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THE Ms POINTS OF TITANIUM BINARY ALLOYS

by
Tomo-o Sato,** Seikiti Hukai***, Yen-Chien Huang**** and Shujiro Suzuki*****

The devised argon gas quenching apparatus for thermal analysis by rapid cooling of
titanium base binary alloys is described, and also their time temperature curves recorded
with an electromagnetic oscillograph are reported. The measurements were done at 700 to
800°C at the cooling rates up to 5000°C.

The temperatures at which the martensite transformation from B solid solution to a
prime supersaturated solid solution takes place, have been measured as a function of the
concentration of alloying elements in titanium base binary alloys with 15 systems: i. e.
Mo, V, Nb, Fe, Mn, Cr, Co, Ni, Cu, Pb, Bi, Pt, Ag, Al, and Sn.

In most cases, the Ms point is lowered with the increasing amount of alloying elements
except in the cases of Ag, Pt, Al and Sn systems, in whict Ms points do not decrease with

the increasing amount of elements.

The depressibility of Ms points in these binary systems are discussed in connection with
the atomic size factors of the alloying elements, and the orders or depressibility of Ms

points obtained are as follows:

Fe>Mn>Cr>Co>Ni>Mo>V>Cu>Bi>Pb>Nb>Ag>Pt>Sn>Al in wt. % ..ccovvrivininiss D)
Fe>Bi>Mn>Cr>Co>Mo>Ni>Pb>Cu>V>Nb>Ag>Pt>Sn>Al in atomic %.....cc..ceu... (2

Order of the atomic size factor:

Fe<Cr<Ni<Mn<Co<Cu<V<Mo<Pt<Nb< Al<{Au<Ti<<Ag<<Sn<Bi<(Pb.....cccovivrviniens (3)

1. INTRODUCTION

Commercially pure titanium having a relatively
low density is fairly strong and highly resistant to
corrosion. However, when it is necessary to obtain
a higher strength to weight ratio, various alloying
elements must be added to titanium.

Titanium atoms rearrange at a critical temperature
882.5°CW), because of the existence of a3 allotropic
transformatiom ; the crystal structure of the a phase
existing at lower temperature is close-packed hexa-
gonal, and that of the B phase at higher temperature
is body-centered cubic. Moreover, because of an
allotropic transformation in titanium, it is possible
to classify the equilibrium diagrams of solid phases
of titanium rich alloys into four types® as in steel;
i. e. (I) a-Bisomorphous, (II) B isomorphous, (1)
B eutectoid and (IV) Terminal «. Therefore, it is
expected that the titanium-base alloys show similar
phase changes as in the case of steel by heat treat-
ment. In steel, martensite produced by quenching
is accompanied with a remarkable hardness increase,
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but several different features are encountered in
titanium alloys: Firstly, the martensite of titanium
alloy does not show a remerkable hardness increase.
Secondly, hardening or strengthening is brought forth
when the B phase of titanium alloy retained at room
temperature by quenching is aged at 400 to 600°C.
Therefore, it can be said that titanium alloys of
greater hardness can be obtained when the greater
amount of 8 phase is retained.

However, the 8 phase of pure titanium can not
be retained even by rapid quenching, because the
martensite transformation takes place at high
temperatures and thus the martensite structure is
produced. But usually the temperature at which the
martensise reaction begins, referred as Ms, decreases
with increasing amount of alloying elements,
especially with the B stabilizer, and by addition of
sufficient amount of them, the B phase is retained
completely at room temperature. Therefore, the
study on Ms points of titanium alloys is of invaluable
aid to the knowledge of the heat treatment of
titanium alloys.

The first investigation on Ms points of titanium
alloys as a function of alloying elemnts was made
by P. Duwez® with high speed thermal analysis®
in 1953. This work gave valuable data regarding
heat treatments, and suggested that the behavior of
martensite transformation in titanium alloys has a
remarkable resemblance to that of steel.

The present investigation utilizes a simple argon
gas quenching apparatus for thermal analysis of
rapid cooling and time-temperature curves were
recorded by means of an electro-magnetic oscillo-
graph. Cooling rates were 500 fo 5000°C per second
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and the measurements were done at 700 to 800°C.

The Ms point, where B solid solution begins to
change to a prime supersaturated solid solution,
has been measured as a function of the concentration
of the important alloying elements in titanium
binary alloys with 15 systems-i. e. Mo, V, Nb, Fe,
Mn, Cr, Co, Ni, Cu, Pb, Bi Pt, Ag, Al and Sn, and
some of Duwez’s data® were confirmed.

2. MATERIALS AND EXPEPERIMENTAL
METHODS

2.1 Materials.

Titanium used in the present investigation was
in sponge form produced by the Kroll method at the
Osaka Titanum Co. Its purity was 99.7%Ti and
Brinell Hardness Number was about 112 to 116 as-
received. The purity of each alloying element used
was as high as could possibly be obtained.

2-2 Preparation of alloys and specimens.

The alloys were prepared by weighing about 30
to 60 grams for each charge and then pressed into
compact briquettes after being well mixed. The
briquettes were melted in an arc furnace with 25V
D. C. and 100 to 500A in argon atmosphere. Button
ingots were turned over and remelted several times,
then were hot rolled at 700 to 800°C into sheets of
2mm thickness. Specimens, 2 X 5 X 50mm, cut from
the resulting sheets were carefully sealed in evacu-
ated silica capsules after surface cleaning to prevent
gaseous contamination, and were kept at 900°C for
20 days for homogenization.

