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Thickness Control of Rolling Mills
using the Roll Balancing Force

Ikuya Hoshino, Hiroshi Kimura, Syunji Kokubo,
Teiichi Abe and Kiyoshi Nakagawa

A new thickness control method of rolling mills using the roll balancing force (Roll Balancing
Force AGC) has been developed. The features of Roll Balancing Force AGC are as follows.
1) The delay of measurement is minimized by using the roll force feedback.

2) The advanced thickness control can be obtained without using an expensive hydraulic roll

positioning device.

3) Roll Balancing Force AGC is useful for the improvement of thickness control in the rolling

mill with an electrical roll positioning device.
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Paint Durability with High Speed Phosphoric
Acid Anodic Oxide Film*

Tsutomu Usami** and Yoshifumi Hasegawa™*

Phosphoric acid anodic oxide films, generated in a high temperature bath with high current
densities, have been studied. The durability of adhesion were evaluated by measuring the change
of T -peel strength before and after hot water soaking. Scanning and transmission elecron micro-
scope were used for the surface morphology examination. The fracture surfaces of specimens
were also investigated by electron prove microanalyzer and Fourier transform infra-red spectro-

SCOpY.
The results obtained are as follows :

(1) Excellent durability of paint adhesion was obtained under the following conditions.

Bath concentration 1270 g/1
Bath temperature 170 C
Direct current density : 10~20 A/dm?

Process time :10~14 s

(2) The retention of T -peel bond strength was 60~70 % of the initial value after 7 days water

soaking at 90 C.

(3) The morphology of the anodic oxide film has an effect on the initial bond strength of the
oxide/primer interface, but not on its retention in hot water soaking.

{4) The fracture of the bond mainly occured cohesively in the paint film.

1. Introduction

The adhesion between aluminium and organic
coating has been the subject of extensive investi-
gation and many surface treatments of aluminium
have been devised to improve the durability of
paint adhesion.

It is well known in the aircraft industry that
the long-term durability of adhesively bonded air-
craft structures can be considerably improved by
using the phosphoric acid anodizing (PAA) process
as the pretreatment of aluminium sheets or extru-
sions.

Recent studies indicated that the initial bond
strength of joints using the Boeing PAA process?
is determined principally by physical interlocking

+ A part of the present investigation has already been reported in
the 73rd Conference of the Japan Institute of Light Metals (No-
vember 11—12, 1987, Tokyo).

«+ Tecnical Research Laboratories, Chemical Technology Depart-
ment.

of the anodic oxide with the adhesive?.

On the other hand, the long-term durability of
the adhesive bond depends on the resistance of the
original oxide film to conversion to hydroxide in
moist enviroments®. But operating time of typical
Boeing PAA process takes 20~25 min and this is too
long for the continuous or mass productive opera-
tion for sheet form aluminium and, therefore, the
effort to shorten the anodization time is needed to
apply this excellent pretreatment in various fields
of aluminium industry.

The work reported herein describes the effects
of anodization time and current density in high
temperature phosphoric acid bath on the oxide
morphology and the durability of paint adhesion.

2. Experimental Procedure

2.1 Material
Ab052—H38 alloy sheets (0.25 mm thick X 200
mm width X 300 mm length) were used in the
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experiment.

2.2 Pretreatment

Test sheets were etched for 30 s in 5 wt% NaOH
solution at 50 C and rinsed by tap water, followed
by dipping in 25 wt% nitric acid solution for 1 min
at room temperature, rinsed and dried with an air
blower.

Then the next two treatments were applied to
the test sheets. '

To compare the effect of PAA with conventional
finishing, chromate phosphate (CP) conversion coat-
ing was also estimated.

(1) Phosphoric acid anodizing

The sheets were anodized in a 270 g/1 phosphoric
acid solution at (DC) 10 to 20 A/dm? for 6 to 14 s
at 70 °C, followed by rinsing in running tap water
and air drying.

(2) Chromate phosphate conversion coating

The sheets were immersed in Alodine 401/45
solution (Nippon Paint Inc.) for 25 s at 45 C. The
coating weight was adjusted to 25 mg/m? as Cr.

After the surface preparation, test sheets were
coated with epoxy phenolic resin (Toyo Ink Mfg. Co.,
Ltd.) by a wire wound draw bar and cured at 260
C for 1 min. The coating weight was adjusted to
50 mg/dm?2.

2.3 Durability test

Primed sheets were cut into 5mm width X 100
mm length test pieces. Primed pieces were coupled
with polyamide films (Daicel diamide film, #7,000,
40 y,m thick) cured at 200 C and 3 kgf/cm? for
1 min as shown in Fig. 1. The specimens were
immersed in deionized water at 90 °C for 1 to 7
days. They were dried for 24 h at room tempera-
ture after soaking. Then the T —peel strength was
measured by tension testing machine (Toyo Seiki,
Strograph M50) at 20~25 C. Testing was done
at a crosshead speed of 200 mm/min.

2.4 Surface Analysis

(1) Scanning elctron microscopy (SEM)

Morphology of oxide surface was examined by
SEM (JEOL JSM —50A). A thin gold coating was
deposited on the surfaces of the samples by sec-
ondary ion deposition to suppress charging of the
surface by the electron beam.

(2) Transmission electron microscopy (TEM)

Structure of oxide film was examined by TEM

Primed aluminium

/—Polyamide film

\Primed aluminium

vy LAV WA Y AW WAY X Y 1
o | TR RO AR DR TR |

- ]

Fig. 1 Preparation of T—peel specimen.

(JEOL JEM —200CX). The oxide film was stripped
from the aluminium substrate by dissolving the
substrate in an aqueous HgCly solution.

Ultramicrotome (LKB 2088 Ultratome V) was
used for the examination of section of the primed
oxide film attached to the substrate.

(3) Electron probe microanalyzer (EPMA)

The aluminium side of fracture surfaces were
examined by EPMA (SHIMAZU EMX —SMY7) to
determine the locus of failure. Carbon levels re-
maining on the PAA oxide film or CP conversion
coating were detected by carbon K emission.

(4) Fourier transform infra-red spectroscopy

(FT—IR)

The aluminium side of fracture surfaces were
also examined by FT —IR analysis. The instrument
used was JEOL JIR—40X with a diffuse reflection
accessory. All spectra were measured with a res-
olution of 4cm™! and scanned 100 times. The angle
of incidence was about 75°.

3. Results

3.1 Durability test

The results of durability tests are shown in Figs.
2~4. Each result given is the average of five test
specimens.

The initial peel strengths of PAA-specimens in-
creased with the anodization time and finally reached
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10

about 4.5 kgf/5mm width for 10~14 s anodizing
specimens. PAA-specimens have 60~70 % of the
initial peel strength after 90 °C water soaking for
2 days and remained stable up to 7 days.

The anodic current density also had an effect
on the bond strength after immersion. The soaked
specimens anodized at 20 A/dm? is superior to
those of 10 A/dm? in the range of anodizing period
for 10 to 14 s.

On the other hand, CP-specimens lose drastically
their peel strength retentions and only 10 % of the
initial peel strength remains after 2 days soaking.

3.2 Surface characterization of anodic oxide
films

The SEM photographs shown in Fig. 5 illustrate

the change of the oxide morphology on PAA-treated

aluminium surface. They reveal that dissolution

0s

(X20.000)

Fig. 5 SEM of aluminium anodized at 10 A/dm?.
(The spherical gold particles on the sputtered
surfaces mask fine structures of the oxide. )
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of the cell walls at the outer surface proceeds and
leaves a protrusion at the triple point between three
neighbouring cells®.

But the spherical gold particles are deposited
and mask fine structures of the oxide as shown in
Figs. 5 and 6. So platinum coating is recommended®.

Fig. 7 and Fig. 8 are TEM micrographs of a
stripped film and an ultramicrotomed section of a
primed anodic oxide film. The pores of a stripped
film are irregular and have a wide range of diam-
eters (40~100 nm). The figure of cross'section shows
that the total film thickness is ca. 400 nm and a
film consists of an outer layer of pores perpendic-
ular to the original surface and a thin inner, non-
porous, barrier layer. Fig. 8 shows that the primer
has penetrated into the porous oxide layer and,
because of this “composite interface”, the PAA-
surfaces might be expected to provide mechanical
interlocking with polymeric coatings.

3.3 Analysis of fracture surfaces

Fig. 9 and Fig. 10 show the results of EPMA
and FT—IR analysis of the fracture surfaces on
oxide film respectively.

Visual inspection of all the anodized specimens
after 3 and 4 days soaking indicated that failure

(X 10,000)
Fig. 6 SEM of aluminium anodized for 14 s at 20 A/dm?.
The spherical gold particles are seen on the outer
surface of the oxide.
The specimens were bent sharply through 180° to
fracture the anodic oxide and enable direct observa-
tion of the cross-section of the oxide.

11

)
Fig. 7 TEM of stripped film formed on aluminium by

anodizing for 10 s at 20 A/dm?2.

Primer

/

Oxide layer Aluminium metal

(X50,000)
Fig. 8 TEM of ultramicrotomed section of film formed
on aluminium by anodizing for 10 s at 20 A/dm?.

(after 3 days soaking)

ocurred at oxide/primer interface. But these ana-
lytical results show the locus of failure changes
according to the anodizing conditions. The fracture
surfaces of 6~8 s anodized specimens are, though
cohesively fractured in the primer layer, very close
to the oxide/primer interface.

But fractured surface comes apart from primer/
oxide interface as the anodizing time increased
and finally the specimen, which was anodized for
12 s, fractured fully cohesively through the primer
layer.

4. Discussion

The performance of adhesively bonded specimens
is largely determined by two factors :

(1) the initial bond strength

(2) the durability of the bond strength
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Fig. 10 Reflection spectra of epoxy phenoric resin on the
aluminium side of a fracture surface.
(after 3 days soaking)

J.D.Venables et al?. indicated that the initial
bond strength is determined principally by physical
interlocking of the oxide on the aluminium with
the adhesive.

On the other hand, the durability of the aluminium

12

oxide/adhesive bond in the moist environments
depends on the resistance of the original oxide to
conversion to a hydroxide (pseudo-boehmite form,
AlOOH) which adheres poorly to the aluminium
substrate®.

