04 and CoFepQa. independent

of calcining and sintering conditions . The large grains seem io be generated in such ferrites thar are easy to vary their
compositions or valencies at high temperatures, As the sintering proceeded, the number of large grains was increasing
to form a continuous structure consisting of large grains, while the size of large grains did not increase remarkably. In
addition, the growih of small grains was also very slow during the generation of the large grains. The large grains
appeared to be suddenly generated after some induction periods. Avrami equation could be applied to the relation
between net volume of large grains and sintering time. Thus, the grain boundaries may be strongly stabilized when the
large grains are generated. The large grain is penerated by the local activation of the stabilized grain boundaries. which
is caused by the variation of compositions or valencies during sintering. It is concluded that the essence of the

abnormal grain growth is not the generation of abnormally large grains, but the abnormal stabilization and the

activalion of the grain boundaries.
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{a) Large and small grains in duplex structure
after the sintering for 20 min.
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(b} Continuous structure
after the sintering for 120 min.

Fig. 1 Microstructure of Mng 5pZng soFe2 0004

Siniering temp. : 1300°C
Calcining temp.: 1200°C
Powder size : 5~154m
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Fig. 2 Grain growth of NiFea04 (continuous grain

growth).
Sintering termp, : 1300°C
Atlmosphere : in air
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Table 1 Formation of duplex (large and small grains) structure in some ferrites.

TESIErin ‘ in air in N
{errites E (°C g duplex L (pm) 7 duplex D (pm) 7
emp. ) ‘ small large small large

NiFeaQ, aoa x 8.2 3.2 X 8.4 3.1
1050 X 8.4 3.0 X 7.8 3.3
1200 X 7.8 3.9 X 8.0 3.4

CoFex0s 800 ( x 7.4 3.5 b 7.8 3.4
1050 * 7.6 2.8 . 7.8 3.0
1200 \ x 8.0 2.8 * 7.8 3.1

MnFezOq 00 O 50 15.2 2.9 14 ® 3.0 a0
1060 FAN 5.2 4,3 . 8.4 2.4
1200 FaX 7.4 4.4 X 8.2 3,3

ZnFea0y a00 X 7.4 1.8 O 4.8 15. 8 6.5 7.8
1060 x 7.2 1.5 O 5.2 16. 4 8.1 10
1200 * 6.8 1.8 A 7.8 2.4

FeaOy 200 ~ — — x 18.0 2.5
1050 - — — Fay 17.8 2.2
1200 - - - O 7.2 46.0 4.5 4.0

Mn-ZnFe20y 500G - - — X 56,0 2.1
1050 L - - - A 16.0 3.1
1200 I - - - @] 40.0  150.0 7.8 6.7

Sintering temp.: 1300°C, Sintering time: 120 min.

X : continunous growth, (! duplex, A duplex-like

n: » value in the equation D= A1/ (D: grain diameter, A': consi, {; time)
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Fig. 3 Grain growths of Mn-ZnFea(O,4 on the formation

of duplex structure and on the continuous grain
growth.

Sintering temp. 1300°C

Atmosphere : in ' No

Calcining temp. [_: 1200°C, @ :900°C
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Fig. 4 [- In(1-V)]1/4 vs. sintering time for Mny) 50

Zng 50Fez 0004 with duplex structure.

V : Volume of large grains per unit volume.
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Table 2 Some magnetic properties of Mng 50Znp.50
Fep 104 having duplex structure and continuous

grain struciure,

B [KG] Br [KG) H, [Oe]
Diuplex 3. 85 140 (.55
Continuous 2,85 l 10 0.80

Each value was obtamed from ‘Lhe measurements of DC

magnetic hysteresis curve.
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Development of Hard and Soft Ferrite Magnets in China

T.S. Zhao
Department of Physics, Jilin University, Changchun 130023, China

1. Magnet Industry in China

The magnet industry in China had made a big jump during the last
decade due to the advantage of cheaper labor cost, abundance of raw
materials, technical experts and huge domestic market. By output of magnets
China becomes number one in the world. The outputs of Alnico, sintered
hard ferrite, sintered NdFeB and soft ferrite magnets in China in 1997 are
1,900, 100,000, 3,150 and 40,000 tons, respectively, meanwhile the
corresponding outputs in Japan, the top magnet manufacturer in the world,
are 1,400, 49,195, 3,200 and 44,096 tons. The outputs and sales values of
various kinds of magnetic materials made in China in 1996 and 1997 are
listed in Table 1.

Table 1. Outputs, sales values and average prices of magnetic
materials in China

1996 1997
Type of Mgnetic Output | Sales Value | Aver.Price | Output | Sales Value | AverPrice
Materials Ton/vear |  $,x10° $/ke Ton/year $,x10° $/kg
Hot-rolled Si-Fe 587,300t 381.7| $650/ton| 617,600t 4014, $650/ton
N. 0. Si-Fe Sheet 123,600t 9.4 $780/ton r 204,400t 1584 $780/ton
G. O. Si-Fe Sheet 55,300t 80.2 | $1450/ton | 55,600t 80.2 | $1450/ton
Soft Ferrite 35,000t 455 $12/kg 40,000t 480 $12/kg
| Total value of Soft Magn. Mat. 1013 million USD 1,120 million USD
Alnico 2,000t 0] swie| 1,900t | 304(-24%)|  $16/kg
Sintered ferrite 84,000¢ | 168 $2/kg | 100,000t | 2204696} $2.2/kg
Bonded ferrite 7,000t | 56 S8/kg 6,000t | 42(8.7%) $/kg
NdFeB(Sintered} 2,600t 1352 $52/kg 3150t | 151(31.534) $48/kg
NdFeB{Bonded) 701 5.7 $82/kg 150t 12(2.5%) $30/kg
Sm-Co(R/Dpowder) | 85t 72|  $8%/ke 80t| 6(12%)| $75/keg|
Total value of Hard Magn, Mat, 422.1 million USD 479.2 million USD
Total Value | 144 billion USD 1.6 billion USD

2. Hard Ferrite
Hard ferrite has the lowest price/performance among all kinds of



commercially available permanent magnets, in other words, hard ferrite is the
most cheap and popular magnets. Commercial production of hard ferrite in
China started in 1958. In the past decade, the development of hard ferrite
industry in China was very fast. Figure 1 illustrates the output of sintered
hard ferrite in China since 1975. The output of hard ferrite in 1997 amounts
to 100,000 tons. Now China becomes the number one hard ferrite
manufacturer in the world.
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Fig. 1. The output of sintered hard ferrite in China since 1975.

Table 2. Sintered hard ferrite output since 1975

1976 1960 1995 1990 1985 1997 .
Japar ons 66001 51500 717000 B4BOCY BAGGDL 600G0F . -

W AE1% 7% +35% 6% -13% .
LUSA tons 70004 46300t 40400t 51000t S00001 48000t~ .
% - 6% 3%  +B% - 08%. 1%

Europe ton 4000t 27000t 37400t 46800t 32000t 31000t -
% - H47%  +T%  +5% 8% 2%
China fores 4000t 800 158000¢ 350001 80000(. 108000t .

% - 7% - +13% +1B%  +18%  +12%
SE Asw - - BOODL 35000t 550066t 70000t -
% - n e R35% 8% 1%
Others ton. - - 22000t -40000( .500GOL 53000f
% - #1% L AE% AR

Total | 25000t 1500001 1945000 292700t 331000k 5830008
i +43% - +5% 7% - 3% +3%




The outputs of sintered hard ferrite all over the world since 1975 are
listed in Table 2. The outputs of USA, Japan, Eurcope, China, South East
Asia and others are listed in this Table, respectively. The average annual
changing rates are included in the same Table as well The peak values of
hard ferrite output in USA (51,500 tons), Japan (86,900 tons) and Europe
(47,000 tons) were reached in 1981, 1987 and 1990, respectively. Since then
the outputs were varied below the peak values and almost kept the same
until early 90s. The output in Japan was reduced significantly after 1991 due
to the shifting producing lines outside Japan. In contrast, the outputs of hard
ferrite in China and S.E. Asia are continuously increasing from 70s.

Table 3. The outputs of pre-firing material and sintered hard ferrite of
Chinese main manufacturers in 1997

Manufacturer Qutput (ton)
Pre-firing Material  Sintered Magnet

Dongvang Magnetic Materials 50,000 50,000
Enterprise Group, Zhejiang

Beijing General Research Institute of 60,000

Mining & Metallurgy (BGRIMM)

Maanshan Magnetic Material 15,000

Factory

Jinchun Electronic Appliance 5,000 3,000
Company, Yibin, Sichan Province

Jiangmen Powder Metallurgy 15,000
Factory

Guizhou Kaili Magnetic Material 5,000

Factory, Guizhou Province

The average price of sintered hard ferrite in 1996 and 1997 are $2/kg
and $2.2/kg, respectively, which is much lower than that of Japanese product
($6.7/kg). The slight increase of price in 1997 is due to the improvement of
quality and structure change of products. In the past the major parts of
produced ferrite belong to the low grade blocks and rings. The high grade

10



hard ferrite with arc shape is produced quite recently. Since the price of hard
ferrite made in China is quite competitive, so a big portion of produced hard
ferrite is exported to the international market. Now China is playing a more
and more important role in the international market of hard ferrite.