All alloys produeed were analyzed chemically to
check their exact chemical composition except Ti-
Pt and Ti-Nb alloys.

2.3 Thermal analysis of rapid cooling.

A small specimen of titanium alloy is used to
record the time-temperature curve autographically
during rapid cooling from the 8 phase range, by
which the transformation point, Ms, of the 8 solid
solution is easily detected, where a prominent
thermal arrest point appears on the curve.

In this experiment, argon gas was used as the
quenching medium and the time-temperature curve
was recorded with the aid of an electro-magnetic
oscillograph.

Argon gas quenching apparatus; The heating
and cooling chamber of the argon gas quenching
apparatus shown in Fig. 1 was made of transparent
quartz, having a water-jacket which was kept
constantly cool with water during the experiment.
Both ends of this apparatus were closed with glass
caps. The heating coil W, 4mm inside diameter, had
10 turns of 0.5mm diameter tungsten wire, and this
was spot-welded to 2mm diameter molybdenum rods
which were sealed in the glass cap. The current
passing through the coil was regulated by means
of an auto-transformer, operated at 3 to 5V and 10
to 15A, and the temperature of the specimens was

controlled manually. The specimens used for thermal
analysis were cut with a jeweler’s saw from the
homogenized specimens of 2 X 5 X 50mm. The
specimen was spot-welded to a chromel-alumel
thermocouple, 0.Imm in diameter and 10 to 15mm
long, which was connected to another chromel-alumel
thermocouple of 0.6mm in diameter and was sealed
with De Khotinsky cement to the upper glass cap.

o. m f,
to oscillograph : 7

0.6 mmp C A,
thermocouple

Glass cap
with grease
sealed

0.1 mm ¢ CA
thermozouple

- Water

Glass cap with
greass sealed

%
Fig. 1 Argon gas quenching apparatus
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Fig. 2 The connetion diagram of argon gas
quenching apparatus.
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The equipment for thermal analysis of rapid
cooling consisted of four system®- vacuum, heating,
cooling and recording-and Fig. 2 shows the connection
diagram of the gas quenching apparatus F and cooling
system.

The cooling system has three gas tanks, A, B, C,
an argon cleaner H and a gas stop-cock D. The tank
A contains high pressure argon gas and the gas is
introduced into B through H. In H titanium and
zirconium tips are kept and heated at 800 to 900°C
in order to eliminate Nz and Os as far as possible.
In B, the required pressure of argon is stored. The
gas stop-cock D is also designed to turn the heating
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circuit oz and off. The tank C is a reservoir that
maintains the desired velocity of an argon jet in
the chamber F during quenching.

Procedure; After the specimen connected to the
thermocouple was placed in the argon gas quenching
chember, as shown in Fig. 1, the chamber was
evacuated to at least 1X 10~4mm Hg. The tungsten
coil W and the specimen S was heated by electric
current to about 50 to 100°C higher than the 8/ (a+8)
transus point of each alloy for 5 to 10 minutes. The
specimen was quenched by means of a jet of argon
gas from tank B by opening the cock D quickly and
the heating current turned off at the same time.
The time-temperature curve during quenching was
recorded by an electro-magnetic oscillograph and
usually three or four quenching curves were obtained
for each specimen and more than 15 curves were
recorded for each alloy.

The Ms temperature of each alloy was obtained
from the arrest opint of the curves, and Fig. 3
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Fig. 3 Gas quenching curves for Ti binary alloys.

illustrates the typical gas quenching curves obtained
from titanium rich alloys, and a normal cooling
curve.

3. RESULTS

3.1 Effects of cooling rates on the Ms temperature.

Fig. 4 shows the transformation temperatures of
Ti-V alloys against the cooling rates. It is evident
from Fig. 4 that the temperature range of transform-
ation is insensitive to cooling rates, when varied

from 600 to 2000°C per second within experimental
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5
g Ti-8.789%V
g 500 00—
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2 Ti-10.47%VY
< 400 - Z
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Rate of cooling, °C/[sec

Fig. 4 Effect of rate of cooling on the Ms
temperatures of Ti-V alloye.

errors. There seems to be no nucleation-and-growth
type transformation® occurring during cooling be-
cause constancy of Mg temperature is observed and
the cooling rate of 600°C per second is estimated
to be beyond the so-called lower critical cooling
velocity. In all cases, as far as tested, no appreciable
effect of cooling rates on the Ms temperature
was found.

3-2 Effect of 8 isomorphous type elements(™ on
Ms temperefures.

The Ms point curves of alloys with B8 isomorphous
type elements—i. e. Mo, V and Nb—are shown in
Fig. 5, and the length of the vertical bars on the
diagrams of Figs. 5 to 7 indicate the temperature
intervals corresponding to the random scatters in
the experimental results. The effect of 8 isomorph-
ous type element on the Ms temperature shows
that the B8—a’ transformation temperature decreases
steadily with the increasing amount of alloying
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Fig. 5 Ms point curves for alloys with Mo, V and Nb,
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Fig. 6 Ms point curves for alloys with Fe, Mn, Cr,
Co, Ni, Cu,Bi, Pb, Ag and Pt.

element. The Ms point curves below 300°C could
not be detected because the thermal arrest points
became weaker at the lower temperatures. So the
curves under 300°C were extrapolated to room
temperature to estimate the critical concentration
above which the B8 phase can be retained completely
at room temperature by quenhing.

