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Low Cycle Fatigue Cracking in “Prisol Tube”
Hot Water Supply Lines
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Low Cycle Fatigue Cracking in “Prisol Tube”
Hot Water Supply Lines

by Tadashi Nosetani, Kozo Kawano,
Hideo Miyaki, Teruo Kanamori,
and Hiroshi Tanno

Prisol Tubes, copper tubes insulated by polyethlene, have rapidly become the favorite choice for
hot water supply line and heating installation in residences and buildings. Long-life, saving in
installation time, thermal insulation, less installation space and flexibility are deciding factors for
the present popularity of Prisol Tube. Particularly, Prisol Tube which lends itself to easy manipu-
lation by hands and feet is standarized to be installed after plumbing other steel pipes for gas
and/or water in many cases, thus crossing over these steel pipes. We have experienced leakage at
the crossover point accompanied with small dent on the copper tube in Prisol hot water supply
line with both bent-ends buried in concrete, whose span was about 6,000 mm tightly and straight
restrained by clamps every 500 mm. The leakage is rare but tends to increase gradually. To cope
with the situation, an experiment was conducted to reveal the cause and its countermeasures using
model plumbing lines which simulated a typical example.

(1) At the crossover point with dent whose depth was 1 to 2 mm on the copper tube, low cycle
fatigue cracks due to the thermal expansion when passing hot water occurred under some tightly
restrained conditions.

(2) Number of heat cycles to leakage depended upon mainly the dent depth formed by the ex-
ternal force such as at steping on Prisol Tube, in the second place did upon the span length be-
tween the clamps and standards of burying both ends in concrete.

{3) It is fairly useful to cover the bent-ends with thick formed polyethylene sheet. Furthermore,
a proper built-in method that Prisol Tube could slip at the interface between its outer-surface and
concrete would make the line trouble-free. It was also verified that provisions, bending the span
sinuously with a deflection of about 30 mm or the application of the anti-elevation jig at the cross-
over point, take up the concentration of expansion to the dent.
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Al 3 8 ~10 949
A2 . 4 9 ~10 549
A3 5 9 ~11 288
B1 3 8 ~10

3 ~4m 3336
B2 4 4 ~5

2 ~3Wm > 18950
B3 5 4 ~5 > 18950

2 ~3(1)
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C2 5 0.4~0.5

>10351

C3 5 1.5~1.8
C4 5 0

M After about 180 cycles
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Fig. 18 SEM image of the fracture surface.

&wﬂmﬁfoé%ﬁMA@uEW%tbw(%m:—
FhHFEEL, SN L TEMICERL Twi,
ORI ERELZHRT2INTH S, ngw@Az
DO OSEMIG 2 R FMW & L TRT, B4 70
B CGEITL R Z 8 2RI AL 74— 3 »» HIEIZ
e stz ko k 9, AARBIC B WTL,0009 4 7
WLLT TERHEDHEL 20, UTA@%% A A 7
MEIUC X B3 0TH Y, LEEERICERSILLMA
IO T EERLCHERTH S,

5. % & o)

(1) HaWEBLL 722 250 LEEEHIC BT, 7
U =L Wﬁ%%miafu,md 9 #uR L
{2 LA Lf A 7 LA a8 EREL T,

(2) m&tééifm#47wﬁu,:%ﬁti¥M
B R AFIC L > TR N A MARSIIRE K
FTBA5, A il i TG0 B F VRS
WL EENLZ o bro 7‘:0

(3) 2> 7)) — RO Y BUb7 v ar
ool Tl 5 25885 1k TWT%éﬁ B WM
27—} EORFTHD LT T IUS Bk
MThsd, 72, ihdllm30mn1$52)§£0>ﬂ1'{5?‘j BT
EO B AR R AT M A T B il o
%ﬁ%?étm,imm&ﬂﬁf%éo




Reprinted from SUMITOMO LIGHT METAL TECHNICAL REPORTS  (Title No. P=391 )

