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Study on the Modification of Al-5%Si Alloys

for Architectural Use

by Shiro Terai and Akira Takashima

It was well known that the gray colour oxide coating was obtained by anodic oxidation

of the aluminium-silicon alloys but the strength of those alloys was poor as

condition.

We studied on the alloys with grey colour oxide coating after anodic

extruded

oxidation

and the strength was stronger than that of ordinary Al-Si alloys by addition of small

amount of magnesium
The results obtained were as follows.

1. The grey colour obtained by anodic oxidation of Al-Si alloys was not affected by
silicon contents from 29 to 8% but by heating temperature after extrusion.

2. The effect of magnesium addition on the strength of Al-Si alloys was remarkable
up to 0.5% addition and we obtained tensile strength about 18 kg/mm2 by the precipitation
heat treatment of extruded Al-295Si-0.5%;Mg alloys.

3. Increasing of magnesium contents of Al-Si alloy, the grey colour obtained by oxide
coating did not change up to 0.5 addition and we obtained new alloys having higher
strength than ordinary Al-Si alloys and grey colour oxide coating after anodic oxidation.
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Table 1 Chemical composition of test specimens.

Chemical composition, %
System Mark
si | Mg Fe
1 1.98 Tr 0.29
si 2 1.97 0.26 0.29
i
29 3 1.94 0.44 0.27
4 1.90 0.85 0.28
5 2.08 1.29 0.28
6 3.10 Tr 0.28
si 7 3.09 0.32 0.29
i
39 8 3.12 0.53 0.28
9 3.09 0.84 0.30
10 3.05 1.24 0.29
1 4.02 Tr 0.29
si 12 4.02 0.33 0.30
i
49 13 4.09 0.56 0.28
14 3.96 0.84 0.30
15 4.14 1.25 0.28
16 5.10 Tr 0.26
17 5.17 0.33 0.27
Si
5% 18 4.81 0.43 0.28
19 4.88 0.77 0.28
20 4.72 1.11 0.26
21 5.96 Tr 0.26
si 22 6.05 0.34 0.26
i
6% 23 6.03 0.43 0,28
24 5.79 0.71 0.26
25 6.03 1.23 0.28
26 6.86 Tr 0.26
si 27 6.77 0.34 0.26
i
70 28 7.10 0.43 0.24
29 6.90 0.65 0.27
30 6.92 1.12 0.25
31 7.94 Tr 0.25
si 32 7.74 0.33 0.24
i
8% 33 7.80 0.36 0.26
34 7.92 0.73 0.26
35 7.74 1.02 0.26
Table 2 Anodizing condition of test specimens.
Electrolyte Sulphuric Acid 15% aq. solu.
Current Density, A/dm? 2.5
Voltage, V 27~29
Time, min 45
Temperature, °C 24
Average Film Thickness, 25
4 £ B # R
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Fig. 1 Effect of heating temperature and magnesium
contents on the mechanical properties of Al-29Si
alloy extruded specimens. Each specimen were
heated for 1hr and quenched in water.
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Fig. 2 Same as Fig. 1 but studied on Al-3%Si
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surface colour of as-extruded and heat treated
Al-29,Si alloy specimens with and without
magnesium addition. Heating were done before
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Fig. 3 Same as Fig. 1 but studied on Al-49; Si

alloy series.
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Fig. 7 Same as Fig. 1 but studied on Al-89 Si alloy
series.
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T5 : Precipitation-heat-treated at 170°
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T4 :aged at room temperature for 2

weeks after solution-heat-treat
ment at 520°Cx1hr, W.Q.

T6 . Precipitation-heat-treated at
170°Cx 20hr after solution-heat-
treatment at 520°Cx1 hr, W.Q.
(Precipitation-heat-treatment was
done as soon as solution-heat-
treatment was done.)
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¥ Siag). Mgy SHEH L D 7 A EAB\EE, B HIEw
f‘g; 20 T XYY KRBNEE, B A EA4 (Excess silicon
5 SN alloy & —{ICRHEND) B5\E, B~/ 3y v L8
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o f . DA BB FHBRC o & STCRIRMOTEE,
g4 P T by ARRL~8%, 7 kY 25 0~1296 Ol
‘o o o 15 B ThE TNTER 7 A BERT, BNz~ 72y Y 50
aTé EENRME SIT i ofc b D LT DABIE, </ 4y
« X |Té v 1 0.3% D54 MgpSi0. 0.489, 0.5 %0184 : Mg, Si
s 0.80%, 0.8% Di54 : Mg, Si 1.289, 1.2040854 : Mgs Si
%20 -‘h£_m_::&kﬁ_ 19205 2550 35 Mia SLay7 1 2 =9 M54 e
* - — F i Keller % ) ¢ Craighead 1z Ui, 530°C ¢ 1.5%
. 500°C © 1.059, 470°C G 0.85% T %o L7zAi>T.
N o = 470°C CHf U A AT HUALER A 7T 75 - 7o SEBR D AE R C

Magnesitm, %

Fig. 14 Same as Fig. 8 but studied on Al-89% Si alloy
series.

Magnesium Addition, %

Al-2%si alloy
series

Al-5%5i alloy
series

-

Photo. 3 Effect of sulphuric acid anodizing on the
surface colour of the Al1-29;Si, and Al-5%8Si
alloy specimens with and without magnesium
addition. Each specimens were solution-heat-
treated at 520°C for 1 hr and then precipit-
ation-heat-treated at 170°C for 20 hr.
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o / O
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< / 50
& ! E
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200 | 1 - é
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= - - N 8
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100 E 10r T~ 4 4C |
!
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Al %s; Fig. 16 Effect of the heating temperature on the
e electrical conductivity and lightness of Al-49;
Fig. 15 Equilibrium diagram of AIl-Si binary alloy at si alloy. Heated for lhr and then quenched in

aluminium corner.

a

Photo. 4 Electron micro photograph of the Al-49;Si
alloy oxide film. x7500x%
a: Solution-heat-treated at 540°C for 5hr and
water quenched.
b: Precipitation-heat-treated at 300°C for 48hr
after solution-heat-treatment.
Both photograph were taken C~Cr 2 stage
replica method 50kv.

water. (Schematic)
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Photo. 5 The micro structure of the Al-49% Si alloy
with or without magnesium addition, %x400.x3
a: without magnesium.
b: with 1.1% magnesium.
These specimens were heated at 200°C for 1hr
after extrusion.
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On the Stretcher-Strain Markings and Yield
Phenomena in Al-Li Alloy.

by Shiro Terai and Yoshio Baba

Experiments were carried out to study the stretcher-strain markings and yield pheno-
mena in aluminium-lithium (1.0-3.09%) binary alloy.

Two different types of yield phenomena in Al-3%Li alloy were observed in the
precipitated state of second phase and in the aged state after solution heat-treatment.

The former was observed in the non-recrystallized sheet with stretcher-strain
markings when it was annealed at 300-375°C after intermediate heat-treatment at 340°C.
Then, the yield phenomenon became more pronounced by the reduction of cold working
but it had no connection with anisotropy in the annealed sheet.

The yield phenomenon which was observed in the latter in the state of being aged at
110-190°C after solution heat-treatment at 520°C was small and free from stretcher-strain
markings, and it was more similar to that of Al-Mg alloy than that of the former because
it could be eliminated by the 39 skin pass or by the control of grain size above 0.055 mm.

Regarding to the mechanism of the yield phenomenon in the former, it might be due
to the resistance of the movement of dislocations by small and stable precipitates, while
in the latter, this phenomenon might be due to the dislocation pinning caused by the

segregation of lithium atoms in aluminium matrix or the atmosphere locking.

il

1. #&
SBOBR SR GBI 5T RSk b b % < fifkb
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Table 1

Chemical compositions of test specimens.

Chemical compositions, %

Alloys

Cque)Si 1Mg Mn‘Zn Ti | Li

Al-1.0%Li l 0.012{ 0.13} 0.10 1 0,002 | 0.002 l 0.007 | 0.005 | 1.05

Al-2.0%Li 0.013 | 0.18

0.09 l 0.002 | 0.002 ’ 0.005 ] 0.005 | 2.20

Al-3.0%Li  |0.012| 0.13 0.09[0.002 0.002 0.007}0.005 3.00
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Table 2 Preparation of test specimens.

Hot Intermediate Cold .
rolling heat-treatment rolling Final heat-treatment
420°C Annealing at Soimm
. N 3>1mm Annealing at 200~500°C for 30 min
25-5 mm 340°C for 30 min 9-1mm
(i) Annealing at 200~500°C for 30 min
420°C Solution-heat-treatment (ii) Aging at 20~300°C for 30 min after solution-heat-treatment at
B 5-1mm 520°C for 10 sec.
25-5mm at 520°C for 3 hr (iii) Aging at 130°C for 1~3000 min after solution-heat-treatment at
520°C for 10 sec.

H3520°C T 8 BRI MEAMA K D & O TiE, 8% 350°C 5
72y, Fd R L OUKEH & S SR SRR e
D fCo

BlaE 1 3R JEST- b X I TR AR T H L X
VBB Rt e X ISR GBI NS I D e X3
R4 Photo. 1 iz, ATARZEFEMSE CHdY U7 & © % Photo.
2 R Lo SAUT LB ENIR D OMMAED BN %o

3. ® R OB R

Al-3 9% Li &£&kDOWT, Ev 5mm T i ZLIE
1mm ¥ C BEFEE LS D% 350°C T BigigsER Y &
B U7ofEisy Fig LIGR Uz ZNIC L D & rpfflZh il
73 340°C T 3043 BB LE i o> T HAER A M L 7o & DS

J7-e X IET RSB RARRD DAV, I

of stretcher-strain

Photo. 2 Microstructure
marking observed in Al-3%Li alloy.
(Positive low contrast. x100)

Photo. 1 Stretcher-strain marking observed in
Al-3%Li Alloy.

Intermedicte heat-treating

at 520°CX3hr (W.Q2.)

/

intermediate heat-treating
ot 340°CX 30min (A.C.)

20 . e e e

y T
e

=

Strain 4%

AC. F.C. w.Q AC. F.C w.Q.

Fig. 1 Stress-strain curves of Al-3%Li alloy air cooled (A.C.), furnace cooled (F.C.) and water
quenched (W.Q.) from 350°C.
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=
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Fig. 2 Effect of lithium content and heat-treatment

on the yield phenomena in Al-Li alloys.
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Fig. 3 Annealing curves of Al-3%Li alloy.
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Final annealing:
O——0-at 300°C
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Reduction by Cold Rolling, %

Fig. 4 Effect of the reduction by cold rolling on the
yield phenomena in Al-3%Li alloy, which was
suffered to intermediate heat-treating at 340°C
%30 min (A.C.).
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Fig. 5 Effect of the tensile direction on the yield
phenomena in Al-3%Li alloy, which was suffered
to intermediate heat-treating at 340°Cx 30 min
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Fig. 6 Effect of aging temperature on the yield
phenomena and mechanical properties of Al-Li
alloys, which was solution-heat-treated at 520°C

x 10sec.
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Photo. 3 Microstructure of Al-3%Li alloy sheet
annealed at 350°C, heat-treated intermediately
at 340°Cx30 min (A.C.).
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Fig. 7 Effect of the aging time at 130°C on the yield phencmena and mechanical properties of Al-23%Li
alloy, which was solution-heat-treated at 520°Cx10 sec.
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Photo. 6 Microstructure of Al-3%Li alloy sheet
solution-heat-treated at 520°Cx10 sec.
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Fig. 9 Effect of aging temperature on the lattice
constant of Al-3%Li alloy which was solution-
heat-treated at 520°Cx10 sec.
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Fig. 8 Effect of grain size (G.S.) and skin pass on the stress-strain curve of Al-3% Li alloy aged at
130°Cx1 hr after solution-heat-treatment at 520°C.
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Table 3 VYield phenomena in Al-Li and Al-Mg alloy.

General view

Yield phenomena in Al-Li alloy

Yield phenomena in Al-Mg alloy

Type A Type B
Content of element Li=3% Li=3% Mg = 1.3%
~ Precipitated annealed at Solution treated and aged Annealed at the temperature higher
Heat-treatment 300-375°C at 110-190°C than 260°C
Recrystallization Not recrystallized Recrystallized Recrystallized
Prevention 304 skin pass 39 skin pass and grain size 3% skin pass and grain size larger

larger than 0.055mm

than 0.055mm

Stretcher-strain marking Observed

Not observed

Observed

Interaction between the
precipitates (AILi) and
dislocations

Mechanism

Interaction between the
segregated lithium atoms
and dislocations

Interaction between the segregated
magnesium atoms and dislocations
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On Lubrication of Aluminum Sheet Deep Drawing

by Koichi Yoshii, Tsuneo Imaoka and Kiyota Yoshida

This paper presents the effects of lubrication on forming limits in deep drawing of
aluminum sheet, when a blank is lubricated on its both punch and die sides as in practical
production. In this case, lubrication effects on deep drawing limits are presented as
combined effects on the both sides lubrication, so the results are rather complex, influenced
by these work material natures, forming conditions, shapes of works or the other factors.
A few information for the use of proper lubricants was researched in simulative experiments.

When lubricating both punch and die sides of blank in deep drawing, the effect of
lubrication on one side is different from another in respect of the improvement of
deep drawability. The lubrication effect on each side varies relatively and absolutely with
the lubricant viscosities, additives, or drawing speeds. There differences between both
the sides determine the lublication effects on deep drawability.

About the lubrication for deep drawing aluminum sheet the author results from
the experiments that the summarized effects of lubrication may appear emphatically on
the main part of deformation which are divided into stretch flanging and shrink flanging

part.
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Table 1 Dimensions of tool used

Tools } Diameter, Profile radius,
mm mm
Punch 33.0 5.0
16.5
Die \ 35.4 3.0

SRR L7 Ve L 3 i KRB N B o kil T
WEARRHI0EE, ENbO—#AHEE LTH VA ¥
BATRMUIzb0 9 e, MUK F 2 2MHARMLzh D

mAHﬁ&m§Mtoi? T 5 RV T
VBT X DR Bl & T A DT, NIRRT R
KBERE D FITRd BT AMVEE e & R D IRAUE AN o
AEM LT\ B, Los Ly BRI b=, ZOKA
BB Y. FASIEH LR Tox kA Clo B—0ORXK
A UTCIBRBREA KD B 7D OMEIMh D L D £ <
BT, FERCEEOREFLOFE TN D T
T E T Do IO XD EENT DWW T ORI

>
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Table 2 Mechanical properties of materials used

Sheet 3 Stress-strain curve,
. i Proof stress: Tensile strength: Elongation: g=Ce?
Materials thickness,
mm Go.2, kg/mm? 0B, kg/mm 5, % C, kg/mm? n
Aluminum-0O 1.0 3.1 9.3 42 16.9 0.27
7 -15H 1.0 12.5 13.0 14 21.8 0.10
Table 3 Properties of lubricants used
Base oil
Reference number x 1 1 2 4 } 5 6 ‘ 7 \ 8 s 9 10
Viscosity, Redwood sec 50°C 48.9 99.4 200 303 400 607 805 1009 1509 1989
Coeff. of friction, Kpen.* 0.3089 0.1763 0.1690 0.1676 0.1582 0.1478 0.1712 0.1569 0.1113 0.1185
Base oil+Oleic acid
Ref. no. 1 11 l 12 1 13 1 51 52 53 101 102 103
|
Viscosity 48.9 48.9 50.3 389 346 280 1800 1351 986
Coeff. of friction, fpen.* 0.1398 0.1266 0.1263 0.1222 0.1197 0.1224 0.1153 0.1186 0.1188
Ref. no. of base oil 1 1 1 5 5 5 10 10 10
Concentration of Oleic acid, % 1 5 10 1 5 10 1 5 10
Base oil+Rape-seed oil
Ref. no. t 14 l 15 t 16 l 54 1 55 1 56 l 104 1 105 ‘ 106
Viscosity 48.6 49.7 51.5 390 354 310 1827 1371 1054
Coeff. of friction, Kpe.n* 0.1945 0.1910 0.1678 0.1388 0.1490 0.1316 0.1176 0.1142 0.1133
Ref. no. of base oil 1 1 1 5 5 5 10 10 10
Concentration of Rape-seed oil, % 1 5 10 1 5 10 l 1 5 10
* Mesured by pendulum friction tester at 30°C
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Table 4 Adhesion of lubricants

Reference no. of base oil 1 2 5 8 10
Adhesion, mg/cm? 2.7 4.8 5.6 7.5 10.5
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Fig. 1 Relation of viscosity of lubricants
to drawing limit. (1)
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Fig. 3 Drawing limits when used oleic acid
added lubricants. (])
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Fig. 4 Drawing limits when used oleic acid
added lubricants. (1)
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Fig. 5 Drawing limits when used rape-seed

oil added lubricants.
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Fig. 6 Drawing limits when used rape-seed

oil added lubricants.
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Fig. 7 Influence of lubricant’s viscosity on forming
speed effect for drawing limit.
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Fig. 8 Relation of lubricant’s viscosity to Fig. 9 Relations of lubricant’ viscosity to
estimated coefficient of friction, frest estimated coefficient of friction, frest
Table 5 Coefficients of friction estimated by eq. (3).
(flat bottomed punch, Al-O used)
Mineral oil group Oleic acid added group Rape-seed oil added group
Reference HFest Reference HFest Referece HFest
- b
number Mean Mean number Mean Mean number Mean Mean
of formigg forming of formi(rilg formiriig of formigg formigg
. spee speed . spee spee : spee spee
lubricants 0.5mm/sec 17.0mm/sec lubricants 0.5mm/sec 17.0mm/sec lubricants 0.5mm/sec | 1.70mm/sec
1 0.213 0.184 1 0.210 0.124 1 0.210 0.124
2 0.244 0.153 11 0.097 0.082 14 0.114 0.101
3 0.202 0.117 12 0.074 0.016 15 0.121 0.090
4 0.202 0.101 13 0.058 0.043 16 0.112 0.094
5 0.177 0.094 5 0.105 0.031 5 0.105 0.031
6 0.165 0.069 51 0.073 0.034 54 0.097 0.043
7 0.140 0.068 52 0.046 0.021 55 0.101 0.052
8 0.162 0.063 53 0.035 0.019 56 0.099 0.055
9 0.126 0.028 10 0.055 0(-0.016)* 10 0.055 0¢-0.016)*
10 0.086 0.005 102 0.049 0¢-0.011)* 105 0.086 0.004
103 0.035 0.008 106 0.094 0.016

*(

) Means calculated values.
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Table 6 Coefficients of friction estimated by fF &7 5 v v FOBEAENAY 51, £4 ZELED
Dr. Yamada’'s recommending formula. WAL COEBETH Do Lithio Ty MIRE & (T

(Round bottomed punch used)

Reference Aluminum-0O 1 Aluminum-4 H
number . v
of Forming ; Formmg I‘ormmg Forming
lubricants speed speed spee speed
0.5 mm/sec | 1.70 mm/sec 0.5 rnm/sec 17.0mm/sec
1 0.516 0.399 0.389 0.534
2 0.459 0.239 0.576 0.492
5 0.386 0.243 0.411 0.165
7 0.392 0.198 0.390 0.142
9 0.354 0.110 0.240 -k
10 0.309 —* 0.160 —%

*The cases were unmeasurble as eccentric cup formed.
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Study on the Weldability and New Applications
of the Silicon Bronze

by Takemichi Otsu, Keiichi Mizuno and Toshihiko Watanabe

The purpose of this paper is to provide detailed information pertinent to new ap-

plication of silicon bronze.
The results obtained were as follows.

1. The best spring characteristics are obtained when the material is treated at low

temperature after cold rolling.

9. The elastic limit of spring of the silicon bronze is nearly preferable to the value

of the phosphor bronze.

3. Excellent welds of silicon bronze can be produced consistently by the use of the

inert-gas-shielded arc-welding processes.

4. Tt is possible to inhibit the occurence of weld crack by applying higher travelling
speed. A weld bead or pass consistent with these high welding speed shoud be employed
in order to avoid high base-metal temperature adjacent to the weld.

5. From the stand point of weldability with aluminum brass or admiralty brass, silicon
bronze might well be considered desiable as a tube sheet meterial of tubular heat ex-

changer.
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Table 1 Chemical compositions of silicon bronzes.
composition, %
Alloy No.
Cu Si Sn Mn Fe Zn Ni Cd
AR S Rem. 3.4 1.08 0.10
Everdur - 1010 M Rem. 3.4 1.03
ASTM. B96-58A-1 F Rem. 3.4 0.58 0.50
Olympic Bronze V4 Rem. 3.4 1.26
Table 2 Mechanical properties at elevated temperature.
\\ material AR Everdur 1010 ASTM B96-56A-1 Olympic Bronze
T T
Tensile . Tensile . ensile : Tensile :
Temp., . mech. prop.| strength, Elor;/gatlon, strength, Elox})/gatlon, strength, Elox;/gatxon, strength, Elono/gatlon,
°Cx 30min —— kg/mm?2 o kg/mm? 4 kg/mm? 4 kg/mm? °
0 68.8 13 65.1 11 71.6 8 65.8 9
400 29.6 47 3.4 12 43.9 10 25.5 28
500 14.8 91 13,4 82 15.2 40 11.7 54
600 9.0 72 7.2 96 6.0 132 7.2 76
700 5.0 93 4.2 96 3.9 119 4.5 76
800 2.9 128 2.8 86 3.1 117 2.4 107
900 0.12 0 0.82 0 1.9 32 14 95
N 'S Ao =
3. TLoFUvIALELLTOY1RER
EMEZ 2 ROT vy Ry TEBRICNI L, Fh 31 BEBHMEORMIC L AT LU/ M
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Who BT 7 vy v 7EE LTOr 4 BEHROME I
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Photo. 1 Appearance of specimens after tapping test.