There are several big hard ferrite manufacturers in China, such as
Dongyang Magnetic Materials Enterprise Croup and Beijing General Research
Institute of Mining & Metallurgy (BGRIMM). Table 3 lists the outputs of
pri-firing material and sintered hard ferrite produced by Chinese main
manufacturers in 1997.

3. Soft Ferrite
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Fig. 2. The output of soft ferrite in China since 1980.
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In recent ten vyears, the development of consumer goods has promoted
rapid increase of soft ferrite in China. The products of soft ferrite have been
expanded from conventional antenna rod and intermediate frequency
transformer cores to transformer cores for switching powers, flyback
transformer cores and filter cores which are used in TV sets, consumer
electrics & electronics and communication devices. The cutput of soft ferrite
in China is increased from 3,500 tons in 1980 to 40,000 tons in 1997, and
estimated to amount to 60,000 tons in the beginning of 21th century. Figure 2
illustrates the output of soft ferrite in China from 1980 to 2000, in which the
output in 2000 is the estimated value.

11



Table 4. The output and product type of main manufacturers of
soft ferrite in 1997

Manufacturer Product Output (ton)
Jinning Radio Mater. Corp., pot & E cores 4000
Nanjing
Jinchuan Magn. Mater. Corp., U & E cores 1000
Sichun Province
Jinshan General Electronic deflec. cores* 12 million
Factory, Shanxi Province pieces
Haining Tiantong Electronics U & E cores 1000
Inc., Zhejiang Province
Dongyvang Magn. Mater. U & E cores 3000
Enterprise Group, Zhejiang deflec. cores*

Changshu Radio Devices U & E cores 4000

Factory, Jiangsu Province

Shanghai-Nipponceramic U & E coares 3000

Magn, Devices Corp.

Nanjing-FDK Inc, deflec. cores* 7.8 million
pieces

xrefers to the deflection core for colour TV set.

There are about 100 companies which produce soft ferrite magnets in
China. The output in 1997 is 40,000 tons, in which Mn-Zn ferrite cores
amounts to about 30,000 tons, Ni-Zn ferrite cores {including deflection cores)
amounts to about 8000 tons, intermediate frequency transformer cores,
antenna rods and high frequency inductive cores etc. amounts to 2,000 tons.
The average price of soft ferrite in China is $12/kg, which is lower than the
price ($15/kg) in Japan, although the gap is not so big as the case of hard
ferrite. Now China exports a lot of soft ferrite to developed countries
including Japan. The output and product type of main soft ferrite companies
in China in 1997 are listed in Table 4.
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1. INTRODUCTION
KOREAN ELECTRONICS INDUSTRY, OUTLOOK
Elsevier Advanced Technology's Forecast of World Electronics Industry
The World Electronics Market:
$ 1.021 Trillion with 5 % growth in 1997

$ 1.075 Trillion with 5.3% growth in 1998
$ 1.153 Trillion with average 4.4 % growth by '2000

Korean Electronics Industry

1995 1996 (G.R) 1997* (G.R.)
GNP (trillion Won) 48.5 56.1(15.7%) 598.7(6.4%)
Manufacturing 33.6 38.9 (15.8%) 38.4(~1.3%)
Electronics 10.0 11.6(15.8%) 12.2(5.5%)

The fourth largest manufacturer, 5.2% share of the world market.

ELECTRONICS, DEMAND AND SUPPLY(1996 ~1997) IN KOREA

1996 1997 (G.R.%)
Electronics Total  Product'n(Won Tr.) 49.3 54.0 9.4
Expot ($ Billion) 41.2 450 9.3
Import($ Billion) 276 31.0 12.6
Sale (Won Tr.) 10.5 11.5 8.6
Ind. Electronics Product'n{Won Tr.) 1.7 14.7 25.3
Expot ($ Billion) 8.4 10.4 23.7
Electronics/ House Product'n(Won Tr.) 10.9 107 A19
Expot ($ Biliion) 7.8 108 A04
Semicondutor Product'n{Won Tr.) 16.0 16.4 2.3
Expot ($ Billion) 17.8 18.8 3.5
Electronics Parts Product'n(Won Tr.) 10.6 12.1 14.1

Expot ($ Billion) 7.1 8.4 17.2



WORILD DEMANDS OF FERRITE and ASSOCIATED PRODUCTS

CRT 140,000,000 pcs.(1998) 149,300,000 pes. ('2000)
cDT 85,000,000 99,900,000
TOTAL 225,000,000 249,200,000

TRANS. CORES 110,000 tons (1996)
(SMPS:Yen  790~1,300 trillion  (1996)
HARD FERRITE 280,000 tons (1994) 600,000 tons ('2000)

WORLD MARKET SHARE BY KOREA MADE PRODUCTS
CRT,CDT 17,600 tons (1998); Share 28%
SOFT FERRITE 45,800 tons (1998); Share ~27%
HARD FERRITE 14,000 tons (1996); Share 5%

PRODUCTION OF SOFT FERRITE IN JAPAN
30,000

o~

20,000

10,000

PRODUCTION(tons

CHANGE OF UNIT WEIGHT AND SALE PRICE BY YEAR(94~97)

Unit weight/Year Price/gramYear
DY CORE Up by37% Down by 1.2%
U CORE Up by0.1% Down by 4.2%

E CORE Down by 8.1% UP by20%
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TECHNOLOGY TRENDS IN POWER FERRITE

Core Volume
(ml) 70 75 '30 90 95 Core(mm)
4000 . 120

3000 \ " 90

2000 \\ 60
G---o....

1000 T —e 30

100 10K 20K 50K 100K 200K 500K

TECHNOLOGY TRENDS IN HARD FERRITE

5000
—
Br(G)
4000
Sr-ferrite=Additive
Br o
3000 )
Sr-ferrite
BHC(Oe) BH B
-nax
HC 1000 HC
(MGGe) 9 Co-ferrite
1930 1950 1970 1980 1990 2000
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2. PRODUCTION OF [RON OXIDE IN KOREA

® |ron oxide was manufactured from milled iron ore and supplied by Tong-ll
Chemical Co. to the users as pigment since 1947 in Korea.

® |n 1968, Korea Titan Co. started to make iron oxide by wet process from iron
sulfate as by-product of titanium oxide preparation. Main use was alsc pigment.

® Pohang Iron & Steel Co. and Union Steel Co. in mid 1970's realized needs of
production of iron oxide from acid recovery process at cold rolling steel plate

manufacturing. (Table, Status)
® However, both hard and soft ferrite manufacturers were not able to utilize the
domestic iron oxide raw material.

® |n 1987 POSCO and Samwha jointly invested to establish Samyang Co. to
produce high grade iron oxide for soft ferrite.

® Dongbu Steel Co. and Union Steel Mfg. Co. also produced iron oxide for ferrite
industry in 1987.

® Samyang Co. directly operated POSC(Q’s acid recovery system in 1990 and
improved the guality and expanded the production capacity of iron oxide.

® Production of iron oxide for ferrite industry in 1995 was 50,000 tons (expected
100,000 tons by 2000). (see Table of Production of Iron oxide)

® SamYang recently emerged into production of a highest quality iron oxide. (see
High Grade Iron Oxide Source)

18



STATUS OF IRON OXIDE PRODUCERS FOR FERRITE INDUSTYRY IN KOREA

COMPANY PROCESS & TECHNOLOGY ACID RECOVERY CAPACITY
POSCO (Pohang Iron & Steel Co.) liter/ hour

Pohang ( installed in '77, '81, '87)

No.1 Cold Rall Spray roasting (Ruthner) 5100

No.2 Cold Roll Fluidized roasting (NCE) 5030
Kwangyang (‘89~97)

No.1 Cold Roll Fluidized roasting (NCE) 11,600

No.2 &3 C.R. Spray Roasting (Chiyota) 15,800

No.4 Cold Raoll Spray roasting (Andritz) 12,100

DONGBU STEEL ('72,'89, '98)

Seoul Spray roasting (Ferox, I1SSI) 2,700
Inchon Spray roasting (1SSI) 2,700
Kobu Spray roasting (1SSI) 10,000
QOthers 30,000
PRODUCTION OF IRON OXIDE FOR FERRITE INDUSTRY

POSCO 39,600 40,800 43,970 56,400 56,400
DongBu Steel 6,000 6,000 6,000 10,000 13,000
Union Steel Mfg. 5,400 5,400 5,400 7,200 7,200
Hyundai Pipe - - - 1,000 10,000
Total 54,000,752, 200° 55 370 74,000 87,000
m PRODUCTION OF IRON OXIDE BY YEA
< 60,000
Q
k. 50,000
r
o 40,000
b5 30,000
a 20,000
2 10,000
o

0

‘95 96 97 98 99




HIGH GRADE IRON OXIDE SOURCES

AND CHEMICAL COMPOSITIONS

Fe203  Si02 CaQ MnQ cr
CSR-800
(Chemirite) =299.3% .007 014 .35 A5
typically (.0029) (.003) (.0022) (0.13)
KH-CPW
(Kawasaki) =99 3% .008 .01 .28 .07
typically (.005) (.0047) (.0017) (.052)
SKM-4
(Samyang) >99.4% .006 .01 .20 A0
typically (.009) (.008)
Al P Na K S.S.A
CSR-800
{Chemirite) .00 4 .003 4.5 m/g
typically (.0036)  (.0035) (.0010) (.000S)
KH-CPW
(Kawasaki) 0015 0015 45m/g
typically (.0104) (.003) (.0012) (.0011)
SKM-4
(Samyang) .02 .010 3.4 m'/g
typically (.011) (.014)
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3. STATUS OF KOREAN FERRITE INDUSTRY

Evolution of Ferrite Industry in Korea

® Early 1970s, a small scale production of antenna rods, transformer cores and
ferrite magnets were manufactured by a few small scale ferrite makers.