W B ISR DI T 5345 12 i#%ﬂ%m 2
T =T ARG ERE RO @#
MBERAR DS (% 145)

toE OB OB BT

Effect of Frame Size on Stress Distributions
of Frame Structures
Effect of Frame Size on Strength of Aluminium
Welded Frame Structures (Rep. 1)

by Keizo Nanba, Hiromichi Sano
and Yoshio Takeshima

ERESRE T EEA S BRI



Wi fisig %@mﬁ%%ﬁc:&oi“ﬂﬁ%%[ﬁ 27 o
TV D=7 LG s
BB TR (51 4H)

%

HRGERD I KT

# R £ = &£ B OBE BT
"B B OB

Effect of Frame Size on Stress Distributions

of Frame Structures

Effect of Frame Size on Strength of Aluminium
Welded Frame Structures (Rep. 1)

by Keizo Nanba, Hiromichi Sano
and Yoshio Takeshima

Overall section modulus of an aluminium welded frame structure composed of plural frames or

frame units, where these are stiffeners with outside plating, has been considered to be decided by

total of section modulus of each frame unit designed from the space and loads. Therefore, it is

assumed that the overall section modulus dose not depend on the size of each frame unit. The ob-

jective of the present study is to investigate the effect of the frame unit size on the strength of

frame structures under the condition that the overall section modulus is held constant.

The specimens were designed and fabricated by modeling bottom platings for a fishing boat using

5083-H32 6mm thick plates.

In this study, stress distributions of frame structures were examined by applying static loads to

the stiffeners. Similar distributions were obtained at both outside platings and stiffeners in all

specimens in spite of the different frame unit sizes. Therefore, it was concluded that the frame

unit size had little effect on stress distributions of frame structures.
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Table 1 Dimensions of specimen.

Outside-plating (m) 1.3X1.4
St(m) 0.3 0.4 0.6
Frame
Numbers 4 3 2
Sp(m) 0.310.41] 0.6
Floor-plate
Numbers 4 3 2

Table 2 Dimensions of designed frame structures.

Frame Floor-plate
(i:) Zas S Zai h Number of Zaot Zap H Number of Zdop
(mm3) (m) (mm?) (mm) stiffeners (mm?3) (mm?) (mm) stiffeners (mm?)
0.3 1400 22.0 4
0.3 46505 0.4 1860 26.7 3 £600 11200 74 .4 4
0.6 2790 34.2 2
0.3 2480 31.9 4
0.4 8270S¢ 0.4 3310 37.8 3 9900 14900 86.7 3 44800
0.6 4960 47.5 2
0.3 5580 50.8 4
0.6 186005¢ 0.4 7440 59.5 3 22400 22300 108 2
0.6 11200 74.4 2




186 T A 8 £ B B & October 1986

Table 3 Tensile properties of base metal. ﬂ(“ ﬂ 8 % @
{ {
Yield strength, Tensile strength, Elongation,
or (kgf/mm?) op (kgf/mm?) & (%)
26.5 37 20

Table 4 Welding conditions.

Electrode wire|Welding current| Arc voltage | Welding speed (a)  Welding of frame and floor-plate. (b) Welding of outside-plating.
(mm) (A) V) {cpm) 1400
. —{100 600 - 600 100
Abfszw 230~240 25 70~80 0 o al
OB L2, 0, 'H'%l&i‘f—"jiibfﬂkwt&), 2 333, iz‘—/\”’ e e u 21319
BT 7R ) BV & RS 13 ST T A, 72 L B G EE: T N A
I E il ST b, | %{ & iTable ANt
DT, MAOMEYB L Z6mme LB LTI 2 : Ll
AR & PR X OB R T A ), FOEBER L B0
B F 13, #4UF A 75mm AL U200mmALEE % i - L . ? 10
7o saiffie o8 T 18Jh24
RN T TS % Fig. 117, Bt 18 2% T0e T e |
B L 7z ki (i3 Table 2 P, H3, H4s L H6D 3
3 4'; T, 7O % Table 5 12 L 72, 72721, WK 44 40 2| 7
W RS, Bk o T RIS 31T B AT E BT
'C!\‘ﬁ‘ 5, Wity 248 L7z, Table 5i2{3h/t, 45k (c) Welding sequence of frame, floor-plate and outside-plating.