_2_




(192)

T R B £

B oW

July 1963

Table 3 The results of compression tests of silicon bronzes at elevated temperature.

50kg % 2m 50kg x 4m
No. Testigg;g(%ir.ature, as cast as forged as forged
Compression Appearance of Compression Appearance of Compression Appearance of
ratio,% specimen ratio, % specimen ratio, % specimen
0 19.8 OK 16.4 OK 29.0 OK
400 25.6 OK 25.3 OK
500 27.8 OK 25.8 OK
600 30.5 OK 31.4 OK
S 700 38.1 OK 34.9 OK 53.5 OK
750 60.6 OK
800 48.8 OK 49.9 OK 66.0 OK
850 67.4 Small crack
900 69.4 Crack 60.6 Crack 76.7
0 20.9 OK 19.7 OK 28.7 OK
400 27.5 OK 28.9 OK
500 29.7 OK 30.0 OK
600 37.2 OK 36.6 OK
M 700 41.9 OK 40.9 oK 58.4 OK
750 63.8 Small crack
800 57.6 oK 51.8 OK 66.2 Small crack
850 10.0 Small crack
900 60.4 Craclk 65.9 Crack 76.0
0 18.3 OK 16.6 OK 27.5 OK
400 26.8 OK 25.0 OK
500 26.5 OK 24.2 OK
600 37.4 OK 31.7 OK
F 700 40.3 OK 38.2 OK 57.8 OK
750 58.0 OK
800 51.8 OK 52.4 OK 68.0 OK
850 68.4 OK
950 59.3 Small crack 60.6 Small crack 71.0 OK
0 22.5 OK 18.3 oK 33.5 OK
400 29.1 OK 27.2 OK
500 29.3 OK 28.9 OK
600 41.1 OK 36.9 OK
zZ 700 41.1 OK 42.9 OK 56.6 OK
750 65.2 OK
800 52.2 OK 47.5 OK 67.5 OK
850 72.6 OK
900 58.6 Small crack 65.4 Small crack 73.0 OK
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BRI DWT, B0 % 180° gl 7w BB 177,
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Table 4 The mechanical properties of silicon bronze sheets.
N Reduction, Tensile Yield Elongation, “}ggit(i)cf Bending, %)%Fr’l%ai;egd Hardness, | Grain size,
[ Treatment, strength, | strength, h
% kg/mm? | kg/mm? % e 180° et Hv mm
0 10 As cold rolled 46.6 30.4 41 25.2 Crack 19.0 143 0.065
1 7 100°C % 30min 49.0 33.6 38 30.7 7 18.0 148 7
2 ” 200°Cx  # 48.4 32.3 44 37.1 7 19.0 147 7
3 7 300°Cx  » 42.6 26.8 47 37.5 OK 20.4 145 0.070
4 7 400°Cx  » 43.3 25.2 48 35.6 7 18.8 141 7
5 7 500°Cx  ~ 42.6 20.5 53 27.1 7 19.4 84 0.030
6 7 600°Cx  »# 40.4 9.4 66 22.7 K4 19.6 75 0.040
7 7 700°Cx  # 36.4 6.5 67 20.3 4 22.0 67 0.065
8 7 800°Cx ~» 33.5 5.6 66 17.5 ” 29.0 58 0.130
9 7 900°Cx  » 27.0 5.1 38 17.4 7 31.4 16 0.200
0 30 As cold rolled 60.2 56.1 10 35.7 Crack 10.4 193 0.040
1 7 100°C x 30min. 58.8 51.1 13 47.4 7 7 198 7
2 z 200°Cx 7 56.6 49.2 18 49.6 7 7 ” ”
3 Y 300°Cx  » v 48.0 20 48.4 ” 7 202 0.045
4 7 400°Cx  » 51.4 35.5 31 45.3 OK 7 158 0.030
5 7 500°Cx  # 44,5 18.8 54 25.5 K4 15.4 108 0.015
6 7 600°Cx  » 43.5 1.5 60 30.5 7 19.6 75 0.040
7 7 700°Cx 7~ 37.7 7.0 68 21.1 7 25.4 72 0.050
8 7 800°Cx » 36.2 6.1 59 17.8 ” 31.4 61 0.150
9 ” 900°Cx  # 30.6 5.0 51 17.6 7 31.6 64 0.300
0 50 As cold rolled 72.6 67.4 4 47.6 Crack 7.4 216 0.025.
1 7 100°C x 30min. 7 66.1 3 58.2 » 7.0 220 7
2 7 200°Cx » 73.8 68.0 4 68.2 7 7.4 221 ”
3 K4 300°Cx  » 71.4 64.9 5 64.6 7 7.0 222 7
4 7 400°Cx  # 50.0 29.8 40 41.1 OK 11.0 146 7
5 7 500°Cx  # 48.9 25.5 51 28.7 7 15.0 123 0.010
6 7 600°Cx  # 44.4 12.4 57 30.0 7 21.0 75 0.040
7 7 700°Cx  » 38.2 7.1 66 19.2 7 24.4 70 0.065
8 7 800°Cx  » 36.9 6.0 63 18.0 7 28.8 60 0.150
9 7 900°Cx  # 21.0 5.2 50 16.9 7 33.2 68 0.250

Fig. 6 Schematic figures of press and compression

procedure.

b) Compressing

bronzes.

Table 5 The Elastic limit of spring of silicon

Elastic limit, kg/mm?2

Material
\ S M Fe VA
Treatment
as rolled,50% 46.5 39.8 47.5 32.8
200°C < 30min. 68.0 62.5 68.3 59.6
800°Cx  » 18.0 17.8 21.7 16.9

*0.5mm t sheet
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Pressed stage (Fig. 6)

Ry i I

Bottom

Middle

Compressed stage (Fig. 6) Pressed, x100 Compressed, x100
Photo. 4 Appszarances of section areal of every stage.
Table 6 Hardnzss and grain sizes of every position in the stage of flexible tube forming.
T ~ Process|
e— order 1 2 3 4 5 6
\
- Treatment Original tube 700°C % 2~10min. | Pressing stage 600°C x 2~10min. |[Compression stage| 400°C x 2~10min.
T —
(rlqeasuring L L L
: irection ongl | e Longi- | croes Longi- | ¢1o0 ongi- | crneq Longi~ | croge ongi- | orose
measuring tudinal A tudinal A tudinal A tudinal 7 tudinal f tudinal .
. position \ section section section section section section section section | gection section section section
Dimension
128 91.8 127 121
Top (0.028) (0.025) (0.022) (0.022)
. A
A. middle 170% 163 93.4 90.1 160 182 e | 105 5.3 127 we | 2
24% %0.35¢ position (0.028)*5] (0.025) | 0.030) | (0.080) | €0.025) | o.015) | €0.020) | co.010) | 0-0200 | (o.007) | €0-022) | (0.010)
196 110 132 123
Bottom (0.025) (0.010) (0.010) (0.010)
118 110 124 127
Top (0.040) (0.028) (0.038) (0.028)
B. middle 177 179 94.1 90.4 " 197 5.2 102 ooy 139 00 136
16% % 0,24 position €0.035) | (0.023) | (0.040) | (0.035) | (0-040) 1 co.030) | (0-020) | (g.010) | (0-020) | (o.010) | €0.020) |¢0.010)
183 127 142 142
Bottom (0.040) (0.010) (0.010) (0.010)
122 97.9 131 120
Top (0.027) €0.027) (0.027) (0.027)
C. middle 195 195 86.6 89.8 161 186 97.6 108 100 135 97.5 136
14% x0.24% position | (0.035) | ¢0.028) | 0.035) | (0.045) | €0.027) | co.015) | (0-0200 | co.p10) | €0-022> | 0.008) | (€0-022) }(0.008)
189 106 138 144
Bottom 0.027) (0.010) 0.010) (0.010)

1 Hardness (Hv)
x2 Grain size
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4, TARBFTHOBEMEICDONT

ZOROEEL. BOWWEIEHE R0 D BAD BET
VL BB AR TS, L O, MBI R\ D
BB BEARS L ENTE TS, L,
Bl Z& <, kL VThbhTnd, 7EF vy FA
B X B & X1, LIELIEIRE Y vASED XD Th bo
EEIn - T, BHEEELENEEY 22 v 27 v T
— VBB ER, FORDIERANLNAL I RED DD
LOMBIRTH Do F o, BAEROEW L U TOREN
LR TRBNTWS, ki, =T~ T F 28y
A=W EDORAEINT S Z L ic X o THAT HILTn

e DM, HE, SRR AFIRCE LT, Shic, &

&R E DA BEMEN EREIND L HLh-TE
Too W, TAI=Y RAEEAE EIET VI VT 0 HR

BREDIEREHOERE LT, &~ VHERAIICH]
HENTW 208, BEEGOBAE, T O HEOREM:
Vi BRIESA DR, BB OO MR T BEL T
F LTl BARE SNIHER, 74 BEHFSFE LW
EENTWBLEEH D, ST, 7 A EFFEEROE
BE & H EERE OIFEEAIOWTT - ZRERE 1T
o T ik R A BN Bo

4-1 TEMEART—JEE%NE

Table 7 iZ7x3 A R Dbt L OEMICDNT, REHED
AT = P EBEERATIR oTco MIG BT, RERZ RS
SM-428y 7= A mrEide, TIG @EEcis, mWitk:
g1 SI-200 MIFHK 7 v T 7 ~ 7 EERE, BEE LT
h BTHEMED €~ 2 — €3 v— 2~ BEREER Y v
2o Tods MDD, BIULT 2 F v N AEEIC L5k
RHaiE Lo

Table 7 Chemical analysis of the silicon bronzes used in experimental welding.

Composition, %
No. Dimension, mm

Cu I Si } Sn 1 Cd Fe r Mn l Zn Pb
1 2 Rem. 3.02 1.00 0.09 0.039 Tr. Tr. Tr.
2 3 Rem. 2.83 1.10 0.08 0.038 Tr. Tr. Tr.
3 5 Rem. 2.80 1.08 0.07 0.040 Tr. Tr. Tr.
4 12 Rem 2.89 1.05 0.08 0.036 Tr. Tr. Tr.
5 35.07 x3.5% Rem 2.85 1.00 0.08 0.038 Tr. Tr. Tr.

Table 8 Procedure details for gas-shielded metal
arc welding of silicon bronze.

Dimention, mm 3 5 12
60-deg Vee,
Joint design Square butt | Square butt no root face,
i 3mm, root space
Backing Copper Copper Copper
Wire size, mm? 1.6 1.6 1.6
Arc voltage, V 28~31 28~29 28~30
Arc amperage, A 250~270 250~270 250~270
Number passes 1 2 3
Argon gas, £/min. 60 60 60
Preheating no no no

4-2 MIG BEORER

A FBEE, BEEENBD TEBWE X, v~ F
DIEH Y MR ENWE &, R ECIE T vORERLUE LI
HIEW, IRBRBT AL Th D, o T, B
B L7238, Wz il ZHRA oS EBRT B4
DERT, FABBC L2888 »RIEILWDHTT
Bb, ZoH MIG Bk, ElcBEEIEOay e
=V, BILUOFRORLELGHD, BOTHELWI &
P Db h, Table 7 (352 U7z 300 {L325Y
4%, Table 8 %, T/ ah, Table 9 ik, &
BB OB 2R Ul

Table 9 Summary of mechanical properties obtained by the MIG welding.

Base metal Thickness, mm Tensi{lg/is;le?gth. ; Elongation, % , Position of failure, R:Fggf)lgoelc]l%g. ‘ Rgggtfggnfeg_
4.6 ] a7 | Base metal | 0K i 0K
AR 3
0.8 | 45 i ’ 1 ’ ”
41.0 46 ” [ P P
7 3
40.0 43 y ] P P
39.0 33 7 1 y ”
7 5
39.1 36 P ] p P
38.0 1 40 Y 7 Y
2 5
37.5 | 38 ” P P
36.2 36 Weld bead 7 7
7 12
38.0 39 7 Vi Y
39.0 38 2 7 7
7 12
39.3 38 Y 7 7

_.,8_
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4-3 TIG BHEOKRE

MIG B, BESE. $hbb, #E, ©-F
DAY e EHMA L GES D2, MIG & FRICEER
DR, FABBECI D borEBR L, D TEN T
%o Table 10, Table 11 ik, TIG e & 8L
e, BIBBOMBE R X %R Ui, Table 11 whbivd I
ELL BHEDWTO T ABEMCRWTIR, BEERD M
2, BEE VIR AR DIEWE L &HRLTW%, Photo. 6
i EiRieonweo, TIG BESE® Rz KILDEN
BNIBEENBELN TN D, B EDRREABNDS &

VEEMTATRE T Bo LML, ABERIL, BREMCER
THY UNRUIELIEREETHZ LEFRDO Z & < Th Do
Photo. 5 %, D 1HI%RT DT, ¥ ABERL T
FOEEZS o BHWERREN D, #R v vl SRR
ELUTH, ZoEOBE, 79, BEEEOLDFNE
L FEETRDRI L. RERBETF LN,

P. L. Hemmes 7z ¥ XhuE, #EORAE LT, &
200mm /min. DI ETh D I & MBI LR T B,
WE., Rz & - TEPEDLbNHLIORRND G,
OIS T Do

Sy 7 A BHRL, NEEF 27~ 7 BECX - TENR

Table 10 Procedure details for gas shielded tungsten arc welding of silicon bronze.

Dimension of base metal 2 mm 5 mm 12 mm 35¢ x3.5 t tube
Joint design Sauare butt Sauare butt §0 dog, Voo Smm. oot | §0-deg Ve, dum, root
Backing Copper Copper Copper Copper
Wire size, mm ¢ 1.6 2 2~7 2
Arc amperage, A 150~130°% 130~170 150~300 130~150
Number Passes 1 2 6 1
Argon gas, £/min. 9 9 9 9
Preheating no no no no
Table 11 Summary of mechanical properties obtained by the TIG welding.
Base metal Thickness, mm Tensile ;ﬁgglgth, Elongation, % Position of failure RE;%? 1%gn§ég. Rgggt]%gngég'
AR . 2 40 46 Base metal OK OK
” ” 7 44 s Vs 7
7 5 37 37 7 7 7
7 7 36 36 7 7 7
7 12 39 35 Weld bead. 7 2
7 7 37 38 7 z ”
“ 35%x3.5 38 4 P
7 #y 7 23 13 7

* Oxyacetylen gas arc welds.

Cross section

Micro structure of bead, %100

Bending test specimen R=d, 180 deg.

Photo. 6 Bending test specimen and cross section of gas shielded tungsten ar welds, 12t plate.
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Micro-structure of oxyacetylene gas weld bead. View of a tungsten arc weld tube

Macro-structure of tungsten arc weld bead.

Photo. 5 Welded tubes and micro-photographs.

4-4 BETLEBRER

Torch
VI T VICHI B b s & ONEIE O LS O B B Clomping .
CHNBFER E LT, P. T, Houldcroft o #4 L T\w5% _ p\  Cerbon black

Fikd, rAEFRC AP L Thiz, Fig 7 Rt
s HlALBEEO 2wy FAZISBAEN, ROZELH N s

\\\ NANNNNY

_ Copper block water cooled

ANENUSANNNANNNY

7.6 1 “tos Stot (9 Fig. 8 Position of apparatus used for cracking test.
T Table 12 Results of crack tests in silicon bronzes
! containing various elements.
Length of crack, mm
. . Material
S O S NS 4 Base metal filler No filler
————— Welding direction » o
rf 5.6 27.4
- 9.4 13.1
1 ) 9.7 29.4
8%Si-1%Mn-Cu 10.1 30.1
N é? e SO : 10.9 29.0
- e 78 e e o
Fig. 7 Schematic figure of cracking test specimen. 9.14 25.8
A A0 ARy T ORINEBE I N TN S BHELUF 5.6 8.4
EBHE, FIEEBNIHL BRELUTO N, 2L FERZ, 5.5 7.7
v - PSR X BB EEA AT Bo SHUE, FRatic N 1.0 16.8
o s . - 6.0 8.1
FsET i O T, Amy POANFIC L o TV R 56 60
B2, Photo. 7 wWirdZ &<, YVRFERET D, 20V
5.34 11.98
14.1 25.3
5.8 29.5
74 27.9
39Si-19%Zn-Cu 7.7 35.1
4.7 31.2
7.94 9.78
Hl{lll m il‘l I u |
Pz,a ‘2[7iza!20] 9.8 22.1
Added Filler wire No filler wire 12.4 27.9
. . 11.6 29.5
Photo. 7 Photograph of typical test specimens. 99Si-1945n-Cut or e
VORBBIK X T, 7 VERTHRZMOELEHMET5 14.6 27.6
LOThbo BRI EEL Tk, Fig 8 wRTI&EL, K e -
# . 7.5
BLICHR L 77 7 74 VIRR 2B &, &% 252T
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Tl otee B¥HE. 3% Si i Mn, Fe, Zn, Su, 0% 2=y REREOREEANAIRE L. A EF R &
NENER L %R Uc, 7 A BERE AW, TOE S Th, BB E > CHRERFBRO—DEVZ LI o
ik, Table 12 wixd 2 & < BEE W56 OBR Table 15 %, 4~Awm% BLO, 7 A RBERERS .
Trh, WS, fhogkts, FEEMAa kLT, v v TMI=U REERB IO VI VT g HERE L OEERE
WEE L, RGN A7 — 7B L DEE1, 7 ricdig é&@ﬁﬁ%%@bt%@T&%oFgﬂ Photo. 8,
RTINS ENEb NI, TS Wb E v v Photo. 9 13, ZNBOEEET VA ~ I LU BEEEDOIR
Bk, RV KRER T vAFAE L, SRR ORI ELS A WHERLIZLEDTH Do

BT, bbb, HEE LTk, Fe A 743 Type. I 1,

PR BIFCH o o u T Fype 1T
4-5 fhIEERE OB
BAHIRO TR & LT 7 A EFHOIRICDONT, i |

Bz, 7V =y NESRE, 7 V7T 4 SR L O j

PR AT o Tl BRI DWW TR T, He
T e LT, Table 13 (RT WA D WKOETR  Twe T

LIWT, TIG BT o7z Table 1410, ZhbH ;

BHOWMIOIER £ 7R Lice 7V S =Y REEFIE, &~/ |

WMESREHRT A LD b, T ARBFRH LT, LD ] /Tube plate(Silicon Bronze!

>
kR o
23
T

S/ L

/S i

/. Aluminum Bross tybe,

Z/ﬁ:}ﬁ:'ngo)ffbﬁqz%) r % be;o i}“ :{ﬁ? ODféMUXé‘_ LTo
HISME DWW, ZHOENEE LI L XOBREIC LD
ORI, REMEAESBE0RM T 2 Mel&ksh Fig. 9 Joint Designs which have been investigated in

7o S 2 B BN FEHEHA LW EINTWS, TV this experiments.

Table 13 Chemical compositions of aluminum brass, naval brass and silicon bronze used in this welding test.

Composition, %
Material Thickness, mm
Cu Al Si Fe Mn Zn Sn Cd Pb
Aluminum brass 2 78.10 2.0 0.25 0.01 Tr. Rem. Tr. Tr.
Naval brass 2 61.80 0.01 0.01 Tr. Rem. 1.10 Tr.
Silicon bronze 2 95.26 3.05 Tr. 0.86 Tr. Tr.

Table 14 Summary of precedure details for this experimental welding and mechanical properties obtained

from verious combination of welds.

. ]Travelling speed, | Tensile strength,] Elongation,
Material Current, amp. Number passes, mm/min, kg/mm? 9%
Aluminum brass—Naval brass AC 150~170 1 152 27 8
” 7 7 7 1 157 26 7
Aluminum brass—Silicon bronze 7 160~170 1 200 38 12
» ” 7 » 1 235 38 14
. . . [m] Face bend, Root bend,
Position of failure Filler, 2mm R=2t, 180° R=2t, 180°
Base metal Naval brass Crack Crack
7 7 7 ”
Weld bead Silicon bronze oK 0K
7 7 Y 7

Table 15 Tensile strength obtained in welds of the small experimental tube to tube sheet unit.

Tube sheet Silicon bronze Silicon bronze Naval brass Naval brass
Tube material Admiralty brass Aluminum brass Admiralty brass Aluminum brass
Joint form Type I Type 1 Type I Type 1
Tensile strength, 20~38 29~39 22~27 23~26

kg/mm?
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bl de-socs
Photo. 8 Photograph of typical welds tube to tube
sheet, 18.85¢ x 1.2t aluminum brass tube, 50t
silicon bronze tube sheet.

Type 3 (Figure 9)

Type 1 (Figure 9)

Type 2 (Figure 9)

Photo. 9 Cross sections of welds between silicon bronze tube sheet and aluminum brass tube.
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On the Color Development of Ferrous Iron-Phenanthroline
Complex in Fluoboric Acid Solution

Spectrophotometric Determination of Iron in Zirconium and
Zirconium-Base Alloys

by Sakae Kato

The epuilibrium constant for the formation of ferrous iron-phenanthroline complex
along with BF; through the reactions among phenanthrolinium ion, FeF; and boric acid at
optimum concentrations of hydrogen ion, assuming that the reduction of ferric ion to
ferrous takes place instantaneously in presence of hydroxylamine hydrochloride, is derived
from the equilibrium equations for the reactions between boric acid and hydrofiuoric acid,
ferric ion and hydrofluoric acid, and ferrous ion and phenanthrolinium ion in solution, and
the possibility of the quantitative determination of iron in hydrofluoric acid solution by
1,10-phenanthroline photometric method is drawn from the conditions.