The protective aluminium phosphate (AlIPOy)
layer on the PAA oxide surface retards hydration
rates and is responsible for the great stability of
PAA relative to other kinds of oxides®.

In this report we have demonstrated that the
initial bond strength depends on the morphology
of the oxide film in the high speed phosphoric acid
anodizing. The development of fine protrusions
enhances mechanical interlocking with polymeric
coatings and increases an intial bond strength. But
regardless of anodizing conditions, there are no
remarkable differences in the degree of adhesion
loss for all anodized specimedns after hot water
soaking. Authors conclude that anodizing conditions
mainly affect the morphology of the anodic oxide,
not chemical properties.

So, high speed PAA process can be achieved by
using a high temperature bath, which has the strong
dissolving capacity towards aluminium oxide and
prompt the development of protrusions on the PAA
oxide.

5. Conclusions

Phosphoric acid anodic oxide film, generated in
a high temperature bath was investigated as pretreat-
ment” for paint coating. T-—peel specimens were
used to evaluate the durability of paint adhesion
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in hot water.

The conclusions obtained in this investigation
are as follows :

(1) Excellent durability of paint adhesion was
obtained under the following conditions.

Bath concentration  : 270 g/1

Bath temperature 170 °C

Direct current density : 10~20 A/dm?
Process time :10~14 s

(2) The initial peel strengths of PAA-specimens
increased with the anodization time and finally
reached about 4.5 kgf/5mm width for 10~14 s an-
odizing specimens, which were fractured cohesively
through the primer layer.

(3) A small reduction (30~40 %) for the PAA-
specimens were observed after soaking for 2 days
but the PAA-specimens remained stable up to 7
days.

This study indicates that a high bath temperature

13

and high current densities enable to shorten the
anodization time of the Boeing PAA process.
High speed PAA process could be applied to
various uses and could improve durability of the
coated aluminium against a humid environment.
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Relationship between microstructure and mechanical
properties of Al—Fe powder metallurgy alloys

Kazuhisa Shibue, Hideo Sano and Shigenori Yamauchi

The relationship between microstructure and mechanical properties of extruded Al—2~10%Fe

P/M alloys was investigated.
The results obtained were as follows ;

(1)

Yield strength (gy.,) is related to volume fraction of dispersoids (V;) and average dispersoid

radius (1) : gg20<V¥2.r-1, This relationship suggests that higher V: or smaller r results in

higher strength.
(2)
fraction of dispersoids.
(3)

to coarsening of dispersoids.
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Increase of Fe content raises the strength of Al—Fe alloy because of the increase of volume

Annealing at the temperature above 400°C lowers the strength of Al—8%Fe alloy according
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(a) Al— 2 %Fe (b) Al— 8 %Fe (c) Al—10%Fe 0.3um

Fig. 3 Transmission electron micrographs of as-extruded Al—Fe alloys.

Fig. 4 Transmission electron micrographs of as-extruded Al— 8 %Fe alloys showing AlsFe compound : (a)
Bright field micrograph (b) Diffraction pattern (c) Dark field micrograph taken from (402) diffrac-
tion and (d) Analysis of diffraction pattern (b).
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Fig. 5 Transmission electron micrographs of as-extruded Al— 8 %Fe alloys showing AlsFe compound :
(a) Bright field micrograph (b) Diffraction pattern (¢) Dark field micrograph taken from (021) dif-
fraction and (d) Analysis of diffraction pattern (b).

Fig. 6 Transmission electron micrographs of Al— 8 %Fe alloys :
(a) as-extruded, (b} annealed for 100h at 300°C,
(c) annealed for 100h at 400°C, (d) annealed for 100h at 500°C.

17
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Table 1 The list of compounds in Al— 8 %Fe alloy by 0.3 T T T T T
X —ray diffraction.
No. Condition Detected compound =
1 Powder AlFe, AlsFe, X =
© 0.2 -
2 As-Extruded AlsFe, AlgFe, X 5
©
3 Annealed at 300°C AlFe, AlgFe 5
o
4 Annealed at 400°C Al;Fe 2
o
5 Annealed at 500C AlsFe ___5 0.1k _
&
3]
Z
‘ § 0 L i L ! L
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{a) Pure Al © Fe content (wt%)
k Fig. 10 Relationship between Fe content and average
ame— dispersoid diameter in Al—Fe alloys.
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Fig. 9 Change of X-ray diffraction intensity from o— Al Fe content (wt%) ~

(422) of (a) pure Al, (b) Al— 2 %Fe, (c) Al— 4 %Fe,
(d) Al— 6 %Fe, (e) Al— 8 %Fe and (f) Al—10%Fe
alloy powders.
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Fig. 11 Relationship between Fe content and volume
fraction of dispersoid in Al—Fe alloys.
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Influence of the Sheet Strength and Thickness on
Internal Buckling Pressure of Aluminium D &I

Can Bottom

Kiyofumi Ito and Yoshio Takeshima

Internal buckling pressure of D& can bottom is dependent on bottom profile, sheet thickness

and strength.

In this paper, it is determined the influence of sheet thickness and strengths on

internal buckling pressure of 211 type having fit stackable can bottom. The results obtained

are as follows:

Yield pressure Py and internal buckling pressure Per could be expressed by following equations.

Py(kgffcm?) = .63 goz-£fo!-3®
Per(kgf/em?) = 0.94 ot~ 1027

where,
ofm : Mean flow stress =

to : Sheet thickness (mm)

ooz : Yield strength (kgf/mm?)
00.2+ 0B

(kegfmmt)

And both Py and P.. were improved with increase of sheet strength and/or thickness.
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2.1 #HE

B 12 2 0.26, 0.29, 0.32 2 1F 0.35mm @) A3004P-
H39 MEZN I 168 TH v B> 7, KT 4 2A—H T
BL72z211 %4 XD DLETHS, HEFK Fig. 112
RY L) UAME ¢662mm D, bW, T4 v kRS
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Fig.1 Cross section and dimensions of test D &I can bottom.
Table 1 Material strength of the side wall.
) 0.26 mm‘? 0.29 mm‘ 0.32 mm® 0.35 mm‘Y
Mark Annealing
a condition | 002 0B Hv 0.2 OB Hv 00.2 o8B Hv 0.2 OB Hv
{kgf/mm?) | (kgf/mm?)|  (50g) | (kgf/mm?)|(kgf/mm?)| (0g) | (kef/mm?)|(kef/mm?)| (0 | (kf/mm?)|(kgf/mm?)| (50g)
A | As fabricated | 35.7 36.8 106 35.8 36.8 104 36.8 37.5 108 36.6 37.4 108
B | 205°Cx1h 28.6 30.8 90 28.6 31.0 92 28.9 31.7 93 29.0 31.2 94
C | 215°CX1h 27.2 29.6 85 26.8 29.2 38 27.7 30.1 91 27.7 29.6 89
D | 240°CX1h 25.0 27.7 81 24.9 27.8 82 25.3 27.4 82 24.8 27.2 83
E | 265 CX1h 22.4 25.6 73 21.9 25.2 75 22.1 24.8 76 21.9 24.7 76
F | 280°CX1h 9.4 19.4 49 11.2 19.7 50 13.1 21.4 49 12.3 20.2 52
(1) Thickness of base material, ¢, (Table 2 and 3, ditto)
Dial gauge
- 7y o Test can
Jigs Deformation

| Side wall

—+ Oil Pressure—=

Fig. 3 Definition of can base displacement §.
Fig. 2 Internal pressure buckling test method.

2.2 EBFHE

i 3B S B <L U BB A 12 BT LS 7 Fig. 2 3. KERRRUEE
SR TRE, DIEEE YLy b L TiT-7, WIER 3.1 WEAREO DI EOLEHER
15 kef/cm? BROENETHERL 2055, TEE-s72E ERIAE & 80 S 2 28410 51T 2 BEENOLH %
EOMER (LT, ZoRG»RUB)ERE#HT) 2k Fig. 4 15557,
L% CaMLZ., SBERESEE =3 Thb, PO ) BB RET B ERNC % 5 & (Fig. 4 (b)),
BARNE EEBHEOBRIE, Fig. 312 6 TERL 72— MG & L T P — AR U= 2 EhiE -7 &
BTG E % 1/100 mm BEEOD 574 Ly — P Tl L I RBWEE L2, OB, Fig. 5 1R EEA—
o E7e, WERMNE R BAOEENERED & ZED FEM Iz & 2 BEHEG H AT HI2 12 & - Bl T X
A (7 HSV—200, 200 B5/s) TEEL 7, B, Thbb, ~N—2REAEEORIIED DB 50

23
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WA
(a) Before loading
~— ZERER
(b) Just before buckling
Fig. 5 Stress distribution of the base by FEM
under internal pressure of 2.5 kgf/cm?.
10 T
NUB D EED to=032mm
i=
28 Buckling
o0 | X Per (A)
x . in;ﬁ%
<o)
= e
(¢) Buckling (after 0.005 s from 3 4 )
(b)), Pr=6.6 kgf/cm?) s X F
s _,r’d————*"
&
E 2
0 05 1.0 15 2.0 25 3.0

RUB O ERR

(d)

As buckled (after 0.005s from (b))

Fig. 4 Buckling behaviour of can bottom.
(to=0.32 mm Annealing condition B)

TIFERHIGT OITRS AR L KE (, B ZDES
THREELZ DO L#EEE N, 2L T, ZOHITIE
M & > THWER»EL, BE5 &) EHEHE L
LLnEFELLNIZ,

24

Can base displacement, § (mm)

Fig. 6 Relation between internal pressure and
can base displacement.