DM RkE— 2 > P RO(H/T)/(h/D)%F L B8 % TS

fFRC L 7z BEEUIR O B2 ML K U‘&V{e,%m—awl] L

Fig. 2 % UF Fig. 31o7%¢, AERMAIE, B, BOZIk H, FOMBH AU LI AL DL H B2, HED

B LoD, EROWIHRE] i*ﬂi“(‘ﬁ‘) Z,a o MAENFIUCHEEWEEAWL T, ke LTo
70 DL, KELID O LwEEZLN,, £ 2
<, Fig. 2130 L 72 & J ISP ROBEHMOAIZHE Wi

Fig. 1 Example of welding sequence (Specimen : H6).

3. WEEARTE ¥R TR B = k& L, W Wild & URakiC 7

AR il 5is, Fig. 2lomL 72 L9 1ieBy/21C WLFIL O A 5 50kgffiElc AL, demififE {3 Table 5127
FH24 9 B IS, 200mm T, W AT % Oz 35 v C HAL U 72 Wi R g Zan 12 & - THEE 2 0 A ol oo B e
TR W B B O LRSS B g R ST S A M DI F o 1T AR F T LTz,
MEWH 5V IEW, 2 2L FNANTT S Z 212 L » THT KIZHHUZ BV TE, Fige 212030 72 2 RO O
272, TORUL2.VIHTHE L2 & 0 ARE R B A FNFNMEW, 2R AR LA, MIEWIE 025
RO AT EIZ 8L B4, WEGEE L <ok 50kgffijlz AL, mmu;:ﬂa Iffik o LB E L,
A TE R LB 2D, B 30T 2GR A BT 251, U T AD

WBICB T, ZOEHMPMTHRSNTEY, HIEF R 5B EFHWTH Hi; L7z,

Table 5 Dimensions of specimens.

Frame Floor-plate
Speci - Hyt
pecimen g, h it th®/12 | Zar | Number of| Zaos Se | H H/T TH¥12| Zep | Numberof | Zaop | h/t
(m) | (mm) (mm?) | (mm?3) | stiffeners | (mm3) | (m) | (mm) (mm?) | (mm3) | stiffeners | (mm?)
H3 | 0.3 |22.0} 3.67 5320 1 1400 4 5600 | 0.3 | 74.4 12.4 | 206000 | 11200 | (4) 3.38
H4 | 0.4 |37.8] 6.3 | 27000 | 3310 3 9900 | 0.4 | 86.7| 14.5 | 326000 | 14900.] (3¥V | 44800 | 2.29
H6 0.6 | 74.4 112.4 | 206000 { 11200 2 22400 | 0.6 [108 18.0 | 630000 | 22300 2 1.45

M Number of stiffeners in these specimens is 2.

10
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Fig. 2 Schematic representation of specimen and
applied load positions.

Fig. 3 Appearance of specimen (H4).
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Fig. 4 Schematic representation of locations of applied
static-loads and measuring stress (strain).