Apparently, it was confirmed that when enough boric acid was added to the hydrofluoric
acid solution contained iron to bring the molar ratio of boric acid to hydrofluoric acid to
1:<C4, the formation of ferrous iron-phenanthroline complex had become quantitatively at
pH 2.5-6.5 in presence of hydroxylamine hydrochloride, and that the rates of formation of
the complex, as the formation of fluoboric acid must be, was increased markedly not only
with the increase of the concentrations of boric acid but with the rise of temperature.

Fortunately, zirconium behaved with the same advantage as that of boric acid under
the conditions, and the solution of fluoride complexes of zirconium was found to be very
stable event at pH 7.

By applying these optimum conditions, the method for the spectrophotometric determi-
nation of iron in zirconium and zirconium-base alloys was developed:

Transfer 1g of the sample to a polyethylen-beaker, add 20 ml of water, 4 ml of 18N
sulfuric acid and 8 ml of 11.6N hydrofluoric acid, and heat to dissolve. When the reaction
subsides, add 2g of boric acid, and dissolve completely. If the expected iron content is less
than 0.059, proceed as directed in below, otherwise transfer the solution to a suitable
flask, dilute to the mark with water and mix. Transfer an aliquot containing not more
than 0.5mg of iron to the polyethylen-beaker. Dilute to about 60 m! with water, add 1 ml
of 109 hydroxylamine hydrochloride solution, and adjust the pH to 3-4 with ammonium
hydroxide and dilute hydrochloric acid solution. Add 5 ml of 0.29 1,10-phenanthroline solution.
Then, transfer the solution to a 100 ml calibrated flask, dilute to the mark with water and
mix well. Let stand 10 min, and obtain the absorbance of the solution at 510mp.

The relative error by the developed method was less than 42 percent at 0.035-0.16
percent iron level.

The advantages of this method are its rapidity and simplicity.
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(Fe3+)(F-)/(FeF2+]=5x10-6
(FeF2t)(F-)/(FeF§)=4x10-5
(FeF;)(F-)/(FeF3)=6x10"%
[(FeF33(F)/(FeF;1=10-2
[FeF;)(F)/(FeFg-)=44
7o Bt AET, (F1=6X10"%4~1x10" 2M PN
mF&s®%TTE?é&LtommmriMNmMm
W BWT 7 vALEB=8k 4 4 vk, (F)=10"5M D& &
FeF2+ L LT 60%, (F-1=10-25M itk FeFs &
LT67%. Fie (F1=10"22M i\~ Cik FeFi &L
TIARHEHETH T & BTz
B O L UREI T O NS EBIER M
pHiZ2~6,

ZDWNT

=2.84X1026..-.(4)

EEBEO
F - [F-) 13 23.2M 7 9 {bKEBR 1 ~4ml

O F 5 5100ml O FikE i Tix 0.23~0.92M & 7 5,
mBHET

ﬂ@ﬁﬁﬁmFﬁ;abrﬁ@?%%@aﬁﬁﬁ
% &, Babko B ol
FeF;g:iFe3++4F-
% fPRs SISO BT E B

K<4>= (Fe3+)(F-)4/(FeF;)=1.2xX10-15
LD IFEITAIE

WA A v E 7T F v RAu) =y afFy, PhH" &
O —gk - 7> v an )=y nflsf 4, FePhi*

EaFIHLT
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S 7 v ALIKFERE : 23.2N
e 2T B BUSIE DWW TS Ig R R .
(FePh3 J(H*)3 T
K“*:tﬁﬁfﬁ%FHﬁTﬁ“:25Xlw“zyc> """"" ©) WY Frt v s 3 v ¥EmH (10%)

e B EBE 2 BT\ 5o

BIEAIE LCHRB e Fedxy s I v REFETAHEIET
1

Fed3++e—>Fe2* —0.75 Volt

o B TETE ISR T3 5 & 0 &R T IuUE, (Fed™)
=(Fe2+) L # 2B I EMTEHMND, B EKE) nD7

£k

LA 31 B —k 7 =T v 2w ) =Y n
A F v DB T O R

__ (FePh3*3(H38(F )% 2=3.0%X1070  eereeens 7
RO=""rphiystrers) <)
MNEBN D,

LY 7 vtk BEREEC ST HE—Sk - 7T
A Y =9 n i A v DERICOWTOFERE K2
XM S
=20.61x 10+

Koo [FePh2*)(BF;]
D= PhH*13(FeF ;1 (H:BO03)

Yo EfeYNVa=y AWEET D7 oL YRR
T BHE—h - 7 mF v 2w Y=Y KA A OERIT
DT O ERIL, ) & RD2H

_ (FePh3*)(BFJ(ZrF3I(H* )3
K& =phE+I3rFeF, J(H,BOs I Zri*I(HF)3

== 8.52X 1017
Ly, shik Ke=Kmn Ko OoBRIimbiav., &
i, K@, Ko 100 Ky OED F @OV THE

MOEMND Do =T B 7 v {LIKEEBE UL
FePh2* ol i b i3 % & LIRIEM I T

B DER LA ETRAEIGETH S L BbNb, Ll 7y
Lok v R e (HsBOy) & (PhH I R HAE XD
% & PuE, #E)7 pH itk W, FePhi s L0 BF ©
g FelF K LCERIWTHY, Fhdva=va
MEETHERIC BT (HyBOg), (Zr++), (HF) k
OV (PhHY) 23d 5 A 2 S D% & 1uE, FePhgt s LU
BF;, ZrF3 o4 FeF it U TR TH 5 2 EA5,
FNFREE)B L OXONBHETED LD LEEX b,

3. ERELAE

31 &= i

Ao gst EPU-240 10-mm- v
By 2ERpH A ~ 2~ GU-1ZJ

3-2 & B

g« Aigk 0.5000g ATEL AN & D, B
(1+4) 50ml & FsEE 2 ml % Jinz CTInEERES | X &
BT A S Uice MABIKE A THRE LicDbE
BEZBHHL, 1] 227522k BLTERETHITDL
LD EW, SR 1 mlikghkdilug % &
COBEO—EEA SR LTH T, 1 mlhgh20pg %
S o IEHE R A TR U CERBRIC P\ e

L10-7z9 2wy vEmk (0.2%)

4, RBRBEIUEE

7 oAb DN O T LA A ORI E & REE
%

Iy a=v L lgiiEE10ml CHiEE7 v e A% 8g
DEETMATHEM UK E, Yva=y nlg THE
A+ 4ml & 7 oLk 4 ml OEE Cnt CTHBE
UM O6E AHINACHR B A AV, ENENDEHE
DY =y nYaEr pH A4 L LT Bik~100°C
DIRERIIC TS I 2= A OMKSFRIRA B L
7o 72720U. PH OFEICIL Y v =YK & HE % M

4-1

Too IRFER A Fig. 1 1WmR Uice
T T 7 T T
100 - g P T 2
[ SRS S £k
Solution ] Solution
80 I-~region region
U e 77
o Hydrolysis Hydrolysis
93\ 60 region region
N
5
2 D A
€
&
740
20
]
1
0 ] l } I ;
0 2 4 6 8 10
pH

Concentrations of Kind of solution of zirconium:

zirconium, g/100ml Sulfate Flyoride
solution solution
0.10 O
0.25 (]
0.50 O
0.10~1.00 JAN

1

pH range for complete formation of ferrous
iron-phenanthroline complex given by Sandell'®)

Fig. 1 Hydrolysis regions of zirconium sulfates
and zirconium fluorides complexes solution.

WY v o =9 L EH T, SBiRO%4 0.065MZr ¢k
pH>25, 0.028MZr ¢ pH>3.0, 0.011MZr¢l3 pH>3.5
@%#?\ithCWﬂ6m~&mmﬁﬁ5@%@ﬁm
O Lkl % 42 Ulco 259 pH 1k Treadwell i J:
LIRS RS PH B3 Lidnin h DEMRE DI, Z0D
W & UTERRAHE TR Y v a =7 AR S &)
B, BT v 2 = v RIEOBMERI NI NI EBEF L
TWBHEDEZBZBND, TNHOFRERND, MBEKT
VB E oy 7 © v & O AIOFRMALEE X Iy
HT ENbhrols
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Ui Uy 7 v bk v EREm i, 0.011 ~0.11MZr,
i ~100°C D 4 thi 35\~ T pH>T.5 Clfh Tk s i %
EU, iy va=y nfifdrricimLCr vz
= LA A VIIERICEETH D Z Ehbh ol

D7 v b a =y g F EEOREVE,
FrrwY =y ald e B A O FINEH T 5
pH L&A iR U, £ 0RECREAER &0
BEREEE MRS ThE X WZ EhBBERE ST 5 Z
EIRTE B,

ks, E—fke 7EFvAw ) =y LS & v OFEEL
WKobfm\ﬁ%<@%ﬁﬁ%%é@§%0\?fmﬁ
FALMEF A5 T U IE 2 O T DREN DT Lick o
FEPEEAE DUT OB E A Lz

FatilE BURBHICHER e FraFv o 3 v (10
%) 1ml&iziz0b, 7vE=vKEHEBTDPH % 35
i 5, L10-7v o9 v 2w vEw (0.29%) Smli
Mz, 100ml » 275 2a@B L TERE LISV EE
THEXE D, UAHBIIEE 510myu CHOLE A HlE L,
BEi s B ek A R Do

4-2 7 oL KFEBRB IUVRTREE

TEMEGRIAT A ST Ly ZHUC 7 v (LK BB oA B i &
RYBOEREREAINA TR UBERYH-TREL, 8
—ghevrrran =y nif Ay OFRECRIIET T
v ALKEB s L O v BRI OB G Uico SRERES R
O—fl%E Fig. 2 ik Lo

7 v ALk ERRYE E0.23~0.92M DIEWIZ s\ Tk v B %

7=

(HF)/(HsBO3I<4 @b I Emat L& H—8 - 7
Ty aw ) =y s fig A4y OFEGHRD B Bk
(20°C) TikmEaFa i (HE)/(HBO)=1 O 4
HETDRIRD BT L L, 100°C o8 % Fv Tyl
ARmET A & sk, (HF)/(HsBOs)= 4 44Tz
Bk - T T v A e ) =y LA A Y DIEEDFE
RSV gW fal

ZREH LT HF)/ (HsBOg1 >4 D&ATlE, =T
24 E LT & HERRD Db otee Fi,
100°C 0B # W TI0SHOMIR T/t o ThbhThiC
FOABDI=DOLT, INHOFAFTIHEETEWT L
VLY S VIERY Kl

73 (HF)/(HsBOg)=1.2~3.9 DWW Tl, H—gk -
JxFraAr Y =w LA 4 vy OFECR UCRRSR
WA A O LA BN, SIULEIR COEEN
Femik (HF/(HsBOg ) 1 ORMABETH o722 &
ﬁ@ﬂ%NKHﬁOd@%wabf@7yw$viw@$
RCHUE 7 & BUSEERNERE A E L TWB 2 LI kD0
EZZ NS, Licho T, 7 vAld 7 HERO MK RE
B EL FRIC L AEEIMR T DL Bbivb, W
AW, BEFEBE UKD LR, BB
v bR VRO A AT D\ C O BSEE BEE A R D oK
ELBETHI LD,

BlEokERE S, (HF)/(HaBOs)=0.96 D44 7% B
Llco SDEGEARFHWS I LI L - CTEIRTRERHEE X
HHIEMTE D,

4.3 T vt RUVRBR—KRVBRERE
Lo x x (HFJ/(HsBO51=0.96 0 7 » (b & v Hik—+ v Bk
FE DS SRR SRA TR A 4 TR L O U A R PV T
o W Uico SRERAERO—pl% Table 1 1@/R Lo
- Table 1 Effect of concentrations of fluoboric—boric
acids on the development of ferrous iron—
phenanthroline complex.
0.6 .
\ Iron Concc?fngxgélons Molar ratio, Iron
added, e CHF Absorbance| found,
. | HgBOs, | o
04 [ e . . mg/L00ml | 061 | g/looml | (HsBOaD mg/100m1
. s +
\‘\\A\; \ 0 1 15 0.96 | 0.019 0.005
3 KA\ \ 0 2 3.0 0.96 | 0.021 0.01,
0.2 \A \ 0 3 4.5 0.96 0.025 0.012
) \\ \ \’\‘ 0 4 6.0 0.95 | 0.030 0.0L
] NS 0 5 7.5 0.95 | 0.032 0.0%
0 L o ®
o : 5 3 4 5 6 0.20 1 1.5 0.96 0.423 0.404 0.202
Molar ratio, (HF)/(HseBOs) 0.20 2 3.9 0.96 0.439 0.418 0.205
| dded Concenirations After heat-treatment  After standing 0.20 3 4.5 0.96 0.445 0.420 0.21o
na 3
ron advet of 23.2N HF,  for 10 min in a for 10 min 0.20 4 6.0 0.06 | 0.444 0.414|  0.20
mg/100ml ml / 100m| boiling water bath  at 20°C 0.20 5 7.5 0.96 | 0.432 0.400 0.20,
0.50 1 - X — — (O 0.50 1 1.5 0.96 1.036 1.017 0.50g
0.50 4 —X— — @ 0.50 2 3.0 0.96 1.086 1.015 0.50¢
0.20 1 T —A—
. . . 041 1.016 .
0.20 4 L iy 0.50 3 4.5 0.96 | 1.041 1.0 0.50s
. . i 0.50 4 6.0 0.96 1.046 1.016 0.50s
Fig. 2 Color development of ferrous iron-phenanthroline
. . 0.50 5 7.5 0.96 1.031 0.999 0.49,
complex as a function of the concentrations of

boric acid to that of hydrofluoric acid.

*Absorbance that subtracted blank value.
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g 100ml (7 o {bkER A ml+xv#R6g) D7 vik 2ml, Flevra=v r100gxF® 1+ 2mle 7y

R BEB—R VIR T, Bk vz Anry =
T LA A Y OFRBR I IITTEELY S BRI o7,
COWEA L D & X, ERE DRI B R Y BRAHT
H L7z TZ Lb Tl 508N S - 7o

44 KRUBBELDILOAZILERE

Iua=v n0.50g25E 1+1) 2ml & 7 v {bkER

(b KB dmDmEA IR U CHRE U 2o i 0 B A Fl U,
SR TR VS~ 06g DAELML THIELTHEBIE
THE U, 7 v AbKEBBEREIC S WTE— . 72F v =
m )=y LA A ORBERSIFE TR VBRIV a=Y
LR OFERER A s A B BN T B 1D IR Lico 5
ik E4 Table 2 iR Uiz,

Table 2 Effect of concentrations of zirconium on the development of ferrous iron—phenanthroline complex

in hydrofluoric—boric acids solution.

Zirconium* Acid added : Molar ratio: Absorbance Iron Found,
taken, (CHF) total- [HFJ
HEF, HBO;, __CHF) total bound to ZrF-)

2/100m1 mi1/100mi £/100mi TH,BO53total Cso it * mg
0.50 2 0.5 5.76 1.72 0.493 0.244
0.50 2 1.0 2.88 0.86 0.491 0.245
0.50 2 2.0 1.44 0.43 0.496 0.245
0.50 2 2.5 1.15 0.34 0.490 0.245
0.50 2 3.0 0.96 0.29 0.488 0.24,4
0.50 2 4.0 0.72 0.22 0.493 0.24¢
1.00 4 1.0 5.76 1.72 0.970 0.485
1.00 4 2.0 2.88 0.86 0.969 0.484
1.00 4 3.0 1.92 0.57 0.970 0.485
1.00 4 4.0 1.44 0.43 0.992 0.49¢
1.00 4 5.0 1.15 0.34 0.997 0.495
1.00 4 6.0 0.96 0.29 0.970 0.485

* Certificated value of iron in zirconium: 0.049% (by ASTM method®).
**  Absorbance that subtracted blank value.
(HFJtota1/ (HsBO3Jtota1=0.72~5.76, % 7= 1% ZrFz- WIRDERL T % O CHEER T DN S o 7z,

A A v OFENEREARELTIO KIGEL 25w 42
([HF] total — [HF] bound to ZrFﬁ“) /EH3B03] total = 0.22
~L72 DR NCHE—Z - voF v 2w Y=y nik
I v DEERRFEEIRRD B

ZOZEND, ERRNBREDY Vv a= Y n bk v
FIHEWTIE, (4.2 ] CONIEERAER & i LT,
7 v At R T EBROEREEIC DN TE MR I RX WL DE
FBRDBNB, Lo T, TOBEIXITHEL-ZONn
RAr3 % b D L RETIVE EERMF W TIEE O
RPN A & L %o

45 DO LEEEREEOPH

Ira=v algieonTi A+1) 4ml & 7 1L
TREEER 4 ml s X OOk v R 2 g D EIA Thnx THER LT R
Licvnva=y s 0l~1g 241 (HF Jtotal/(HsB
Osltotar==2.8) * A\, £EHD PH % 25~6.5 DATEIC
%@bf@@bf%*%-71%7me:WA%4%V

FELRIIFETIva=y agiEr pH 0S5 RE L
f:o ERRfERO—F% Table 3 1K/ L7z,

HRIO0ml rp v o=y 201~ 1g% &1 E DB T
pH2 S~BODHFI R NT, B—k+ v+ 2m )=y

i A /Diiﬂ’ﬂﬁé’ﬁ%ﬁs Wice Mok, Ya=von
m@&wmm$%guim SWIREE DR O pH A5.00 |
CIRETT % & &k, RERC RNy vy a =y o

Bl EotERsBFEEO pDH % 25~4 & Uic,

Table 3 Effect of pH on the development of ferrous
iron—phenanthroline complex in fluoboric acid
solution containing zirconium.

Zirconium>ﬁ Concentrations of acid: Ab- Iron
taken, pH sorbance found,
wromt SO il | BiBS | | |

0.10 2 1 0.5 2.5 0.098 0.04¢
0.10 2 1 0.5 3.5 0.098 0.04y
0.10 2 1 0.5 5.0 0.102 0.05,
0.10 2 1 0.5 6.5 0.099 0.04,
0.25 2 1 0.5 2.5 0.241 0.12¢
0.25 2 1 0.5 3.5 0.249 0.124
0.25 2 1 0.5 5.0 0.248 0.124
0.25 2 1 0.5 6.5 0.245 0.12
0.50 2 2 1.0 2.5 0.490 0.245
0.50 2 2 1.0 3.5 0.488 0.244
0.50 2 2 1.0 5.0 0.496 0.245
0.50 2 2 1.0 6.5 0.486 0.245
1.00 4 4 2.0 2.5 0.971 0.485
1.00 4 4 2.0 3.5 0.997 0.495
1.00 4 4 2.0 5.0 0.992 0.49¢
1.00 4 4 2.0 6.5 0.974 0.48¢

* Certificated value of iron in zirconium: 0.049% (by ASTM
method®d).
**  Absorbance that subtracted blank value.
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46 FE—HBLUVE=HOT v R{LEW

2| whWnwt, HBe Fedxy 7 IV EET 5
v C i Fedrte—>Fe2t OBRITRICHABHIICHETTT 5
Lok LizEmob sic (Fedt)=(Fe2™) & LTH() ()
BLOOZE N, Lizhio T ZORERENZLMES
b o 70D I R A 4 ¥ OWIERERE FeFi">Fe?~
Ch b Lz EROBITFEIGC Y /e & bHEERME D -
TR BV,

Lk O =gko v v BELEWITOWT,

FNFENDMBEE SOy Kar,Kee &5 X (K
#2 Uy Kar#£Kae), &8540 F v 10D TIHRREE R B kA
A v O (Fe2 ) >(Fe?*) THHIETTH Do Lich
5Ty g A v DT NTHE—GRD 7 v BEHL S 2 TP
LTHEELTCHDL0ETHIE, 72FvyAxan =0 ad
F v EDBRBIISKE W CREL K ISBEA &L =gko
v BB L OFIEOBA LR LT, P L bE
ERcEEIntnwb0E Bbhb, £2 T 1421
B HEBRKEEN S (HF)/(HsBO3)=2.8 @ &z
L CTHE & Ao

TEHESRA T A TR LR e Fed 7 3 v & TH
— A F Y RBET LD b 7 vikEBRIAml RV 2E
A CEM LTI Ui s B UBESE a8~

7

YHYEES VY NTRELEZGA X TR LIzDb T

ofb/kEB4Aml & kv 2gh Mz, DECERL YA
¥y T I vEMATHM LU -BERY AW THEBEIETHER
Uro EEAREH A Tabled IR Uiz,

Table 4 Effects of fluoride complexes of ferrous and
ferric iron on the formation of ferrous iron—

phenanthroline complex.