ZoOEREE A ERLT LD, ARMAEPL L&D
B1% % Fig. 6 1RT, PAV/NBWERETIY, P & 83l
BB A L DD T, WHER L AL E N5, PHHEML,
W Py I27% % EBRTEO L Hio~— 23 B TR E
A1, Pomic on TBuERs#TT5, £LT,
PEAS Per 1270 5 EE 2 - LIEMB RO D R
BHELZ, Is—EOBRIE, Tablel IR T LI
ERBERUEMERVBRLIHATH > THRERBETH
ZIT, Py BBRES, P EERERENL
FFEL, FNLOMEHKRE Table 2 ICRY,

/)730
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Table 2 Yield pressure Py and internal buckling pressure P... 10 T
(kgf/com?) to=0.32 mm
Annealing | 026 mm® | 029 mm® | 0.32 mm® | 0.35 mm®™ N§ 8
condition ) Pt
Po |\ Pi | By | P | Py | P | P, | P < a2
a6 A
A 3.1 55|36 62|41 ]7.2]4.5]8.0 & A
B 2.8152|34158|38]6.6)|4.1]7.4 o
C |27]50|31|56)|36]|6.3]3.9]7.1 2 4 Ve oo~ F
D | 26|48 29]|55|34|59]|3.6]6.7 5 i o
E 2.2 1431275130541 3.3]6.1 g 2
F 11127 1.3/30|1.5/|34/|1.6] 3.9 £ q
3.2 WAEBECRETRHBEOYE ’ 5 0 75 a0 1%
Fig. 7 ld~_—2HOE » h— 2 E ¥ Py Bl Per D Vickers hardness number of the base, Hv (50 g)
BB 2 RT, ~— Aol G, Py, BRU P Fig. 7 Relation between internal pressures Py, Per and
K2 AL O E DD Vickers hardness number of the base.
=%, N—AENDWT] o2, HIRIMS o & ERME
THZEBREETH -2z, UTICRTHET g B
40
U oop #ETHZEELR, Tabh, FA—E2NH P fo=10.32mm
Mool sEns: Dl g —20 7 L—7r LT, £ 5
Table 1 % b WEEERD o2 RV o8 & & v 72— RHHE D 2
BIf% & Fig. 8 Dk 10k, ZhUCk - T<—2i0 E N
By —AMED L ooz KU o FH#HEEL 72, Table 3 2 3 A(;
23— RO o — RS G N M L 72 go2 RUF : S/E
o8 &Y, Table 3 I2fft TRL 72 FOLIAER om & 8 & Lo
R LB, L y &
w 0.9
i = 00.2;- OB (1) :éj 20 A /8
Fig. 913 Fig. 8 L V) KD 72— XEBD 50.2, 0B, otm & %
FEEE Py RO Per DERZ ZNFIURT, X— 2D 8
SRR RIS > T Py, P i3 DICE LB 2L ¥ o
DB, Pyld oz &, #72, P it om EEAENL 3 10
EHOZHEYH 2, 20z iy, RO HEEA~<— = 0 50 100 150
AENC B DREEDBMW B A E U2 BICRZHEARTH B Vickers hardness number of the side wall, Hv (50g)
i s b o OTHHTHE ou LR T Ve L b e st
»AHH, Lol Emt, EMESrREL 56T
LeTHETH 72,
Table 3 Vickers hardness number and estimated tensile strengths of the base.
. 0.26 mm’ 0.29 mm‘ 0.32 mm 0.35 mm
Annealing
condition | Hv | ooz 0B om®| Hv | o2 | o om® | Hv | o002 oB ow® | Hv | ooz 0B om®
(50g) | (kgf/mm?) | (kgf/mm?) | (kef/mm?) | (50g) |(kef/mm?) | (kgf/mm?) | (hgf/mm?) | (50g) | (egf/mm?) | (kef/mm?) | (kef/mn?)| (50g) | (kef/mm?) | (kgt/mu?) | (kgf/mmm’)
A 99 32.6 | 34.0 | 33.3 96 31.0 | 33.0 | 32.0 100 | 32.2 | 33.8 | 33.0 100 32.1 33.9 | 33.0
B 90 28.6 | 30.8 | 29.7 90 28.0 | 30.1 | 29.1 93 | 28.9 | 31.7 | 30.4 90 | 28.0 | 29.9 | 29.0
C 87 27.6 | 29.8 | 28.7 86 26.3 | 28.5 | 27.4 88 | 27.0 | 29.1 | 28.1 87 | 26.5 | 28.7 | 27.6
D 84 26.4 | 28.3 | 27.4 83 25.2 | 27.9 | 26.6 82 | 25.3 | 27.6 | 26.4 83 | 24.8 | 27.2 | 26.0
E 78 24.0 | 26.8 | 25.4 75 21.9 | 25.2 | 23.6 78 | 23.2 | 25.6 | 24.4 77 | 22.4 | 25.2 | 23.8
F 53 12.0 | 20.2 | 16.1 52 12.0 | 20.0 | 16.0 50 13.2 | 21.4 17.3 55 13.0 | 20.8 | 16.9
(2) ot : Mean flow stress = —@%@—
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Fig. 9 Relation between internal pressures Py, Per and strengths of the base.
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Fig. 10 Relation between yield pressure and estimated yield strength of the base.
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Fig. 11 Relation between internal buckling pressure and estimated mean flow
stress of the base.
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Fig. 12 - Relation between Py/go.2, Per/Gim
and sheet thickness.
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Fig. 15 Relation between yield strength and
sheet thickness.
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and sheet thickness.
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Preparation Methods of Rare Earth
Metals and their Alloys

Katsuhisa Itoh, Eiji Nakamura
and Sigeaki Sasaki

This review describes the main applications, a short history of the past preparation methods
and applications, and today’s major preparation methods which include molten salt electrolysis
and metallothermic reduction of rare earth salts.

Special attention is devoted to the recent developments of the production processes for obta-
ining the metals and precursor alloys which are used as raw materials to produce high-perform-
ance rare earth—transition metal permanent magnets.

Production processes for neodymium metal, however, will be described separately in the issue

appeared in the near future.
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v,
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CBIFERCIE L, WERRTRIT»KZEN, Tyl
WAL & DREBHTIEIH 205, P VHEOECSES
Kuefglz, ZOFETIE, Sm, Euy, Yb oBsniwz
D, ZOBETHLPIZR s TwizZ e b ERSNSG,

3.2.3 BREDSYT—~2 g

WD AN T LR TR T LI L BETL, &
HAEEED HEA HILTED, YCls, CeCls o Ca & T2V
< CeCls, NdCls, GACls, YCls @ Mg E I & & &
nTtws, Mg BT TlE, REM |2 Mg DR T&E&%
YERD 2, MEB»BLICIRETILEYPH B,
Trombe &1k RE &4 % 50% OBETHE, EHIC
X1 99% #iEEDH REM 25T\ %29,

7oAt T ABTTL, (2 eRALNTE
", Moldenhauer @ CeFs ¢ Ca, Al BILHHI H LT
2202 = 37 Aoy Ca MITOWIFE TH Y,
CeF3; & FeaOs R (H)ETIC L » T, CeFez £&D
ABLRATND LN,

b OET Y, T bRALNT EHESNLED,
Hirsch #2213, 1892 £ Winckler @ CeO2 ¢ Mg T
FHIF T3, Hirsch @ CeO2 @ Mg, Ca, Al, C + Si
WL BBMICPIIMEBEF RN T 2ICIIESLT, €8, 1t
&, RE OIREBACMESEO B IR L2 Th
5, WIZEAB{D Al ZIEIZDOWTHREL 7245,
BIF LR/ TL

3.2.4 EiOBEERE

Hillebrand & #%, 1875 %, La, Ce, ¥ ¥ ™M &2 D
HAFIONND X TEY, RIIWCLRLE, LrL,
Frey D#EDVRTHEICH -2 LT R LH 5,

Hillebrand &1%, Mgy ReBC, Fe 723 Pt %
EfIC LT, SkoiEibic NaCl—KCl 42z &
B2k THBIOD EITIF6~8V, Bonig
i1 B g BETH B9,

Zng, BEEOMERREI S TE, REHLLD
72134, Muthmann &, Hirsch, Kremers &, Trombe
2, Drossbach S D#EH S 5 DIOIDIN229 = 7y T
iz, Trombe & DFFFEDS, 4 H, 2% ) OMEZERL
fo & LTEHMl S 1T 397, thonEEEr E ol Y
NITFIZHY, M1PIC3, T =F2THZRT,
REM » RIS L#E 2 Y — F#E (Mo) 2818 THW
Yk, BROBERZT-72IZ 8, BOBERCBHLZAM
LizZ &, RE#%1T22H{eTRLLZ &EEIHITS
N, M =F2TTlRbdP, TNEIFTFEL LI
LR TERL 2O, ENLNET, KEW, Ce D
BB & H 1S, CeCls—KCl—CaF: DIBERUER + %
10g HWT, 850°C, 10A T 1.5h, #vV— FEREE4
Ajcmg, 12V TEML, BiRZHEELH70%, BES0%T
9g HCe # BT\ 5, AHEEZHIZT S L, SiH0.08%

*4 l_..L.'|BJ,

F 70k HEND Pr, Nd HEn&4, Di EEREN
52rLH0, UTTLH,

31

\ +

RENSR(T /) —F

BEHY — Fﬁ%ﬁ%ﬁ%—
EE&E) TF BN Y — F j
ARES L L - - A A -
RELYROT /) — 8
BEILYR
(FE 37 vy mR)
HHLE-EE

BE

I = —7

®1 Trombe @ 3 =F 2 T EFL20

BAT S, CaFe OFZHLABL T 2%, BICHEBL
TREFLHREIHF T 2w, LoL, Ce o, La, Nd
DEIBICHERIIL, 2N ZNL&ED Si, Fe LrgEiw
REM 25T 327,

3.2.5 Bt BRREEE

B “BALEEET o\ML, HOTEBRL CRA
Lo EBbi s o, W TRI N, HECEF, B
LD ERRL 7 AL ERMETS oo BRI, 1 TITRE
2N,

TN =7 LR T 2 W72 7 oAby
TOALHOERIE, 19074, Muthmann & 282 L -
T, REM ¥ CHEAS iz, Bite L Ci3msh & &
fiiL 7261?23 % % %%, CeFs—CeQ: NEMTHE L 172 Ce
I3, Si02 2% &A, KM EIN T3, ZD#EL
Hirsch?®, Hicks DA DD 5 pst0~1228) TR 7 4
BB REBRICE YD,

Muthmann & O H#Ex2 BHBKRD L 72 0ds, 1951 —524E
2D Gray DRV TH 5, HIZTEADHEDER &
iz, IR EBEEEEL ¢, CeF3—LiF—Balk:
BICEARL 72 CeOr DB I 272,