® Samsung Corning Glass Co. was also involved in production of rotary
transformer cores including coil windings in 1973.

® In 1976, Korea Ferrite Co. was established and started its operation (Hard
ferrite).

EVELOPMENT DF SOFT FERRITE INDUSTRY

Mn-Zn, Mg-Zn Ferrites

® Samwha Electronics Co. recognized a need of establishment of a ferrite plant
based on their technical background of soft ferrite manufacturing for OEM as a
large-scale production (in 1976 under the license of Nihon Ferrite Co.)

® |su Ceramics Co. was established under joint venture and technology license
from LCC of Thomson, France in 1987. The CRT manufacturer Korea in late
1980s had faced with a shortage of ferrite cores supply from both local and

abroad.
Songwon Ferrite was established in 1992 and started its operation in 1995. (see

the list of ferrite manufacturers)
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MAJOR MANUFACTURERS OF SOFT FERRITE IN KOREA

Samwha Elect. Calcined powder 3,100
Sintered cores 2,700

Isu Ceramics Calcined powder 1,700
Sintered cores 1,200
Songwon Ferrite  Calcined powder 550
Sintered cores 300
Bo-Am Industry Calcined powde 50
Sintered cores 250
Samsung Corning Calcined powder 60
Sintered cores 50
Yunghwa Ferrite Ni-Zn, Mn-Zn Ferrite 70
Yurim Electronics Ni-Zn Ferrite 50
Ceratech Ni-Zn Ferrute

FERRITE CORE PRODUCTION IN KOREA (in tons)

¥

All soft ferrite products except
magnetic head application
FBT core, DY core, SMPS
Transformer cores

FBT core, DY core, SMPS

EMI filter core
Transformer cores
VCR rotary trans. core

VCR rotary Trans. Drum Cores,
Antenna rod, drum cores
Chip Inductor

i

Softferrite 18,857 26,143 34,857 37,571 41,857 42,400 45,800
Hard Ferite 8,910 11,942 13,150 13,976 12,370 14.600 15,000

Total 27,767 38,085 48,007 51,547 54,227 65,700 68,860
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SOFT AND HARD FERRITE PRODUCTION

& 60,000 : :

> - —O— Soft ferrite =m0 = Sr-ferrite

O 50000 & __» Baferte —0o— H/F Total

= 40,000 i

O 30,000

o

S 20,000

S 10,000

X

o 0

‘92 '93 94 ‘95 ‘96 97  ’'98

Ni-Zn Ferrite

® Ferrite bead, cores, chip bead, inductors and LC filters for EMI filter parts were
manufactured since 1980s in Korea.

® The production of Ni-Zn ferrite products by six manufacturers in the country is
currently estimated to be 5,200 tons a year. Of these manufacturers Samwha
produces nearly one half of the total production.

e Chip inductors of multi-layer type were recently introduced by Ceratech Co. and
Samsung Electro-Mechanics Co. The production technology level is still
premature and a large quantity of multi-layer chip inductors for computers and
mobile telephones is relied on import.

® Total production of soft ferrite products in Korea is estimated to be 45,800 tons in 1998,
(see Production of Soft ferrite)

Hard Ferrite

® Hard ferrite was produced by Kyungwon ferrite in early 1970s by pressing and
sintering of the imported calcined premix at very small scale.
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® Pacific Metals Co. with Hitachi’s manufacturing technology in 1977 merged with
Korea Ferrite Co.

® Four more major ferrite magnet manufacturers were participated in the
manufacturing during 1987~1989. Ssangyong Cement Co., Tongkuk Synthetic
Fibers Co., and Changwon, refractory Co. and MAGNETRIO. (see Major Hard
Ferrite Mftr.)

Pacific metals Co., today produces Ba and Sr ferrite with isotropic and anisotropic
magnets for motor segments and speakers at 1200 tons a month. The company
also produces ALNICO magnet at 70 tons a month. The second largest hard ferrite
manufacturer is Ssangyong Cement Co. who produces mostly anisotropic Ba-
ferrite magnet for speaker at 600 tons and Sr-ferrite for motor segment at 50 tons
a month. Tongkuk Synthetic Fibers Co. produces Sr ferrite for motor segment
at 200 tons a month which figure was significantly reduced from its peak output of
350 tons years ago.

The rest of hard ferrite manufacturers are Changwon, isotropic ferrite powder
produces with capacity of 300 tons a month, supplies to bonded magnets (rubber
and plastic) makers; Magnetrio also produces isotropic ferrite powder at 500 tons a
month (capacity) and export most of the calcined powder to Japan.

4. COMPETITION IN THE WORLD MARKET

Comparison of product quality between Korea and Japan. (Chart)

Technology trends of ferrite products are ever improving in performance. (low-
loss, high permeability and higher frequency applica- tions) see graphs

® For instance, most common soft ferrite used for transformer cores for SMPS in
1980 had a volume of 1500-ml with the core size of approximately 90mm as
used for 50 KHz. However the physical dimension became much smaller like a
400-ml in volume and core size of a 15-mm for 300 KHz application in 1995,
This trend will be further progressed with improvement of ferrite materials and
properties.

® |n hard ferrite cores, Ba-ferrite was prevailed in 1970s. BH max in Ba-ferrite in
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‘70s was 2300 Oe and increased to above 4000 Qe with Sr-ferrite in 19S0.
® The price of both soft and hard ferrite is ever reducing by 3 to 5 percentage
every year.

® Negative Competitiveness

--Excess supply than demand in the world—down price
(3~5% a year).

--Low cost price competition (from NIES).
--Lower productivity than top manufacturers’.
~Fast pace of wage increase.

--Lower investment for R&D.

COMPARISON of PRODUCT QUALITY between
JAPAN and KOREAN MANUFACTURERS

DEFLECTION YOKE CORE

Domestic Japan
ltems Code £ app . PL (kHz/mT) Code £ app.
CTvV YM2 350 200(32/100) H4M 320
Monitor YM3 440 350(64/100) H4L 450
Others DAS 750

FLY-BACK TRANSFORMER CORE

Domestic Japan
Items Code e PL (kHz/mT) Code I PL(kHz/mT)
CTVv PM3 1900 105(25/200) HV22 1800 506 (100/200)

Monitor PM5 2200 210(50/200) HV38 2300 480 (100/200)
PM7 2400 440(100/200) HV40 2300 432 (100/200)
PM9* 3000 350(100/200) HV45 2300 350(100/200)

*under development
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LOW-LOSS POWER FERRITE

Domestic Japan
ltems Code 798 PL (kHz/mT} Code J7 PL{kHz/mT)
E CORES PC30 2500 100(25/200)
PM1 2500 130(25/200)
PM5 2200 570(100/200)
PM7 2300 400(100/200) PC40 2300 410(100/200)
PM9 3000 300(100/200) PC44 2400 300(100/200)
PM11 1400 80(500/50) PC50 1400 80(500/50)
HIGH PERMEABILITY FERRITE
Domestic Japan
ftems Code 7 Code T
Chokes HM2 5000 HP5 5000
HM3 7000 H5B2 7500
HM5* 10000 H5C2 10000
H5C3 15000
HSE 18000
HARD FERRITE {81
Domestic
Code Br bHc iHC
TAS4434* under development
not available
TAS3245 4000100 3800%150 4500150
TAS4230 4200+100 2850150 3000+ 150
TAS4141 4050100 3750150 4050+ 150
Japan
Code Br bHc iHC
FBEN 4400=100 3250150 3300150
FB6B 4200%100 3800+150 4000150
FBEH 48001100 3800*150 4500+150
FBSN 4400%100 2850t150 4050+ 150
FBS5H 40501100 3750150 4050150
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. CONCLUSION

The manufacturing technology for both soft and hard ferrites in Korean industry
have been transferred mostly from Japan.

Korea's ferrite industry has been continued its growth and survived in the
competitive world manufacturers over last 20 years.

The ferrite manufacturers in Korea supply the world classs products and are not
far behind from the leading manufacturers of Japan.

Thus, Korea's ferrite industry will be sustained for decades if the relevant

industries continue to develop both high quality materials and high value-added
products that are competitive with the [eading manufacturers’ in the worid.
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B e AstA Hokdi F83 fAE AAszn gler, Iddk: FL BHF FT9
bl Ede) ArstA A4t 2 v ga e uGEFE ASHIL, S99 A3E A
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2. Abgtde] A 2 avjdd

(1) Bardazm

Astae] daAde HAMN R FAEY g2 FFHL Yvh AQAHAL] Fs F
Aol = Red Ocher(=#21), Yellow Ocher(ZF=, 2#2l), MIO(Micaceous Iron
Oxide, $.2Ege}), Mrio]Ra(59) o] Az U o] FAustd 44
3£ Table. 13 Al o]F 59L& 19979 #A HA43E(Iron Oxide Pigment, I0P)
£ 7500 ton A4 £ W T8 BT AXE ARSI A

#H FALFAH] A AAAGolN Go= A3EL wWAANA de A48 E] 3
31 Tmenited o 23 E Asteely g Axd o FA435is $HFZEE 4 T ¢F
2] B8 5] A Z=F = Magnetite(FesOq), Hematite(Fe;0s) 2 Magemite( ¥ ~Fe:0a)E ¢} R
o},
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5ol F2 AN A AJ4re] A= Bayer AG, Brockheus AG, BASF AG 5224 F
2 <t g 438 e F4oz gAstw glvh. B3 Bayerrle A$ r33E #&A A
dg g s A& Folv, o|§ Faq AALETAH AA FHF& B AL
A 4 AFTAE FEE dtu .