Iron Conditions for Molar ratio, |Absor- Iron
added, complexation (HF) bance found,
mg/100ml of iron TH,BO:) * mg/100ml
0.20 Reduced to Fe?* with 2.88 0.261 0.13¢
9.20 ||| hydroxylamine hydro 2.88 0.271 | 0.135

chloride, then added
0.50 4ml of 23.2N HF and 2.88 0.649 0.324
0.50 2g of H3BOs: 2.88 0.627 0.315
(ReF3~" ) (Fe? s
0.20 Oxidized to Fes™ by 2.88 0.259 0.12¢
0.20 [||permanganate, added 2.88 0.276 | 0.13
4 ml of 23.2N HF and
0.50 %¢ of H;BO; and 2.88 0.616 0.305
0.50 then added hydroxy- 2.88 0.634 0.317
lamine hydrochloride:
(FeF 2" )»>(Fe??).

* Absorbance measurements were made at 10 min, at 20°C, after

adding 1,10-phenanthroline.

AR B — ks L OB =gk L < — 3L
U 5 2 e 2 2 v D, & OB HY
RS DEFELHNDo

4.7 B—k- 7T F 2OV ST LB/ ORER

B|ERE

EEgsE ((HF)/(H3BO3)=0.96) & vva=v .
ﬁ“?’gﬁfz {(EHF]total“ [HFjbound to ZrFﬁ“) /EH3BO3jtotal
=0.86} # L~ 15°,20° 3 L OF 30°CoOKRIR THEL T
Bk 7rrvan )=y LA 4 OREBEEE LD
o HpiGR% Table s KR L1z

Table 5 Effect of temperature on the development of ferrous iron—phenanthroline complex.
(Concentration of hydrofluoric acid: 4ml of 23.2 N HF per 100ml, (HF] /(HsBO3]=0.96)

Zirconium Iron added, Temperature, Stand time, min

taken, 1 3 s | o |1 | e | | 2k

g/100m1 mg/100ml °C Absorbance
0 15 0.014 0.017 0.017 0.017 0.018 0.018 0.017 0.018
0.10 15 0.173 0.184 0.194 0.205 0.215 0.222 0.222 0.222
0.10 20 0.188 0.202 0.210 0.217 0.217 0.220 0.220 0.220
0.10 30 0.194 0.210 0.217 0.217 0.217 0.217 0.220 0.220
0.30 15 0.428 0.456 0.483 0.560 0.614 0.623 0.623 0.623
(.50 15 0.737 0.804 0.860 0.967 1.009 1.022 1.027 1.027
0.50 20 0.869 0.907 0.967 1.012 1.022 1.018 1.022 1.022
0.50 30 0.903 0.979 1.018 1.018 1.022 1.027 1.027 1.027
0.10 15 0.104 0.105 0.104 0.106 0.106 0.107 0.107 0.107
0.25 15 0.125 0.137 0.143 0.184 0.215 0.222 0.225 0.226
0.25 20 0.152 0.174 0.194 0.222 0.222 0.225 0.225 0.226
0.25 30 0.164 0.184 0.218 0.222 0.222 0.226 0.226 0.226
0.50 15 0.365 0.387 0.428 0.451 0.453 0.455 0.456 0.458
1.00 15 0.684 0.737 0.780 0.873 0.914 0.924 0.928 0.928
1.00 20 0.745 0.810 0.870 0.921 0.921 0.924 0.928 0.928
1.00 30 0.810 0.869 0.924 0.921 0.924 0.928 0.928 0.928
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A7 Stk TIEAL5C DAL 10-7 T v 2w B _THEEL Q5 d o rExE Ly (FI1>(FeFi—")

Y yBRBERIN 155 %L Y. 20°C 0BAI 1048 L Y,
FLOB0°C DB AL S HB L VRO BN £ LT,
INE N DT &b 24 RNk —5E U Bt E % 5 % 2.

4-8 7 v bRV ERBBRCB T IETRORE

ME@%%@L&77m$v%m%ﬁmﬁwé%%ﬁ*
BB LT, BEATEOETICOWTEDEEOMER
TR o1 ks, BBRETEO WMk (HF1/(HaBO3)
==0.96 %13 ] L CH100ml sh 7 v {LoKSEER O ik % 4
ml, kU6 FAmEEEIml 2L, FEeg 41
TDNJRET LTzl 5 70,

Cu2*, Co2*, Ni2+, Mo8* s L0f WO [3E—fk. 7 =
FvAw Y=y G A Gy DIEEE I Liess, Nizd,
We+ £ 0.5mg, Cu2*, Co2+ £ 1 mg, MoS* 2 mg D44t
FCHEFAETX

FOMOBETREOHTERIL, WIlbyva=yakk
V' a=y nfaehOFMs0aEEETH o7,

Bl Eokk®4 Table. 6 =—3E LCHR LM,

Table 6 Amounts of many elements not interfering
with spectrophometric determination of iron.

Amounts Amounts
that did that did
Element | Added as | not inter-|Element Added as not inter-
fere, fere,
mg/106ml mg/100ml
Group 1 *: Group 2 * :
Al AlCl; 30 Cu CuCl, 1#%
Cr Crz(804)s 5 Ca CaCl, 5
Co CoSOy 1% Mg MgSO, 5
Mn MnSO; 10 Mo NasMoO, 2%
Ni NiSO, 0.50%* P (NH,).HPO, 1
Pb PbCly 1 w Na: WO, 0.50%*
Si Na.Si0Os 5 Sn SnCls 10
A% Na, V.01 4 SnCly 10
Ti Ti(SO04)2 30 Zr Metal 1000

*  According to AEC list for zirconium sponge lot (1955)
** Maximum amount permissible

4-9 & 2

[4- 2] il BHMRGRND 7 v Lk v BB L L
TIMET 5 & &izid, (HFY/(H3BOs) ok X X pig—
GhevmrrAn )=y nfiSF Y ORETRKEEEL
Teo & LT, (HF)/(HsBO3)=1.2~3.9D & ¢ TlkF Dl
DEUPHBEINTADHEE, F—h 752w )=
VA Ay DEENRFEEIL OO E X LEEDOE
B LTELBND,

ZZC, 7 yAbr v FEER 0D 4 B EE 23 588) oD S B H A A
Hul-9 5 & 0 & hE. RO S TH 2 B
G vmrran Y=y niha Ay DREEE(LERET S
CERE->TEDRE X A EENCHETEAbDEHE
BNb,

7 v ALIKEBOBETRIE D\ Tk E 4 & HEENRS - ¢

: 16
DTN LWEETHDHN, COBEEHERTY v LkER

— 7

THBLHND, 7 v bRy ERBOAEMIISNEIRRN TS i &
NBH&0DET 5,

4F~+4H* +H;BOg—>BF; +H* +3H,0
KA T L BRI 31 AR BIED Fm s, R (D
BFEWLTELNARRE L - CGEUHIC S 2 dbND b0
bbb,

- 4,-_\_, EFe]added_[Fej found at t [Ph}lﬁj‘?ddgi
CF ]t - K<6){ (¥eJfound at t } (H*+33

vee (n)

7272 L (Felaadea==(FeF3),
(FeJfouna==(FePh2z+), w
F 2, PhH® ofifEsd 111075 (25°C) &/hX
<. EBi (PhH > (FePhi" ) Ch 505,
(PhH*Jaddea==PhH*)

LRI EMTE B,
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T LM, IR 7 o {LKEEED 98.9% FR
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OB ER S, (HF)(HeBO3) ook & X L
DB LU (HFJ/(HsBOg3==23.9 i\ T HEE & 19
MO FRA B L TR LN Fig. 3 Ch %,

Fig.3 by 7 v bR 9 BEED BT 0 4 pUmE 1,
(HFJ/(H3BO3) ook & X L HA LT B EHy
CIEIMT 5 &2 B, £ LT, REOIFRIZ X - TGEL
ENDFE—~F v Fvan )=y st vrbBL0 7y
(b v BB A & v DA, AN (HsBOs)/(HEF)
FoR & 2 LR EH U CR BB EBmd s & &b
., ZhbE HY) B LU (PhH) b Ak % XDEA &
Fud FeFi s LCEEMTELD &2 5,

Tt 7 v bR v HEBRO AR B LR R E U Lok
BLREOFZMER R T D00, XEITHA WD &R UE
WEPREE AR L, R L DR 1%, 50% LU
9% FEETH L&D (FI %Rk T : 3.3X1072, 1.04
X1072 Fo LU 33X10-3M /s, T bk 7 vk IkE
e UTHRMLI=Db, [4-1] TONRIREIC Lizhio T
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Table 7 Influence of the concentrations of hydrofluoric

acid on the formation of ferrous iron—

phenanthroline complex.

Percent of iron complexed with

Concentra- phenanthrolinium ion

tion of

hydro-

fluoric
acid,

M/

Tron
added,
mg/100ml

Theoriti- Experimental values

% ELd

After
standing
5 | for 10 min

After *¥ After
standing | standing
for 60 min|for 180 min

cal value

0.20
0.20
0.20
0.50
0.50
0.50

3.3x108 99
1.0x10-2 50
3.3x10°2 1
3.3x10-8 99
1.0x10-2 50
3.3x10-2 1

48.5
5.7
3.1

41.0
3.1
1.6

87.6
9.3
3.1

81.2
6.8
1.9

95.4
17.0
3.1
98.8
16.5
2.1

%

calculated from the conditions of the determination of iron

using equation (11)

** at the temperature of 20°C

3. & W OF &

%ﬁ%ﬁUI%VV§Sﬁ~Km#D&D\KZMH&
PR R L O7 v LKERA A TINEER LicDb R v B
BImZ CHEIRT 5o

K& L TR 60mL i 5 4, #Hifke
wwe (109 1ml&nzt=nh, 7re=vk 1+1)

L (1+1) ©pH % 3 ~ 4 iRiid %,

BRAESD EERNL, LI0—vxz)vran )y B
(0.2%) Sml#&imz7zDb, N%ﬂfx7zxnk@b

TERMETHITOIL SN FETHEIES,

%@@ﬁﬁkﬁ Bt O v & D\WEBNm#fW%

AP U, @%V‘fﬂbfhﬁdwﬁﬁm T W Db
&%muwﬁmbtu¢%ﬁ B OgEERAYRD Do

GEY (D) BEOW D &0 Sk J OB O BRI B RO @, Kty
%o

Fuead¥y 7 iy

y 5

20 30 40 70

Temperature,

50
i

60

1 1 1 I

80

0 1 2 3
Molar ratio, (HF)/{FHsBOs )

~—(~: With ths solution of 3.65X1075M Fe per litre

—@—: With tha solution of 9.13X75M Fe per litre
A : Relation between time and temperature at
{HF),/[HsBO31=23.9, B: Relation between time

and molar ratio at the temperature of 9°C

Fig. 3 Rates of formation of the ferrous iron-phenan-
throline complex as a function of the tempe-
ratures, and of the concentrations of boric acid

to that of hydrofluoric acid.

SR AT, Hehdm b
&0,

% g
0.01 ~0.50 0.10 2
0.004~0.20 0.25 2
0.002~0.10 0.50 2
0.001~0.05 1.00 4

S OB B B
H,S04(1+1), HF1+1), HsBOs,
ml ml g
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g%
4%
6*

Ul W b
(SRR )

% ZEE DA ORI
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Bo

(4) i, BUEBESEE0, 100, 200, 300, 400, 5003 & 07600ug $hatic
7% X ST L CHE UAd v, R Lizdto T HE ST
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COLHACEFELUTCHREIEE—- 72y An Y
=y sl 4 v ORI A Fig 4@, & 7Bl Lo
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Table 8 Spectrophotometric determination of iron in
zirconium and zirconium-—base alloys.

1. Iron in synthetic samples

Iron added, % 0.0050 0.010 0.030 0.050

Absorbance

i

I
~

0.2

0.004s 0.009s 0.030 0.051
0.005, 0.0105 0.031 0.051
0.005; 0.0105 0.030 0.051
0.0045 0.009, 0.031 0.050
0.0053 0.009 0.030 0.050

Iron found, %

Iron found average,% 0.005,

1 0.010; t 0.030 0.051

0 P

1. Iron in zirconium and zirconium—base alloys

Sample Zirconium |Zirconium ‘ Zircaloy-2{Zircaloy-2

360 400 440 480 520 560 600
Wave length, mu

Curve A, B and C are the complexes from

100, 300 and 500 pg iron per 100ml.

Fig. 4 Absorption curves of ferrous iron-

phenanthroline complex.

Iron found, % 0.035 0.049 0.089 0.157
0.035 0.048 0.087 0.157
0.035 0.049 0.088 0.156
0.035 0.049 0.088 0.158
0.036 0.049 0.088 0.157

Iron found average,% 0.035 0.049 1 0.088 0.157
|

E3

0.8 |~ £

©
o
5

Absorbance

©
o

0.2

A 510mu, 10-mm cells

0 1 1 1 . ] 1

0 100 200 300 400 500
Concentration of iron, x g/ 100ml

Fig. 5 Calibration curve for iron.

6. It B % &

SRABR LY VA=Y A, YVa=y KAk
B [S.MHEE] W Ulehio TER Lo B fRO—
#il% Table8 7 Lizo

Toke, HilE D20 ASTMHE kA
720

7 v ALk v BREWA T NTRET 22 i kD, dv

=Y ARIOTV =Y MAETDOMEB~VEOBA TR
TR L S R T & 2o

=il

Rl B 7R L

Iron found average,%

0.035 ‘ 0.048 1 0.088 ] 0.154

* obtained from three determinations by ASTM method?®’

1. #& ¥&

7 v bRV RIS BT % 7 v AL Bkt A 4 > &
L10—yxrvzaul vyDRISEKDONT, HTOFHENE
SR L CHREARPE THEA T/ W I L D EW X
BB LOOMND, LI0—7xrvz2m ) L DHTHOWHK
HELED 7 v b+ v BRREH~OBEATEER Z L2 H#HiE L
720

chinpyrvasy aRBIUOI V=g 2EEROED
ERICH AT B 7 b L SF A iAo

REROKEE, TV a=y 207 v LA A4 IIERIT
*W“pr<7itimwwﬂﬁbtun_a%ﬁ&ﬁﬂbto

o FEST U7 ER AR T H b D L FE X BN SRS

W&KV Lo THEHENDE G- 72Fva2am) =7
AL A R IV T v b R RBOERIE, WERN X
(HsBORJ/(HF) ok ® X LR HH] Uty
CEE A e, Zhvh e (HY) L0 (PhHY) 2356
AhkXIOMEE UL FeF, @ L CE 8N THB I &
HHERR Lo

IHBOEENS, Irvamy a0V va=y nE
SO HECEE LS ERTE A0 HFEEREL LT
BT feiiRi a5,

X i3
1) B. Lustman, E. Kerze: Metallurgy Of Zirconium,

National Nuclear Energy Series VII-4 (1955), 687,
McGraw-Hill Book Co., Inc., New York; E. B. Read,
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Ul B mnE k. 7 v AR i UCIREITiE<, &
ST e D O FERBESEIBETH D R B
Ve, MHatEd B &5 kiR LT EING. RIES
FNREMRE, MBS LD PRI T AR R G B
BEOERFEX 1G5, O RE G Rk REEER S LT f)
UCHEEL B3 2 05, BRI B BB A IR e S i
LT\ T DB B 7 i A 1T 30 F G B0 AR B2 o B i
KRINTT 5 ENTE D,
31 BREP LUCREERY

v o v D.C, AC & LUD.C.+AC. (BB
BIREENRD D, — T F R D.CoglEn T %
P, BB BB SOV BRI L D B pitting FE4E
DOfERENRS Ho AC. BTN pitting OFEENEHIET
XA MR, REMEETD.CokL 045, D.C+
ACHRZOMEONELMEEILDOTH Y, HEWE
VIR O WA 1S B MRSV E U TR D BlEb 23ET
VLo DFERE FEBENTE Y 2EOLREIEH INT
Who

35°C,
ke D.C. 156~30V, 0.8~1.5Amp/dm2,
A.C. 40~80V, 0.8~1.5Amp/dm?2,
o e [ 30~60min.
FA VRN TIE 3~ 5 %y o ViR W7o Em-DD ik
PPN TR EE3R), ElA X VA, 7 AV ITIES
~109% D HEHILE DN ¥ o v IR IR A 68 L, 30°C

BIR v o vRRHEMAE (¥ A)

o g [URRCAIR | BT | wE, V| ms oC | rén, min
Eloxal GX 3~5 1~2 40~60 18~20 40~60
EloxalGXh 3~5 1~2 30~35 35 20~30
Eloxal WX 3~5 2~4 20~60 25~35 40~60
D.C.2~3 20~60
EloxalWGX| 3~5 D-La~8 | A0 2535 40~60
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< D.C.1 ~1.5Am/dm2 (50~60V) T 10~30mino7?
B {EALTH5,

FRLED “Coating Ratio” ~ o8 ELpmiE & ARk
Bl— D@ % & HEREE, WIEBIR OB ERK Z D,
IR D B IR DS Tn o b B fRIR DR I3 72
BlETEHIN, BABRELLTX %Y 2 ViRt
. D.C.%f# 1.2Amp/dm?2 % 50°C, 7= A.C. B
4Amp/dm? % 60°C & XN T\ D8RR
ELTH25~35°C i b B U<, BIFRIRSE W & B
IO EEEYE, WAMSMET 32 EARS o

1~8 %y o VERERIC 31T D RIREE & IS o7
IEEI0K, LIR30 ¢, —ikie D.CEMERA.C.

0 P82

‘C H2O.. 2 H0
lDC()Omm

4

WL, A dm?
HFTE RIS 351 B Bl & O B I 35 1

: gs %
20 3.5 R

1.5 20 25
pH fifi
B2 ¥ o v A R D B R R & o
PH {f7e B OWCRE & 0%, D.C.2A[Jdm240 55 HIE

fit (Walter Hitbner I1.C. iz & %)

J L :
0.5 1.0

EIR i UC LRSI L <, D0 +HACHKTIR
WEDRBERENREGDEINIZLDEELTI Y, ¥ 2V
@@W@@mﬁt/ v BRREE D FEE v 0 BT
Hmmr@ﬁ%VAMM”mj®k%9T\ﬁm&ﬁm
PH 1.5~2.5 2% fit dy FBUEREN L3, REOERSEMA

<1~8W@ﬁ$f%go 60min B 1% 25°~40°C G pH 0.5~1.0 (3~89% ¥ o VR TH5
30 : EEE LT Do
AC
| 20C i, 328 B OB H
. | v Y o VRAIC £ B AR EIO GBI —RICHET b5
o 20 P, EMSFC LY ERL, D.C ;!zmzvm [E1AUR RN
- AC. B X Enaiie 2 L, D.CHACHERTEED
- BED LI L D BHATE(T Do nisAl—Mg R THE
L gold FROME B #1535 2 & 25T %o
¥ 2 VIRERIC XD RO BE I Ak ds X OB B
FEMEORIAIZEBLISR, MIRICRT L ds D T, IREOHN
&b 7o TWIN G BEEN A LT 5o E 2N b OBk
AL, A dm® VERRIREE, 7w ARRERICEE U CHEELMEAL TN T hV
1R mﬁ@{ggmmm Mfﬁ& DRI FsTF u‘?}%b@ MO kXD HRICZ <R AxNns G
DMHEE & B OB
(1~ 89%C2H204 - 2H20, 60min TEf%) ;ﬁ)o
AR SRR O B 5 (mg/cm?)
%ﬂ\ ,_\\‘_’{_‘ o v . v o®m i i :
. "\MJ‘D‘W 50hr 100hr 50hr | 100hr
HooR SR | 54 Y 2% 5% 2u | 5% | 24 5%
1080 ~0.01 ~0.02 -0 ~0.34 ~0.02 ~0.26 ~0.50 ~0.79
1050 ~0.02 ~0.01 -0 —0.04 ~0.17 ~0.02 ~0.51 ~0.74
1100 ~0.02 ~0.01 -0 ~0.08 ~0.13 ~0.12 ~0.40 ~0.61
3003 —0.01 -0 +0 +0 ~0.04 —0.04 -0.09 -0.16
5005 ~0.01 ~0.01 ~0.01 -0 ~0.04 ~0.04 ~0.10 ~0.16
5052 -0 +0 +0 +0.01 —0.05 ~0.05 ~0.04 +0.01
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400
X y
300 X AlA
8 X -
# //
f 200 |/ & <
: DN
/)
t‘///
A
100 o /4
° 5 10 15 20 25
B, n
BBI3 v o MR & B RINPE & etk O BY (R
<uJ PEE JIS ¥, v = w39 >
BN, DC+AC BRI X 5.
2000 ‘
| A t://
u /
//
2
1500
N/%
//
# o /
& 1000 f/
94
500 o
/7
¥
/ﬁ%
0 5 0 15 20 25
[N
B4R o = VIR I B IS & N ERERE O YR

ik JIS 3, v o 7?'{22‘3%>
Bk, DC+AC Ei L 5.

oo VR b R & R TR I B LT
Al sBain L, v = VIBOMFEE & b IEOE/LR
LD F LTI ORHOEL DT B ST iy
LT L., BIREOERIZDONTE T+ OEENLET
BhHo BEWOEIBERICILFATELDTHY, v
o EEOMEENL 0.13~0.14g/Amp-hr, & /= ALY D
10%~0%yAmphr@wﬁﬂ%/ivﬂwWﬂci%%
WT&%onWm$V A+ 73884 % L IO L 5 i
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(217)
4
3 \
5 \\
Q.
<, \.‘
N \
BN
€ NN S
1 N(COOH _ 20
0
0 1 2 3 4
Al o/l