I BRI, WS T Ar FEA T TITH AT, Trombe
LHWZMo AV —FERNRT / —FHrERE NG, &
MR R EV 22 LT, Trombe &5 3iE 9 olE,
LT/ FORBTHA D, BEBREHONELZT
/—F&TH Trombe HOFHETIZR EBEIZES N

5 BRERICUE, 7 o (CiERIER (7 o (LHERD, 7 1t
BN BT 2BALWOER, HdE 7 (AR
BB OREDER FXIP~NETH A, Like2) T
3, ZhE "7 v CWERT EBo OFATEYD, BED
PThiREPRLENS,

*6 Hirsch® ? 51§ 3 Petterson »%Hki3, B “EtiyE
& oL Lniyv, BROREE, RIBLIETHL
wEng,
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—VE

7 ANA
S M B IR RERED

=y VRS

H—RrBE

BERERILYR

T RE

YT TNV —F

7>

£ TTVIYR

::&Uﬁbﬁﬁ‘
£ TTFVER

|

i

[ ]

T&#R CeOz7|

™47

®2 Gray &M (B 7) &) —#MEEL T3IH)

Twipn, By ROWER, #6.4cm » D, Trombe
Ihwpe ki, £/, REM & & LT Mo 2H
WD TR TH S, BERD CeOr 1F 850°C NEIC
3~5% WML, 880~900°C, 7/ — FEHFEE 5~TA/
em? DEMRT 7% £ TOWHET Ce 213 Tv5, Ce F
DAHE, Ca»'0.1~06% T, Mg b 0.3% £ T¢&,
L TR ) DEED Ce B L L2, Gray &,
HEITTHENTHH Ce DRBEEICET S L TwE, K
? TEALMO N EREE 2RV Tv 8, EEICET
5,

b r Ee ), AR mg L B O ER
B4, Kremers3®%, i (& D4 HH 7%, Kremers
DIEBE, BIRHENSECT, BREBLICLEES T
5,

3.2.6 7vitHhOBRMEER

BRSO ER E L T—RBICERI NS
ZriEH B, ZTOBRMBICOWTIHBAETIFEEOF T
HMbLNTHESLT, REM 0kz BT 2 @a0-19192029
ST IT E A LS LTV, TEREIROE
127 -, #l21%, Eastman 54O B MY, Morrice &
DNERDH B, WENLHOFEIC L TR LA
BEELN Ty,

3.2.7 BREEMZONYITI—ar

Trombe FWEEBE L # Y — F & T 285EAWER L
1935 FloRKATW A, Cd, Mg, Zn, Cd—Mg &&7»
V— FER oD FENH BN Gd HEFOS
&, GAClb—KCI-LiCl BT, 6% NHGd &1 Cd &%
BT BY, Cd BEZEEBICLIVEREL, 984% D
WED Gd 29867z, EllEo REM oM L T,
WIEEL TT2ENLHETH 5,

FRED = i3, MOBERIER TLEBIRLIEITTH
A%, HEOLERICOWTIEE L Ty,

A

32

4, BBTEIZOVWTOREDS KHE

4.1 BRBTHEOXEBE
BICHENEE X 20 2 03 LERTTETH Y, EFEH
IANFE— L EBENBERRIL, £ NHEMEHFICHLRE
ntvws, 7viticontiz, 3™ E2EE L CBITF
3, o, BBIUGHEOREB L L ERIIGORE S D
g LT3, M4e~62099R& 1D, b, B
{bic g L 2o a7 Ao TOES S, B
27 v OEFEIE LI TH L, T2, Ca DET

-—300

(KJ/mol of F)

f

.~ —400

AG

ERBEHIRILF—,
&
3

—600 -

T

i
2000
B (K)

B3 &I 7 v o B E B ROV X — o) FEES)

(keal)

FISOBHEIRILE—, AG

L L !
1200 1400 1600

E (K)
WA E LT Mg 2BV & E0HBZ 2L ¥ —FHEED

L
1000

=1
/A

0 1 i
400 600 800 1800

X4
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—10 T T T T T
_3pL___3Ca*Y203—3Ca0+2Y - |
T
~ —50f =
&
<
" —70F .
*H,
2
* —90} 4
E% 3Ca+2Yls—3Calz + 2Y
& _110]  3Ca+2vCl—3CaClz+2Y i
§ 3Ca+2YF3— 3CaF2+2Y
—130 - |
3Ca+2YBrs— CaBrz2+2Y
~— 150 ] I 1 I i |
400 600 800 1000 1200 1400 1600 1800
B E (K)

5 mitHle LT Ca #HVAE 2D HBIT AL X —EHH#E2Y

60 T T T T T

40 Lo

w20 _
£

& i
< Un

|
)
S

T

]

3L +YF3”3\—\F X

3Li+YCl3—3LiCl+Y

REOBEHIRILE—,
5
T
i

|
@
=

T

!

—80k 3Li+YBr3—3LiBr+Y .
—100 ! ! ! l I {
400 600 800 1000 1200 1400 1600 1800
®E (K)

e #iEHE LT L 2B EOEBET A LX—FHEEY

Bl LTo@EE»r L a5, Lid, Bilon ki,
T, BACHOBITOBACEHINZEAED, H6 &£
NBRLDTH B,

S RE, BILH & BEOEATOTHEYR L <
W, 213, RISOAT5EE, BITAOZENRAE
L, U EN 20BEED ) o bils,

B, Bt Ca BRICEL TX, Bk, HELE
A%, BRNIBETL EDHT, BNIFHEE LT TH5,

4.2 Ames IR TOME

4.2.1 1#HAEHO ANy LB

T AN ABETHEERES (%K) @ Ames TR T

33

REM &LiERFIEIR, T, HILHOBITH &Lk &N,
1952 I AEE Nz, Ta DY KRB O BEHZA S
T, ROFIGEH A Th, # 10g ~E5# 10g BENREM
=187,

2RECIs + 3Ca~»2RE + 3CaCl:
BIGH, BHEOLHERIIEZEER I N,

ZNFEE, HHETIE S RENTIEEEN L O TH
5%, EROSIKIE{L o ML RN 5 BITHI O
Ca mofEt, RRER (7—-22) HEBRSFICER
EHbLNTEY, BF+ton La, Ce, Pr, Nd Stk
I L7z, Sm, Eu#Eid 2fliZ cLABTEINT, =
DFETIEHEIIL Ty,

EALIE R ED S ), BEOBEMELsTT2 L,
F 72, BRSO REM i, BAbWi3ssg L2035
&, WHER»EL L, 2D, Ames TOWEIL, &
LT7 it Ca BIG~MATL 2,

4.2.2 7 tMD ANy A TTI82D3839)

T AL B T WBTTHEONEIL, 19534EIC/TH
N, BREE 7 oticT Az Eic s, G4, Y &
DHEGELARE L 0 ), BFE, EFTTCIE Sm, Eu, Th,
Yb LA o et HoEMESRY ZNHETHLNT
WBER . FnlE, KRN TRENS,

2REF: + 3Ca— 2RE + 3CaF: (2)

YRR E LTI, FHRE TE R EIT B0,
R0, Ta bz, RIGEER, #BICLNVED
BA%, Kk, 1,000~1,500°C FEEEASOTH 5,

719213, RRPKRENDRILNITZ DR v/ ~—fFE&D
BILEERT, SA70arra—ic k), WwrR
A2 B BEREESLTZEATE, 1S OFEEN
Bt s, vWEROEKICRERIT T, FEENICETE
T X LREEZR VDR T, ROFSFOMNE
HEIC LD, ToRIcH 10kg » REM 2E£H5 2 &

(1)

DEEHNZ R
VAV D2 N B V=

/XA Ly T ARy /N

Aoy R —B R AL

NI T

T TR

e EfldEIEs| &
52 AR
BV RER
IR BRI

FEaqL

g8 LR
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WHTED,

EiED REM #{E5%4A12i, 7 vith, Ca N
Wi, MOGOEERI D LEFS S, R(2) DRIGIE Ca
HBET THbNL 2D, ZokEOM, BATS Ta,
CaFs, H& g WETH 5, o TEMED REM

RELICIE, HEROWEEEET HLEDH LI,
s 3919505923 REM & @ICHlIC DT, BTk
BEA%T B WMEE % Z & o7, Gschneidner®®ic & 1L,
[ siEE T3, REM, CaF: & b WK CHEAIKC BifeT,
F72, EOEICLY, I < REM & CaFe #9211,