E¥ Brockheus AGE iron oxide granules process® HE2 MEdE A2 4G4
17000ton®] 2tztdA & A8t f1v). AL Laporte PLCAZ o2 Ho| lenf AsHA
NEE-2 Holvg st AYe &332 o

BASFALY] 7% BayerAtsd vlz7IA 2 ¢tsEg 4L 2 A4stn gloy, odd
vt g vlHe] AlgAl Y AAEE AzHuE o) gdd &8 st EE 9F
A #@oj sk Ao

Table. 2= 599 F8 48d AAHAE Jebd Aot

Table 1. Natural Iron Oxide Pigments: Europian Mine Production?
(Unit: Metric tons)

Country 1993 1994 1995 1986 1987
Germany 7,712 7475 7,500 7,500 7.500
Austria 8,398 8,000 8,000 7,500 7,500
France 1,000 1,000 1,000 1,000 1,000
ltaly 700 600 600 500 500
Spain

- Ocher 8,000 7.000 8,000 7,000 7,000
- Red 16,000 15,000 16,000 15,000 15,000
Table 2. Producers of Iron Oxide Pigments in Germany®
Producers Location
BASF AG Carl-Bosch Strasse 3B, Ludwigshafen, Germany
Bayer AG Leverkusen Bayerwerk, Germany
Brockhues AG Walluf, Germany

GfE Gesellschaft fuer
Elektrometaliurgie GmbH
Dr. Georg F. Kremer

| Farbmuehle

Nuemberg, Germany

Hauptstrasse 41-47, Aichstten, Germany

(2) avdd
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Table 3& AAA 238 AL A%E Jebd ook 19973 dA FAsAE 4]
#Fe oF 500,000ton(*] F FHAGE oF 175000ton) 224 38%7t AHARAAL E&H, 42%
7t EX &, 20%71 EdaE, T aAe A4A, BEY, &, sFo]E L4 T o]&H
I glvh. ¥ BayerAbel o9 2005 @AASAL F 2% 600,000tons] olE H
o], o]F AT fro] AsA Au|Fe BRE AAY Aoz AFEH Yo

Table 3. Estimated Iron Oxide Pigment Consumption, By End Use, As A Percentage

Of Reported Shipments® (Unit:%)
All Natural Synthetic
End use Iron oxide Iron oxide Iron oxide
1996 | 1997 | 1996 | 1997 1886 | 1997
- Coating(industrial finishes, trade 22 28 13 12 30 42
sales, lacquers, paint, vamishes)
- Construction materials(cement, 30 1/ 29 20 19 39 as
mortar, preformed concrete)
- Caolorants for ceramics, glass, W W w w 9 8
paper, plastics, rubber, textile 8 8| 17 r 19 - -
- Foundry sands
- Industrial chemicals{catalyst) 9 4 w w w w
- Ferrites W W W w W W
- Animal feeds and fertilizers w w w w 2 w
- Other(also includes cosmetic ink N o 50/ 50 20 12
and polishing agents)
Total 100 100 100 100 100 100

W: Withheld to avoid disclosing company proprietary data; included with
"Undistributed.”

3. 599 U8 uy P

(1) 549 div) 54 83

n)te] $HAAAEE 4YFE 199749 A 60,400 tonl 2A AW 14%7F F7FEgLe
U4, Ed=25ee FUFS 12600tono2ZA ¢ 3% F7te] BAEAth(Table 4.) ol
£oa Askde HFE sbAol 1579 USH/tono® mrhel b, 34 Azpae 581
US$/tonll B3 sty F419 4] F71ee] W& Aot
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Table 4. U.S. Import for Consumption of Iron Oxide And Hydroxide Pigments, by

Country ?
Natural Synthetic
1596 1997 1896 1997
Quantity( | Value |Quantity{| Value |Quantity(| Value | Quantity(| Value
Country metric [ (thous-an | metric | (thou-san| metric | (thou-san| metric |(thou-san
tons) ds) tons) ds) tons) ds) tons) ds)

Austria 38 $47 202 $199 - - -- -
Belgium - - -- -- 99 $439 62 $573
Brazil - - - - 1,800 1,570 1,290 1,260
Canada 3,940 511 2,600 308| 6,280 1,510 | 6,030 1,820
China - -- 128 68| 16,800 10,700 | 24,100 | 14,000
Cyprus 2,560 768 3,720 1,190 - -- - -
France 148 148 3az 280 2 60 18 255
Germany 206 259 154 175| 12,200 | 19,800 | 12,600 | 19,900
Hong Kong - - -- -- 820 644 389 309
Hungry - -- -- -- 17 28 15 28
India 60 14 -- -| 3,020 2380 2,980 2,240
Italy 20 6 204 156 1,420 1,840 | 2,170 2,450
Japan 22 98 26 205 5510 28,500 4,570 21,700
Mexico 4 30 7 27 1,560 1,370 1,330 1,320
Netherlands 2,010 1,180 2,290 1,480 10 78 61 68
Spain 178 77 178 108 §72 719 1050 557
Sweden - -- - - 175 58 2 10
UK 207 178 21 25| 2920 2920 3690 5,340
Other 9 38 222 264 4 88 131 584
Total 9,390 3,370 | 10,100 4,490| 53,200 70,600 | 60,400 72,400

Table 5.2 w29 8td $28%< Uehd Aotk 599 A% pigment graded At
g3 du] g0l A&HL U, ole VUE =8 9 AZAA &4 A7 A

oz yolAr},
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Table 5. U.S. Exports of Tron Oxides And Hydroxides, by Countrym

1998 1997
Pigment Grade Other Grade Pigment Grade Other Grade
Quantity{ | Value |Quantity{| WValue [Quantity{| Value |Quantity{ | Value
Country metric | {thous-an | metric |(thou-san| metric | (thou-san| metric | (thou-san
tons) ds) tons) ds) tons) ds) tons) ds)

Argentina 20 33 785 $4903 30 $44 331 $256
Australia 34 126 544 1,370 13 3 650 1,440
Austria 19 19 20 25 - - - -
Belgium 289 528 895 193 352 511 517 608
Brazil 15 108 175 340 22 102 181 432
Canada 19 15| 10,700 ] 13,400 1582 131 9,560 | 11,900
Ecuador 16 39 1 4 3 7 2 7
Germany 288 1,220 263 983 306 1,180 337 1,520
Hong Kong 1,040 2,780 70 197 579 1,710 35 151
Indonesia 808 1,380 88 60 587 1.050 27 75
\taly 1 4 231 476 - -- 280 505
Japan 4,030 3,390 2,850 4,080 4130 3,280 3,290 9,760
R.O.Korea 989 3,830 1,300 4,280 1,260 3,300 885 3,710
Malaysia 42 182 155 236 23 63 51 62
Mexico 4,950 1,560 1,700 4 020 7,050 3,710 1,870 4,850
Netherlands 78 309 1,340 2,210 104 234 1,580 2,760
Singapore 1 3 881 1,660 52 62 390 748
South Africa 828 1,210 70 83 156 185 80 227
Spain 55 113 39 84 4 12 - -
Taiwan 3 8 746 702 82 102 1410 1,150
Thailand 313 570 274 547 74 214 115 194
UK 607 2,080 2,250 3,890 721 2,370 2370 3,660
Venezuela 1 4 407 57 15 16 250 99
Other 1,540 3,760 2,180 2,300 853 2,260 1,970 2,230
Total 16,000 | 23,200 | 27,200: 41,700 | 16800 | 20,600 26,300 | 46,400
2) 549 d# &9 3%

Table 62 S92 s
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&, R E o, 3P ANANYS X AFFETYEEZE Fol QU

Table 6. German Exports of Iron Oxide And Hydroxide
Pigments to R.O.Korea (Unit-Thousands$,%)

Year Value Increased Ratio

1991 1,863 5.0
1892 4219 126.5
19983 6,050 43 .4
1894 4,299 -28.9
1995 3,686 -14.3
1996 3,859 4.7
1997 4081 57
1998 1,728 -57.6
1899 699 -17.3

4 592 Atz AzgA L ol &9 %

(1) Bayer AG

Bayerrbs A dZHe)oh), 4, &4, 8% F 4Fok=E TAHHY A3, o)F Ad
ol e H-E9] ¢E/NY unitdll A Fdata g

#+ Bayeribs ANdE3A AA Y& 8 440 AE L AAEA EXE 9
A Z1E8 ALeRlE et o, sk A 4AY oAl AR E A5
Fol o 2 42 n 3 siE2¥W(New Martinsville)ol $1X3t3 9l vlo]#HE
(BAyferrox)AHe] Ab3td 459 A4teslg 999 449717 48 #E= &3, QA8 F
ARz 2 AsE 408 SR Aot o 34 F4Hdx= F A9 o] 9
2 AN § 9L FA AskA Aitelelw g #Qle ojdolA i AFE
Aol

3t B4 oAM= Sherwin-WilliamsAl$t %522 Globo SA Tintas e Pigmentos of
Sao PauloAbE Q1¢, ©] FAZE AF3a 19 4tshd F3(A4r 15,000ton)S #1813
r}.