3-3 Effect of B eutectoid type elements™ on Ms
temperatures.

The Ms point curves of alloys with 8 eutectoid
type elements-i.e., Fe, Mn, Cr, Co, Ni, Cu, Bi,® Pb,
Ag and Pt-® are shown in Fig. 6. In most cases,
the Ms points decrease with the increasing amount
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Fig. 7 Ms point curves for alloys with Al and Sn.

of alloying elements, except in the alloys of Ti-Ag
and Ti-Pt systems.

The depressibility of Ms points remarkably
varies with alloying elements. For example, the
effect of Fe on Ms point is the most remarkable
one and Pb is the least. The most peculiar fact
observed is in the alloys of Ti-Ag and Ti-Pt systems
in which the Ms points were not depressed at any
solute concentrations, and the Ms points remained
almost constant at about 750°C. This evidence
confirms the fact that the B solid solutions with
Ag or Pt can not be retained to room temperature
by quenching at any concentration.

3-4 Effect of terminal o type elements®™ on Ms
temperatures.

Titanium forms a typical terminal phase solid
solution with AlU® or Sn. Fig. 7 shows the relation
of Ms points versus the concentration of these
elements. In these cases, the Ms points are not
lowered by the increasing amount of additional
elements and remain at about 800°C as well as the
alloys with Ag or Pt. This evidence also confirms
the fact that the B solid solid solutions with Al or
Sn can not be retained to rcom temperature by
quenhing at any concentration.
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Fig. 8 Ms point curves for Ti-binary alloys.

4. DISCUSSIONS

The depressibility of Ms points varies greatly by
the addition of the alloying elements as shown in
Figs. 5 to 7, and the order of the deprssibility of
each element is summarized as given in (1). But
the curves of Ms points versus the concentration
of alloying elements can be replotted on the basis
of atomic concentration as shown in Fig. 8, and an
order can be rearranged from Fig. 8 as in (2).
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Fe>Mn>Cr>Co>Ni>Mo>V>Cu>Bi>Pb>

Nb>Ag>Pt>Sn>Al..coovenene.. @))
Fe>Bi>Mn>Cr>Co>Mo>Ni>Pb>Cu>V>

Nb>Ag>Pt>Sn>Alereee..... 2)
Fe<<Cr<Ni<Mn<Co<Cu<VIMo<Pt<Nb>

Al<Au<Ti<Ag<(Sn<Bi<Pb......... 3

The reason why the depressibility of Ms points
varies with different elements is difficult to explain,
but when we compare the atomic diameter of each
element to titanium@D, an interesting order is seen
as shown in (3). Above (2) and (3) show a similarity
in order except for some elements. This evidence
implies that the depressibility of the Ms points
by the addition of the alloying elements might be
related to the difference in the atomic diameters
of titanium and each solute element. Namely, it
can be said qualitatively that the elements soluble
in the B solid solution, atomic size factors of which
are larger than that of titanium, depress the Ms
points greatly. For instance, the atomic size factors
of elements Fe, Bi, Mn and Cr, are larger than
that of titanium, and they depress the Ms points
markedly. Atomic diameters of Nb, Al, Au,(2 Ag,
Pt and Sn are very close to that of titanium, so
that these elements do not or little depress the Ms
points. The B solid solution with the elements
underlined in the order (3), can not be retained to
room temperature by quenching. But some irregu-
larities of orders are encountered in the alloys with
Ni, V and Mo, as compared (3) with (2). It is
considered that the other factors than the atomic
size factor govern the depressibility, so a further
study on this problem is desirable.

5. SUMMARY

The temperature at which the B8 solid solution
transforms to a prime supersaturated solid solution,
referred as Ms point, was determined for 15 systems
of titanium base binary alloys by the thermal
analysis of rapid cooling, using argon gas as the
quenching medium, and the time-temperature curves
were recorded by means of an electro-magnetic

oscillograph. Cooling rates were measured at 700~
800°C and the rates of 500 to 5000°C per second were
applied, and within this range of cooling rates, the
transformation temperature was measured. In most
cases, the Ms points decrease with the increasing
amount of alloying elements except in the alloys
with Ag, Pt, Al or Sn, in which the Mg points are
not lowered with the increasing amount of elements.
The depressibility of the Ms points varies by the
addition of the alloyving elements and the order
of the depressibility stands similar to the order of
the atomic diameter difference between titanium
and solute elements. This evidence implies that the
Ms points are related to the atomic size facters of
the solute elements as well as the concentrations
considered.
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On the Hydrogen Absorption of Commercially

Pure Titanium and Titanium Alloys.

by Yasumoto Otake

This paper deals with the hydrogen absorption of commercially pure titanium and

titanium alloys.

Sieverts’ absorption apparatus modified by Iwase et al. and the modified Cubicciotti’s

differential pressure equilibrium absorption apparatus were used in this experiment.

Specimens were commercially pure titanium, commercial Ti-8%Mn alloy, Ti-Al-Mn

alloy and binary titanium alloys (alloying elements; Al, Sn, Mo, Cu, Cr, Ni, Fe, Mn) in wire
and sheet forms.

Solubilities of hydrogen in commercially pure titanium and titanium alloys exposed to

hydrogen gas at the pressure of 100~760 mmHg were measured at elevated temperatures
(450°-800°C).