BHBIC IZE I A TE B,
’T\W\g_gg}g)\m_‘\_m—fﬁ%\é/\“/b7‘:} AN =N Beaudry 5312 X #11¥, REM o @& (mp) & ¥
e s (bp) 1¥, kD4 7 N—THT b b,
BT (i) {&mp, Ebp:La, Ce, Pr, Nd
rEEZE LT o — (ii) WHw~Emmp, ®mbp:Y, G4 Tbh, Lu
EPR ')E— - {FaE - (iii) 7 mp, #bp . Sc, Dy, Ho, Er
@11~;3/1?9&E% e T 7Y TSR (iv) f{&bp > Sm, Eu, Tm, Yb
HIR BB P SHED, KICIERBBALRTL EH DL, BIO
2o MEILEE J 2 g%;im EOCBBREEMES F EHBIENTED, ThDb,
B (08 R = mz%%&%‘m T o ALOEITETIE, Y, Gd S0EMEREEL 2k
T A ST BT h B, B, BRTOERICE,
s T IR Ao Ta £ & bIERIELICw WaH b S,
T i REM #7%251212, REFs OFHBIC &N T
L FROEESSH K BETH B AW, BENFFVICL D L, B RE
T Rh—t B PR TR D¥fr, REF: O BRERAT DL T RIS
KAB <50, 20 TH REM BRI HAT 22 L 25
RS Y 4JE T - $HA D STwD,
%3 FHEEER L FOBEITIC AV S B WSRO B ED V-5
5 og 4 gups | BA RETORKE B 7o momE 7 ihoka Elpoms  EHORE | BIHOORA
(t) {Torr) (T) (T) (T) (T) () (T)
AN Se 1,541 8X 1072 2,836 1,552 1,879 960 (1,077) 2,403
Ay b0 A Y 1,522 2X1073 3,338 1,152 2,635 709 1,510 2,432
A A La 918 3X 10710 3,464 1,504 2,359 362 1,750 2,256
o)A Ce 798 8x10718 3,433 1,432 2,161 317 1,730 2,210
VAV & VN Pr 931 1X1077 3,520 1,399 2,222 786 1,710 2,183
S AN Nd 1,021 2X1078 3,074 1,373 2,282 758 1,690 2,233
Ta A i Pm 1,042 - 3,000 - — - 1,670 2,320
it )7L Sm 1,074 6 1,794 1,304 2,39710 682 SmCl®2,030 2,269
a7 aty L Eu 322 0.9 1,527 1,276 2,682) EuCl; 731 EuCl*? 2,030 2,291
HEY =9 A Gd 1,313 X107 3,273 1,229 2,427 602 1,580 2,339
FNE T A Tb 1,356 §Xx10™* 3,230 1,172 2,546 582 1,550 2,303
SATaY I L Dy 1,412 0.7 2,567 1,153 2,593 647 1,530 2,228
RN A Ho 1,474 0.5 2,700 1,142 2,255 720 1,510 2,330
INVE T L Er 1,529 0.4 2,868 1,141 2,532 776 1,500 2,344
Vol A Tm 1,545 185 1,950 1,158 2,294 824 1,490 2,341
£ FAET L Yb 819 19 1,196 1,158 2,427 YbClz 702 YhClL?1,930 2,355
VT F T A Lu 1,663 I1X107 3,402 1,182 2,309 925 1,480 2,427
) F T A Li 180.5 5x 10710 1,327 845 1,681 610 1,382 1,727
+FF 0T A Na 97.8 8x107¢ 383 995 1,704 808 1,465 920
o7 A K 63.2 - 758 856 1,502 772 1,407 707
/N R BN Ca 843 2 1,492 1,418 (2,509) 782 (1,627) 2,600
VA VYN Mg 659 3 1,103 1,263 2,227 714 1,418 2,800

&) w {iR# (hypothetical) B s,
2 RECh HoEftii ok,
@ RE20; OB,

34
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M - ETTA
BB b B NHaF-HF Poqray
8| |REXOy 150°C<8h | REF3
+350°C
s - EITB
%r{j

T RIGRE
Tupt REM DERS

¥ & RE
Al La, Ce, Pr, Nd

Al+2 |Y,Gd Th Ly (Pm?)
A2 Se, Dy, Ho, Er, (Pm ?),
B3 Sm, Eu, Tm, Yb
B9 FHIBERENET - HREOHH

(3CHK 33)49)56) 120 E VB

4.2.3 7 vit¥D Mg #£7ETFTTH Ca BL2Vs®

Y ZEBEICRL 2L )02, mp »EC, B RET

B b, RICEREL2 T2 EBHTaeErRA LN,

Mg OFAETT, YFs # Ca BILT % &, mp Dk
Y—Mg &7 5id, BlET L CaFe H mp LEW
DT, 77w 7ADmp & FTFh7eé, CaCle LEITH
SN2 b, B Zr Ly KT, 1,0000C T b il
5, Y—Mg&4aix, 1,2000C izl ¢, Mg, Ca»iy
2, ol AR VL, T—0HBLTCA>Ty b
W3 Nb, BIGEEEIES tRLTHE, BEFHHNY
75, ZOHETKEIZDLC LN,

Mg ##FEE B/ IC ZnF2 2, Y & Zn %3t
BILLTY—ZInB4&#» G5 HELMEEINLY, ZnD
BREILDTP LW s, ZRUEZERSLTY
e L L, B, NdFs & FeFs # 403& 7T L T
Nd—Fe &2 B35 HEIBEEEIN TV B,

4.2.4 BEHDS 25 BB

T T2 L 942, Sm, Eu, Tm, Yb (2, %EL
2 b HEHET 7260, SR TRITTLZ &M
T3 Ly, RECOWTHOERTEIHEL, TIITR
L7zk i, Znbanelie La Tid, HEEIC 10 4
Pl KkERXENBDZEVHLPIL 52, ZHUTE
HLCHEEEIN 0N, Laic k 2Bt EEETE
(BITL—HBHE)TH 5,

RIGsiEs (3) TtEbENSD,

RE203 + 2La— 2RE + Laz203
ZZ7T, RE:Sm,Ey, Tm, Yb

Sm DA, RitE 1,450 °C mEEh TiTbne, &
TT T & A7 Sm DERIEDKE W28, Sm 1T UGS
DEIMOEAERCEINZ NS, H5cem BORIGHELRT
DFEICT, % 100g O Sm »%, 98%LL F DN T H 1L
T3,

ZORIGKE, #BIC, LD MM TLiT2R 52k
DR LT ), BEEIERE LT Sm o T EEEN
.}E%%\/\f:m)%)o

(3)

35

4.3 #DOMOBEICH T3 BEBRIEOHRIYY

Keller & %4, it Ca ELic L » T Ce 255 TW
5L, Schulz &, Hikido &, 7 vt Li BT T
Y ## T3, Hikido »D¥alE, YFs—MgF:—LiF
HLIBIETHY, Y-MgE&ErHBLNLTw5,

et Li it M A b7z, Nolting 64910,
i & DL 28K YCls o, Li#KRIC L HET
REBERELL, PREMERNE TEH B0, Mg 3
T Ca BLHVCELNLZRENRA (M 99.8%,
BF0.16%) DY AT > L AHEwmE Ta vy Rz Hw
REBRTRLNLTVS,

Campbell 5194 LB E I D THRET L, W
DLIBIEYHENTH L L 2fgflilic, Z0ERTY,
EHE Y 2 YCls @ Li BEOETLTHR LNz,

Caro Vi3, Y oo ~u s Ao Mg #IGI2 2T
~, Y ®#35% £TEU Mg Y A&e2xHTEBY, 7
{bngals, ks ) e & LT3,

Moriarty %83, 1960 £ F TIE 7 vk &EIL T
REM # T E09IC B & LTV 7255, 1950 FACLIE:, 1R
ik BB AR 1, 1968 L Cld b &
TICHATU 2 & LT, BB OWTIRSL Tv 577,
Wik La £723 MM 2 £ 2 BEH&ETic 2w TITEE
IR~ Fe D TERE L, 7 oAbk &R EE D O A
BRRNT B,

7 oAb R s L O E o HNE, KR To%k
EME LB b OMBOESE, T2, EBR~DER
BIZBICIC H B & 959 BR{LD 57 v (LI
i3, Ok HE #7208 & 5830 (700°C) X NH4F-
HF 1o & 328tk (300°C), ki i CERL &K
7 oAb Bk (BEze 300°C, kic HF ZafT
600°C), ARkES T HF # 2 BRIC L 2 &K 7 v kil
Dk (LiIF 25T T 1,000°C) OEHE 4 FED0h
D, REM, #:C Y o8&z s FE Bubiil,
1960 £ % Tz, $#Ho 2 FEE2MATLHFEICL Y E 100
K Foy REF: #2< 51, Y, Nd, Pr, Gd, Dy ~&
GBILINERIT 95~97 %A B LN T B, Ly L, T
24— )V T LUK DN SE 4 TR 5 1R 2 B & R L
IR REM Ric A e L Tk- 72, 2
s, Rkt Tld, FEEOEYIZE LY & NH4Cl
EOROG (350°C) 2k » T TE, &% REM Om
REDEND L%, ZoFEIC L b HolEns
REM H O # ARG DG ER R 4OITRTH, O DfE
13, BESTRERNID» T DB L0990 5,

Zof, WWAE, Sc DEME R InEFETDT v
b Ca Bt L HZEHE THRLNE Z LB T w5,
Sce—7Zn &4 #RrETE L2 T, BIREIL, Ames

1|

7 EROBHTE, BENLNOLEHTIORENIANFE
<, THEMBEOERAHALIRAHOBRTETH S L)
ICFD B L DD ECHTIETH S I,
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#£4  19604F ~ 19684 DA LIS B 0 & A HE(RFER)

B #% (ppm)V % % (ppm)®

Y 2K v 480 8

ATy b 782 20
La f>av} 588 8
Ce ATy t® <500 <1
Pr 4>=vt 508 12
Nd f>Tv @ 537 14
Sm 4>y b 300 20
Eu 4>} ~1,200 23
Gd 2 K> 409 3

2= 570 12
Th A Tw b® ~1,600 21
Dy 2 ®> ¥ 503 7

A>Ty b 597 14
Ho =z # > ¥ 225 3

PR SN 566 4
Er 2 ®> ¥ 413 3

4Ty b 623 7
Tm [ >y b 400 19
Yb 4 vy p® <500 <1
Lu 4>y }® >2,000 38

W AEME 7 R ERkEE (LECO #:),
@ =4 7o Kjeldahl — &5k,
@ 14Ty DA,

TlE 1,600°C Zovickt L, 1,100°C £ CTFIF 550,
7272L, Ames T%, Mg #HFT Tt Ca BT
B E N TV 339,

Campbell 51943, THAEHE & AIC LT, Mg oL
FABIE IS LT\ 5 Pidgeon B & FRENFEE T,
Sm, Eu OB{tHOELET T La BIG & BE 21T - 72,
FIGZ# D4 DL, Ames EFET, RI)THRENE, =
DEEXBENORT Y, MEERHEL w5, SmT
12HFENEMENH DIEFH/L N TV v2s, Euldo00T
THHRRER/ TS,

BEEBILOMEL, ficd, =, =Fhbni,

5. BREEMECOVTOREDS KAHE

5.1 &%E$ILE Reno K+t > ¥ — TOWE

5.1.1 “fi” @BROEHRR

AL o IBRE BRI DV T Gray OEFEY & KB
2R 5T, Morrice 5IZ & 1) —EDHIRANE I 09124T
bﬂf‘:m)mm)wwmo

BENICRY Lo, ZOBEBORHIIERE) He
FORERT AFRESPICEr N TEEDBREITHOI
TWwbZEkdd, AL BRELEFHOLONH
205, ¥og W b¥ 100g FREDGE 155 NREERD
REW L LDOFENIVCRL 72, BRUEBOBEHO LY