(2) Chemische Werke Brockheus AG(Laporte PLC)
Brockheus AGE 94} 17,000ton®] 433 & HAe s #5853 5Y)8 FRYA=EN
iron oxide granules process& #HZE 7@t A= Laporte PLCASSE Hoj
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At

¥ Laporte PLCS A% HA 284 722 Asdg Yastx gon, o) AM =
H, 48 2 71" 49 R FFI2 ivh. 53 v Beltsvilled] micro-granules
processE AT AL MuE &F, P|FA G HAAAL 8 E TFE2 AUk

E% granular pigment delivery system$ 712, Granumat@d 482 AFTFOZ ysers
2 3T dust TAQle] S4A 490 ARY £ YA A

(3) BASF AG

599 FHHE7IY vEAZ(BASF) 2FE o 100449 ALAL glow, o5 AdA
E9] % 3WItA ) b5 HFAES Bt MA 4919 FgEsGol

Hpax o) YA FE Yid ARAEFE oE dANN FAA2 AL £4 - 59
AL Aoz, 5d FrY2ddd gl 71 FPKme Fa4 o FAHS
T8sta i}

o] @+ 350718 AAFFE EFH 200077 B AEEo] ol AAs2 97
NE2FGAZTAALY FTARAEF EFANAF 22714 9 s vig Ff o
ofFol o2 oY AFS e

BASFAM =% ¢t2§ M3AL F=2 PAsta oy, dd wtavg mte] Apgla
ZFAY A8 E AU E o) gt 54 AhsE =g AN AL B o 2
i 7188 gAY Z4 dolEvte] RE Apd g A AZeRde o7
o] AZ|¥

(4} BASF ¥l €A (8, EMTEC vty gx)

EMTEC Magnetics GmbHE AA]l Hdlel 44t 5063 A AAA F =9 %29 o
0%E AAST YerE #F2 Ue vhadig mige] Halelrh Fa ANFFL
Willstatt, 918 + ®ol o, v & HeolXE Aisa gloy, 2 E4dE ta
Zhelzh Qlth. RBATFY A FA Fad AR FATFHe] dZFA(nline
Process)2 2 o] 3low, At e IHEE A7) 5t uFHo] @& &4
ot Ax7t @ #AE ARsa ok B9 d@-EAl wat back coating® SAGL
W, FHE WA oo FEA)EVTIO 100% CrO:0.2 T4, BALA 4L
ol e A3t Ut WA Wwillstatt®] H-+ A LE FE A4sta g1en, back
coating-& HA3Y, AFAVA L AR DS A4St itk EMTECY %% 35304 &
AL Teijinell ole] MA 22 A Willstattol A ABAtsiz 3l

dr2A JA(FTHA ¥ H$ Magemite y -Fe:09} Co-FeE IYEIR =2
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Agsn gled, o HAe TEAUL uheHdx adEw AssE Aol o
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e

Apoe] gREL ABAAAA 452 U

M

Table 7. Coating Capacity of EMTEC Magnetics GmbH
(Unit:Million ")

Plant Location 1996 1997
Willstitt 1,150 1,250
Munich 1,060 1,200

Table 8. Coating Volume of EMTEC Magnetics GmbH
(Unit:Million m')

Plant Location 1995 1996
Willstitt 960 1,020
Munich 823 852

Table 9. Situation of Coating Lines in Willstatt Plant

Type Line | Coating Width | Coating Speed Etc.

Video 1 1320mn 700m/min

Video 4 660mm | 700~1000m/min

MTC 1 660mm

Cookie 1 660n

MP 1 660am

Special 1 660mm
1 Not Used
2 110/225em Pilot Plant
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Table 10. Situation of Coating Lines in Munich Plant

Type Line | Coating Width | Coating Speed Etc.
Video 3 660mn 700m/min
Video 1 660mn 1000m/min
Audio 1 660mn 700m/min
Broadcast 1 660mm 700m/min
Special 1 110zm 110mn | Special Product
5 ¥ A%

ATFA el 3u] Ar3ta B¢ A Bayer, Harcros, LaporteAl 52 Ad 593 #dAA
Aol sl A4t Capacityd) &%, &8 dA8 9F 5§ 53 34E LS 3%
t}. ©]% Bayer, LaporteAt= 230] #A5 3Fo| £o|¥ granulated pigmentsd] 2HE
gtxe] Al S Faati 9o.v], HacresAts 4312 ¥4 9 E7|& & o] &3 £F H
FH#AL 29 § e FAL ALt B o0& JAEY TFEHL 74 AT
T2 il A EAE #Haa vk

sE vpdg mlde] JAEE DVDY 28] wEl viAY EokdllA A oHEE
Az gk AT o5 JHFTL /e AsE YR L o] oA &, A7)F 54
] 459 24 B2g o, TEIIFAY nuR§ doy "Holg sfEdm Ytk
a2 EAQ AEez= DVCH HolZ, nuEe4 23 (ZIP, HI-FD, Clk F)°l 3
o, 7129 madE Holx ¥ HaA AF By o Hvine A M= A
AA2A F4c] dnHI gtk old Wl 7ESY vy, erjed AMSEHA AHALS
AH oz 4vrl gad Ao disy ¢AESHG 2L 2RI AF L8E
Z718 Rolnz ofd] g dul7t R el

[+

6 FunEd
(1) AFgA a2 A4A5e 7|1&5%E 49, AHA74, (1985), ppll-ppll.
(2) Michael J.Potter:,'Iron Oxide Pigments’, U.S.Geological Survey Internationals

Information,
(3) 'Directory of World Chemical Producers’, 95/96 Standard Edi, Chemical

Information Series, Inc., Dollas, USA, pp207A- pp2lZ.
(4) KOTIS: gt 1o 2A4/24 E5o 2718 2% 374, "hitp//www.kotis.net”
(5) et AAATY: "98 AR, FEHAQTFH, (1998), pp226.
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Mn-Zn-FeAd 234 4351559 Mn o]l29 A%

A%
SEUGE ARAS AT 25
Behavior of Mn ions in Spinel-type Mn-Zn-Fe Oxide System
OH-HEUNG KWON
KWANDONG UNIVERSITY

1L A8

deEEnYA 7]7]9 &A% AFse @4 d4dFd YooM= @R a6 AA
AH HEH-9 FoeE 2FH3 o] et AYHE Hi= 179 Aol F53
wdsta ok

293 dd9 4% A 488 A3l A4 27HE EAL OFAE =5 A @
7 Fo YAAME FAEe] 4 Heob & 3 @&4e] AL A o ALY AMAR
Z2M AgEol & Mn-Zn HEolEr & ¥3A4 dx ¥ EXEE MR aFs
EA4o] F3 33 AV|&4dE L EAQL 7140 28U Mn-Zn # o B2 mFEualr]
E4de AAE M E dHYAY 2A3e Z2AHUA NS5 xAFSe g2 AR
&9 oA @ ul e FYste o 3 AHA L &4 Ao Fas}

A7A F7tE e AR 243 2 AAA Y] nAFZS e FFE dT7E 2ol
HaE x| gt v 7z #dAd @ Hags =8

wt2ba B AFelA = Mn-Xn Hge|EY v 72 #UA] FEUYE Mn A3E
o mt 7 & dFE 2E A FHIHUT MnOz, MnO: € Mni048] 7H47t o2
Mn A3FEE& FLYE2 AML3T Mn-Zn HIOEE #Asle aAE2] R7EAY
oty B3] & F o] AV|EA RelY 7|do] He 2ud TR FIAHE AL 2
Aol 24FA 2344 BAFAA SloAY Mn o]2¢ AEE ZAEAL 2ag
}.

2. A3

Mn 23E2A MnO; Mn0: R MnsO42 A9, o|AEd - FeOs ZnOE
Mn:23.8at%, Fe:69.5at%, Zn:6.7at%2 ®&¢] HES ZHF3Av. 44537 JE Mn-Zn
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HetelEE oA Si0: € Ca0%d AZES iAW, B A#d4qME 7157 o8
Mn At3E¢] Mn-Zn #Hgeo|ES mAFE 2 A& vA= S <237 HE
A7 EAY dEE PR AES AR gt £ 23 9489 359 Mn AEHE
€ Mn o]2¢] 7}eolge] 298 Y A 3] AF 3l AY H=FHAY AT &

A
sEr HE A

At gttt 343 ¥12 ZHHER Mn AEEY EEEY FF

& v
E1. 4% Mn ASES BB %
5102 CaO Na
(mol%) {(mol%) {mol%)
MnO: 0.101 0.010 0.010
Mnz0s 0.005 0.010 0.009
Mn;z04 0.003 0.001 0.001

s YRE §4 2444 223 ERE F B0THAA 7t2sAnt RS F§4 =
2ol A] 247 E4F Toroidaldell A8z 1200CAH 2 A AT ALE A=
x4 & EDSe wet A3 Gt A5 FALIN Fojz29 FHF 54 R HAHE
BH o}u=o|H&E A&-s] FA 33
Alge] AATEE SRDY whet 483t

= Heolre) ARATFEZY AL 2AEY) 8 A% L2 AFEHE RARIGS
25y 444 ¥2e TG-DTA ZH wet E454.