%15 B \7@:'; Ve
2k (A.C, 30V 4

o Al B4 X 5 g o
RS04 O SR I )
BREENET L, EFRAEREY TH) 2N TEXRWD
T, AW OBEBEOMS. B lEE 35, BREFO
AP BLE LTk 3% ©. Sl ki b & IR
JOMEE D BB RET DUENRSD Do —Hxic ALY 850
CELm o TERBEDETNRE D, &l mBEiiiig<
b, Al THEERENE & bbb HEARD 5o

F o B AR ORI & LT Cl- oEEngE 1L <, CI-
@%%ﬁE&LT@mMTiM@ﬂ\itAHmd@%
OE a4 T3 002/l ¢, bl e Cl- REET D
BRI S A& A 42 B GRS D 4y O %M
L35,

4. - 0o 4H B &

D5t Bengough-Stuart g UC BETREL
7205k C, 30~50°C i 7 v nEE (3 ~10%Cr05) @
W A F . R ERC s W ORI o2 L, FEREL
BB EORENR DB, BRENAEEE RV ~Ny M
B E DRSO LT L BRI L A IE A O EHR
PE e < FE e B L LA Mo B Ll LT T
TR S LT e b o ifaER MifgcE, &<
W7 v VPR DWWk B EEAF LT 5, —
IRT 27 v AR T BB Lo T &V BB
AHERD A AEOEMERT 07 7 KB KD hio
Bengough-Stuart (% 0.4~0.7%o CrO; % &1 & 4%
Tnbe D7 v AERETIEREBES R 0EL, BE
A %ir 2 & 233037 L < Bengough-Stuartigkc2 ~5
o SRRETI0n NIRRT, Fhot o BEOMHELLELS
FOHIFFC X I,

41 BERFEP IUVHREBEER

Bengough-Stuarty: ¢t 3 % CrQs, 404-2°C 0 H M
&V, EME LIRS o pitting & B 5 7201 4516
U@&iVHIWVWQ&L&TﬁbMéOL@[®’%
ey ey b e < 0.3~0.4Amp/dm?2 GH) 60min DFE
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60 L. BERIRIR O A & - TR E R BB N3 57
50 P FIEER D 5h 5 45°C DIT Y TH Do B (Amp
Xhr) LEE L @B{a%@wmmwmwﬁ 1) TS 8
- 40 TCIVERECHA UCHRET A, L B4 iiED
M 30 / T < 0N KRR TH Do
15 T
20 A
/ e -
10 P
0
0 10 20 30 40 50 60 j 6
B M min B ///
216 Bengough-Stuart HIAEEMLEN: T %
P
G 3 ~ 4 p ORIEH LR D, 7 4V %0 Burean 3 //
DI L CrOs 5 ~10% Ol % 40V & 2 //
TEIRS D FEAER Lo & DJET 35°C 40V 30min it
T, #1100 3 ;L, fedks v v MBI BT AT REED 0 |
gf’ft(’ilj:ﬂ}zﬁ\(&{ﬁ?ﬁ(l "’1 17[:\0) J\ 6 V,. ;H_,:;,V,.j\_% < 'ﬂ:’af 0.20 040 0.60 0.80 1.00
350 < EREIY <BEN Amp/ dm® Xhr,
ﬁZ\\ ISR 7 v LRI U B B O
'}Q‘ (594Cr0,, 50°C, D.C TR
\
300 N | 42E B OB X
| \t\ Vv n R BIROVERIE 2 UMD T\ T DR, & = 7
NN R bl U CBIE A B, T ek RUFT 57
# 550 35v \\\{\ 40v (385 iz)o)x BB A, o L ONBEREYE O BAGRITER
w . A . | ) #
& YO\ 1950, 2B 20BIC /R T &3 0 TiliH & b BEE e L TR
= N 400
$H N
&
b=
A ’ 300
/ - £
—— | PERENE, sec. ,.g";
] /O
x,g' o
100 v A
/s e
s 200 A
L 1.00 =
5 g At
S 080 E /
< 7
| By
= 0.60
b 100
"5’ 0.40 /[/
0.20 A
0
0 30 40 50 0
GO °C 0 5 10
EITH CrO, (5%) WREROM 4 DREERIT 5 mE
BARE S L O (JISHD) s Jigdm I 7w afp (5%) vRiC & % BERBE & TSR

(L 7.0p, Sealing ALED)

|

DR (JISEERE)



Vol. 4 No. 3

7v 3 =y L OFRIMALEIE DWW C TRNSmERL (1D

(219)

E5ER MmO AR 1o
(WieEk, 7 = nEpdibbly, 3008HI18)

@ M |W, omin| g . BB ST, hr
H.80, 15 4.0 384
H.SO4 30 9.3 896
H.50, 45 14.3 1512 it
CrO; 15 1.0 212
CrOg 20 1.5 368
CrQ; 45 2.3 696
400
300
Predll
f)__o
. X (o)¥e}
%] O
s o
# 200
&
= ‘o]
A
o
/ -
100 //
//
0
0 5 10
BWOE, u

BE 7w nik (59%) BT X B EIEIUE & fif ko
BEE (JIS )
PET B 20 BB E TR, ¥ 2 VBB
Heigg LT, Emgie b LA B0 —HTHEEFENE
13450, THEEREME A NI E 35 & ZARIEME Lt Fi
guiaPic DT b D B Bl LTEd5 - T %o
4-3 BREICOVT
7 v NRERRITERT D 7 v ABOBRERTIRE R b
DB LB AP BN & &7 5 BEEOELE &b
IR E S DOENRH Y, ZOEREEHLII O ER
W H LT TCh B, Eifwrhoiree CrOs & Jid
1B Cree B msiiic el LC Cre3 gL, ohe &
L Al 8N A AN S Ho Cr+d ORI R T
DB L > ThTHEDTH D &R E S O BRRE RS
HHSEL NI THE LR LD L $5 2 L
ThbhHo, (B :Bm=10:1) freeCrOs MK T4 % LE
HEMET U, FEEOMERSETILHE Lbitr >y
7 DEHE Al, CroCr HABEOILEN & UT4T 5
HERAND B F LTI DCr313Cr 2 v X Tiilabh T’
BRER L C B4 5 2 & Thbe T7bb BRI

Pb, i Fe % v 0.2Amp/dm,? 24hr G pHL.5 7 ,0.2
FTCTHDHIENTE D, FZDHELDOWTIHE: &
%@i@:l&b\%@ﬁ@m@}uawam&won2
HLBE L5 LN &S Do

7w W BRI & LT, HaSOyq OFETEILEE
OB EE RS D, 0.01% LT OHFAETHERNENR, &
72 0.01~0.089% cEH, 0.03% LI ETHERIC D, T/
ZD SO~ Bk Hik & LTCr # v ®[EE Ba (OH) e,
BaCO;s #nx. BaSOy % # > 7 DERILD F D85 i
ST BHERFERENS,

5. % O fib B &

51 ZANTT I VvEE

Z o F7EE R Plontelli iz X b BEFS S HEE T, b
E TG, GBS L - TEMER L O BTN
Bitre COEMEME LTRTE~20%0 207 7 2 VR
(NH,S0,0H), 25~40°C ¢ 1Amp/dm?2, 20~60min i1
Nhe ZOHETHBLN BB ERERC Sk
<o MHAlE, MHEERVE & o Rk L, v 2y
BT EED 2 EMTED, L LERTIERAV T 7

3 v BOMIEEHE RO L 5 IRIFSER E Ty,
5.2k v B &

iz 7 vy~ & UTIRRIIR D TR A (F 5 H
HTERHENS, B L LT 8 ~10% (wt) & vERic0.1

~0.2% & v bk i, 70~95°C, 200~500V CHEE S
%o
53U v B &%

COFERT VI =T LOEK A v X OEEMESE Y H
B LTHWSNDLDT, ¥ > 200~350g/1, 30~40°C
B & L1.0~15Amp/dm2 ¢ 10~15min FfE L, &
PUT & o T 4R L e B2 FH LT N, Ca o
BERA v ¥ TN 5o
54 =% & L &

ZOF L Schenk (A4 2) RBFE LD T, ¥ a
v iR Ta, Zr, Ti OHh 2 iz b O BRHE L L
THEAT Do CNDHORMEIEEROB TR L, &
DKL FL B OIEEEIIR & 7 D 78 BRI Baas s
TR AND LS IR EE D, WL 120V, 2 ~3 Amp
Jdm? CER 50~70°C, 20~30min C{Thitb,

6. EMmEOENEERLE
B-1%% B &

A% OEMEOSI L Uik HeS0, s LOF AL Cl
GHEHBEERBET D O L RANETHONEE & UCHEMAES0ce
AR U, 2k 250cc iciish, T AT DaHmicE A
T 5o
(1) #HE HoSO,

HE 10cc H <y FTa=p 7T 2aED, 100
cclLid, T 7 9fbr vy alglkF e~ VI NV—0
019 7ra—~nvEglml 2 mi IN Y — 2 TCEBIE
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45 ¥ THET Ho
1ml-N-NaOH=1.33%H:S0, (v/v).
Gy Al

S 25mla Lty e 250ml v o 2ok, BT
IN p#EY —Z& i, chiglmlDF e~ 7~ %
2. BRELBIKEASE T IN BB THET Ho I
ko T &FESR S ALLEETSE & O CRHE
ENbo

1.8 (IN-NaOH -ml-1N-HNOzml) — 4.5 (IN-
NaOH-ml,- 7 HaSO, HilEry) =Alg /L
(i) C1

=t 100ml A (1.42)10cc % & O 1 95T 4R 50cc %
Mz, A EENETHD FE L 7 — F1= T F@
L. 2 %A CrelE Ui LCRET D0

AgCly (g) x4.1=NaCl(g/D
6:2% 27U B %
(i) &v.vig

HFg 26ml % 250ml DR 7 7 22 TCHTH D TD
W 25ml & & b 2 N g 26ml %z, 60~70°C ijnzh
L, 2 HION@Bw v 7By )V THREB RS £ TH
%‘jh%o

1ml1-N/10-KMnO,4 =0.0063g(COOH) 2 - 2H 0.
c.o 1ml-N/10-KMnO4=2.52g/1(COOH) 5 - 2H 0.
Gi) ey = v

R 25ml % 100ml s, v/ ~nv7avyly
TN~ VEEL ~ 3L, Bk s IN H
v ’_ﬂQVG:fﬁz‘ﬁ%?%o

1m1-N-NaOH=0.063g(COOH) ¢ - 2H, 0.
oo Iml-N-NaOH =2.52g/1(COOH) 5 - 2H, 0.
iy Al

@, (D HBROFHERTRKD %o

(&v = vig@E/D-#s - v#e/D1X0.15=Al(g/l)

Hley o vE, By - BB Y & T
6:3 2 O LB %

(i) 2Cr0;"

B 5 ml % 250ml i, T (d=1.2) 30ml %
Mz, BEERT D, ZLTCZRIC I Bla~ > F@gay
B ELTBEOLB A LTS E g, 205 R84
Do BHBOIg B~ v I aimz, 5oL, BHEL
RE. gl L. BECmygsiml iz, % LTN/105k
BE 17 v2ic UTHE L, FLTHINE N/10
W~ H DY CHELIZ T

F.A.S.(ml) x0.0666=Cr0s (g) /100ml
(i)  #HE CrOg

a) EFEREC S5

R 10ml % 100ml 12,
~ CIRET 5 ¥ THET 5o

N/2-NasCOz (ml) X 0.5=free CrOg(%)

CORETHEIED X 27 —E5 5 & —BIEREC

Ik N[2 R Y — &

%O

b) G LWERBIC WS

B 5 ml % 250ml i, FHE (d=1.2) 30ml %
mx. NJI0fgimgss 18k 7 v = v TEE L, X Hic NJ10
W~ 7By Y THE LK. £ LTa7 v AR EF—
FECEHET o

c) pH HlEE

77 ATHEIC & B PHIGE & o T H21B0 i/ »
NEEARD D Z L ASTE Do

100 X

80 X
60 \
« A

20

e

Cros B B,
v

o ® 3
/

0 \\

0:02 04 06 08 10 12 14 1.6 18 20 22

pH & (25°C)
521 PH fie CrO, 4 OB%
iy Cl1
B MEUR 50ml A 300ml i il e 20ml % iz TR
L. 3 %R S ml A iz, DUTFlETE g & Rk L
TRD Bo
XX ik
1) WEE, SRk ks, 4 (1963) No.2, 53.
2) #R, THE:ERESEEH, 4 (1963) No.d, 64.
3) Ellsner. G.: Aluminium, 25, (1943) 310.
4) Herenguel. J.: Trans. Inst. Met. Fin, 31., (1954) 13.
5) Herenguel. J., Segond. R.:Rev. Met., 46., (1949) 377.
6) Lacombe: Trans. Inst. Met. Fin., 3L (1954)
7) Kape:Met. Ind., (1957) 7, 26, 63, 8, 9, 109.
8) W. Helling. H. Heunzig: Aluminium, (1952) 28,(9) 289.
9) /i ikgIE, 5 (1954), No.10, 72.
10) ¥, KIEE:iR&Im, (1960) No.dd4, 42.
11 f5, =M BT, 5 (1926) 489.
12) Hitbner. W.:Dissertation Techn. Hochschule, Ziirich
(1947)
13) #B&mie, HPHEECEERS KRB E, (1960)
14) Schenk. M.: Werkstoff Aluminium U. Seine Anodische
Oxidation, (1948).
15) Hafer: Modern Metal, (1958).
16) Jackson. D.:Electrodepos Tech. Soc. 20 (1945) 177.
17) Specification D.T.D. 916C (1954).
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KIFEBIAIRSE OIF R MBI I 5509 (55 1#0)
(& F AR X 5 B D

X &# KR &
H ® 3L =X
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&M ' H

KB FERFEARNE O B BB 232 o1

(& F VKR & % AR5

x # R
H & =

1. & 2 » &

BRI B KNFEBOFKEIZD X E Lnb Dhdh 5o
CEFEEMBRORERMA. BEEEEIEL L,
H#SI—THEMTH 2 HBIEOFRREICE S & ZAHK
EHEZBND, FRESEB I MRS K IFEE RO
B & UTHEBE R T B KSR E i komiias g e &
LI EEME E LT b OFRERTED BN T B, §E
CHEREE BT AR EFREHEROMRE L. D\
LG &5 B OB SR R do b THIES L LoD %
LEIRTH Y. FOMMAMREOSEL KX AMBE LT
Who LIZLRA T —, Z2—VErhlOEHMERY, FH
SUEOM, BABRBRILE 4IRS, EELAHICL D RY
=D& UTH—HHERD LD\ EBE sk L 5 7l
FYEC XD, FOMEBIRIC I\~ T b sk 5 7217 5238 5%
PR D 1B A B Do ST h D IEKER
HORHRMEN B AR T, 55 S REBRESE, TRk
LRI & PR kB R b Field Test %477 » Tk
foo BUTFEIKERE R Bl & 7 OB & M E O B a3
B 1o DTN FolT B AR MH R ORI R A T L,
EHH A B TIOR3 T L ) X EEKEELH
FRETA L5 i Ex 5,

2. BEAENHRIXSHKERERICH(T
ZEFNIAVF VY —[C & BEKSE
EDOEMEESER
(REPE R &kt & O RFFZ)

2-1 # P

BOKERE RN AR DA RGBT LB,
BBUK I FERI L & CUE KRS O &Mk & 0 %5
B & 70 F o KA BRI B\ CUR s Hak A ER T T k.
TR EC L DV BERINTE D L CEEORME
DR E LTRECIEFER I TR,

TE o TRBNB KT X A IEKSRE R AMEDFR e
POKERIERR S EOBE L3~ MBFI824E 6 AUH L Y Ef
B L. FEF834E 2 A L D ABREEFENe e 7 va 7y
V-w BT LRNEBREROWMAT V3 = L 3HE
gD, TNVT 7y 7 FOMEREEKEE L TE
B el A BlA Uico

# H F L xR
— XN e

= B £ BB

B2 OFBROBRIETHRRBE I N T W5,
5189« [EAIS34ELLA
BEPE R A4k Akt KR K35 5t
KB K 3t
EEGEIERRSE (PR BT
229 BEAu8B4E 3 A
BEPETE kAt
EEBREB TEGR AT
o 3 3 BEFN354E11A
BT o B

KIRK ) 5757
e

NG 15
KITEB
e Ry
ELRE BRSNS Wz
25 4 9 BEAN364E 1 A
BEVE T oD BNkt RIR K T 5 5 7R
KITEB
Eilwige i
ERE SR TR Wzt
2 5 3 ¢ BEAN364E Z N
: FEFI874E 1 A
TR BERB IR SRS T
PSRN FEFIS74E 3 A
R & B TEER AN E SEIT RN RE S
2 6 ¥R : FEFN384E 3 A
WMEBER HEFn384E 3 A
By Mt 3 N R A ie e
TRE LR, B2, FIMOETWTRICHE LTS S,
BRI RS ARSI HEF Vvay 7y
— T & HERERE OB Rk
Bl AREEEH F1% HF4i4E5 2060~283H
How EARSEREH B2k F2E 121~138H
2:2 EFNLAVFVY— ‘
BH1IKCRT &L By Lom JKERE A Bl
H2@gpEEFT vy F g~ b o T TORREIT
oice Wik 2.0m/sec A HELE Lichidy 7O R &
DB D ENLTOEE LN B oz BEIKIIORE D
Mo, 3 7b bR L Vi L km EFROFHEREK TS 5o
¥R 3 MBI LIG IR 1 S 1EKERO K v 7 1o
L O ABIUK Uico 15 TE 3 MR LIS R R (K 8R4
%:I]ZK & I—ET_‘?J(E & 73: ) '/'CO

No, 3146




(222) K &

& B BB

July 1963

BE1 ARBEEIeFTVvay Ty -

23 R R &

AR O SRR A, W D AR L 1 RICR
Jo

24 K =]

AREER D B HK O B TES T KBS Lo BRFI33
AERNHEBGE L Z NVRIBHIIB U < Tl o Johs, CDRBRIEATE
HEEAIE K LT\ Do PH IIEAB0AER LR 5L T 23%
W BEBRERIEREKCED R DB, 7 vE=v A
A F ¥ b IEFSAAEE DL M2 2 ppm BIN T Ml &

Who BEMBEELNLDBE V. INHOKEILERYH
OB N CEFBRENED Uy ¥k i & Lzt
WRTEME <7 7 U ¥ OBFEICHE LR TH Bo

HERy F Y YORBERPDO—DTHLA A VA A
MRIEND X H o TE o BB ORI BITES
TR EEEI L BREET Do FB33EREET
BN KT, 7 TXA B, 7YIE, 7L A
e EMINFELETE Lizhs, TR TE 3 H ik

Mot
2:5 HERERER
2:5-1 B 1H 252 HiER

K HFEEINC IS WTER SN, HHINDSAEE
PED & B R EARE O AMEE NS 2 L& HE LT
HRE TR o0 BEHRIODXDITL{TH Do

B DA -

(@) BIMBOEOEANE 2HBE LD WML Eic
FOBARSEKAD AL BOfl, PR E RS,

o) 7VTT v s, BATIVI=T LHER, =y 7VA
DTNV T T AFERNTEAERELS, TV Ty 7 B
DEVNT AR IED BTz

© 10%% o7 v=yr VIZEHEBA?E L, BTAD
IR ANRE U, 7y I =y A EFRAS L DA
PENY - Tz,

Bl BWENARIEED e v v F vy - SRR

%1 MR B %2 MR B % 3 M H R PR %5 MR R
) $33.3~8533.9 S$33.10~534.9 $34.11~535.8 S$36.6~836.10 $37.9~538.1
F ® OBR o ow \ e
E&@t{?yy 3, 822N 2, 10717 6, 161mEIH 3, 332050 3, 168K
f’”"\\ s, sk | BERD g, o | BERD gugy, | BERD o) way, g | BERD ) gy, ) FEWDS
A AT 7 3= n W U.S. A 6 2 2(6) 5 5(6) 5 o 1
B FATG & % 6 2 2(6) 5 4(5) 3 24 4
c WRTVITT R Moo 6 2 206) 5 4(5) 3 0 2 2 2
D 0%% =7 m=y7rn & % 6 2 2(6) 5 o 0 0 1
E 30%% = 7=y v & % 4 2 28 4 2 2
F 7=y LT & K 3 2 0cL i
SK-2 KERA D B B E 2 2
SK-1 | KBRADTAT Ty 2 w % 2 2
SK-4 BB & & & 2 2
MZ-3 | BBk W A & ® = 1 1
SK-6 BB OH e & w K 2 2
SK-8 | M % W A & T 2 2
SK-10 | B % om o4 & - 2 2
ST-2 BSTF & M R &R 1 1
ST-4 18-8-Mo & % RS 2 2
ST-2L | 18-8 EHATHM ERER 1 1
K TSN T TR =1 ) 2 2
L Ni-SiAD =/t 79 2 H o) z z
M InAD xA—75 = RN 2 2
N X w @ oo 2 2
o zZ ® @ moom 2 2
P REWHT V3 77 A oM 2 2
() GHE D ORHEREBE & & oA
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gzl (Deposit) OFE&CFISTHE:

(@) R Deposit & U THBAREL FRIECTHEY L
D72 BNSNOE bFEEER L D THRAE G E LW
LBBENEL, QAL BN, ol 3000 ENHAK
U7V FIES LD 7o b D L DFEICKRIE Licb DDA
XAHNCEERB L, =y 7 VAD TNV I T T ATkl
F - F 4 2000 MRAC 05mm VIR LA, T D&
VRIETK BEE SR PR A (R SRR U, BT D
ZEEWUGWEAERC O R YARMRAETAI L%
AR &SR, HE PRI R Lb i D &
PEIIBR A LT 2B S TH D I LR LT WD,