®

€9)
€

@

)

The obtained results were as follows;

Solubilities of hydrogen in commercially pure titanium were consistent with the values
reported previously by Kusamichi et al. at 600°-800°C. Effect of the purity of com-
mercially pure titanium on the solubility of hydrogen was observed.

Effect .of-hydrogen pressure on the solubility of hydrogen conformed to Sieverts’ square
root law at 800°C, but the deviation from the law was observed at 700°C.

The alloying elemcnts in titanium base binary alloys generally decreased the solubility
of hydrogen accompanying the increase of alloying content and especially the increase
of aluminium decreased it markedly.

Solubilities of hydrogen in commercially pure titanium and titanium alloys at 450°C
were larger than the solubility of hydrogen at above 600°C.

Commercial titanium alloys containing aluminium had smaller solubility of hydrogen
than commercially pure titanium.
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Table 1 Chemical composition and brinell hardness number of ingots.

Specimens Chemical composition, % Hp
Mark Specification ) H N Fe Si Al | Ma (20/3000/30>

A ST-40 (pure unzlloyed) 0.08 0.0030 0.005 0.05 0.02 — | — 110
B S T-63 (unzlloyed) 0.15 0.0090 0.020 0.10 0.04 - - 148 -
C ST-A90 (Ti-2%A1-2%Mn alloy) 0.18 0.0185 0.010 0.05 0.01 2.04 2.11 223
D S T-A133 (Ti-5%Al1-3%Mn alloy) 0.14 0.0097 0.010 0.05 0.02 5.12 3.17 309
E AT-A120 (Ti-8% Mn zlloy) 0.19 0.0138 0.015 0.04 0.02 — 7.85 336
F C-130AM (Ti-4%Al1-4%Mn alloy) 0.21 0.0429 0.012 0.25 0.01 4.24 4.11 314
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Table 2 Chemical composition and phase construction
type of titanium alloys.

Specimens Alloying contents, % Phase
Nominal|
\(xmtent constr-
Mark - 0.5 1 3 5 s
Alloyinﬁ uction
element
G Al 0.52 1.03 2.91 4.77 ®
H Sn — - - 5.50 o
I Mo 0.55 1.06 3.11 5.19 B
J Cu 0.52 0.89 3.07 5.08 et B
K Cr 0.54 0.96 2.70 4.92 et
L Ni 0.53 1.03 3.03 4.82 ot
M Fe 0.57 1.00 2.86 4.86 at+B
N Mn — 1.04 2.97 5.25 atp
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Fig. 7 Effect of temperature on the solubility of
hydrogen in commercially pure titanium and
titanium alloys at 300mHg hydrogen pressure.

Table 3 Heat of solution of hydrogen at 300mmHg hydrogen
pressure and temperature range of 650°~800°C

Specimens Heat of solution of

Mark Specification hydrogen, kcal/mol
A ST-40 (pure unalloyed) —8.1
B ST-60 (unalloyed) -6.2
C ST-A90 (Ti-29A1-2%Mn alloy) —5.9
D ST-A130 (Ti-5%Al-3%Mn alloy) —8.3
E AT-A120 (Ti-8%Mn alloy) —0.4
F C-130AM (Ti-4%Al-4%Mn alloy) —9.4

5, # &

TEHMF 2=y &, EHAS4TI-A-Mn %44, Ti-
Mn &&¥+ X 0E4CHE Al Sn, Mo, Cu, Cr, Ni,
Fe, Mn o 2 5t4 &0 8 % T Sieverts o # 2 BRI
$iE ks L O Cubicciotti O 7RZE MG 7 A WINEEREIC X b
{ELE TR OBIER AT R OER & B,

(1) mmuNiE R 600°, 700° 35 L 0r 800°C T % Hai+
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Study on the Some Analytical Methods Concerning Uranitm (Rep. 1)

Determinations of Uranium in Waste Water and
Chromium, Manganese, Iron and Cobalt in Uranium Metal.

by Shikao Hashimoto and Akinari Ichiryu

Some analytical methods have been conducted on uranium metal and the following
problems are solved.

Firstly, it is needed daily to monitor uranium in the waste water. The thiocyanate
spectrophotometric procedure is found to be useful for this purpose. Uranium in the

sample water is concentrated by co-precipitation with ferric ion or by evaporation method
and then complex is produced by thiocyanate. The elements (bismuth, vanadium, molyb-
denum, etc) present positive deviation, so that they do not give rise to interfere for the
monitoring.

The second problem is the impurities in uranium metal. The determinations of

chromium, manganese, iron and cobalt are reported in this paper.

1.

Chromium : The sample is dissolved in hydrochloric acid, then chromium is
separated from uranium with Anion Exchanger Dowex 1. After oxidation to Cr
(VI) with bromine, diphenylcarbazide spectrophotometric procedure is employed.
This procedure is advantageous for chromium content below 10 ppm, in comparison
with the determination which employs the method of no-separation and persulfate
oxidation.

Manganese : After dissolution in nitric acid, uranium is excluded by solvent
extraction method with tributyl phosphate. Manganese in aqueous phase is
oxidized by ammonium persulfate, using silver nitrate as catalyst. The produced
permanganate is spectrophotometrically determined at 526 mpu. The lowest level
of this determination range is 5y Mn/50ml with either 10 mm cell or 50mm cell.
Iron : Iron in uranium is determined by o-phenanthroline spectrophotometric
procedure. At 510my, uranyl ion has a little absorbance. Therefore, the absorbance
of the sample solution without o-phenanthroline should be subtracted from the
value for the color development solution. The results of this procedure coincide
with that of separation method by cupferron extraction.