3. 4% 4 3

AAA Hete|EZA Y EAL Hriey] f48 FAAP AF FAE B IotRE Fi
FEHE 24T wE} A5 AXRR AT

131¢ OMnOs;, MmOs B MmOl A #A ¢ A8 FA&9 Fous §42 Y
Jet, 28718d AE9e 0980 Mo MAdEHoz HAHAC 0.1MHz o HE
ERLE MnO; MnOs 2 MmOt 2AE A== 7bz} 1300, 1750 B 200082 3T,
E35) MmO Z ol 4% A8E 548 2 84 F9447 25 & Mn7Zn Je|E B
t} "Hojy EAS Ve A IMHz #3244 HAsE FHEARE HUud. 2
2= @MnO;, Mn:Os @ MnsO. 014 ZHA 8 A5 z:olzAL FH5 &84S UE
ek 21713 A E Bm=50mT= &5t

238 Fodgoe golA MnOEt FHAYD NE 6% Fe Felr2AE Y
EbAL, 0.1MHz o) $1eJA ZolRAE MnO MnO; T Mn:O.3 A&3 ANgz 74z
4122 2 12mW/cer

193 @MnOz, MnO: 2 MniOu2 ZA§ A8 Fol22F FuR(f ) Hlds}
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B2 o] 1gd Wy aFz=e THEF HELE BAHT A22A ZEolth MonsOuE
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1= S A 190 55 5 B N ' g 1
I Mnoz F!
b 7o MINg Oy A+
by _ Mn304 ;J“
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283, Coreloss / -f 54

(a) _,,-/ ™~ < Mrs ferrite
— :,\;,.4' \
== ,4./:-5“/' \'\.\i\ Mn-Zn ferrite
= b ,.-.»"‘"""HLW_. =
5 L Mo
"g\ _,..// . Mn-Zrn ferrite
- T 2
5| © Mr,0y
B\ Oprmr el i e e ettt ]
() // Mr-Zn ferrite
I (M,
s ) ' 3 £ L N i ) -
348.4 34.5 34.8 85,0

Cu-Kex

294 £3dEIH A
ol el BHZ MnOsE % 98 AT AEE FAE0] &F 1FHGA AN
= Bxago] ¢AHD By £4e] AL Aoz FEHIAT
thgol oRES] AFE ZARS FRUER AESHUE Mo AEEAM A7 B
Aozt A71E olfE dAH e HEET
44 X4 #3de) MnO; Mn0s R MniO2 HAT A8 ZAF2E 434 2
g 4= @299 FEEIDY delMg Hd g FRT 2ot (a)iz Mn JFel=E
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9 Ao E FLWFYoF

¥ (b)) MnO: (C)anOs 2 (dMnsO:0l 4 A § Mn-Zn #lelES] HAYL A

o) H&F ApHe] Bz sl

o] F-&o] (a)e] Uetd Mn siZtelE9 A7 #}Ae) dAFoz o|AES Mn-Zn
AelolE 2 AR Mn HeolEY £ty BE A9dFEe o)L ¥y} B do]
103 2. 3 A5d93G1DY 9L A Pelzt AR g HZe] $59
P& NI=22 st AA9 HZ HAHEHI} Y323 WHe AL Mn dH&
olEo] EAFY A#EZ 3ty ch

el A MniOofj A ZAS Mn-Zn dlFe]Ee] wARRR] o}F L Ho2 Ko}
o] Higle]|BEyE Audite] FUAe] F& Aoz F2FQr 2 o, A48 And T
279 24 2 ol HiXNE Sy )

otetA 3F5-4 Mn-Zn HZelE el wigA e @t U 2E& EDS FAA
FAh FELxe F& Mn HZgolE (Te=300C) 7t 285 24399 Mn-Zn ¥
ol AAZAY HYLEE T2 AZESF D M-T ALY HFAE $vtstA 53
a} o ddct Yz #dd Agdielztd FYExE AH&std M-T AXe AAE

TH e F5dh

:%51— MnO:z, Mnz0Os 2 MnsOs4 A KA AFze] 2zte] 25 &S e
A2&e 50Tel g 2t A8 ASAE 12 st FAsEc 2gAA 71540l
G5 g HeolE Y42 Fe £E7} ol &4 A4

M {Normalize)

A X b ————
BO 100 200 300 400

Temperature [*C]

295 Al £& &M
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2962 M-T AHY AAE 37198 M-T ABRE &x= u|Z3% Aot 717 A7 E
Aol &3 MniO.F A5 2 FA T A2 M-T AR AHAZl 713 55 HAd.

Temperature [*C}
400

E 3,02 p
3
003 ¢ 1 MnC}a
hiile Mngca
“"""‘MnaO;
~0.04

Y6, dM/dT - T 34

o)Az FWAR Mn ASEY Fold B AV EAFY Fole LAY A
dA el g Aoz sy E AdyY U Aol A7 wWAUES
TG-DTA o &% Heol= A4 sixe ma} A=t A HAEHHAMY
gh2-2 A4 ste] Fe-Mn 4H3}E7, Fe-Zn 2H8EA, Mn-Zn A#-EA o] #s] A .

WA Fe-Mn AHEEA Y #hge 23dd AALE7 1000C olaez E7] i
AR} e 222 W= FeZn AHEASG Mo-Zn AS3EA N 5830 18
7< Fe-ZnA 288 2 Mn-Zn 43EA49 TG-DTAE YeHitt. a-Fe:0s R ZnO7t
whgatE AL F 600T o] Th

T Mn-Zn AFEANAE MnO: 2 ZnO7} 530C, MnOs 2 ZnO7F 540CE A

& FeZn AHEA L w2 LT W) ¥y Mn0O; ¥ MmOsE EEHUEE AMERE 4+
¥ Mn-Zn ASEA Q) W&o $HHE JPF= ALE FFHD

W MnsOs L Zn09 822 %= 650CEN Fe-Zn AEHEAL v 2xrY wrh
Z MmOsZ AH23 A9+ Fe-Zn 43HEA 9 wh&o] $HH 02 dojdr} WM g2
FAA Hz2 gyt ¥ MnO; ¥ MO IXE MnZn ASEAZA
Mns0:8] 2% Fe-Zn AHtEA 9] whge] @t of wige AP4Fe nFgsd £ 4
#3 22 34 HFolE 249 A MnZn A4SHEAY 5L AYR i3 Mn 4
E} Zo09] %ol Fv| wWite] ZnO% FEFEA %2 Mn FsHEe] "ol Mn HHoE
F AAddgn 2.
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Hdge AL doiAn, o|AEY ARE FAFHo2 Mn #Fo]E E Mn Ho)
EdA Eejd ¥Fd 89 Ao #FHUL

3) TG-DTA | 9% =394 A4 d7hiFe] s ZA 5}, Mn0.F A 3¢
Fe-Zn7l 23449 wgo] 4402 Az Aol WA F, MOE A48
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ol 34, 4 TR
Bl R TR

1.4 &

AuEA ) HolEWA HFHL #4352 HEe FEY ZAE € BAp] §
o] HF&°] §5% F7hE moln vk o3 JEAAY AW JEL A8
T24& d¥sn Jen, 2 o= WEn ZExya 23 9 gFHe WA FAFES
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9, Sl 7IgA Z™Y 2 FAP] T g @ AuER L aFALs A$H
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HAldy F4 EFd #rde BEug 2 ZEARS e a5k AAGA S0l
389 ofdE& TS T A viEE AV Ha Qv AT FUdA BEYE AA
AEE 4A7E ArlE AT off AFeEed WED jlow, 1yt dsd HFWE
A Al 30~50wt2e] 3l magnetite(Fes0)8] AT AErid o&sfiexn gan,
By Suieart d B3 22%9 AZAE Helat oA 78 LA qE T4t A
w3 Aot}

Magnetitetx= ZUE 2 HAL7] Fd AMSHe F4 AHEVY HALAHRZ AMEHL
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of AHgHT glon, 5 9aTFEAE F 19 YERIID
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II. o] 24 wiF

(A (7]Z=u]) | AAAGIEEY) [ AAEAgEA) |
I g &
| FeSO4 or FeCly | | FeCl l | FeCly +| FeCls |
[ a5ge ] = T
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[ Fe(OH); | [ 2Xus | [ E e F
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[ % | A | %—ﬂr}% |
I o li} | | & 4 |
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|
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23 1. Magnetite ¥4 AXFA.