(@) On frame

(b)  On floor-plate

Fig. 5 General view of static-load test.
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Fig. 6 Stress distribution on outside-plating, where o
static load is applied to frame.
- 10
20
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/44 Fig. 8 Stress distribution on floor-plate, where static
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Fig. 7 Stress distribution on frame, where static
load is applied to frame.
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60 Bl S L AR BLEE (1979),
7Y MK D P D LSS RN O EREY
PifEg. KEPIRUMBENUE S DEE Table B Water pressure of slamming, Py,
A 2 B T B 12 ) 402 L 2ol ik 4 Maximum water pressure of slamming, Py (kef/cm?)
Table A (2754, ATEEHE MAEDIT > K70 7212 =V G W 1.03
A . 1 “ H i b Po= i+ 0L VXA ropem
TS LT BYSHBNIZ ML 2 L TH B,
B M T 2 R TGRS I I FE ¥ B R & Water pressure of slamming, Py (kgf/cm?)
. > ol 2 — 3" -
LT 5 X Table Boy £ 5127 5, 1% %, Pr=0.65kef /om?. Pr=KE=0.631.03
. ) ) . K : Coefficient by rise of floor 0 65
HIZHTECIHHOIL S to & Y113 5 & Table C o0 Jo9 12 VW=7 14< 10 e
A, ME, to=9.95(mm),
L (iR A B E 5083 — H32 » LT, #itMifi E & &
i J) o & Table Clzut L 72 % H 72,
Table C Thickness of bottom-plating, to.
Table A Specification of referred fishing boat. s
to=Sr/F + (169+31.6 /227 — 7117, (mm) 9.9% S
Designed| Full load | Masimum breadth Acceleration| Average rise E . )
. between hoth | Length, L } e=0.012P) - =5 Si=0.3~0.6
speed, V \displacement, Hines. B of slamming,| of floor, 2 . T T , R
(knot) W ton) @ nzes.)cm (m) A ) (deg) E : Modulus of elasticity, 7200kgf/mm? to=5.9mm
m g, . Yield strength, 13kgf/mm?
10 7.7 2.4 13.8 3 15 S¢ 1 Frame space (m)

14
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Development of Aluminium Engine-Hood for
New RX—7 Sport Car

by Nobuyoshi Munetoh and Yoshihiko Nishimura

Weight reduction has always been one of the most important concerns of automobile designers. An
especially attractive way to save meight without reducing vehicle size lies in direct substitution

of a lighter for a heavier materials.

Recently MAZDA introduced “30—30" aluminium alloy which is SLM original alloy GZ45— T4
to the front hood of New RX~7, first in Japan as a mass production model. This successful ap-
plication is mainly based on the development of an optimum alloy for the front hood and the ap-
propriation in the current manufacturing line for mass production.

A weight reduction of about 9 kg has been achieved by means of the aluminium alloy used in

the front hood.
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Recent Development in Auto Body Sheet

Aluminium Alloys

by Teruo Uno and Hideo Yoshida

Recently, many aluminium alloys for auto body sheet were developed and applied to plactical use.
Although these alloys exhibits comparable strength to low carbon steel, the formability of these

alloys is not always adequate.

Sumitomo Light Metals developed new alloy GZ45 for auto body sheet which exhibited similar
strength to low carbon steel and excellent formability. New alloy GZ45 was successfully applied to

practical use for the first time in Japan.

This paper describes recent alloy development in auto body sheet and properties of new alloy

GZ45.
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The finite element method applied to magnetic field analysis is useful to find the best codition of power ap-
paratus and design electrical parts. This paper deals with the brief explanation of this analysis and application
of some apparatus, such as the electromagnetic stirrer, the induction heater, the electromagnetic cooker, the
eddy current probe coil, and the magnetic wave shield materials.
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Present and Future Market of Lithium Metal in Japan

by Yoshiaki Watanabe, Masayasu Toyoshima
and Katsuhisa Ito

At present, lithium chemicals are widely used in many industries, such as ceramics, glass, air
conditioning and lubricating grease. Lithium metal is used in the synthetic rubber and primary bat-
tery industries. Although the consumption of lithium metal is still relatively small, it is said that
the lithium demand will increase very rapidly once lithium secondary battery and fusion reactor
are realized in future.

On the other hand, lithium metal has played a very important role in the development of alumi-
nium alloys especially after the oil crisis in the late 1973. The addition of 3 wt.% lithium to alumi-
nium can increase the elastic modulus and reduce the density of the aluminium alloy in 10% con-
currently, thus offering fuel savings of the aircraft.

In order to use these alloys for commercial applications, however, more efforts have to be made
for the reduction of manufacturing cost and the achievement of optimum ductility and toughness.

From these points of view, we have developed the new process of producing a high purity alumi-
nium-lithium master alloy by molten salt electrolysis.