Cobalt : Extracted by diethyldithiocarbamate-carbon tetrachloride, cobalt is
photometrically determined with nitroso R salt. If the content of cobalt is trace
(in vy order), it is necessary to confirm the results by measuring at 420 mp and
520 mu.
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Fig. 1 Absorption curves of thiocyanate complexes
ot uranium and interfering elements.
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HZELLVIFER L T ENRTED, Al X0 Cu
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Table 1. Amounts of interfering elements to give
5% and 109 error the determination of
uranium

Amounts of element ’ Type of
‘Element Added as ki
for 5% error| for IO%errorf interference

Al Al2(S04)s 2.5 mg 5.0mg D

Cu CuS0O, 3.1 mg 6.0mg D

Ni NiSO4 12 mg (17mg)** 1

Co CoCl. 12 mg {(I7mg)** I

Cd CdSO0O, (23mg)*

Cr KoCrOy 5.0 mg 1

Mo (NH4)2MoO4 40 v 65y 1

W as N (1578) *

Ti Ti(S04)2 04 mg 1.0mg 1

Bi NaBiOg Y 95 v 1

A\ NaVOs 26 v 51 v I
* Within 5%

*x Within 10%
ok I: Absorbance at 365mu increases with interfering element.
D : Absorbance at 335mu decreases with interfering element.
Mo, Bi &L OV i oW TS A/ER U, R
WEREZEZTOINOOYELABT D e nTEXnwZ &
wHED e (Fig. 12, ABy 7 v hSkE s s Ll
LB L S ERTLEN T 20841, ZnbOh
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Fig. 3 Monitoring diagram of uranium
concentration in waste water.
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Fig. 4 Absorption curves of chromium with
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b v v e [ERE] 5% CHhfL, BRHEEZ ML TT
VAV ET B, BMREKAMAE L TR L, TR
CEMEARE L CTHOME L CGREMORAFZLIBWHT,
Ta=m— ATy FPEMATHEEZE, HE 540mp
TRNEELHARET 5o ZOFHERDWTRER, 78

TRt & OYnEkE A MEd LT Table 1 iR LicofE L
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(Ist.boiing), MRMEFAWAC LT HidRD B A B HIT
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Table 2. Oxidizing conditions of chromium

i. Effecf of bromine

Absorbance
Saturated bromine water, drops* | .fior 10min. i after 2hrs. |
1 0.156 0.160
2 0.159 0.163
3 0.165 0.160
4 0.151 0.149
5 0.160 0.157

Each sample contains Cr (W) 7v.
1st. boiling time is 3min., and 2nd boiling time 2min.
* The volume of one drop is about 0.07ml.

ii. Effect of boiling time

1st. boiling 2nd. boiling | Absorbance
time,* min time, ** min | after 10min. after lhr.
L 2 0.160 0.157
3 2 0.160 0.156
5 2 0.161 0.156
7 2 0.150 0.147
10 2 0.155 0.154
3 1 0.162 0.156
3 2 0.160 0.136
3 3 0.139 0.135
3 5 0.146 0.142
3 10 0.107 0.105

Each sample contains Cr (I[) 7v.

Saturated bromine water : 3 drops

* 1st. boiling is to promote the oxidizing reaciion of sexivalent
chromium.

#* 9nd. boiling is to remove excess bromine reagent in sulfuric
acid solution.

iii. Effect of additional volume of 5% NaOH.

5 9% NaOH, drops * P H !i Absorbance
0 5.1 0.260
1 11.6 0.328
2 11.8 0.328
4 12.2 0.328
7 12.3 0.328
10 12.5 0.325
15 12.6 0.319

Each sample contains Cr () 7v.
Saturated bromine water : 3 drops

1st. boiling time : 3 min.; 2nd. boiling time : 2min.
* The volume of one drop is about 0.07ml.
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. U’y UCREAMEN 3L B THR I BT B
BN, SHTTHTH Bo
ii. sl 1REESM L D 2 JCEIRR RO 05
BEHKRE N,
ive T@REWG L~ 5 M TCE—EOBIERRT,
V. 2WEBNE 2 HBLET) EWEEOET 2R T,
vi. KEE{L T U Y AEEORMER 1~ 78 #90.5mD)
FTCR—EDOBNELZR L, pH 2126 Dl Lw/is L&
{Inbo EBMERH COBILIZTREE TS 5,
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Bl Z &b RFBREMENE 3T (R 0.2ml), s
VREBSHAS 5. 2 KBRS 2 2, KB T Y
v LW (5%) 11 ~7% (pPHI2.0-£0.5) :4 5, B
DIRVEIRW L R, 2N 5 0.5~5.0ml OFICRIEE
H—E &b, LEROLE TR Sml iz uid .

EDGRMEWONT 2 REPRENE 2 CHREHDOREEY
Figs ©iid, Fmk 8 ~304DIE & A FWRIEE DAL
B BTN, B 10~200 DO CRIET 2 DMEE L,
WL O L 5 ~25°CTeEa R T 2%, 50°C CLIEIEEE
AMMET Uizo THEML S i 7 v 27y% FT 0.1623+
0.0021 OWHEAERL, BRI TRIFTHL, V7
== VBT PERBOTRMEY 2~3ml BT
BBDHo MBI D &, BHEDERMTLD A5/ —VDE
TEVER D oD B EAET X2 %,

0.18
O,
g 016 % 2 S
g
]
9
°
2 a
0.4 — -‘- I
{
Cr 7
012 W) 7y
8 10 15 20 25 30

Standing Time, min
Fig. 5 Effect of boiling times on the color intensity of
hromium-~diphenylcazide system.