36

mET LA F
25w AE Y L b
KABL T b

7 1) 77 LORREYD
T T T EERS
ERATEM

~y e

EYTFUER

10 KEBLRT — HBHHS

=11

BN~
BE A~

BEXT L

74

®12 2%ELILE O REM E#E o —§]9

RIZBHBRBTHY, T/ —FELTLES»EDLN, F
72, AV—FELTIF REM EEELICCY Mo W
LN TS, BEIERICIE, 213D REF:—LIF,
REF:—LiF—BaF: 4 v 57z, BUE OB,
BROE TRICEKHEI NG, R2n Ly, 7KE
®BTld, £BOEEES FIFsIcit, S e REM
ZIRHLHEOERT, BEROWR (/Y a2—n) TED
LMENHY, INL—BOEBOREE L > T 5,
ERtk, REM (Z@E L 282 8-> CHEIENS, HEmp
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@ REM (La, Ce, Pr, Nd %) ic oW, BREEED
1L,1I00°C LT & 2RSSR TR H Wi, 99.8% BED
MEDLDPEL LYY, 1,300°C Bl EDE mp D REM
(Gd, Dy, Y) T, Z#bz Ak CEMRI (2720,
BIEE /2 2 —0) T B2, EREE$1,370~1,700
CEELTHULE»SY), REM by C, O »8imL,
BB F B2 HL v, 2, KiENDS
BB EVRT ASEMIRIEICHITL T b

% DBEBBIAE L TV 55Y Pr 26l EIFnid,
TIEYS & LT PrFs60%—LiF40% xR, T/—F
RS (ETmRENOLOEMNE), #V—FW, 7/—
FEREE03A/cm?, AV — FEREE 6.0A/cm?,
8 1,030°C, B®E 19V, b7 Aok ERELR
1.1h OEmRET, 99.9% #ED Pr %, B 83%,
FRHER (FIHER) 50.7% TH T 55

TRy FREFERE R, ERERELrRALN
7‘:65)68)70)72)0 Ce, La, MM C:’D\/‘/C, Fiﬂﬂ@%fﬁ@ﬁéﬁ\]%ﬂ
FEEA, FHN2 REM %A F R FRAICHR
O&L ERMOERIITZ b &) I TRE N, H137?
i3, MM OBEBE OB 2R, ANEEEM & R,
é%#ﬁl%%T%&T@&ﬁxaﬁmmE#h,%@
1212 Mo, BEHVERING, e B, EFE
DOTIZEHENT, Mo DEHEEZENT, T OZHD
Loy TERRETHEICHADL LIS NTW B,
BE, COFEREEL: MM TE>»->TBD, 708
> THRHZOAAFIME L THAMM 22 L) 1ic 3 b,

IO THBREN—-FITIR, REROBHEEB LT
REF350% —LiF30% —BaF220% &%= H vy, 950°C i
B, 85V OEF, 980A O»ER T3 HRE (GEE 10h),
RATEERLER (OS2 P A A Mz 2
7)) wEBKEEE L CEREITY, 371% BRI, 8%

EMIL YR
tY TFEILYR

A

() 77)

g o By ZEREEE MM g

X13

37

DIFEFFIEZE T 6 kg 80 MM » B LT

F i, Ce, La 20w T4, 99.8% HokiENEE
DG L LT 5988

Reno TOWFEIC L HO» RN H 205, KkNL
DIXFERE N7 v ALiERIE~ D, Bk o RE B4
DEIBIESDT VI =7 LDBIREDLAITEN2 %R
BE X /NE (59 ‘i’éﬁﬁi}*%i@w: ETHAHI, ZOME
I, 9Tz~ L 910, GrayWogaic b FRENT
wtoﬁ%@&%%%27v9ﬁ%¢mﬁﬁTét,i
HENLEREREFL, WEKOAE—L2HIF37nT,
Reno THOEM I3, BHEBPOBRIMBEL 1~2 %
IZfRD Z DR A ﬁ:nf W BE968) ol AR Rl
EOBLWERICIE, "B (AE) "IN EE
@%%_%WT6%ﬁﬁ%ﬁE<#6%%nfwo
Reno MEBRHIS TIF, HRLEY B TBALIIO D,
03~05% £ TIHRTLABICRET 2 Z 2D LN
Twd, Lied->T, RN BLHE RV,
BRI LB FERMEE D> b o — L3S THEL v,

5.1.2 BHEHYV—-FZEICLZ3ERER

Sm & ICEB OB AL v REM OB
FEIEL, £, 3mp D REM I HOW{ERIEEST
FB72DICEREINT 0D, HEREEH Y —F2HEVE
é%%%&70)74>75>f~% é R

EMEIENEERETHD, YV —Foid, &41k
B ERBICRZ b5, BEIIH LM 5ITV72T8,
Thbb, #V—FHHT2E&E» A —F0gBE
WREIVECRLEZ2EF T8 ERTLEE, 7Y —
FORECHBROASETERERL Y 2, T0EEL
BRBOHRENEL D, BRI TICIRA, ZHEENL
LEFTORIZZHLNS,

Reno Tlx, %< REM (MM, Di # &{:)ic 0w,
Fe, Co, Ni #NOBRERE L DAEORUIEHAL LN,
RSO, kARAA%E BI9ciThz Co XD
EEERHME FE LHTRT, Sm DFA, A& E&EERD
B L NIRRT EB ) TH D, BE
DBEBH FETIIERDEIERCRELTWETH S, %k

R L BRSO MEL LT, B (A —F
ju‘lﬁ) s RS 2 IR, A4 IERE TE 512K

2o b a— v LR R S B R TS s BRI
hh,

% 6707213, Reno THEMIC L YL NIASH
TZ’E FEDHTURLE, (ITEEORERL Y TFRING

e ANSIARE SN OPALL 12 (I QAP

5.1.3 #EBIC L 6%%’%@%&3”7”

LiF—=YF3 i##REIc, B & LT Y0s, Al203 % [H
BRI L CEMT A GREMRE) LA Lz,

s FOAIERRE I FRME S N7, CeOz, LaOs O#Hdr, 1L

Fh, 800~850°C, 950°C T 1.7~2.1%, 2.3~2.6% DflEH*
BonTwab,
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#®5 FHHM - 2o ASREOERT 2TV

La—Co | Ce—Co | Pr—Co | Nd—Co Sm—Co Gd—Co | Dy=Co | Y—Co | Di—Co | CeMM~Co | YMM~—Co
ERER (A) 31 50 39 40 53 (40)0 61 58 59 40 40 58
BHEE (V) 8 6 7.5 8 31 (36) 2% 22 26 5 5 31
W /- VEREEA/om?) | 04 0.6 0.5 0.5 0.7( 0.6) 0.8 0.8 0.8 0.5 0.5 0.8
WA Y — FEREE(A/cm?) 3.2 5.1 4.0 4.0 | 10 (5.2 1 1 11 4.0 4.0 1
7 (0 905 775 875 910 945 (953) 930 1090 910 985 855 935
ALEBERRE (°C) 850 685 835 820 660 {720) 685 690 715 820 750 665
EREE (h) 27 | 3.2 2.0 3.0 1.4( 0.8) 1.2 1.3 1.6 3.5 4.0 1.1
AEENE (2) 215 174 175 223 50 (42) 125 131 135 105 242 61
A4 FREBE (%) 64 89 69 70 74 (79) 80 74 67 66 70 80
B (%) 95 74 88 73 27 (53) 70 64 87 - - -
W) hy IROREE IO T -5, RIRTNOT -7,
90 Al-Y #ike&e&E oY —FEL T, 1,000°C TE#EL,
§ sol B 68% DEIMANBELSB LN T B, AV — PO
W DALY 5 &, EEICTRDI Y — FDLE B
g 7ot EPWET 52 L0 h Y, BE0a oLy
§ ol LIBbns,
4(‘3 5.2 Bratland 5 & Zwilling M5 7889
‘g 50} Pblzibze “#” &ROERMIEERL, Ty
‘g ol RTOFRITH 555, FRLED Gd I2DoW T, Ames
0 ROMFEHIC L -»T, BMERZHE2 B TEENET
§ 30+ BT 5 BIRIZ DV T T RER TOMY L RETHINZ 5
= nTws,
Y 201 Bratland 57913, LiF—GdFs %12 Gd20s % &ML,
0ol Taznv—F Pt Cu®zT7T /—F&L T, 850~900
2 C MM E AT, T2 T4 b4k Gd B, Gd
S0 700 a0 900 o1.000 o N X H [2kwas, BhoBtEicmt T 0 b
@UREERE CC) 100 ~500 ppm &F i, o, BEE2T/ —Fiov 5
R14  [ERERRIE D Sm-Co &4 [ILEA R #¥1014% L CHEENDHDFE L Ld iz,
Zwilling &, 7 vt T GdeOs BREDHEE D
®6 AL - BHLBAEOEMRTE S 1A ST HLBTOHT L 72 BR Gd HFZHEROSD 2458 L 72,
&% RE BE (%) :,Braﬂand %78)83)3 Zwilling S 7 femi= b
& & | mmmmEce) EXLTEBY, Zwilling 2, EBIZ, GdFs 2 FEE & L
x BB W T, Ta Ay KB T EL 3 =F 2 TEB LT - 7280,
La~Fe 964 9 90 840°C & LiF—~GdFs 8 Tl, 848, Pt27/—FEL
Nd-Fe 985 72 80 TIT ) BRI ES B O HE LT, Ca 2 5EI1
Sm~F§ 887 77, 87 72 Bk Ta 7/ — KA B E S Thote, B0 0T
;’;:1;; o o o k54 b ko GdiE, BARTHMO O, N, C, H £,
1,056 8 - 100 ppm ELTFTH D, 99.95% OHMEN L DHEL T
Dy—-Co 1,020 82 70 VB LL, FrEIA Rhh, KETENT V1L
Gd~Mn 964 66 _ Y EE 2 R 5 2 SICIEMES SV Bbn s L,
Gd—Fe 935 85 32 Spedding 8%, Bk E K REM » b, A% B
Gd-Cr 1,291 96 94 LA KBS EMRETLZ EIFHREE L T3,
1,339 94 - Bratland &%, # ®#H2, Morrice 577 & [#o Mg
Y ~Mn 1,048 63 - % Al DFEH Y — F % FvE Y—Mg, Y—Al &40
Y oFe o84 78 70 7 o AR TS — B LB LR L T 3 £ Th
Y —-Cr 1,376 85 80 ey