(e) ZBHIZ Deposit & UTHE L DL BRI Y = — v
ARy, B OECERZ v A BN TR LD
AL Ld 5 L LWEE2E U, #2000 m5RECHg
ATNVI=Y REHE = PV AD TN T T AR E
BB 5L hE Utco 7e ARG A 3 B s (R 3 4 <
D2 LT kel AMARURARCLVET
HLDOTHY., BERHOBE L1365 F DA L
ULnis D IEBAERIE L <. ERERHO—RNTHD &
BbHND,

(A 9~ F OB EZHR]

) A ¥y = PEARBREZT>. ADERET AL
THEATENBD Z &% X BT Lt

2-5-2 3 HEMR

KERBAREKRER Y 7LV LCEFT Vv ay 7y
— A EKER & R UAHIK AT L 518 Ui,
BHENIEEFERIIOED I L TH 5D,

(@) WHKDBERVETL, 7TVT 797 b=y r VA
0T MRT T ARE BT S AROTERIKERE Ut

b) 7MI=Y REHERLT SAREENEL, TrIi=
Y nEAENS & U IEEN 6 Gl E A H 7K L
BYERRTB Ex2HEBNT Uiz,

©) FRIZ RN TCTBHSEIKIC R $ A ERE & T
WH30%x o7 m =y rMETRA EIBAERAE LT N
TWDZ Ehbh ol

UERHME A 7 — VERFORTZ] :

() AW 2.2, 25 ¥ L0 2.8m/sec TG A »r — v
OEEFN R A AT, B OFE LA CllkERirED
VAN Y/ el

€ HYyv=—, BN PV, RRT LG ELFER
Ry IR - VEERNCHE L. O RREDRERD., RH
YD KADZ Ehd X BT Lz,

(1) BER L b, 5%HCl (4 €y +No. 1% 0.6%
A w300 TEEE LB LERPEEE R A HESET
CIAETE 2 o — v DI%GLL EABREIKD C L kDb E D
M Uizo

2:5-3 554 HiEER L O 5 HIRR

# 4 W R\ IR £ CoO—RIEKERL A DB
KBt 2 ATRER B B L 2 BNAHHREAREE
& (SK-1, SK-2, SK-4 % LU MZ-34) & RO
BB AL LT olco 8 5 HRRIC RN TIE, B
it a4 & LT SK-6, SK-8 3 J0F SK-10 imoT,
fEsk & F—DHFEI L 2 BKEERRE & bic, BEDHE
guigakic X A ARSI X iz,

E2R BPEEIIAERIEEINC T B 4 lds X O b WG feilipfd
Bk ®OE & W w8 | ROMY el & w W BB R

RET v 3 =9 L A S 33.3 15,422 Sfr, T, T2 0.32

S 33.3 15,422 0.30
7o T Ty P B S 34.10 9,493 s, L&, TARR 0.33

S .6 3,332 0.22, 0.18

S 33.3 15,422 0.31
NiAD 7 w2772 c A, T, TR

S 34.10 9,493 0.25
0% % = 7 2 = v & D S 33.3 15,422 LEEA, FHRPER 0.29

S 34.10 9,493 & W oW & 0.09, 0.06
30% % 2 7w =y 5o E

S 3.6 3,332 & @ OB & BB R & 0.17, 0.15
7o s o=y oW F S 3410 9,493 A io# 0.30
KB OA D W oM SK-2 S 36. 6 3,332 SR, TR PE 0.18, 0.16
HERAD 7T Ty 7 SK-1 S 3.6 3,332 A T f, ToER 0.23, 0.23
ok W & & SK-4 S .6 3,332 % W 0.09, 0.09
OBk A & MZ-34 S 36.6 3,332 & B, TosR BHUER 0.24
WO W A & SK-6 S 37.9 3,168 ® v & 0.08, 0.06
¥R OE A & SK-8 S 37.9 3,168 ®ov & @ OK & 0.03, 0.02
%W A & SK-10 S 37.9 3,168 B & @ K & 0.02, 0.0
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CEABRAE 8] ¢

B4 W% JOE S WlomKBIRIC W TE LN iRy
B2RTRL, BMTEFOBESEB NS0

@ 7= AEARALCT M I =Yy LFHET S
AREETIEMS D, 10%% o7 v =y v &mEEa
Pl B RS A0 -0 it RS D, b LT
W Ung

(b) 30%% 27w =y VEBAARE10 A R AE L AR £
DI T o773, 364¢ 6 AT I BRETEERET
M AR L X < e B BER I DK DB D
HHNRELNERDBND Z EDbho T

(© KETHF & 2 o 7ok &k B AL SK-1 4
O SK-2 54 0R MR BB D EKE L D HI5E

iy

Fro SK-6 &4k s&idd: Ulemd, 7VT 7 v 7Tt
LTELRIENETHAESE & i b, BRE ORI
DRFEOIEBH 2 LR T

2-6 FESHKICLDBEERR

P54 U 7o TR & Aikic R L 2 KEC BT,
Bl D fEA L EIDIR AN 4 Uic i Inlet attack
DERREAAEEEAICE L LTS Z LT REN
%o
BemsTERECIRAN I EF 2 v 7 vy — i TCiitaY DT
ST B 4T O THH 5 m/sec TLKIRAL 5 voly
B L il b m/sec TRER A L (Tib i WEEIDWT
H AR Tib .
BRIy 259 X 11 1,500'mm % 3 K4 HEfHE5H Model

. “ ! ‘E R Uwz o AV o R | s
A BE2  AHIATRABEEET E 70 3 ¥ 7 ¥ 5 — 15 I L)

LD gh R2GE0 Bt b,

@ “FREHHER 7~ VREENRE DD TR, R
Sk Utco SBEv L 0.2~0.6mm CTh b, THEIE
1% 18-8-Mo, 18-8 {KRFEIEE, 18-8 DIETH » 70

@) FHPEFEEEON, MZI-34 4@ S ACHEIRNA
e Ulitattds 23, SK-4 44, SK-8 44, SK-104
&7 IR &AL S 0AhTEAE, AR EDHE

£ < FRERONTILD » & SMWAMENRATTH >

B35 BYMTE KBTS RITIC 35 1 B 15 Yok i feia s S
) (S837.9~837.12)
@ om w BRI g H R,
%R WA 0.26 L 1 479
SK-6 & &
—— 0.23 L fx 479
noK B A 0.02 & MR & 204
SK-8 & 4 -
e 0.02 A WO fr 204
%o oW A 0.0 | & W W f 200
SK-10 44
— 001 e W B & 200
ik 3.5~7.0m/sec (¥l Sm/sec)
LB S A 7 2 = 0 WL LT L7 b 0 b 2 U

Condenser ¢&% », 100~500 E:RIDOFEBRNITind 10
ERITOEDHE IR L BND T L SK-6 &&lciia
L&A Uy 0.26mm FEERIE Uiz, Ui LE UEITE
Brltz7n 3=y nHFCIHAE 1.0mmAaE@B LD
LW ZENBRTHRDTINT WD, SK-8,
SK-104 & gL IlTEAd: Uk Th b, AR D
FEWIET SNTWBZ ERbh ol o TRIEEF V2
Iy~ LB ERTT vz iANEE R L SK-6,
SK-8 & L0 SK-10 4&ifEAaELATH Y, HAME
E e b D LY BT,

27 EXBENERBRFECBETIEFLOAVTY
J—2ER
FBH Ul & Rk e B L O B BUK ARSI R A
EIEAT A NEDR Y = vEEUEL, 2027~ T
DOBMERERE LT, BARBOREEAKT IS5, +
DR L UTIENHE ORI A T8 5 & L TH Bo
Filo, WEAEETLDH 2 &b, FRELHBERCHEDR
WA CTH D EHEZ BN T 5 B EWNRE RS
DML L OHFEROROFBOMRAEBE LT
ARFAEEFHNI No. 3 =7 rvay vy -kl X No.4 =

._4_



Vol. 4 No. 3

RIJFERTEARGRE O W AR B3 5 380F58 (38 13D

(225)

Ty ey — kR L BRI R L CEREREO
EHZ E LT 2 Btz ) LITORERAEH X i,
HEE O EDRUDEICDONTA T A & LOBEK
RENETAHZ L LV bl,

I

(1) #krx Lis g
2 Bl /a2l A vy 77 v CRBEEfTRotz

s

(8 MR L, EMERE LT, ARy 7T v
U7 &

@) o HU, HEMZERORVICKELL 5 THA vy
77 kel LI

(6) HFBMLINT b ks S O SIETT 7 b rs
no g

6) &7 7 v DOMRILGHE (HH7 7 v TRk Tk
o 12D

7. 36486 F L D364E10H F T 1 ISR L 3T4ET
A& D38ET AeniE 2 HislRa T iab iz

Ry 7O TF = D ORI EAT Mo huin s
SleR, DEDIZ LEbhots

@ T4 w77 CREETRD ZLEAED AT
~VEBRETHDIAMTH DL TR,

(b) FHERICEE U COKEA BT 7 5 I FERfze &4
W7D L DS % DRy —vERETBHZ EAHSED,

€ #H#H# 0.5~1.0ppm FIEKHEAL ClL. AV — VA
TEADEEDRBEI DIBECEDL - TN,
ALK ZEER 2 e AR IMEENE I LBV, FE
EINE HIDFEMTH D,

@ 77 v L AREOMEN A 7 A4 L imE R g3
BT, FEORT, LRENERE SR I AR S
B, BECHTHEEES X BATHEG.

€ 77 ¥DOBIRE L OKEDANORFRE R FIET
BEIH X BTy

(£) Ry~ ki U LR WadIiIdiiEn & b
PR R a3 BB NS Do —ERFEMER 7 — v i U
TOBTIEREETHZ EARETH VHERROM L S
EUE ST/ P TN

8) WAL E T 218 Ay — VIS S X B s,
ZOBREEIER T OBRORACEBEE L 52 b X 5k
RN E D TH oo

3. BEAEEINKRASHSEIINRERICEITS
EFNAVF v —IcLPETNHEE
KBEBEOHR

[BAPS TR Bk &kt & D RIS )
3-1 #& R
SEINFEBRCIIEKRBEEL LT7 3=y 2RO
BEBNRERINTETHBI, BRI X DHEDIREDORM
B0 DEXRGMETS %, R INEDEAD

Bl 353U, (1) Inlet attack 1w X 5 & o, (2)/F5E0H
BB LDELD QHBEOCHIC LD LD CHET
B ERHES,

Z D5 B(1)F LT LT A FRRICDWTIE, kLD
D70 % < DRI T Inb i TWT, FRII 1T 5 B3iE
TKRDFHD KR, IKEREDOTEIC X 5 B HEROELHL
TN X AFIROIERE R X OO FEI L 5 EKEO
WHHEARANDBREAN R ERHBNT WS, L L, Zhbic
& o TLENTEEFR O KERE O RN % T+ 431 3R
T5ZEETE R SENFEEINC I\ T KRS H
TRDIKEE P Fe 4245 BT X B KB I L OME K ER~ DR
BERET DB ABAT bt 508, HBENE
WE DR G 2 BB DONTES B F TR RE 3
RENTNR WD T D EICDNTHRET D70, 255
FEEC T, BEE DR L OMERREBO MR &
LTI TG i3 5 RRATin otz

3-2 RROF*E

FERFRBUK TS EE Uiz e 7 A kI s Tl s 0.0,
1.0, 5.0 % L0 100 ppmic % 2 THKARE L. BHK

EORH : 7 i 2HH, TvT T v, 10%% o
Tuzyrp, BLUOBGF 7 e=y v,

RO HIR © 3647 6 A ~364210 A

WaEEORE : 1EL A

33 EERORER

SRiE R A 1 BIRT,

| X H A 18
A | iy
136,619~ 1136 11 . ? G
70l 136.0 n3‘6 a3 A 7 I P
T 2
° TNT T 7
10% X 27w = )L
YO30% X vum
6.0
= \\‘
=
Q
£ 50
N Iy
E H
N\ :
g
40 “
4
e 3.0
20 b g
S
1.0 i
17
x
0.0

‘ Clz B %, ppm
BRI AS: & s i 0BG
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BT IESED I L L b,

(a) HEOTEAEDALEAET DERND DM, R
b, BB bz, Baike LTHEAZELLD
THAEWLE 5 Th Do

(b) BONMILE Ul DWW T HRIVIEELTEAL
T WE D NTNCIE IR D & DR IR B v,
FAFEA LBFIE SO & 5 B Ui o 2o 4
FEOBFAEE I LT B A A RO TRk W58+
BYER DG B O TR E B Do

]

() HEEBAELIENEICHTE 3 2 MG m i a Bl <85
RN D %o

BNEEE LT, ERBEEBOWRESE LOEEE O
SENFEBERCETENEFNEELET 3 BEHEKB &
VSN FEBEEKBAHKC L DY = v PEBRIERIE X
iz G2, 83D,

AERBROFER, BASFCI W TEENTEAETH I LI
TULEARIET LI LD THEDZ Ebh ol

0.30t I Cle D OPPm | 0.15) quzzowm]
B8 Cla * 1PPm wallz 1 0.5PPm
@ Cl: D 2PPm &BCle P 1PPm
€
£ £
E ~
#‘0.20’ + 010
o i 10%
oy
Y K_
@ ?
e 78 30%
i el o K_
& - x
=90 0.05} g
it -
"
71 r
i
2R B 3 % kKT & B3R 24 NFEEDH A
b ¥ Ty GG R X %
VI oy RN
(#Ekix  once
through)

4 FEERENBEANESHTERERAREFROE
FLaAVFrvH—Ick3EKBEOER
BERER

(R

4-1 % P

W BB E 8B Tk, TEEFOKn EDBARC L 5T

4 2 F DTERE B BT BIEMIC S D . Hds BIEROK A %

E kAR &t & O ETTgE)

HIK & D EESHRESE | B R K FEE R KSR E
FHELWEREARE U TED, ZOBARTORY Lk
BB OBFED 1o bR A 1T/R o oo
RAE CORBERIZOELCRE LT D,
1 IEFISSAE L A
42 % : IgFNB5AE 4 A
% 3% : WEFISSET A
g5 4 : BEANS54E10 A
5 1 BIEUERERAS © EFNS54E1TA
25 2 BAEABREE 1 4« IEAN364E 2 A
55 2 WIS 2 4 WAFN364E 3 A
5 3 HEBR AT 19 IEHAN364E12
A 3 WARABRES 2 . IBAN3T4E 6 A
FIE SRR A, RSB IR
frk i 1 BRI T IR SEEE 258 1 511~
38E. # 2 WHREF I ELREBEHREE 35535 205
~224 B ®WMELTH Do

42 EFNAVFUY—

BE 3R TEY 2 mEKEEE 4 REEM U Nle 7
vy F vy~ 127 R FOK I FEEFC R, BUKE X
D EElE Y T CERB BT, BT 1.0~4.0m/secoORE T
Lo

BE3 WHpAENErT vary7Fyy -

4-3 RRERER
AR OXDOEMTE T, 52 Micb DR L

(1) BEEIARAEIRCH 3 5 s R O FERE
() BHIKHRHDIES A T3 B ORER

(3) EAEHRROEROMERR

@) & LEROEERES O REEDORERE

(5) BUIKIBEHET DS

# SHIITFHAE S &I DWW TER Ui,
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4-3-1 #1535

FEAI344E 8 A /s HIEFA304E 8 B2 14 7465 B0
BRfEBIIEE 4 RD 2 Ik B,

@ EBRERLE A7 —VEEEEELTELLLL.
BEHIUK ST LKER A H LEB LU0 D08, LF|ILkE
2y —vbEBEYELTORL, GHKLEBELET,

by FORBEARECLS L, HRCHBAELEIR
b L 7 A B UCERSIRDBENIED biviz, L

LABHAE T3 7 AR SARRD bR o7,
Tl b A BIKOBREOFENEECEE LTHET S
ZEDNRbhol,

(© & PERHLIE N O K EEEEE 2 m/sech T2 & BN
WG 27 — %, BAEOHGIEKT Do MICHEIK
TR LA —VIEE LAY L. HEOBL VLD
A, AT OBEVILEERT b,

@ EABCENTERBRETR) & EAOFHEHL LT
S BEEREY WV T 50 FlomEKEURD 7o #
=V IRER AL ETRE U I WE B BRI A TR B
e SN BOERIIENILEEREBRIAEECH LT
FEHETF E o TWDE I EHRTED EHEZ B,

© b7 v 3=y nEEEHECE DTEEEET57
NT Ty, TR =T AERBSIU TV I = AE#O
BRTIEE LS BN E Ul F7230% % 2 7 =y r v
A ENEE TR CEEE—BIOR &N E U T, B
AT 3\ TR & A SO EAERT D Bk 2
Db ot

B4R HEIUENEESCRNIIEEINC B B85 1 IR s

AP0 THIBHREDENEMMIC SEAFRENRH D Z &%
LT Do o CRRCH BRI N TWT S5
EDE U AU ERF SRR O s RAHIRE Sk in s & & Ao s
-7

(b) EPIRERDO AT EHRAHAFTD Hitlce

© 30%% a7 w=y r VILEEREETE—ERED S
Th D, HEENKTHDZ b ol

@ W%xo7m=yrrb=yr)ViREE (BEFL 2
AV WHAEHEAEY TE LTSRN EaREWEEIE A
HED Bz,

) FEESTIL 18-8-Mo M4 <IN Tk B8, $HkE A
Br2H D, EAMEIRE OSHRS W,

(£) MPEDUTE A 7 ~ MIFIFRIZS £ D KT,

BEER  HEUENH U IISERITIC o1 5 88 2 WA R
PER—— agﬂgﬂ iﬁ/s{i’ AR, % f&?y’k-ih’i'x’ﬁ!ﬁ%%, mim
SEMRRAS| FERTRRE R TR
11,260 1.5 35 65 0.24 0.27
11,260 2.5 35 70 0.27 0.34
FNTTF 9y
3,795 2.0 20 55 0.14 0.20
3,795 3.0 25 55 0.20 0.22
11,260 1.5 (100) €100) 0.12 0.14
5025 11,260 2.0 (100) (100) 0.13 0.14
%a7w=y i 11,260 2.5 (100) (1007 0.13 0.16
3,795 2.0 100 (100) 0.07 0.11
3,795 3.0 100> (100) 0.08 0.11
109%
*a7u=yrv 11,260 2.0 (100) 30¢100)* 0.15 0.40
=y 7 s 5,710 2.0 (100) 30(100)* 0.09 0.40
18-8 K &% 5,727 2.0 - — 0.30 0.18
18-8-Mo#544 5,727 2.0 — — 0.13 ——

, g o | W foW B, % | mEwAmy, mm
wkmean |6 2 ‘
SRR | T it B T | SRR | 9 B 0
1.0 10 30 0.12 0.18
TVTT T 2.0 7 20 0.16 0.21
3.0 7 20 0.20 0.22
WH7VvT7 97 2.0 10 20 0.25 0.27
TV E =T i 2.0 15 40 0.34 0.32
TV E =y L 2.0 40 85 0.26 0.27
1.0 (100) (100) 0.11 0.10
30%
XaTw=y N 2.0 (100 (100) 0.11 0.11
3.0 (1005 (100) 0.12 0.12
10%
:\'—;f7’u:»y}/‘/\/ 2.0 100y (100) 0.11 0.11

Fo(100) WAEEE R RS

4-3-2 # 2 W5

FEAN354E 9 H 953648 3 B2 3795 Wil 2 BBk C
BENIRERITE b RO I L Th Bo ARETIEIETN344
8 A ADEMRE b X O WEX T oo

() KB|RERAMB LTV 7T vy /ELEELYRED
EEANRED, EBEELLMER UCHRC St LA
TH L A BB MNA DI o B b BOERC AR

& (100) HEmEHARRT.
MIRATE A L & b CECECRIBIE D Fk,

4-3-3 7% 3 HIEER

57 U < BRI C BT LioiB ki & & &0 RAHR %
MEFN364E 6 25374810 £ CoO/MOEIMICH 7z o TIT
Trotoe FERIFEO6EDT L TH Do

(@) IKEERME L SK-1, SK-2 440 MiAMIIKET
BFERLTWDIZE TR, HRKCERET LEE LT
BEFEZE

o) a4 SK-4, SK-5, i % . 7w =y 7 VSK-
3 SRS AT Ui AR T Y, Fie SK
“AE&IFT<INTHD,

© BEBEETFEREFRICAE {AFTTENR DA,

AR ER AR A BT 5 & 2 IT7R 27
2 3 B 4 AIRIC & B I ER IO REHI TS Bo
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T K &8 & B

e

July 1963

BOE WETE IR SO SRR f 1 % S 3 00

Pt

\<:::::;:i:i\\\\\\\\ s g gy gy S96.6.15~536.10.15 | $36.10.20~587.4.20 | $37.4.27~S37.10.20 $36.6.15~S37.10.20
“\\\\\ T 4Ry 6.2 1) 5.87 7 164 A)
) ! H e W FLopm e b
~ WA, porss ey, WRTRGR,| smsany,| BATHM, | pruany, W S R R
% N %ﬁi S~ mg/em* mm mg/cm" mm,  mg/cm? MM mg/cm? mm/year] mm émm/}’ear
7 v T F oy 7 19.6 0.19 2.1 36.6 0.19 60.9 0.055 0.39 0.30
SK -1 20.9 0.20 —_ — — 57.2 0.052 0.27 0.21
SK - 2 26.1 0.10 — 49.0 0.12 117.0 0.103 0.20 0.15
SK - 8 23.2 0.07 2.5 0.03 36.5 0.08 58.6 0.050 0.12 0.09
SK - 4 21.1 0.05 1.8 0.02 33.9 0.07 64.9 0.055 0.11 0.08
SK -5 24.6 0.09 2.1 0.03 41.6 0.08 76.7 0.065 0.13 0.10
SK - 6 27.0 0.16 2.8 0.03 35.2 0.16 51.4 0.044 0.26 0.19
SK - 7 — — 3.6 0.04 48.0 0.11 — 0.090 — 0.13
SK - 8 — — 2.2 0.03 41.1 0.08 — 0.065 — 0.09
MK - 1 32.5 0.19 — — — — 62.6 0.053 0.28 0.21
M ATEEGR & D O LRI b OB A
M IREHATEY X 0 BOT L 4Ei D O RIEI A E
2 ) 7 il
S N ———
W% a7m=yrn
A .
S o
F&E4 MEIKREEEREED 7 v 2 v 7 v 9 — BB NG 5 &
(LR 1 30% % o 7" m=y r D&% L2m, ik 1.0 m)
5. EF“K%?J*%"V*?:I:%%%%FE(: BT3B BB L UE 2 MoEEE Y BRI DLW TI TR R
oy b
EF)LaY B - K BEKFED ELTh Do
EhEER ThE&ERR H2% H45 299~321H
Py b —
e e s e Ak 25 109~124E
(o ERE R AL & DRI ERBERER B4k B25 A
52 EFNAVFH—
5.1 1% R