A: 1 st. boiling time is 3 min. — 2nd. boiling time is 2 min.
B: 3 min. — 1 min.
C: 3 min. — 0 min.

3+4-2 SrEicOWT
Kraus (574 v+ — 7% BTl D TCHO BB -
A A v ARG & DAEIREE DWW THTZE L TR D, 3
Wi 7 & miEA & YA, 6D Y 7 v ILEEREED
BRI S NG Z Lk RE LT Do COMIEET
AL THE Lo
Bflid 7 m 28y & & D, IN HBREW E L, A 4>

ke (Dowex 1, 100~200 # v ¥ = FHI7mD) %
gy 1ml BEOHESTHL, 7 v »ORHIREEE S,
oozt 10ml & U, 156ml o 9 N BB TSI
o Jw AR B o T 20ml CEEGT RS
Thbo Ll 72mnl0y WSS, EOKAETI
9294 DOEUL LA 7L, 30mIDLEET 9% % 7R Lico fEo
T/ a MRS B TFAET DI ESR AT BN S Bo

A F v IR AR U R 4 PR, 13 YT B
O L. B LT BRET 5, Zhic 2N @i &

(1ml FEEE) Mz, €~ —BOCERE L/ v 2 A BT
L. Eefizk5ml iz CEBESEeDb, 3-4- 1 i2fts

TEET 5,

3-4-3 EFITLHELCDNT

A & ¥R A B v & xix Fe(llD 14 100y CissE
T Ido i, A A ARy M & Fe(lD 3 BE LT
BEC X B0T 500y DIAFLEE LAV, Ni, Co, Mn
¥ L OF Cul 200y #£7F LT b K\ F 7 UNVD 6 mg D%
BB LEIEA P LR\, SEERAIRE/RALX500y, Mg
13100y DIEFTFFEND, V(V) 1& 100y DIFTHL
CWHLEA TR TET HH, IN HBRTA 4 v RS HE
BAT ZIEWTEE R Co (V) XA 4 ¥ RIS EEN T ETs
Wi, B0y BETHNIEHE LTS Ky,

35 2BYS VRO OLEREE

e lga ONHR S5ml X EELkEK (30%) 2ml
TREVIEET Bo ME L GREIOBERRLAKELBNEL
HHT B, INEE 5ml ANz, B4 A ¥ i s &
S 1ml BEOES CET, 9N KR 30ml THRA, B
BT Do CNDOTHEY WL, B LT RET
%o 2 NFEMEK 1l ml 2 AN THEML, Higitik 5ml %
Nz LR ERR WA IR 5o WL 10ml iR
fiL7zDb, KT TV v 2EEw (5%) HHEMUTH
FiL. BRI 7 G 0.5mD Az, JACfIFIksE 3 Hk
% C 3 AMINERT %o EE 2 N 3 ml & inx T
V2 AENE L CRELBVHIT, ek 2dml 227 7
AAEBEL, VI e=—apsyy b 2ml i, #
KCEEE L. #EH10~205 0 540mp DFE TR
KERRET Do MO 7 v AEHERE AV, FEICRE
LT LcER L D &F a2 RD Do

Fig. 6 iz r Lico

yd

0.8 /
0.6
b
e
|3
a
9
2 04
540 mp
10 mm cell
0.2 v
¢ )
a - 10 20 30 4

Concentration of chromium, 7y [25mi

Fig. 6 Calibration curve for chromium by
separation with anion exchanger

3.6 RISV hOIALERRER

mmEmEk, iy 7 vIRTER. A 4 v RBEL R
<AV Y Y NTOEBLED 3BV DWTTY, £
o 1% Table 3 TR 7 o
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Table 3 Determination of chromium

in uranium metals

X Separ}?tion by ion Separa’;lion by ion
o—separation exchanger exchanger
Methods method - oxidatio%M o — ox}i)datiqn with
with nQ0y romine
ppm pPpm ppm
— z
No.1 5.5 _ 4.8
m | 41 ] 5.5 | 4.5
o | 15 j - 1 0.29
o/mx100 | 349 | - ] 6%
Sample 23.0 25.0 25.7
26.5 26.3 24.8
No. 2 22.5 23.3 23.8
m | 240 | 24.9 | 24.8
o | 15 1 1.5 ] 0.95
o/mx100 | 6% | 6 % | 4%

v 7 v IEFRIIRERORENDE 2T 10ppm AEE
TR EZ 2 B, 58 No.l 0L 5z 5ppm OEEICIL
REBTH D, —HoEEC BT 2.5ppm ¥ TOEE
CHNTHY, BEOESCIBEC L SARTIUEL B
U 10ppm BT SEII TR O F S LT HEH)
L RER