38
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5.3 tOMOBBIH 3 EREEREIOWR

Trombe D% 3, Gray'®, EH, HP 5%, Morrice
L0 BN L8V L gty & LT, TR T LR
BRI LB M HELESROHMEOHREIZILZH D,
TERUE DM B &G I 2 RET & LTV 5905,
Sm LN TV, T2, BEFSLEEINTHE
Fit o Tld, Nd OBEBEME» TR TH 55988, Sm »
BIEEIC DT, Bk, Tang L0 ERH 5, MM
DBEBOEA, Sm?t 4 & > DERMNBADEREHTE
WEANTWE, 72, Ndiz DT, 5ift, Khasgiwale
597 LiCl—KCl BAMER~ Nd O #E#E<e Nd®t |12
HRT 24— FRIEOBEHS 2R/ L T3,

WREGREAY YV — FEEIC DWW L, Bayanov®) o) 5
WREWRHE DL H S L) Th b, Hok, $HEH
DEFHHFC L, B2, R Al AV —FERHw
800°C #7#% RECI3—NaCl—-KCl s &EfEic & 5 RE—
Al & E&WBEOITFED, Wk Mg 27/ — F & H\v72 850
°C ?» NdCL—KCl o EMHIC £ 5 Nd—Mg &8 DHE
&, THUTHEC EARAERIC L 24 Nd oFRREICET 5
WD rHIFLN, 72, BREBEELY—FE2H
W AEEMLHEEINTHE?WE) THE, HRE
iRk o i3, Singh 594, fk, L Ts), Co
WAV —FE2HVT, Ce—Co A&#HBT2, Zh
51, Reno DHRDEIME L VI RELDTH A
7o

7 AL RE R COBB LI BRI DT, 5%
@ LaFs—LiF—BaF: %% La0s (& 53 LaOF)
FERE LS rH 5, #5990 kg, B
fhic, LaOF THLEMITEETH B, 72, O,
La203 %% CaCle i2iAEL, KERMEBCIEH 525, La
DEMHTHEE LTV 5,

F ORI LIFFEE Zvds, TENEEE  HBFE W
DT TIIEET S,

6. FLIHFEBOIEMEZ

6.1 BALYDARMBEER

B O BRIEERL, MM EENEREL KL LT
HCENmMLEN T2, LrL, ZOHMOFMIIEE
M L & N9, REM ) BkIC D v T oSSR
BV B E s MM ERIF L, 13 A EH1945
FELRD LD (B RRERICWHTRER) THb, Z
HDFR, BRIRESL Y=+ A4 b, FREEHBEA
EOL, REFLEEBBET / —F, $EE3RHLS
V— ¥ (EfE, FEMNICE, ZnEE) MM 7
VP& LTE<) & LT, 800~900°C T, RECls—NaCl
<° RECls—CaClz, REClz—NaCl—KCl i8S nEf#E %,
2,000 A BiEDERTIT) Z LA TE B0, FIE(
108V, BHAEIL50% LT kv, —HI2 Ty, #

39

#3240 BICHER N, FEAES I CHERL 7 MM
EWEAFMCERY BL, BETEICREENSE, /2,
100h #, BERICFIZIEH LS, BIS®ICiE, b
D—H & L TEBYEDOERIF 2RT, Folsch!®®, 90°
ERITE 288 YR (AYV—F2FERD) TOERS
AL TWwa, i 900°C, B#H427 ./ —F& L, &R
1L500A, EE 12~15V OB E I,

BRI IE, IEEE TMM OEEEIT - Tz etto
PO NFERIODELBA U dy, JARMICIZERTOE L2 h
Lgwv, ZOFETIE, LTy MEESNED SNTH
D, B#HET/—F, SUS304 Lok MM % 5 Y — F
& LT, RECls—CaCl: &M% 3,000 A TIT-» T\
5, BEIF 12~25V ThH B, 72, HIALWERTELN
5 MM iz, —fkic Fe, SinEHERD 5 BLIHE S
Va9 100

16199203, FokodEIR BT 5 10,000A EF D
BEEERLZ, HMELD, XBC RSN 5947 & B0

) S 777, ',”‘,g%l
10
! 3

1- ETETRET 2 — F, - LB YK
3-REDEM, 4-BIEHM, 5-0— 27 2, 68
7-L#, 8T /— PO S
9-Ly RABIAE, 10-07 KRG

E15 SRR &2 MM BLE TR

v/
”,

E16  R#RERRC T > MM B o) 10
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EEHEE R NS, BSOS I3 RGE E TEENITD
“Clnf:@ﬁi@ SO,OOOAE%KF@??&%EP@%E%?%ﬁ?
ntesh, , PRI BEFEHEOBEELLELON
JFHIC %a‘i)\énfiﬂ) EFEE N MM I REH TH
AL HEN T3, 20 50,000A RO E RN
70% 123y, HEOF TR, —#kic 40% LT Evb
n«cwélw) :

MM TE®EMIFOERMEL 65% & LT EHED
HANTED Y H 25, F72, 1968FELEHCIE, 4% Tk
NTERTEY Y — FiEoMuc, L#AY—FEMM E
AR D B o 72 b L1,

%3, ECHERORIGE
2RECls — 2RE + 3C12 (4)

MM (CHE & nzgE » R0 EIE, Ce, La, Di #i&
- %) 1&}% ’C“?\ %)99)101)*9

B —En A —74—I2 & 5 Nd—Fe 4 &0HE
13, MM 8% r Rk Nd 2 BRIC & D 187291,
Fe # " 2kilzfnz 52, Singh 5°% % & 9 7% Fe (H#E 4
Ve FEEWTWLLNEHES NS, Seon HVVD%E
#iclt, Fe b bh LOERL T/ Nd—Fe o7
v—Fk#HAWT, LiIF 2867 % NdAC—LiCl %%
FBIEL T BHEHITLNTNS

6.2 I\n/f‘/'ﬂ:%wvﬁi

BRIz sk~ 72 & 9z, Moriarity®™®3, T3EAg8igr L
<, Ao Li(% 5z Ca—Mg, Li—Mg) ®ET 27~ L
72ht, RS, EAER Y KREBICEET S L OME
ALl TBY, B ERBRED T RELIN D
DHFEFEREVI DT TH RV, 7 o0 TENT
Ca BEEicow i3, Murphy 5325, #ilr, LV
ERfF 5T h, Sm, Eu, Tm, Yb %% < & REM #»°
7 oAb Ca BITIC L > T2 b Tw 3, Kt
107* Torr I EZF| &%, Ar F2EEKXT, W LYK
BW 2F4=>7L7% Ta VKRB TITbh, X3
BE D Ca »BICHIE L THEDLNE, BITIZIE, TR
RO RKEEY R L2, BTG, REM & A7 7
35BS N, REM 3 2 MEZERL TURRINE,
HIICHAENS,

Nd—Fe # 2wt Nd—Fe—B Ric2>wvTid, FEAE
WERMY 5, Fe X B % &E T TH NdFs & Ca &
THENEHFISHEE T 1M, =, Zoetdts»s
LRI B S B A, B I TIIE%T 5,

6.3 Fe&ER{ELHOET

A OEEETICL S5 Sm HFoBEicOnTh,
Murphy B3)f)§$ﬁﬂ:wa%>o BAERWLNTWBERD
FOMARIE, FTERYICRL 2, EARIE, BITE2T
7%%t%ﬁtf%tSm%ﬁ%ﬁ%é%f@WTé@

— AR TEDLEND,

*9  TRIFIEIC BT A Nd BEBEOHL iz oW TdBRIc#n
A%, LEEWICL, mp DA S Nd LW ERORR L
b,bn(w%&x)llo)o

40

//"'-_“\\\\\ 1.250—1,650°C
FLIYBES

i ——_‘" 2@

0000
(e]

000

i
At

O)
B
pu::cd
N

0000
o000
[

Ho
S
i
2p

=S
La, Ce, Pr, Nd, Gd,
. Ho, Er, Dy, Tb, Lu,
Sc, Y

KA

E17 7 v Ao Ca @ nBEky

YRE
BREER

BeO > —JL I
IEEAR

o
(¢]

O=—3R58O1 L

S AR
ANTT L

O 0 o0 0O 0O OO0

O 0] 0|0

Ei18 FEFIC L 5 REM mBE®

HEE DD, ZoOMBEREIL, EANICE, Ames T
REM DO#EBICHWLNLZEIBYE L EbL T

Pidgeon S:BOBEUFEIX, BUCRL T 525

WHERENTYW32E2IEHE L T W

Mz W 511203, Sme0s Foo MM &t O, MM
BhHoh LoKELL CBCEF2HEL T3

Nd o8lEIcBL, FT7RBETIEH 5%, Fil,
R R TR LMD Ca BILE AN L 912 Na 24 L T
RRAEIC AT 5 EROUIMD pepaR s T B Y, B, T
FALDRE DD LN T D, T50°C H35oll KGR &

I

L
3 CaClz +6 Na—3 Ca + 6 NaCl (5)
Nd203 + 3 Ca—2 Nd + 3 Ca0 (6)
£, Nd203+ 3 CaClz +6 Na—
2 Nd + 3 CaO + 6 NaCl (7)
B, ToHEE, BEEKRD Nd—Fe J§ (7—) i

LT, LA Nd ZEWT 32603 2 50T 5%,
Ghandehari!’®|Z, Nd—Fe—B a4 &K & #kic
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Dy20s, TbsO7 % iR TEERET 5 &, T b DB EWIZ
GRNETLENDZE2RELTWS

6.4 MILHOBTICL 3EE ORI

64] ﬁi‘: - ?’Kﬁ‘;ﬁ (R_D ;ﬁ) 20)34)~36) 116)~123)

ZNF kL, SmCos M OF#EEEL LT GE #
CRKck - TR ENLAENBTETH L, FHoF
BRUEEYNH LD, TNFENUC—IE L TR L 72398
120129 g b b, 310 Ca BiTH 6 CaHe BT,
ZLCiEE, U CaBITANEE-TWE L) THB,