Magnetite 529 AzHe ZA AP F48ez dqide. AAHL2 BEY H
ob & & magnetite 2o tlEEL A o8 AxHa god, dF A4 oF
AE A% 4a8n gk, 29 19 old d# A2FP=E e

LAY e gado} AL JEARZ st £3F F £4E dds H3AA

zRBASA $a83e A25Y, ol& 71d, §F, WF39] magnetiteE Az
dao] g SR 2489 FA4N8AL AxY $= Yok” dREd A5
2 muote] AFGAI AdsH Qe BPeA, EAIAC aH AAY AT F
Aolmz AbslMel EAEAMC $48 vy, THAAS Bstd AzH7t st
©He Az U

Adye gurdoz ARAANA SATYY AAF e Hidges a3
8 A Ate]2Y WA RASHE AAARAS FHAdRD & PHo o] ¥
Me Arte APAe 7EAE 3] dF4 AzGte FAEd dE EAY, 2
oA BAHYE FAZF sFolok 3 ol g8t YAVt ZdEHA EHTAC FA=
Heae, T3 ALY A} oj@de diE Ay 3k
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A BRaLy) SAzd 2 ARA7)E AAACIH] Y magnetiteR T L Ax
At Aol Aelrl v & BAe F9 AAYUY FUAY 2 FHTH) 4
Ftts AT 4L AYn Yok EF 22AL gl we A42E =24
St A% o= A= sHseh,

m. 2%y
oy 2% B 493 %Y LHEE Ui Aol

7l B 4 5
o Fe ZA$: FeCls, FeCls

433 89
o T88 ZA: xFeClz + (1-x)FeCls Aqu. (0< x =1)
o Fe &X: 50, 100, 150, 200 gAliter

HH_)}_]

o HlA&E5: 600 ~ 9007TC
o 2UEY7 A XNz + (1-x)0: (0< x <1)

Cl AA

o 18 4

2 A

¥4 XRD
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29 2 49FFY B4R
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3L, AA AT AAe] 97 ¢tAAS DTAR BAdo B A TMB 125% ¢
g Ag4E e

V. 8 &
FHlAHE o] R3] HASAFTEANE EFulAEY magnetited 22 Ax7]|sS
“é%"éa"i At B ALVELE T4 YE(EAH)diy AXFA] desta
AZA77 AEE FHE AUz oy, =3 230 7jAFH, BEeld BAR FYAF
(TMB 125)ti0] ¥5+F& BT
olslel B AFY £z 23 AxH BLY EAHL ZATFE @ FIA5AHY #A
o A F3ste] HepiACH

(a) 224 AATE
o) A}4-of Ay g A g 2 1 (BHFFE F4A)
AT 600<T <B00T: magnetite (F74) + FeO

(600=T=9007C)| B800=<T<900T: magnetite () + a-FeyOs
FeCl+%9 Fe &% x <100 g/l magnetite (574 + FeO

(N2 7F~ 2-97]) | (50<x<200g/) | x>100 p/l: magnetite (F4) + a -FexOs

0p %
=>0.01: a-FeyOp (st
(0<x<01) | @ -FeOs (44)
EgT89 FeCls 3 0.3<x<0.7: mz?gnetite ()
(FeCly+xFeCls, x<0.3: magnetite (F4) + FeO
(0<x<1.0) )
No 7k~ #27]) x>0.7: magnetite (F4) + 7 -Fe03
(b) B2y EAEA
3t E TMB 125 (Magnox) 7N dkA
47154 o (emu/g) 95 85~110
K H. (Oe) 110 110~140
b T = o T ) 0.4 0.3~08
[FaEd]

1) 2nd Annual Tmaging Chemicals Conference, Feb. 3-5 (1999), Orland, USA.
2) JP 6-92642.
3) JP 9-73186.
4) US 5759435.
5) US 5512195.
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s ® 2 -Fe ), Rbemtohedns)
® & Bl Cubis .
e Te 0 Spinel Gnegoetite [

Intensity (arb. units)

-1 3. FeCl, #9(100g, Fe/liter)& Ny 715 £917] 3t A w22 Eg @25
pRuiaAA Az AR de] XRD HH.
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Fe(l,/Fe,=30/70

Py A A &
A JAL% 1 ol U N
FeCl/Fe(1,=SVS0
gl L e 1 A S| N
E FeQ,/Fe(1,=70/30
Iy L\ N A W

.
SN
Qué

B

&

26 (deg)

23 4. Nz 7t2 E9719 94 2L 589 A4(750C) £ 943 FeCly/FeCls
kg g dly] Axd AgA R T XRD #HH,
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(a) AE A {b) Magnox7} (TMB 125}
a9 5 PARA(SEM) H] i,
150 —T L 1 — T T -
| sample o {emu/g) H, (0e) A
PLEL 110 120
100 |- T2l(TMB125) 95 110
7B 85 130
50+
()
3 0k
&=
2
bm
%0 L
-100 -
_150 a1 L l I N - L i
600G 4000 -2000 4000 8000

a9 6 AgAe TSl g AvjelHFA ula,

H (Oe)
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POSCO%t 41318 FAFY A
Improvement in Iron Oxide from POSCO

EAF, AN, 49, ol &3
Ty RaTd AASEATY

EZA
FFARAF) TedTa

1. A&

AR A A7 FAEFE 29 ¥ n234sEHEo] 2F AR B
Ak, dAd AAY due] FANEL AT FANA gAY A dAZxGez A
ALt 94 LPAAY FA T AAFGA EAHE AME-EE gleon, A EY
Al RS H G4 AHE Al A AEEE Sletod AtelAEd FHeqtoz FEstn o
oh B FAe A F A AAE Hy, A AstEHL FHgelE AXAE O HA4AR
o gug s vk ok SuelA zb st diE farke] e TEHALS A
aEststn vk A Sl A AARE B Y nEId uEt a7HE 48E 8
THEATES ®H1Y 2v. AsEE S A4S} dude £xd we FHLT £
g2, AR qgEe] A 4 = dEge|ELT 2XE HfoEL0E FRE
W, £ZE AHoES Astde A £5d e 2589 @ FAFFol 4] =
B3R, IS A Aslde] Hgs H2g pol 4F BES e diE 85 S
AATE g Ut 5 g A Fee e g4 M4 1pme] 4437 @ d4
48 1000 ppm o] 82 Wl E dedict,

2kt Y FAzA #std, At <, @FvEY sE AEe A A
Al 23R8 2 A el 2t xE siesiy, BEYAd ¥ ZRy] AEE AR5
A Wiz APEA, Zete] A2dA gdax] AstAe Astdury, Edel o
4 7hgsith ob2 e, da4ELS WAZe AdEdely A Y 4, ZetE g &
ofFh stzlde] ArtA el o =™ st HA TFAFANA RAEE F45
T gF Asae FAaE g8 LFAHAR AxH g5 FEHD Yok

Autz o g A 4 FFTHAA FAsE HEEE JHAA AFEor] i
7l qEA Aol ol g F g BEEE LA @ o)z e dhol2d

o
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#1 Fd Fa7t 2752 £ 2 £33 A3E Fdvn

T8 27EA FA A F32 A F2
- - SHS-IROX 20
_ THE<T0 K1C | 80-150 SH-IROX 50
Si0z (ppm) | _, _, _
Soft ZHL<150] K2 C | 150-250 SM-~IROX 80
O
s K3C | 8-120 |CSS-CHEMERITE| 70
A K1C |035-045
2} A% (pm) ] ¥ K2C |085-0.85 Az 05-0.8
£ K4C | 065085
P2C 200
Hard K3 C | 200-300 FHA(LE) 2180
Si0; ( <3000
g |5i0e (pom) K3E | 200-400 | Z=A(=) 100
K3H | 200-500
otE & A AF we A4 P1C | 3&34 TY A e
¥ 2 ARE ex 4 a7 278" £
= 3 S0 P AL CI APS AD
= (ppm) | {(opm) | (ppm) (%) #m (g/cc)
HAZA 50-80 20 80 0.15 0.8 0.4
SER 60 | 20 | 80 | 0.1 0.8-09 | 06-0.8
H 2ol B AZTAA A3 FEoY Huld =L HAsle HAdolE dAZAS

244 dFE& vl £ ok shad 2ATAGNA Favtay 7E 44 gFRER 3
Z5 ZT%’;*QHFE— EAANN7 = SRR FHEelE Ax FA oW duPEdaA T3t
29 g9L ¥ HEEA] A RS xdefop vt whekA 2 AFeAE Flge]E A
FE Atad 1 Adde fste 294 T4 &3

gH Adr§ < 4 il"‘ &7 94 WAz el AEsE §4E EFste Alx
Easldl Hﬂ}‘i—J | w2} S0 AA Witk el Abstde] oty HA
FAE Aot w Z7 % %’JEE}"&E}

rsL mlo

&
B

r2:

H- by

Az
4%2



2. AYy

2-1 &4 49

9]7 74mm ¢ 125mm¢] 2T F dae] Gd2FANE AFFE A A3 WiaE
Hol gada ARFAANE MAsy ddx AFL FHsHT WaARE =Ygex
710, HaEEg 245y gd9s gAY &5 43E A&, ALK
wa Al7|e g9 A% 4gd 94%E A

o ot

to off T

2-2 ¢tz NAAAE

FaAAAs 1A FTF] MdF e we ARe] AAP A=A -FAUPFHS) EF
Waze) 2PEAL WA 4A g YAAFE 4EAE o] &5 A4 At
tm o] HAEAE SAHAS.