3-7T# B

v 7 IEFFRERGE, BE IR L B, MEROERIIT
7w ADFLELRNY 7 &AW iR b3, 2O’
BIFEABE L B, /22 OFEETix10pp
mBl T OEEIIFEY TH D,

FZT, BAA v RBERIEC L DY 7 v E 7w n DS
W, 7w s BEREYBREL. BRBEY B4 5Lk
T, ZORBEIXNCY 7 vBREARWCHRER L OLE A

AU Tl LBy 7 vIERERWDHZ ik, B
+ ppm DEECIIIUELEFEMERTEDZ Lx bR
l//l’_'o

4 EBOSVHROIVHUEERR

4-1 #&
YA DEHKERC X HERIL, BT HI Lick
STET DB~ Y 7 YA A4 ¥ DIFREEA B D H—A%
HThb, BILAIE LTl vER» Y v o L BB >~
Ty ARG D EBEOHFIERTH B2 & 25bh
ofce VYRRT Y TFNMNTY T vinb= v ALk
Db, BET D FHERDNTET,
4-2 REBIUVER

EARRIER L OB OWTRICRT,

B~ v 7 W BB~ v v 05008 A msEe (1+4)
10ml G L, Bh L C Iy 2 2Bl L, 46
KT 500ml & UC 100y/ml B & Uty BIRERLT
10y/ml % & A7z,

HRER 7 >~ ' = WA 2 25% KTETR

il

TBIBERAT ¢+ 1 %7KEW

YYBry 7T ) B Y TFAL0FR A ¥ 80
BhAMZBELUTER L

S¥tER By EPU-2AZ, 10mm-+t v & 50mm-+& v

4-3 REaFFoR

wvHy 200y L0, WE@A+1) 3ml ik, #ik
TR 16ml L9 B, FEERERAK 1ml inz. mELL T
WD, BWBE7 ve=v 2BK 4ml 2Nz c0bs
BETHAET A, 50ml 2275 2ag ANTERE L,
10mm & v % FCR iR & (ER 3 5 & @B~ v 7
RO kg =, HRNERREERED 5206mpu AL
7o

B2 v RBE BB 7 ey ak L ORI ARDS
B X D HE Ui,

=y R © < vy 200y hEB (L+1) &z,
MK TR ISmL & Ui b, FEEEREH (1 %) 1ml, f\=
vHEBY Y v L0.3g% N2 205 MM S W ER & THElY
50

BT ¥ = v MEIERIERO FECET B,

BlE Xy &EpsiioRE8455 LBWEB7 v 2=y &
BT, — B LBl 2 WWEER BT 5
VBRI, Fh I OBE, BA LT HKE LTHRIE
CHEALEE 2\ 2L EOBERTB~ v 7Y BBA 4 v
OB ELET XS, —FBa vEBI Y v AT
VFISHRAEM L C bR T, 00MAnE LT 5,

TEREELRFLTALD E Fig.7 © X 510.2~05NT
OB HEDO—F A BB, FOMTIIB 2 vERY
Y v nEDOBIUITTERETH Do - TRETH DR
ECEEZE LR RmE7 ve=v nExRATHZ &
T L7ze

0.2 =

i \\‘ PR ST TE R S %

. / N A

2 b,

o

&

5 01 N

£ Mn(J) : 200y \

0 1

0 1 2 3 4 5 & 7 Y

Normality of nitric acid

Fig. 7 Comparison of two oxidizing reagents in
varions normality of nitric acid.

A: Persulfete as an oxidizing agent, added in boiling
solution and cooled immediately.

B: Periodate as an oxidizing agent, kept at the boiling
point for 20min.

BLEDRRLEH DI B LRSS X OBt ORI i >
WORES Lo, @7 ~==v 2% 2.0ml BT ¢
BEACBUSASEE T HH5, 20ml Ll ESIUSmme 7 &
TRALSOSISE T 5o ERMBOMINT L AWt E%
L7l o fzo MBEO REBERAR (1 %) 120.5~1.0ml %
AN2DR L0 I RilaEEOTFAITEBR O S MR CR
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ALTLS B Lhinng
TDRENDD D,

B s 10mm e i FAvicEa, L< L4500y £C
iEkE R L, 100y DUT OEE1L WILEIMENDO T 50
mm OWIL LV E Wiz, ZOWREEE 10mm v T
ES5fE4 R L Lambelt 0o gRl%# i E Lz, Fig. 8 icihE
%ﬁ%ﬁ‘\‘bf:o

RBAF v &, BALBROUBA L

0.5
/
0.4 -
. 0.3 /
3
5
2
8
2 0.2
0.1
526 mp
O -
0 20 40 60 80 100 (50mm cell}
0 100 200 , 300 400 500 (}10mm cell)

Concentration of manganese, ¥ /50m!

Fig. 8 Calibration curve for manganese

FEMEE < v 7> 200y i 0.1834:0.0019 i
WEERL, BHEL 1L.0%EBIFTH-To
HETRCOWTUIHFETFERNAEL, < vy 100y
%L, Co, Ni, Fe, Cu, Al LU U 1344 1mg,
Cr(I)140y, Ce & V 124100y kL0 Cl 75y oL
HRZE LR B, BB WD TEEA 4 VI DWTHE
Licé A, HE~ v ryoEgid Cr (D) l4mg ¥
F U Colmg OFEFIEFHEINT, Ni, Fe XU Cu X
1mg SHFELTLINWE &bz,

4-4 BEEICDOWT

VI mA VA F TERETHBERERTEH DM, 500
muy b & B VEBH TEARBET RS, E-T
v HEDLE Ty HDEENARELE Bb b, L
ML, 7w rDEBEOBR~Y X 5 I HFRORENELRE
THDTHEETHZ LT Uize