This paper reviews the present and future state of lithium metal market in Japan, and also de-
scribes our recent development in the master alloy production.
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(4) T 2) MEWE:6~7V
1) R 3} CHIREIEE T 70~90%
Bifiie 0 0.6~1.4A/cm?, &ML :0.4~2.1A/cm? 4)  WEFHESIEHELY D 30~40 Kwh/kg-Li
;S MG
G SA(E ) Degussa!V( F A7) As REWOKED | Olin Mathieson!(k[#) | Foote Mineral Co. (41
£ 1945 1960 1960 1970
A $ 77 77 B A 7T}
it ¥ LiCl
A e iRz Hfj oM
T e e T
A (mm) 450450 X 485H 24401830 X 1520H #5660 760H T~ #
& ok h kv oL
figp b fise & W oL SUS 316 44 oL
wooW (kg) 100 315
B 1 (H)
wrloFoB ()
Ik (LICH-KCD) 5248 44 ~50—56~50
Wwow () 420 410 450 440
el | % (A) 850 8600 1420 10500
%% | T /—FA/cm) 1.4 0.6
| | AV —F(A/em?) 2.1 0.4 0.4
WEIEEEE  (mm) 38~89
i - o # Graphite
. f il i Side Entering Bottom Entering Top Entering
L o k{mm) $200 1830 $150X 300 $165X 1016
" f; 4=‘4‘ s . Steel .
| i i Bottom Entering Top Entering Bottom Entering
¥ ¥ ik {mm) $100X 125 $270X 300 $229
W (V) 8 ~9 6 ~6.5 6.8 6.1
fRvIE (%) 85~90 77 74 73
| st (kg/day/H) 4~5 41 6.5 54
T/ ¥ ()
| DA (kwh/kg) 40 34 36 32
g j" HINAC. (kwhy/kg) 100 it s+ 42 Fow
Wl ’ B (kwh/kg) 140 78 32
o EHH#LICL (kg/kg-Li) 7.3 6.2 6.2
% ol
1y Moo (%) 97 99.6~99.9
* [ Na=1.4%
N K=1.3%
i
e 2 Clz Cly Clz Cla

41
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5) i) 57 LEHAL D 6 ~ 7 kg/kg-Li

5. BArEOM#BLE

5.1 &

ELEEH T, KRB 5 ) F 7 28R 2 L Tw
Zoolt, #JEoLithium Corp. of America, Foote Mineral
Co.m2tts, BEEFVEIENGREHTH D Soc.
Chileana de Ltda. »# 3 #:Th 3, &kl x
B ) F o 2R TR E T,

AR oY 57 2B aHiRED L2 1t
Liotiz, #EE e Lithium Corp. of Europe ¥ 9§ N 4 v
Metallgesellschaft AG. -4 # Chemetall #2% (5

x£6 ) FTL0EHERNY

. £ fe N
ook & B oA o i s
wodg e # L DH AR ey o)
Lithium Corp. of | Bessemer City, North 16,000
America? Carolina, U.S.A. ’
Kings Mountain, North 8000
Carolina, US.A. ’
Foote Mineral Co.®
Silver Peak, Nevada, 7 000
US.A. ’
. Chil .
Soc. Chileana de Atacama, Chile 6,000
Ltda.
(1) F.M.C. Corp. 144k
(2) Newmont Mining Corp. M- £tk
£1 1) 527 200 S

AHEA T AR | By F 4, Bk F o, kFE) £

Iy, SN T FOLN) F T L
HALHETEW | 2L F7 4, L) F7 4

BT O Bk T A

FLB A, #i#i: Lithium Corp. of America - [-& 1T
Hb, £12, 7T ANDPechiney H T4 21t Metau
Speciaux thA* Al=Li &4z @ dpeh & L vhiL T
W5,

—F, WL L7

kT, g F L ')
F 7 2L D ,‘j‘\'»{-‘r‘i’f“ LB ) F 7 e kL)
LD G R AIZIKEL TE Y, ftfi\%@'fﬁm}y\(}
MJ%WAWUIm&vﬂokwéa%mﬁ%ﬁﬂtﬂ
MEHERT IO,

gg it WERSFEMOTEL ) F 7 L8 i A
PAZEIR &5 5%, 19854RIL I biwE 2 3kl Tvb, 29
™, 1\4&[1[1 | TH BB F7 LAY — 25K a)
12, &Y F 7 LERRIDICRT, VT AL KE
2HOEE NI EIIRSILT B,