# 1 58 3000kw D&~ ¥ rir I/C'%'?Z%%:& N
BEIRAED 2 F Vv a v Ty ~Th b, IEREE L MR
19, WIE 1, £v 2086mm TH Y. 4704@&%%1% Lz 247
WAHRNTH Do SMRITBE D WRT,

53 R B &

I LOKEBBCH D7 FI 707 0 —FH, 7V
=V LEH, TvT Ty, Wk o=y e, 30
Yx o mmy it K OEATIREEDLGEE 470 A TH B o

__8_._

EKEE & LT L DIt &d @ ERAE WA
ENT Do 2B EE G DI A A SN HLlBES
D LI EEME A A LI bEETH Y., FREBE
TDRERMN A D & L3 E BT NN EEEKSEE
DO D LGB OEDEHEL D, o TINBOEM
THIEFEET 1 BT/ NI KER A OF L. SEH
KU TORMERBERA T > T\,
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B) 7~ ~o{ifs 30°, HE 430kg
RA — N7 v BEBOT AR BRI EA LICE D
Thbo Toids. Brh () WiRL7z B 77— » o i
30° DL Th Do Fio. 7 JC@ IR D X 5w
Z B
i)y 7~ »CfBRT HIEMIE : P
i fEE@EEOENES « R
iil) BWEAEE LTL2 2 M5,
iv) 77— rDBEE W (=420kg)
Bl, 77— 2OHEIFENER TR, BEIERETH D0
FEHEE P LM R BT — s b &, 7 — 2%
Ehfa Z BERE & A U, BIRO 4 2 % fE
A—A%EX D, WHA—ATE4BCRTHED TH D,
3, BIHA—ADOWTE 2 KkE~ 2 ¥ b EARRERE AR
D ho

\

1=1,990(2,220)
M=1,400(1,660)

(B30£y)
840002

B3R A -y v RO SRR B UICHTIE
Eel
ol
voxoxe 5
_ 3 __.8
19.6 [ 4508 i9e
o [ I
Lo

EAR A-A W TH X

{55 ) AlA—— L 70X 70 X 6
(6 F FEUHF W 2 k' — A ¥ F——37.1cm*
{5 I bt O Wi R ——8.120cm2
Mo, Wi 2 k' AV b
I = (37.1+8.120 X 38.042) X 4==47,150cm*
F e, EHRERE
i =(47,150/8,129X4) /== 238.1cm
7~ nAaRE=18m, EAHHMHEEZ=70mm J 9,
AR

1,800 15
Ay==gg7 =473, A= 37

Ik A=55 & LT, Bk w=138 Th b,
REGMHEACDWTEISLT Do (I478°, #iH 2,000ke)
(1) FF#msmsE P = (2,000<5,430 44202 8,560 +-1,000X
1,400) /1,990=6,900kg
TEHEISST 017=6,900X1.38/8.129 X 4=295kg/cm?2

=54.7

_._3_



(236) T R &

& B & W

July 1963

@) BYEHRIZMED S % &
%O
FEfRIES 02 =2,000%0.05X 900 1.38/45.08 X 2<8.129
—170kg/cm?
{HBL. 7~ ximm 450.8mm ¢, 7 — X 9,000
mm ORI < AERE 2,000<0.05kg &3 2B
Frb. B 2 A0 A v S = RIS MR FE T 5 &
¥z 5o
(3) HEDEELTE®
ZTIEHE AT\
4) BIRERBAELD L. A v @ &SN
6=1.2X (61 +02) =560 kg/cm?
SAEBIZOWTEST 5, (I0ff 30°, fiE 430 ke)
(1) FEGEEE P = (430X 17,300 4420 X 9900 + 215X 1,660)
12,220 ="5,400kg
FEgRIS 101 =5,400 X 1.38/8.120 X 4=230kg/cm?
@ IEMHRIIHENN%E L, 7~ sOhis@ &3
Z‘)O
JESRIES 02=430%0.10X9001.38/45.08 X 2 8.129
—75kg/cm?
(8 7~ rOHELLDLLD
T WAL v PHE T~ PHETR A BV E LT,
KFAe 7 — 2 CESHRHWE (HE) &hkhT e, I0
BiFE— 2y FRT — MR D T T ATE D LR
HOT, HEIC L BEMRSHE LRV FEET Do
e, 03=420%1,800x1.38/8X76.08 X 2X8.129
=105kg/cm?
(4) BREREALZD L. A Y- @Al
0=1.2X (g1 +0g+0y) =500kg/cm?2
BlEXb, &A, BowTFhodadb, MO
+HThBEEZBND,

T o TWhibbTnhknb, &

6. m T

6-1 MIFHk

MTHEEE LT, 7VI=Y LT =B 7 v IV
T E T, BAMMEZE U TR D, EBalkd T
BEATH B, MIG ko TIG ks SEH L.
READEENERAES, LB X D« BFITH & WFE & D
Hx DEEHH b

-2 T B

6-2-1 TALHEEE

R, 2EB8Bmo b 0% 8.5m, 7.5m,
DTy ST, RALDWT, KD LD TR
Lo T, BBENDEHEEHET AT o7
OFN—~>® 7 7 x->@OHE R D ~@iF TP L
F—@EEEM OB M ~@FER ) ~@Kmt L~
(D7 ERYA

2.0m »=->

Ly 7= 2OHRB< &9 -

6-2-2 I B

FEEWREO8E 213 & A KR UFE TR o720
6-2:3 » ¥ *
FHEFTEERELT7 0 I =Y AREC T X EDT5D
DHEBTed, RERER Lice $/a. BEATTRD B
B, IS EICAITE T D DR BT Bicd, FEEE
LT % &I otce B2y 7 X % 1T o loRil %
PINE Y

VA

6-2-4 HBIED

T MMOEWENET Y Iy B~ BIOET S
WISEATIC O3 235 & EEERE ST X D 60° 1Bl %
BERS. MBI EDMEME R v+ vy Y
VIR YRIVY vy F T 4 Oy~ E TR
Ulzo 17 X D4 OGIWIC AR TR ALEEE 4 Voo
WOGMZ v A Ty — %R U TR, I E L
Wi, SR EFEH U)o Tco SHBOBOEMREIEIL 7
ra 7~ 7 O L ORI B O HEIE (2
YRy y) BEHNBENETHD, LTERE3I~61F
DR AT o

6-2-5 ®RVFINT

ook 150 Y IKE7 v AR L D 7~ V&R ER L
Tl /oo HRE 8 mm T 90° FRE 72 L BT, UZR
N S S ok 400°C FREEIEL UCEECTT 7R o 7o




7.

Vol. 4 No. 3 BEEES PR v I vy TN I =Y AT~ A DBIVERRDWNT (237)

6-2-8
‘wgnt MIG ms e TIG v 0 Uiz MiEOLM
R N AR e a9

BE6 RrFvy vy —CkbEe

6-2-6 FtE R ,

AT A G LTl D g d o, - EH 7 EE9 B R W
GAYE =, TYINITTA v X =ToE%ER LT RS
foo 73 =y MIFEEOBATIHESEDZ LT, U
BROVEE BE T, 8FDORIART .

NI EEI8mMO 7~ sk, 85m, 7.5m, 2.0m 047
vy 7N, Tey 7 ZERHA Tl

FAYNR—DT VI NET V=T TOEEE, E

6-2-7 {ESRIEN CEHRET Lok D 2o, MIG BT EFEA

A 2 mX 4 mOMREERE RFHAC 28 g, ke TIG TRAHEE Ui, HEIEDR
XL L, EBICSIERAROFNL 80m D7 my 7 BEHET gk A0, S EE S 2 0BT, TRk
* B HEIC Ak E R Lo H1T7 o tce BE 9 IEMFEEROLDTH %o

.___5“




(238) ERES2EH B July 1963

7V S OB LR A 5 BT R

W, 7V S OEERK o T 5
e TRAE B Ly B keli0 7 v v ¥ 7 i
BETHEET 50 % MIG gE#: Tk, wic TIG
TR 277 5o BHE1L MIG B3 CiRAT %17
o TNDEIATH Do

MFH o S oL TIG BT o 72(
B S A BB R

BRI, IBEEENRRET L 7wy 7 ORI AR

F12)o

BER 7 v~y v SO &I

TIG &= L 5k

75m 7 v v 7 #lar

FEI3 NHD B

s

DA (MIG {EA)




Vol. 4 No. 3 LUEES by kA~ v AT AN I =Y AT — L DOBVERCDWT (239)

BEI8 K 2 O ¥ B
6-2-10 =& W 9
TR D WG, SO L & E 5
AN LT, Sk A A~ DI 7 7~ %M T, KIBOAE TN, 25 LT
BETFHLUTND MIG CCTHIEETTR > g 2 5 g s o C i b FICH I 4 I & S0 0 B B
" 197t & 5L, HET v ATERW,

SEIRERO R Ak, SO ZEIT R o T DD M,
BHIGCRT L HICa—F~ FIVTHEL L, £oier =
BLDAT, AT B SE A PR,
MIG Fift CliliEs 5o BH1T, 18 134 % DEHEOLDO

1

6:2-9 E 2O

TEBILL A 2 S
¢ 200°C %

TEI9 AL v AL AHERY
T WEERLTE. 7 AR, EAE AR LTEI
DNTHE Lo MIERE o L OB ST EE 6 Bk L O

H:

e 1B A emomn o i -

(173
(600
T
i
7,50 000 501
(1) (-2 {5}
490 i
i i X L.
[ ! i : B i - 3
i !
: " | e ; i G p - - x
BOR B AEMEME
B8R i/ - TS
wEwi | 4 | v |~ = | w [~ r[# ]|

hiO £0]=0]x0

o e io\+3.5 R 1~1 —1l-2l=z0

SR HBED., 7 D IKEEL —25~+ 1mm,
B — 2 ~+4mm, 7~ LOED X 6mme, FEk
EOHRITEDLDTRIFTH 070




(240)

TR B £ B B ®W

July 1963

6:2-11 ST OFEmE_LF

fezErbic 7 — 2 OFREHFESIT B &, EHE AL LT
BT H0EN S 7w DT, RDOFHEHR & ol
APy - MEF Y YR ER L, BRA LS ZT T
HEE Lict, i TREIEWE Uiz, 20l Ay v
KOBDOH ALY — LY, TAMEI=Y ADEBEDRKFE
HOT, BELBEWTE L Z ENLETH D,

6-2-12  HehinT

e s & ORISR 2 DB, OB EBOMKE
DFEN PO BT ENEREMINT TS B
BE20I5EEEOL BT A 7 I 7 VR~ VT o C
WhHEIZATH D,

BEA 7Y 7K - VIBIE L BTG

6-2-13 #L  ar
TEBHM 07T~ ACHBERE T D (T
A =7 v = VI H oo
TR E 7 v 3 = v n & AMER B, R 7 F
TV LAy xpBLT, BAEEEHIE LA,
6-3 EATAEDLUHER
INTEAE U TR & g A 8 9 RIS U OR Lo

X5k SK5

FIx i U TR L OB
G b # w
RYF, NI, YRY, BYF e, ASF—, RUF,
FOE R g, me, S, KKK, vAv-T 7Y
VA FREIANY FY -, G, TYINTIAL v E - (E
W oH T A VB, ma—wFy s a—F e VYN, TSIy A,
RyFTx ) vi<y
@ o YA (VYA T4~ ), MIG B CRIEER),
% B TIG vEE CRIZEESE)

6-4 & ¥
6-4-1 BEZRH
A IEI0EROB Y Th 5o

g W o®m % M

PRI 5 AT %iﬁgﬁy i A s T v E |7 71’13/’;1?@&{.
MIG A2W2 1.6 200~230 23~25 20
TIG A2W2 2.4 180~220 —_ 8~10

6-4-2 & i #

K7V I =y LS T — nDOREMCHBIHET V3
=V nEd T EOEHCHE T M &b,
FREU LD MgOBNRSNEDRHESTH Do LU
RE LR XU Ty 7 OFLR IR E DS B TR
DOME DEA BN EDITH T LNY
MIG T LicBa. BROBEINH 2SS TR
BT B8, Mg O—RERPAEETLLEND M
EZBNBIZDTH D,

BlbEoZ & BEMSHIIEY L b Mg 0mng Wil &
TNy AEELEAHEH L,

B R A A, MIG #gaciy 1.6mm ¢, TIG
B 24mm ¢ DL OB ER Lz,

MIG ¥#EC, EHEET 1.6mm ¢ T4y — ¥k
L OSMERE DS NI, TV ¥ v T OB AT,
EHEOIEE A E RN, ¥ FRE DL m B
M oTne BHIEHE 1.2mm ¢ DM A6 X1, T OBA
LHEARR e € — FAAVE BN & B A, FAIC B
B —FHLELTLHOT, AEIRFRTE h ol

B-4-3 FEIBAOUEGE

ANV R A T A R A AT A . REDOTEN &R
(LA ds Uizo

PE IR D F B & oo

(1095 NaOH+0.25% HF) #ik — KEE — 18K (60°C
BLE) KBl (120°C LBIT) —> & ¥4

BHE2L Ik oSV

BIR2NIRCIR U7 Bib 2 B BT 2, B Ok, 7
7 AV = VTR AFETRG, EHEHTR N E DRI
ERL T\,

__8___



Vol. 4 No. 3

BEIRFES Py RA ~ v HTNI =Y AT~ DBV OWT

(241)

B ORI & FRHICTE T LIRS 5 2 L8 F LS,
sl EREML D, BLOTIRZ OMOMEE TRk <
XhWb DI, VA Y~ 77 YRR RE L. Rl
I TR E TR ot BERICIFH IV 7 vk y
VI -BERENDM, PV I v RERARETLOTCE
BEFIBHE VA LR D R,

6-4-4 VA ¥

R MIG (v 7<) (EBEEEE s Lo TIG

NV 7~ 7)) RABEEREAFER L, Wb ARE
FEar (BR) #Tdh 5,

. & & & B
7-1 HEREHmM
THIZT LT~ Nd, TIVImY AEEOWHE LT
AT PRI EENTRE S, FA8mMmE WS E XD,
7= KRR BHREME S Nk & I B DT, ek T —
AEEEAL BHTHENC LS WERD DD Lo 20K
HEELUT, BUTFO L5 GlilERRa a7
) BhxflzE L, RS &g,
i ey Y, MER & X BBISHEE KD, FORfT
BIBITD 7 — 2 OWREER TS,
i) 7~ L OBIFBEIC LB R Y I 4RD, FNHI AT
~Nbo
7-2 A & 8
HEfs LTUETEOLOAEFEH Lo
1) Slse « efogesl SM —4 J #3EET
FELEER DSb—MT #)iE:t
iy v — ¥ i HmEmEHS— 18 GR=120, GL=20,
GEF=2.01
i) kst : FEmEHNU—2G
iv) 70 6% B : EONEE EO—6T1 v /#d vy m
777
7-3 BIEBER
7 W DWMERAEINLELEE L SNDEHR, ThbbE
TRCRT LS, 77— 2O T, PRI, il &
O TFE L DILDEH O 4 rrick 2 4 83D, EHARER

D .
ik SEREH

g | —

‘.f\,\"‘UO
HIE HERBIEEDT

7 = xS, BEHELTSh 2R Uik
TMI=Y A OY Y FERIEE=07X100kg/cm? & L
TR Lo
7-4 REHE

Ted-1 BEIC X BIEDNEE

BEEAPREE T 7 — 2% I 75° 1AL T, FDE & T — 4

DIEEI A BT HbHE, TOREND 45° LU 00 @ L
Tk ED T~ nEFAT BRI ENE U,

WA, AR T5° kear T, 2,000kg DFFE AT LIcEA.
B L UMA 4% 1T, 600kg DOREA T LA DN
THAERDIET K2 Uico

7-4-2 BYREC X BISHIEE

7 bR AT T T, 2,000kg DWE AT LA
B LU A45°CHE 600kg %@ LcBa e onWT, =¥
J T UCHIE) Uis & 2 DEHDISHENL. 797
DA MEE, B L0 EE, WEE UicEaDisTi
b AR Ul

FrRmbIEINAREL RD EBLZONLBETHD,
BEAEGVREL DEXTY, A L3EiBa0ls
T H W Ulce
7-5 BIEfHER

Hlefissi a1l 128CmRdo

Blik % B9 i 1 Mo (—camm
EEEEIE, kg/mm? RS, keg/m?
e 250 450 0 45°, 75°,
#E600ke {#2, 000kg
1 0 -85 ~111 —925 —259
2 0 3 46 —81 208
3 0 —38 —140 —199 —232
4 0 28 9 —90 ~108
5 0 —59 —90 —185 - 247
6 0 21 56 ~78 —200
7 0 -7 —136 —295 —238
8 0 30 1 67 —205
9 0 ~13 —56 ~150 —236
10 0 21 59 66 ~161
1 0 —72 ~123 —202 —217
12 0 17 —116 224
13 0 73 ~116 —94 —278
14 0 2 —d9 —178
15 0 —55 —113 —248 —297
16 0 16 2 —43 —175
76 % =

i) 73z n&4HI8MEKXR Y ~ 1k, FOiEiEH:
BEL DL T, AhXEARIFEH LESbDEEZ
Bitdo

i) 77— A T75°, THE 2,000kg DIBELS, 7 — AD
FEMEISI1E4 300kg/em? T Do ¥ 7o, JEEL Hi
)7 & OBIINEL K 150kg/cm? FRETH Do
B o THBIEEO BT LIS 13450kg /cm? &7 D
PR D EETIE Sy 650kg/cm? X L ATHEIE & Bbd
7(:)0

i) 77— 22y 3 DWTIE, & LFIRBORED L

.__9._.