ZOFHFETIE, Sm0s & Co DK AZBEETC, He #
2 TCa(FzidCaHe) oL ) SmeOs #ETTT B & &
LI, ERE N7 Sm % Co DRI E ¥ T,
B, SmCos € BEILAWOBREBELIZ s, 2
DZHDEH BN, Kitld, CaBILH & &*10 Sk k)i
EbTZEHNTED,

Sm203+10Co +3Ca—2 SmCos +3Ca0 (8)

CaH: BIGHEE, BITH O CaHe X, HWIEIGE
FTCa & He OB & » TEBEERZIT-> Tz,
1973 DB R FETIIRRD CaHe 2HV2 LI iIcksd b
NTWBI  F7 Co & LWIIEE L He ®ITIC X
D BIC—IEICOERICIES Lz oic i L, #icid,
BiE &R0 CokzRvILikEkdbLNTwE,
FOGRE L B "D 6, B TREN L I, &Y
I > T3,

Sm203 @ Ca ETTIC L, BFID Ca HLETHH U,
REBOERMTIZIZ Ca 2, 72, TOREGTIE
EEBOBEESE, BRL2ELNL Y, £ T,
Ca & BURRIEM D CaO %, ML VEET L-HD
MBS PVETH L, BIIDGRERIIZOUEDHDL D
ThHbd, BoLNIBRDOMAMIE, K ooz
HEAAT L, —MiciE, 0X% A—5—Lk) Ca, O D
BEP KB L3283, BT L) ThHb,

ZHFH L, SmCos DEERERED N > F— L B

FUPHNL 1973 RDHRE ® ¥ (GEE)
09304 Sisza Co szOa CaHz 09 Srsza_‘Ca
R—r=31] C=sy—1 [37-]
H2 H2
- £ rs
%@+umcl (&r%lwmﬂ | s
ERTENAr v N S E A il ke I S T
l 7K P }\Ca I 7K . P LCEOHQI 7K " % }‘Ca
Im&&@tm&m lm&%?t*%MmMMM?ﬂﬁMMk
E’tﬁiﬁ ] [ ﬁg‘lﬁii& | | Eﬁléii% ]
[ R-D # & (SmCos Z f-1F Sm2Cor) |
19 R - D E@%%BS)HS)HU*-IZIS)
=10 HiERS 1L, Call MITBORE2ZRL TH 5,

4]

SmaCor DFHRIZ) Gd20s % EAE72 A& IT (SmGACos
DEGEVIDEIILEMTH -1,

ZOHFEERBIORTHRBILEEZ, RAFCL->TiEFH
HBRCHES TEC*Y, Cech @ R-D H:o) JTpgF1o110
2iE, Co U T Bfba v L H ) 52 L5
INTwaBL, 72, Nd—Fe lcBHTRETHDL Z L%
LY CIEENTW S

R-D &z 2w ToBE, WRHZZv, Li 51293,
WLISHTE & LT 2%, BiEn 15
CRMEYH B LT, BETH, SmeCowr i3
Sm & Co DM TIESIT D W —#By% k5 TH 5129,

HAROnHEFx, Cech & & 870 KIEiE 1,000°C %
WTHLETTHEL TS

ERFHREBEW» 513, L, Nd—Fe—B £t
HREF» SHEMBEENTWR127, 72, BELPOIR
BB RDOMBIEIC DWW, B2 BBl T3, &
512, Zhou 5129%, Nd—Fe—B R KIG&Mt % HE
LTwads, ZTNbHDEMTEET S,

6.4.2 HETE (REFEITE, co-reduction %*12)
R-D k& i3iTRE LW, Th. Goldschmidt # (FEHk)
& DB R Nz Ca BB TTIC L 2 A& RoBEERO
1BBO~189 73 2 19764E %%, “KOR"ELBD Q13 nsz =

ELH DD, Flld, RBERHEIELRELL TH S,
ZOFEOEHL, AT NEEEE—TIIBLY

DITMZ, ZHETE Sme03 DEIC & —FEIIT-> T

WHREILHD, ZoZHE, BTNz bl s BEA

SmzCou7
LA

I3, ZOBTICEDRIE2REBICITI Lo LT,
FKHEETH - 72 kED RE BBILH Ca EIC(WERIE)

PATZ % JI ICHBT 272080 3N Twd,
nzu - , :@E(‘f@ﬁ%%% i t &)7:20)35)132)133)0 JE:
M%ki&ééﬂ,TVZLT&VvPK§ﬂTﬁm$
IANLENS, Ca lZRIGEHEATE T, CaO » Al &I
ZEoTo s, Ca BEAN LORIGSHRAEINS,
fif’“ I3, BEZET, 1,000~1,400°C T#$130,
RAWBEBITORIGERLZZLDOTH Y,
BEL, 1,000~1,100°C b T 3189,
Sm203 + nCo304 + (10—3n)Co + (4n+3)Ca—
2SmCos + (4n + 3)CaO (9)
ZZT, n=0- 10/3
R-D #ER#IC, Ca BT TH2RdIOHETLE
i 0.X% BED Ca, OB AT 3,
HEITIE Sm LA RE OBALSCLHEETH Y, Sm
D NAFETOBREDR, FlOFIA %20 2 72 &5 SmeCorr

EEDRE

ROEEPICLBAINTN D, 2, LT, Nd-
10 XCHLL0) T, FIRISIB~ B H I R-D b &0 Tkl

it {Co-reduction) & IFEA T 5

«12 Goldschmidt # Ti%, “Co-reduction #7290 # f\v» T\ 3
A5, Aot (Co) ERRMP TETEELHLLWHT,
Z Z T3 co-reduction & FRL 72,
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Co Co304 Sm203 Ca
i et

1 Na(H20)

AKCa(OH)z

~Ca(OH)2

]
]

# 5 ]

20 4&%&%&@%\%20)35)132)133)

Fe—B FRIC L BAA A ST 530,

Poirier!1®(, Z (£ 7213 R-D#:) #° LaNis 2
LEMHTEREE LT 5,

6.5 EtHOETEE

AESILRBIC L - THRE N 7 v ILWEREREIC
Bl 2 8L BERERR, EROEI CLELYHAS
DI PoL T =y 2 B e (CRE ALCOA #) &
HFFEZEIC LD 20,000A oo MM EFFH»HBEI N
I EBE LN TS, L L, £COREDNDH
572197, Beaudry 533, ZoOHETIIRY(6 »
BULE) ichr s BEICHR L 2@IE v sk~ 2
YAB L, FER, Herget?i3d, 7 XY 2ICBITHR
B o) = D FF o PO RS, FE L D O
DERDOREIH B LIERHL T3,

MM (CBIL TiE, 37, LEREKRC L, BEAN 1L
DHEDH L2 EE b T\ BB Z et
MM B4k RHE 2 R BOBDRL 72, NA LAY
A b RS RO BEER & L, ERRE (27 v
) b Ao ELRRE L L7 MM @ Sm o E I
DR, 72, ZORIGEEHOE LB O EHE
OFEFESHE»HHE L T 5, ML E T
e WHYEMIEIE 20,000 A RT, EIRENEE 80~85%, W
PINER (JFRFIEER) 93%, R EA 11.0 kWh/kgd
EABMEZ N TV, Z U kg, EwER LY
PV ERETH L,

i, RETLRE CNA R 24 PR ST
LEMEL IR X, BEHRMESLY, BB (FR
FIEER) 92% DEAIHR L LT 289, Zofl, HE
5139) 3, REFs—LiF—BaF;—CaF: 4 TRETH, O,
F 244 L7 RE L&MOERIC L5 MM OREKICD

»13 Herget39{3, Nd o#FEICHL, B, BAD2ZHTION

BOBRIPFTLNTHEEL TS,

42

AV R

7 s
BRI SR

¥
[ MM S —
1
B &
gL i

it % # o BEm L |
I FOTH SR H i3 |Lg,%f§ ;‘%‘%fg ﬁ?;%g
S #iEEuOs a3 Frevn 203

£ESm

®21 MM & EMERbEEn 7 o — — } 130137
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An Automated Data Processing System on Eddy
Current Testing for Small Bore Heat Exchanger Tubes

Teruo Kanamori, Michio Washida, Kiyoji Sagisaka,
Hiroshi Suzuki and Toshiyuki Nakamura

Eddy current testing (ECT) is one of the fastest and most effective nondestructive test methods
for the inspection of small bore tubes installed in large scale heat exchangers. However, the
operations of reading out the deflections from the strip charts and calculating the depth of defects
by human, require much time and may cause miss-evaluation.

Then, authors developed an automated data processing system of ECT. This system consists
of several data analizing subsystems and a data processing subsystem. The major tasks of the
data subsystems are A/D convertion of signals, real time evaluation of the depth of defects, and
data acquisition of test results. The major tasks of the data processing subsystem are collection
of the test data from data analizing subsystem and outputting the usefull statistical results accord-
ing to user’s request, for example, lists of damaged tubes, comparison data with the previous in-

spection data, tube maps classified by color circles and so on.

This system has been applied to many actual inspection jobs and its effectiveness and reliability

have been realized.
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Al/PVC Composite EMI Shielding Materials

Part 3. Measurement and Evaluation

Norifumi Hayashi and Kenji Tanaka

Measurement of electromagnetic shielding effectiveness(SE) is carried out in far field and/or
near field. This report describes the methods of measurement for each field and their results on
measuring SE of Al/PVC laminated shielding materials. Consequently, high SE of an aluminium
box was recognized by open-field-site method in far field. In ADVANTEST method and KEC
method in nearfield, measurement of the absolute value of SE is difficult because of aluminium
plate’s high SE in high impedance electric field. However measurement of the relative value of
low SE in such tested materials as aluminium plates with holes is possible, and these materials
are able to be compared. In low impedance magnetic field, measurement of SE in plates without
holes is possible too.

In metallic materials, gaps between metals after assembling have a problem because of electro-
magnetic wave leaks. This problem should be examined to according the application. Further,
it is necessary to consider other factors such as heat radiation, dielectric strength and appearance.
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