72, U F T LB RO ENHTI I E RIS L0
12, HelRigeE L T 7oAy, 19864E 4 F B okl C 1'1’\4
T L7, ZHLUFI98SSER D LMo E Iz KT 5 4
Thb,

x®9 NVFILEEOERBAY A

(a) BEEY F 72 (Hf7 : ton)
iF KB
g 7
1983 1984 1985
* [ EN L] ES [E
1 % % %
3.155 | 87.0 | 3,438 | 91.1 | 3,184 | 71.9
o il th ] + 1
2
266 7.3 306 8.1 921 | 20.8
/¥ F 1) wh ]
3
205 5.7 20 — 273 6.2
e [} wRE Ay [l 4
4
70 — 10 — 52 —
& # | 3,626 100 | 3,773 100 | 4,430 100

AT | S e LT F LY F T L ) &RYF7 L (M4 © ton)
BRSBTS | &8 ) 57 L
RN N ¥ KR
= H4) S F T L Mg A
1983 1984 1985
ES 53] ES [ ES [E]
NN LN 1:15) 1 7 7 7
'8 VT LARAOWMABHEES 0o 24.2 t 79.9 24.5 1 75.6 | 26.8 i 63.8
, H F K ER) W KA i £ Wk Ay
i 2
1981 | 1982 | 1983 | 1984 | 1985 5.8 ‘ 19.1 7.6 ] 23.5 9.9 1 23.8
BEEE ) 7 40 3,229 13,189 13,626 3,773 14,430 o 1 o] ] W £
IREE{LY) 7 L 631 670 766 858 797 3 -
Gby) A | 103 | 116 | 133 | 137 | 159 0.3 ] 0.8 1 03 i 0.9 | 5.3 ‘ 12.6
WAL F 7L 7.8 8.5 5.8/ 10.6] 15.4 % [
K#ELY F7a | — 0.8 0.8 2.6 4.8 4
SR FY L 29.7| 35 30 32 42 0.07] 0.2
A RS b ¢
(1) BLA Y AE &2 LY 57 Ll tonkil  HEE S LB, & il 30.3 100 32.4 100 42.0 100
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EQ AP
Li+n — TH+ae+n —2.47MeV ~ -oens (3)

DI UG % FI A D F 7 s L A CTle
L, fiE- T, 4/|1‘l‘ R S L aisis, 7
Z > b & L T50,000~70,000ton @) 7 2 HNLE
T%ét%Méufwé%L#Laﬁe,mitﬁmﬂ
kB R )F LW EL TR F 7 LR Al-Lig g,
Llnpb{.\ﬁt%ﬁ'ﬁt‘f}i’\}tf%' 3L LAl Y F 7 2
NEDPHENL EERLL VLI TH B,

(2) K%L F o7 L K

AT BE LI, [ T3 A B e B R T i
LT, KRERNY F 0 LT REMDOEED D ST,
ZhERL S iLe A, HERE30,000ton d GlE ) F
LABEAZ T B X A ST B0 A E O E i RS
BT, ANHRERO Y F 7 4 RE O §F 500 5
TH, IR ER{LAIEEE LT B,

(3) Al—Li&4

T =T 23w %D ) F T L2 RKINT 5 &,
FEHRD T IV 32 =7 LA & e THI10% A L AL & il
HARB DM LGRS H LD DT, BRIz L 5 W iR
R AMEBORGE MBS U TR LT 5, Kokl
Bwvix, ALCAN, ALCOAJ 1 Pechiney o % tH4 1
LR ERPL T b

6. HHICHIIIHERRE
Eukoy & 912, 1990 AR oML zE s F A & L CHEMIL

R12 HAD ) F 7 LW REE R
(Hf7 : ton)