3.d3% 4 w3
3-1 994

2434 Auoa] wjLE g ¥ge oI Aok

2 FeCl + 2H:0 + 1/2 0, — Fe:03 + 4 HCI

olul BAE ARV d2AdEo] FAH glon, wgF v FeOCl, FeCl,
HCI5 ¢} 4tstads} Ex5e] BAZdA wEdug Astdd da4E0] FFaA Ao
o] JAREL 2ol HPolEL Y8R AMEE Af HEolE WA £2EFH v
£& doA WAA AAAFE FETA wE AAEHE F2A7H, dFE AR
Hu) BAL of7|sith Ed EE d9uE AMHE A4 duiy 829 opyz 44
As, NTFA Ast Tz AFAHSE AZAZIS weps AstEAF @AEES @A
AAsAol st ARoT, HdE FIUE FEZ YAFTF viLz T AT 1A
AFAAY ddA A¥dstes ¥ 33 2o} A¥EAL FH& 70-80%, HAFE 5 21
rom, AAALE 5, 1102 stk AFAL 58 A4 600CTol 4ol oot 4t
a9 dA4¥E7E 1000ppm ¥ o)lew, MFAL 11RAME 500To 4 SE0A4
1000ppm ¥ %ol F& & AU

AFA 58 209 APelA, of7 229 AxdA B3 delnz z7] 43
=ry zb7] dac 227t 2zt wEl 600Tol A ME AdsEd gAFErL
1000ppm °18t2 ZF3e A F¢ & F Uch &9 AFAL 11E 214 434
e A 48z woh Agde] 2715 Es 2600pm &2 ¥LUE 2783 EY

A Azl FAzEel WA 500Co| A AE €A €94 FE7F 1000ppm ©)&7t H2
¢ 5 9k APARERE 224 AFAL] L ] FRY ARYS &
g g U
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|

A R

£ 3 943 SHE 7E2 13 g% gd9A4 A4¥ A3

Nyex AFA T 52 A FARE 115
27)s% | 892 %= | z27%E | 292 ¥=
300C 1744 1458 - |-
1744 1307 2500 657
400C 1400 1173 2500 1064
1400 1132 - -
1400 980 2500
o 50 741
1400 1153 2500 639
o 1400 766 2500 539
600
1400 908 250 | 439

22 4@ A2 43T AAE

& 49 2o,

Z7] 1300ppm H4& & At

£ 4922014 1000ppm o182 FA& AU AWAHE L7} LHASE, 37
o] ¥&TF, HALET} Fo] ¥HE Ao AFE BHAE0] UG VEXET} F
FE ggirt @83 daEHY, FHAEe] ¥ AL 94 297 w27 el 44
A4 H7] qEY Aoz At 53] 13 APZR 4 |5t 23 AHFA A=
FEFEAA Td HES WEHPdIGNE X8 GEL2E A7 FOEA e,
AR 2 pmd] A% 0ol R0z ARA AF HAY dEe] ghsge]l G4
Aoz wadch
¥4 FdE EUE 23 A¥e] GA €94 4PEH
AAF(pm) | FRAL() [ E2O)
500 550 | 600
30 541 453 378
2 50 566 462 404
70 522 534 101 |
- 30 506 500 425
3 50 646 602 358 |
B 70 684 592 516
30 535 562 490
4 50 705 594 477
70 638 573 437
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27} A AA] gdik 4Y ARy YATFe A S92 Heg AYE 2
FZ&AE & 53 o] B AT

5 E2d ¥9d94s A 44 7E 84E3

Azt Alabs i
AD(g/cc) 22 8(%) 2E(T) A A A ZH{min)
(kg/hr}
2,431 0.3 50 550600 20

7] A gdaddne] 7Rl AEE BEL oA oE AL
Fe,Os b2k (2,436g/hr) = Spraye (8500 £/hr) X Fe ¥% (200g/4)
X Ah3E}E 314](1.43)

3-2 2kEEcets 54

JAmae) A5z v wWaze zPxAY LE, 4%, =EF, ADHIL
Astdctag A e HAE Qs AEIQEd Add54: ¥ 63 2rh A WA=
LT SR0CE IAY F Hare] BREgFe] AgAdE Ay PAE &S AR
1 9l8te} =& 14 9 210lA HFS 2700-4650 £ /e 2 WA AdE 1" 1 &
Arl, 2R gure] Zybate] whiEl mE4e] @Alglel AtsEse] HE, FH4, 4 BTt
Arss Aot B3 xEF5UF 27420 A EARE A0l 6004 /MrE FAE
a7 =7tk AsA otme] gae] F23 Astd Aoz Advh wE Ay F
AN 77 PEAE Ergs a8 87 Jo $4=4 580T, 31004 /hr 4
A wZZrt 14719 2142 e A5 Asde BEE fAS, A4L =E57 AL
97 97t FASHAT

e ez wE Asacts MEsE PEHY A xEF UAME #F2
9900 2 /hr, =24 21dAE FEHE 31004/MrE TASFI NFLEE 550-600TAA
WaAl7) A= 292 o 2oh =24 MeME Beexrst FAESS A8 BA
AML Qe BE =245 2dNE HEexrt S EFE 9E 2 48 FA dad
Qort AML ofzre] RAAFNE UehNglth &5 wEt v Ee] mE 439
3 Asro] withz uElwth 7 99d] diEtdE &5 U dME =EF w4 A
o] 207 4 /mrolt}, ES 2lelAlE 1480 /MrE, FUH LR wFF 210 M) A
22 149 3t 23522 Y] Rojth afERE FYLE HOTA mET 14

N

i
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% 6 WlAZ gzl o2 AFd gz A¥dn

ok

¢

:LE 25 S | mEF | Atav | BEQL) | A4 | F440b)
1 580 2700 14 1.35 2782 | 2463 | 1740
2 580 2900 14 1.35 2743 | 2436 | 1719
3 580 3100 14 1.35 2698 | 24.01 17.08
4 550 2900 14 1.35 25.11 2315 | 1579
5 560 2900 14 1.35 2576 | 2313 | 1624
6 600 2900 14 1.35 2726 | 2437 | 17.20
7 580 3100 14 1.4 2742 | 2395 | 1652
8 580 3100 21 1.35 2759 | 2383 | 1657
9 580 4050 21 1.35 26.17 | 21.89 | 13.83
10 580 4650 21 1.35 2492 | 2119 | 1331
11 550 3100 21 1.35 3068 | 2438 | 18.14
12 560 3100 21 1.35 2892 | 2327 | 17.16
13 600 3100 21 1.35 2705 | 2292 | 1540
14 580 3100 21 14 9885 | 2338 | 1678
2AGAE =2 BAEE #aFe] wol Fo uat iRl FET A A
zubgo] Yolupx] Bate] atgiAe] Ao AdEHE Aoz At o ANE
29160 S 4650 £ /hr A%, =EF EAgo] 221 £ /o E ANHE B9 Fol
o gke] u|ate] Bapao] Wo}l EE2E 3 whgoz AFAgE Ao Astd AFst T
$ Aot M wZF 149 A4 BeLmst UHAHE FER §HEol

i

] gejuh

A 5o AsALRS Ao FAHE Ao AUk W, £EF AT =EF
Babgo] 4rdon o} wrgo] FEE dojIFA] 50TAA Aol HF F53

o9

&5 TE 14 914 212 WAY AT,
of ot} =Y BEAEE 20 0/hrdlA M8e/MrE FAFA A =57

2w} Zrlstn BATRe] F7HR we WMEES WobA Agel gaste

F57t

3]

s 2

e
[ !



7h oA BAMES o BAHE Had4e] A WA ] FAse whErs) &
BH7IRE BRI SUhe AoR AHEH A4 d #4S 2adA dastirh

AazE ghgol viAE dEE ¥ o, Aaurt ForEw AEE gy o
e PAEY A4 R 302 JFAEAY ZAHY =557 249 B$, b))
FHg we dxrt 2A FrhstRev A4Ee gastdoen, gae gz Fr1s g

AFARFE I w2 = 550C, §F 31008 /hr, =EFSF 2164 743 Ao F& 4t
3E etmrt AZHAUAS

FHAe2 =E57F 471 ARde wiaZe FAERAGA fFFE 2700 £ /hro
stz A4l 142 FUHA7IR s o] e gt sheAdel st 1E U 2HE
o giate], 257t SeivtE AFgekee FA4E steAel doud Azl Aady
o2 NGRS Aol welTt mEFI 2149 ASE, HAHHE 3100 L /hroj &2
Bhal W 2T T ZbEdh B5ea, Ab4HlE 142 FIIANFE AAEEe] AsAdel Mgl

o},

4. &

THARNA AH5 294 A2 DA 48D 9478 54 D AuE
B9 FAFIL A% BPUY AR 239 2EL 35 2
U8 BAE FL FAS JATYF HFFAY AR T HAnT @
e 4% A% 442 A4e 2ANA AHAo] 1000ppm olee] PR
= gds 20¢ GAsHor, Ex 2948 4472 aFxde ed 2o,

o b

A

_

b

AbsAE gt ARAdE )
ZHE(% 2R(T A A 2Hmi
{(kg/hr} (g/cc) FAEG) () A A A ZH(min)
2431 0.3 a0 550-600 20

gAY WAz $NEAS WANS A% WA GRS ARG A
& welu, #Hpe] =AY 3t
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Z3 Fd

£AE, oAG, ANG, lEs: “qdrASA FAZ2IE FAYL A7 ¥
At Tl AT HE A, 1998,

EAZ, AN, A4 Y, T “Asde) BY2 FHPE", TFAFHATY

R 314, 1999.

. Takao Kazama: “4t3}-d A ¢tg”, =2 xjde#ol &
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