(242)

T K &

& B & W

July 1963

FHIO LS mMmMFRE T 5 DT,

B EEEZ BN,

I HR L

ik B0y s U 3 E &R (— WD
i | g | OO | BB | OSBRI,
’ era e 7, i, RIS, N .
kg 4 kg/mm? | kg/mm?2 kg/mm? kg/mm
1l —a0 | -232 | —2320-304 | —232-— 66
2| —or | -8 | —se—2 | — 87— 60|27
3| —o79 | —215 | 215>~ 20 | —215-—356 )+1.8
4] —1 | -8 | —sio+ 52 | - 81o-28] 1S
5| —221 | —188 | —188-—-326 | —18>— 45
600 6| —o1 | —74 | —74>-2% | — 74>t
e T s | —205 | —205— 80 | 205327 4 g
g | -102 | — 89 | — 69>+ 8 | — 69>—206 —0.75
WAL g | 150 | —134 | —134>—245 | —134>— 24} @
5° | 10| —68 | — 48 | — 48->—108 | — 48>+ 61
1| 23 | -200 | —209>— 40 | —209->—345
12| —181 | ~143 | —13-+ 24 | —143-—248| ¢ o
13 -4 | —9o7 | —97>-132 | — 97> 91 Toig
4 | —68 | —53 | — 53— 8 | — 53— @
15 | —303 | —265 | —265>-126 | —265 >~293
T e | —ma | —zmio—soe | 3o 8y
2 1 —175 | 137 | —137>-275 | —187>+ 18 M’E/
3| -3%0 | -282 | —282--—125 | —282-—388 )+0.6
o | o | o | —ame— 72 | —233o-305 0
5 | -250 | —188 | —188>-—324 | —188—>— 53
2,000 | 6 | -140 | —123 | —123--282 | —123~+ 42
o Tl —mT | o | —ae2o-102 | —2625—400| g 6
8 1 —268 | —218 | —218>— 50 | -—218——349 5—0.95
W g | Lo | —194 | —194—287 | —1o4——80] &
75 | 10 | —135 | —106 | —106>-239 | —106-+ 40
1| ~38 | 250 | —250->—156 | —250-—400
12 | —3%5 | 259 | —259«—159 | —250->-370] 1 g5
13 | -306 | —250 | —259<—259 | ~259-»—259 p—2.8
M| —188 | —147 | —u7o-147 | —wr——1a7| &
15 | —344 | —204 | —204>-294 | —204->—204

FE22 6 @ B 5

T B

8. ZNIZULY—TOEERR
81 HERREW
T ADERALO—E LT, THIZY LAY~ TER

fEL,

b SIS EERNEL, TIi=Y A

- 7ﬁ%{@&mwmxéma5mﬁﬁbto

8-2 R M

FAI= Ay ~TE LT, Iy 2488
BOLDE, TRV AN — v~ 7S 5 IS
) ¥ RIS T TR ANV DAL T v T 4 v D
] A et i CHRSE Ui,

B8Ry ~ 7T OWIRE., FlBIBREET VI =Y A
48 8 i B (L3 L ORI MEE A 7~ T 0

_scd

ACBE
L
N i T
ES I
1
¥ ¥
B8 ¥ ~ 7 O W
BIBK 7 3=y L EE 8 H BOLIISY & HebiEL
(JIS H5202 -1vn)
J 1t 2 2 Iy %

ey

Mngn‘FeIMn Ni

Cu 5 si
0~ | 8.5~ 0.5~ 0.5 1.2 0.5 0.5~ 1 0.2 i~
Achj 4 oi 0.5 1‘5] WF BF T 15 Lﬂ‘ AH

H Al i =3 ol R B ARV TEN
! Y [ EEEmY, | ¢, Hp
kg/mm? %
MeABEE Py AC8B—T6 281 & — #5100




Vol. 4 No. 3

SBES F vk A — I v~ YT A I 2 Y 4T - nOBEEDWT (243)

8-3 HBAFE ¥ L U155, 12K T,

B9 Mk L OBHEMLRT LA, TVNI=T LAY~ T VA= 7 ORI B B 16RCTR T o
BIUO7NV7 4 vy —7Cka]l ProfmiBExH L. T
HEN T L CEBI LT, MEA TR D LS S8

g£145%k v — 7 D BEKERAR

o ey N N . % wr TMIETAY~T FNTL YT
<o ’{FTJ'EO)Z%%_I:H.\ if:(’ié&%-}:‘”‘%‘k’{z 1 @&ﬁK\ R - - ) - "
et ety e < . . s L ORI WL | 7y o | WERNERD | BORREL |
5~6F7EZ Ly — TOESERER L Oy — 7 OREERD ] w, . ﬂﬁm& m,mm .
Bl Ulco WEO L TESNTME 0 ETTR 570 59,980 1.3 15 0.14 0.05 27 0.0
XBIC, BBy — 7T OF/EIFESE UiciS 1w E L, 124,913 3.0 46 0.22 0.25 40 0.12
. s i . 180,000 3.5 53.5 0.24 0.50 43 0.13
7 AN = v = 7 OFREROWTIE S WE Lo 20,000 | 42 | 117 2.36% | 0.70 6 0.20
TN - ik 120X 6 2 ) X3TAM, WMZa VA 300,000 5.3 134 2.5 1.00 80 0.24

R L. WEO L FHEBIOMEE 1655 m/min Tl ofz, 77 Y= pHHEELT RIS ot

. Z;(JLE‘ 2,400 600 !
‘\ 7‘”"_‘_’:_7.'.
6 150
Tron
53
4 100
g o
62 3 -
= 2
B9 ¥ — 7 O FEREA R 1 ==
0 P - 6]
0 5 0 30

RN 1 S P
10 o — 7 DR RS SR

10B 7730
= T DEEOFELIST DR & F OIS & 11X FEUR v~ 7 OISR



(244) R & 42 8B ¥ B July 1963
150 £163% v A~ 7O SRR
~F I3 AN 3 0L FMIZY LS =T | TNTA =T
* BI:!M’ M&?&ﬁ ﬁ%'): NS o A o
0 e \@\ 50,372 111 - 28
64,933 9 A K- 6 83
om0 / 55,087 83 0 34
50 - ’ 60,000 116 3 59
Ol L@ 45,812 141 3 22 ‘
e e — +—~ — — ._\—‘r - —7L -
\U 0 i \ - 4_@__.._
2 — -~ “:¥7<t:::;%? 85 % &
8 g o\ . PR =y ny e P ETHEOEE L, %E T
o \ P kD, WEETEIMmMBR L, —HT VT 4 Y~ T
NN D150 I mmBEDERTEH D, 0T, TVI=Y
—100 =y ) o e . .
A Ay = TR SETREEBEDL O THDH, 77
AT~ L 4 Y =TS EREIH LD SO LT E S,
~150 " . - e
NN FEIEHE, TV I =9 ay ~ 7T i 215kg/em?,
oL TNT 4 vy~ TR 190kg/em? TH B, HE L
~200
A B C D E F G DN O & Bhbib,
¥ = 7O EEALE VAKX~ w7 ORGOENIC DN T, W FT L0
A TOFEBITNE T o 121E 0 ¥ — T OS5 TOHER
100 Wit Brim v v S =0 Ay~ T s ot
VA X —w = TOHFGCONTOLELD L, TV I=
50 //\ YNy — TR LA, BEREROET, T 4 v -
/“\\>.&;—-,<‘\-__@z PRI B
T S s ~ =
P A ~ \‘ .-, P! "‘@’ St dah ~ - I R 1Y A °
E -5 RN A REELE Rt NS BlE, @7 v =y o7 — a2 L,
~ o I S - 7 B . R .
» N N KRECL D, 18ME 7 — 22 LTT A3 =9 17
= RS ~
B =100 N G PABOEEL L, HHLESDZ ENFELI N/,
@ . a Fio, SEOTN I =Y Ay - T OERBRER L D, et
150 \\“/' WOTNT 4 vy~ T, Ve 7 E UTER R MERES o
\ TB E & AT S A bl T Bo
DN B kil N CNHORIET 2 F OfESIE, SHBFEORMANTHS
6 NHEWM T — 27 vy OB 1o T, RENRIEE
s 7= A DREICRNCE ST AL D EMEET D, FaM<
A B C D £ F G T B4 O A Mo IeBERE S L,y R
v — 7O R W L RSB H R DR TH Do
BI2E >~ 7 Ol AT (M) JCRFULETT LG B I
AR AR IINE (M) AP
Ao L . o
WIS 0 W e W % Comw Dt flb 2 Vol 2 No. 1 Jan. (1961) 61.
2) PRk 0 8 (1960), 50.
i 71, k 2
e " ? g/em 3) P. Brenner: Aluminium 35(1960), 589.
Al B | c|p| & F G
1 2 0 —2 —34 —21 —20 —11
2 —2 5 7 13 30 16 i5
sureya| 3 | -2 =87 —63| —d4| —45| -—34] -23
i | 4 13 -3 —20 —50 —100 —147 —100
o7 5 9 41 75| —40| —131| —189| —215
6 2 25 12 —47 -79 —102 —74
7 -4 —12 1 18 10 —45 —82
1 —8 -9 -2 —4 —22 —24 —11
2 11 13 11 16 22 19 15
FATA 3 ~—14 —20 —44 —8 —9 —8 —11
R 4 26 45 65| —60] -—180} —191 —149
o= 7 5 20 23 29| —44| —144] —166| —190
6 17 -3 —59 95 —89 —68 —40
8 6 4 -9 —19 44 104 83




ge;igg trom SUMITOMO LIGHT METAL TECHNICAL REPORTS vol 4, No. 3, JnL 1963

TANT SS9 s FaTw=ysr v L OEEHO
FRpE SR & A

ErREsRE LEKRNSH



(4-3.6)

7»7“5\7% .7 =y r vk X ERG D

FefRF ] i

ASME Boiler and Pressure Vessel Code (M) &
kAL, BEETCERINDIEGSBIEOREFEICTH
HxRETHHEE LT, FBORRT REE, &R Y
~ THRERLUEERT 7 2 7 - RER E R E UTHERE
FTAHFEOMT, BETOREMMERE GRSy B X
i) MABEETAHFENRTINTE D, TOMEDK
DT bbb, EREERE ERRO I OWTH FER
TNTWHB,

FOFHEEND DI, m<om@ﬂwﬁ%%m@MFT
SEEERE A DTSR # TOWA WA RERMEER LicB T 0
* ¥ OEETRERRE TRV, BHNT Ry &
AR ORBERCR LT ey P LTITE, I
EREBAEL R TLE LW {LEREDLI LW eRBD BN
HYREER DB IR B L OTH A OEARD L LD TH Do
Fio, 29 LTRD BV BRI SR R R A & T
BOBRSHECIEL RO DAL ROERTELND A,
BRE#ED 5 bO/NIWE D DEEEDIRTES 5o

A =EEEEERS ERB TR SN ERR Y

SHE ) 4 SHRE BRIA v BUS I CUE LA O FIR
15 IR E & [E— lot o Bl o SBiS [9RIR v

IR Hbﬁxu(m'u [Ji&uﬂ,»}fjl & I’_JJ—‘ IOt 0);&\'»5‘2)1 @‘—52.{1111{]”}]
2

Xy

2 Bt IR DB RE o T, AEOME ST O |

TOEEMSRS IREBRA 2t Lo, Rtz omhi)
B FREEE T OB & UTREWN G2 5D % 7 v
7597, 0%x 2 7m=y v, WhHa7mmy r v
¥ X OBsESRD 4 HENC DWW T OB A BN 5,
EEINEED BERERIE 1 mmoiekEky CEFFM
18mm., S PEEE25mm) A W T T o fco BEBRE AL
200°C, 300°C, 400°C o 3HHH T, MK 0.5h ~
5,000h & U7zo MBMERIZWINY ailr i ThHbH, &

BEE RIS (D

@prléa?ﬁ& L/fCo

1~ 6B, ARMARREZEDOTERRRTELNIZFIR
B LMD OEEEBBIZS LTy F LcdDTH
Bo ZOEMNBRDI-EEMERLEREOHIIE 1 ~4
FOHFIR Lo

200°C, 300°C, 400°C eRiT 577 7 v 7 HHEM R &
U8 200°C & 300°C ki B ¥ o 7w =y r v BHFL 3o
L0 200°C W Fsit DBIBIATCE A 1, Wit b EEERGE
CLAHMEFE T EA LR ERMICHI > TREL
T R D & L AR BB,

400°C o3l B ¥ o 7w = o 7 VEE RS BERGEI &
bin o TREN R A EF L 5,000k 7o Thlak A%
BT TnBps, Zhik Fe o HaBic X AL 0 s HiES
B O THECHM - THEREMR - TR eI+ 5
LD EEZBND, Lo LA OREBER & LTii—
JEE B DEZ R D ONFEH L BbNDHDT, HIERDE
R R e R O EE— TS 0.5hs DA BEE & LTE
H:fio

TiERER200°C 04, WEMITEMMIChIz» TREL
FoRRE A R B A%, HfH & BRI R SR T O
R LTS, S« [ER X OFE#ELIETT5
D ThHD, IHTEWEMERE T IVEER LI T LT
WO AE &M 2 FIREDOMR & 7o B 2 E A flEE X B (800°C
F0400°Cop data 12 2 NAEIE LT D)e o TH LR
A - BRI EE B L OERIEH O EITIRE S O F
B ER BRD IS DTH BN, REMIMAE B TEI0D
5o 400°C CiIiER I 100h, FEE# % 0.5h CERC HiE
LT LE o TLIBIHES & REEOMEE %R L, 300°C ¢
& TR #4131, 0000 GRS S 2K » CTHEM & Cic 7 b 3
T & R B RS SHETT LT W he Eia. 200°C CERE
Rz AR A R L7 T, 400°C 1 vn B & WA
& bino TR grain growth AT UAREIHET
LTAT< o 300°C I\ T b e THR AT Tidd % H3 R
DG ERD B, BEHEESRD Bt

Aok, TN U AERARAESITEREBLEDORE A
SR GRS A R A RS ADT, TNT T v I

BOHERT Sy WK 3 5 BIRME DK TIRME, ¥ & B Uk & e B R R CHEA SN BB T OB
V' ZoBRCAWEEOBRMBETNTHLE 1 ~4% HEOEEMATH AR,

("EFI384E 6 A)

S ExusETEMRS S




TAT T FaTu =y bk NREE O

EREESEEE & FRN T @
40 ! %
—t g6 L L e900°C g
38
NE )
£ < 4 ’
S 36 ] § @ °
RV ¥ ¢ ) ! 300 C,OB
- (]
o 341
\b/ = B
R
E 20
S T _ ___2,_______;_______0________ 1 .$200°C, 002
183 == ; 3 % 400°C, Os
1 % { BERR
——— g — @ — - ¢t~ — - L 4 [300°C, 00.2
s 3 ! ETY
o e SN JRN S ) 3| 1-4400°C, 002
T ¢
0.5 100 200 500 1000 2000 5000

IF

i1, h

Bl TaT Ty 7 WEA ORISR BEREAER (GRRFER & SRR OBIR)

BlER  TATTy 7 REMORISHERS BRAER L AR e, ke/mm?
\ E — - R TR BV SR TR e ZTROAA B S LA SRS RS o
(JIS-H-3632) | oML " " ; " : i " ; "
R % 00 | 300°C [ se 20000 | 300°C | 400°C
Cu-78 As-0.05 | Blggny ] 38 43.7 39.1 $.6 | 182
Al-2.0 SB0.01 : i 8.5 7.7 4.0
Si-0.3 Znk | m 13+ 18.8 18.4 16.7 15.3
* Bl Bl Ui R (RIBBRE SR T v
) iy - K il 7 i
(FEFIB82 6 J3) QEEXSESE TIN5 o A
INVRER -

___2_




TNT T FaTw =y s R NRERSE O

-2 YE N
BRI SERME SRR
Y [T
'3
2 400°C, 08
40 — e L]
2 $200°C,08
FElLd ‘
] Lt -]
£ I T - % ,3 00° C, OB
E 38 =]
AN ¢
(®) ;
~
N 36
3 |
g T LT
= 1 1400°C, 00.2
= 20 P
=
178
/E; /0’
O "
a: 18 =T ' 5
ounsl I AR — - gt T - — 9=~ 13200.C. 02
2 s T T T T T T TR 500°C 0o 2
——— — — )
ladd =
jiing ]6 “"A | ®
®
14 {—
0.5 ~ 100 200 500 1000 2000 5000
fiF l, h
B2l 30%% o 7w =y v viRER ORISR RN (CRIREER & SRR D BEGR)
B2 30%% o7 =y y VRO RREMERS BRMEAER & S ISEME, ke/mm
OB | gaerm | sseae MR CRID BB IRIRAE EROU B HH LA RIS A
s O (JIS-H-3032) | OREME 200°C 300°C 400°C 200°C 300°C 400°C
Cu- % | By 36 45.0 3.6 1 85 1 379
Ni- 30 : 7.5 7.3 6.8
Fe:0.55 | @ 12% 18.5 17.3 6.8 | 158
* BlgEp B Ui RIAME RBCEDE S AT/
B MR : BRI S & FICF LT )
e384 6 1) QDEXBZELSE TSt rE s AN B
' ~ PR =3t e

IAREIER

.__3___




TNUT Ty FaTm =k b X ONER O

_.L.“\E‘ E:‘ Jor 1
BRI ESIRRE LR D
28 }
S | Q 200°C, Og
2414 e P o 5 Y B
NE ﬁ" I
0
£ ) 3 ? 2 300°C, O
N 20 ‘ L1
2 | 4 Te00°c o
JER ¢ ——%TTT14
~
o 16
@) L] r
E 4 ? ¢ L
o 1400°C, 002
=12 3 Lo
- 9
= P -
oD //
g o L+ Té
. e wil [
;’E 8 _ - - ® Fé ) 3QOOOC,O'O.2
— o e e P frrnelie g ® Sl g g A o .
= | T TTFR===4 =300°C. 0o 2
=
™oy
0 |
0.5 100 200 500 1000 2000 5000
i A, h
$3 10% % o 7° v = v 7 VIREA O B IERE BERBAE (BRRR & =i oBR)
B3x  10%¥ o 7w =y r VIREMH O RERMEGES RGBSR L AE el keg/mm?
. I B SRR sasRER S MERER TR b o R IR E B ZEEROMD B Ui BRI B AN
i, o0 QIS-H-3632) | oA 200°C 00°C | 400°C W0°C | 30°C 400°C
Cu- % iR 28 30.3 23.8 21.4 14.2%
Ni- 10 4.5 4.3 3.3
Fe-1.25 W o+ 9.4 7.0 6.7 6.5
* BIRER Y BIEE Ui R RBIEE SR Toiv)
o iy (SR OM © ERIDES £ FICALET B)
o . - , A S T
(382 6 1) SrEXxEEETRBERXSTHE we ) p

_._4___




TS T Fadu=myrZkX RREEGO
ERMSERE L HFENT 5

36 — | ! l
| |

32 = —— . O E
. _4__—-:?.--_-—1— T ‘
E 28 ¥ g W, 06
S " S 002
2 | !
2 al
R [ e e e 2 i
S 20 I - R et WL e
~—— i \\ﬂ\ {f!;ﬁiﬁ)r}r ()-02

|

-:"E JU § /" é t{ M\)gi

F5&+ (0s)
N

[

=
7

1y

hifh
et

R S e = CL L IKE, 00.2

0.5 " o0 200 500 1000 2000 5000
B B h (ot 200°C)
AR s (LR WRE, EEES X OPEM O ERGSES BESBEE (200°C 1 ki) % GRIERRT & 50 DBIER)

w4k PeEesE (1) BRE, PRk L OEEM O ERRERE PERBEAGAE,  keg/mm

- T LG HO SEIR I S TR b i SRR D) | ot b I Lidisias o D
g (IS-H-3603) |y g | epm | @ K | 2000C | 30°C | 400°C 0000 | 30°C | 400°C
; i ) <) : '
Cu Sog.9 | FlEHY 20 \ .2 | W4 | a6 18.3 — ~ 3 ':
: ‘ 20 4 — 1 =
. D ' : ) ) :
PoOus] gy 4 ! 6.0 | 27 | 361 4.5 = = : |

a) BRIy - HHEE L RIMYE GRBERE 2 h vy
b) WKEHS, AR & U IGE CRRlk L CRBIREIC TS L CRRISIE X R %)
©) BEREE & IR R4 IET T 5 BEREDRD)

A3 6 1) QERXESE TR SEE wm 20k

AREIESR

__.5._.



TNVT T

Rl A IR R & A LT

(6)

FaTm =y vk RO

'H,08
i

HWEAE - 5,000

iz (180 WRE, BEE X OB O BRMERGE

WEAS - 0.5

Iimese (LRID WPk S & ORI 0 300°C T o RIS {1 % #A

—"'_"-""‘ :s: -—t-v*l
|
i E
100 200 500 1000 2000 5000
(at 300°C)

SR (B00°C iz ds i 2 CRITUSN & B8 D BIFR)

TP -

ozt ; x36

(BFn384E 6 )

@ 1 X EE S B T Rk =t = Rt

nrogEs oK I
MV N=EPN

__6_




TS s Farm oy s vk XU O

ERMEERE EHFRICTT (D

18 r i}

16 ’
£y

RN
i% w::“q g
-~ ]2 —] \é\
X ——4, 08
o 10
S} Ak B 5]
'R 8 ce Eﬁk i%f
= o4 SFHIT
s O E% };ré':
S b
+
§ 4 -w___1\\\“ e S SR - e
[ ] L_&_ L

> 2 ! Trd——h 4000

0 J

0.5 100 200 500 1000 2000 5000
B [, h (at 400°C)

HeR WimkiE (1ED) WHE SRR s & OVREEA O B SRS IR B R (400°C 1z 33 1) % (R1RIFs 0 & R EE D BRER)

WA - 0.5h

EAS - 5,000h

BERLA - B

TEEAS - 0.5h

WAL - 50000

BE2 A (R KEH S X ORI 0400°CT o GHRIAIICIK 5 ko 2L X 36

(WEFN3B4E 6 H)

S arxEasEITERKXITHE

o 3 i
wges K N
ARG

_’7_~



g;i%mmSUMHDMOLEHTNETM;ﬂKHNEALRM@KBVM&M&mﬂma

T3 = v 545357 ORI R (1)
(F—=% v —1)

1 &% & | T3 kX & B 52 58



TR =

AEENT 7 v 2 =y L4357 DWW THEIME, 3
bbb, BERME., 2y, WEE, v B, EIRE,
180°#h 7 BERPIMARE RS L' U 7 & v &R HIE U
ERAEELDLLDTH S,

= v LA &5357D Bk PR

(1)

(Bl 7 Je s SR A I L THlE Use BB RIT B
R DA ORI B 45 S RO SEHETH D, &
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1D JIS Z 2201, 45RERH
2) WFEDO» 2 v ERT.
3) HE AT,
O oY/ JIS H 4167, 2F w Y 7 IHE LB b DR Voo
E3ER  UIRIEVITRE, WIRFEES XU 3 %R kR O B ALE TR E
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Mg Mn Cu si Fe } Cr Ti Zn l Al
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w4 @ W | 0.8~1.2 | 0.15~0.45 | <0.20 <0.12 <0.17 1 - - - l 7
® 'bf 0.97 i 0.33 l 0°01 0.07 0.10 ‘ ek 0.01 ieEs t 7
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- 30 H34 14.2 16.6 7 57 56 - 89 64 15 — 7.5
50 H36 16.4 18.7 6 63 63 — 93 69 24 - 7.0
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