AN TWDLAI-Lies L

U 8 5 % < OB~ 5

60

<

WINICETH B &
FH Jq
i -
= LA BN T LEIR A b

o 2o

e A AL B Y,

ISE PN

)\'Il
D s
HTwb, FEhEDy

[ %12

IR0 B 2 L
o % i Lf%ﬁf*,mwmaﬁH%i%%
BT L = L GED 2~ 31

15
! i,

ol AL T b 721z,

L L%ehts, WRLALAE
Fi L CAI-Lis g %

T,

AN Lo
(E X

B F 7 40 E AR
i "‘?“éhf’l\fl}rl 5 % W5

2T

, BT BT, R,
BLUEDTE R LT

i) 7 LA TS B IS ) TR
CDOTHIMB o ZHRkEL, KEE
BsE L Th b, i,
Vel &

FHT
T3

CESRT Y AT, 2D

b, bz enrs, Gafifsiz o b

e, A7 Ty 7OENR

L0z E L

b &AL S
RN L H i &Em Y

) F7 L
59,

L <R S LB AL
ST B BRI RE , 22
LG 350 C LRI B RO IR0 7% <
@%kat1+Mm

Bfge LT, @ICHTH
IR R Y 2 Al - Lt 560

g 12EHT B,

ZHUETFNY T L, AN LAK U AN T LESE
e GCEEE T OV L — ) F 7 LB G TR RS A B
THIRMME, & L ¢, HEE A o BRI YE B S Al
WA Zl, R0 IE LY 2 R T T L2, 2
DEGE S B ML ¥, RREOTHMERE 2 0L TL,
T+ b7 LE BB DR A AR RO A
N f?’h’:bﬂ “)i’l/-l»@I” IR B B A D F
7 200 2 IS THAET 5 Z E TR A B,

K14, D uLL\c@br]deﬂ\I L hmRERL T,

Nl W S W A

Wy & A5 i h s T

ot PR Al

)77 LX) ‘7!»\3]‘3‘@/(\,1:!{1
NJ/\/‘M SILTwd,

ko2 KB
B H s -
1981 | 1982 | 1983 | 1984 | 1985 £14  Al-Li 8440 b0 (wt.%)
MR Y F o4 11,100 1.100{ 1,600/ 1,700 2.350 v % m %
~1.900| ~2,000| ~2,100| ~2,750 & & : " c
SR Y 4 (1,700 1,700| 1,700] 1,800| 2,000 Li Na a
KREEALY F 7 631 670 766 858 797 Al—10%Li 10.1  0.0004  0.0005  0.0001
ALY F 7 4 190 200 200 210 200 :
T a5 30 5 42 Al—20%Li 19.3  0.0001  0.0006  0.0004
o i 19.3  0.0001  ©0.0005  0.0001
(1) i A BB RT 19.5  0.0002  0.0006  0.0001
213 BRI BT B U T LGN 5B HEsE (198048)7 (B4 ton)
@ B 9 ¥ p5 2 | LB | LICIH | Hulide | WiGs | 2= % | 70—z B b | o B
Bidg Y 7 2 LixCOs 500 900 200 200
sLfby #7724 LiBr — 1,800
KEgfk) #r72 LiOH 600 10
Ak ) F 7 2 LiCl — 200
EEYFT L Li 2.5 17.5

44
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F10 [E T B i k) SAL Y 7 20, SR AR D KA AU T SRR
M7 WAL X U CHER 3 & 729, At Wbl i o
B it) .
s ! ! B b ALTv By KBEL Y F 77 Als, —HATT L )
1984.4/1 | 1985.4)1 | 1986.4/] Wiz I S4B 3D BRI maw MAZHRINE 11,
By 7 20 99% 1,050~1,10011,100~1,150] 880~930 T = AR T B, WAL F7 408, B
KLY F 7 20 55% | 1,430~1,530 | 1.480~1,580|1,200~1,300 3T w~:ﬁAm&d77v7z U T o0 i |4 i
sk U 7 2 55% 710~ 760 710~ 760 655~705 o s
~ ‘1[,\11 MR I i L,\ b Y
Hifl ) 57 20 1,670~1,720 | 1,670~1,720 | 1.480~1,530 Ls - Mt & U L CHGc e b 1T 2,
{r;][,]fj ) q—ﬁl\@)gg_g% 32,000 32,000 26,000 ﬁ:}fﬁ ) '7—‘)71,\7))”) C‘: L T iq J‘}I[/{i ° , I“! }Jk:] A
(SBR) i cH s / nen7F0Y 7’“‘/,& LY F L
(1) ton = b (2) 100kg = - b ol . . e
HAMHEMIIZIZ 242 0, s L LIS Bl EEn
5.2 & e HHAF LT B,
5.2.1 ® ® 5.2.2 £BVFI7LEEDISK
VoA LB, RINIT LI T EMIZ A G F 7 LN EE L T T Ma by s
S THES TS, BIZOFEEHMIZA S5 L9 HTBEY, WL ZO%HE» Mo TAEIZLZ 2 LD
12, EEEBSIREEY F L) FTLTH Y, K ETFMENTB,
WAy F 7 4, HAL ) F 7 LA IURG T A, Gl (1) FEarA

DF 7 LlE P RTIRH LD, HELMEERL T B ey, Ko 7 ) —r Az Fu ¥ —# e LT,
AL DHGENIR & 19804 % iz & » TRIIINT, ﬁMTW%W%#W%%ﬂ”WéOMDﬂWfMWQW
W) F LG FDE FTEEXH T AL ILBIE ED-TRIGI LB LDTHY), Ya—TFT)oa (IF
he ALY F 7 L) F T LD E T T B, K#E D) » I~ NF 4 (Z8KE:T) ORWEIZ L -
—J7, KBTI, Tov = 2 BB ERETE )], TZANX =55 X85,
S AO I OWE B2 BT, B ) 7 2o .
7 e e D+T — He+n+17.59MeV oo (1)
WIFBICRINZ LT B AD S v, A i3y
filiAYRE A & o~ TE e 7z, HE A & T UL o0 (R ZOW, B F LI RRICIE T,
2%, 0, BRI c E X LT 50 T, )
) SLi+n — TH+og+4.78MeV. e 2
BIRNRASKRE S, —FE R THAZ LTV A0y, “ ()
11 MEBME
fih H it % R ES 7z % H %
~ 75 4 F(H) | Li0-ALO3-8Si0: | RS, AT A, FEES
OBy F T L Li2CO3 (LR sh o 58 EOR
TV = L0, WM, TR, R, BEEM, 75972
KAL) F o oA LiOH-H»0 bR o S B HL
7Y —A, Ty ) EBOEMRR, T
LiOH anhyd. HREE A7 2 WU
Wity F o4 LiCl anhyd. VAT 5 7 A, BB S A0 EE
LiCl soln. (40%) H, H
KM REE Y F 7 A LiOCl #, T—ilER
L (VI S AN LiBr WL 2 B DU, ZB3EHT, Jestii)
AR | ARV SRV AUN LiF BWHR7 79 72, w4y P, o
I nTF N F 74 CHsCHCHRCHoLG | 45 = 20 F il i
KELYFILTR =4 LiAlH, BICH], Ak
KFL) F7Lm7 % LiBH, HITHY, AR
NF2 LTI A b LiAlO, e A AN/
oAy F oL Li2SiOg [Gepxs
g 71 ) F 7 4 Lil [ AT AR
= 7Y ;7L LiNbO; Sa—t T Iy 7 ACRBEENETH, BHik7 L)
Y ZIEE) F A Li;TaO; :—1“'{:’7 5 v 7 A(TCEEETIHT- W, W7 4 L 7, B OWE)
K #Fz ALY F 7 L LiH #ICA, ML, KREBEERIE /2T B
1) L T(UFT) Li:O BRI A, 7‘/‘ T A, B 2RI
- L AN Li SN T F Y RN AR T A B
) Fr7 LR
SOBEEE, A&FINITH, KFEL) F LR
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ilt, AL HE R ELTH 2T b Al-Lik
SOERBISNT 5B L BT,

e 'H‘ 2B T, Al=Lig & R o BHE B oo b 58

W T D T BDY, ZOWRMICETH D) F7 LD

JEIEMEREIC BB B2 T, 220, F MY e
711 77 LD 7 Al LiBkA- 4 o) il "‘&'ﬂ x B FE L

tmf,rm-%%nrttoéum BB FULE
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