97/&7/ﬁ/&®%$VObTmU/@FU7%W
(Tmﬁkmmtfﬁﬁ@éoTBPVié%@@Fﬁ%W
7V/<VD DI DT

0. (aq.) +2N0O3z~(aq.) —I—2TBP (org)—>U0, (N

s>z<TBP>z<org> Enbh Tk D . THBEBERK LT
AT L, 3~6N T1x99%, 3NT98% &inoTin
Z;)O

TBP-~ v ¥ v (1+4) 10ml # v, 4 BEOBBE
WI0ml 2359 7 v R IO~ v 7y OfPEBRE Lz, <
AR E N, v 7 vk SEN~OEN [EERARE D
96% L LD E IR Lize

LTy 7 Y EBRWoKBREE R Y & AT D,
ZDGRD DI BHEFERE Ve, 1.0ml ¥ Tid~>

A DFEET FE S BT X, 2.0ml Bl EoE A mtE
HRY X, TBP B3hoi#ch 2 ) YBIZOn
THEL EBEN o700 .

4-5 €B IS VRO VAVOEREE

&RV 7 1~2¢ & & DHERA+D 10ml Chsha iR
T he TBP-~ %y (1+4) 20ml ¢ 2 ElH A 1T\,
V7 yERERET D, KARECEEER 1.0ml Nz,
ML CERD Y HEL. BrERXED, m% 0+D
3mljmz, KTH15mIE U, MHERER (1%) lml %
Mz, MEAL CEE B 5, B LA IS BRI 7 >~

Y LEWR (25%) 4ml fnxz. =RECHEIT S, 50
ml EHFFEAE L UTCHE 526mp TWRIGEARET B,
7125 50y BUTF 0841k 50mm D& v BN BDHR LN,
BRI L TROIBMERN D EFEXIRET o
46 2BV SVHROIVHVER

&Bv I v1gk 2g #HWT, vy HDEEXT-
JoEz A, lg Tt 6.0ppm kL UF 5.3ppm, 2g TlX
6.0ppm ¥ L O° 6.1ppm DfER A G/, 10mm F L0 50
mm e AEHEELBAOHEEME, Fic 5 % OETE
Rl B2 TERLIEDNS,

4-7 # )
B I vdhDwryyyE TBP Kl Ty 7 »&E
L, @R 7 ve2=v L Clv v ¥ yBA 4 et LT

WA E L TEREAT o720 AL 5~500ppm & # AT
%5,
51 % B

BOEEAERELEZDNDANY 7T v AnY ¥
X ARV RO, pH kL UHEREOHRF % M
2. 2B I vhOMEBEHOREERCISH Ulico RO
AT A T, VI =ANAF YOFET CEREY
HRBDHEDTH-T. VIZANMAF YHFE LRI &
HAMEC Ui o, FBELIBARE 7 ny—7w
woRV N CHIEE L, KEQEDY DnZ LD,
5.2 RELLUEE

EAEHIER L OCBREDWTRICRT

TEHEGRAR ¢ 0.500g DHMEkA TR & BERLKEKTH
L, 500ml @HR L., Xdihk HAe FRUTH
Wiy To BEHEEIR O SRBE DWW CHERIRIC X » THE
LT

Ay 7 eFrEruy v 0l %KER

A Fux/ v 1 9%KEH

7 = 8 509 KEEH

AyedepEs : Ay EPU-28 10mm v

5-3 HBEHICOVT

BEANY T 2 FvAn Y YL ABOEEOR pH=
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ISP THEEITS, THNCHNSEEEERE UTCER L 0.5
BEEE T T U v nx IO Lo, AkKBER 10ml B -

Py nEk (79) Sml &y 7 vETNZ, DH % | ==

mELUCRITHL, Heglamz s, pH2 wkuwTib
WERETDH ENRH VMBI E X R oo, B
WHE U CHEHAEYTIELAM, v I vyE~R2 7T HER
RWT 7 = yRE WD Z it Uiz,

$# 100y 2L h—BEELz0b, #HE 4+1) 3ml,
7= v (50%) 4ml Hnz., WEXK30ml & LT7 ~
E=77kC pH3.0 I L. 50ml oA 27T 2 alc A
Nh, "AFux/ vEw (1% 1ml, 20y 7 23
2wm ) e (0.1%) 10ml Zinz THIK TERER &3 5,
W U CH- o MEE L. B A B 5 & 510mp
CHBAEEETHE b otee (Figl2 ) #-C
HiEEE 510mu A FnbZ it Ui,
ERERoOFREIL LY pH % 1.0~5.0 F o xE, AV

Ve v Aw Y YEMIIENDOFREIRAESY BB & Fig.

9 i B,
0.5 . | 3
TR
0.4 f va
// II
x”
v /
0.3
: f ! / v
o /
9]
c
g
£
8 02 x/ i
< / g :,.: gg j A 'Aher 201 hrs,
f = PIH a0 | @ After 1.5 hrs.
| 5 Fe 100 ¥
0.1 X A 50 9 citric acid 4 mi
/ 1 9 hydroguinone 1 ml
X 0.1 % o-ohenanthroline 10 m(
0 /] 1 1 1
0 1 2 20 1.0 20 3.0 4.0 5.0
Time, hr PH

Fig. 9 Relation of pH and color development of
ferrous o-phenanthroline complex.

FETE, F pHIL Lo TRELEHEEN D, D
pH2.0 O#E13#0405 8 & 0 BB R KB AR T2, F
Ot pH TIX 2 MBI B WT A LA B, Zh
X7 =y BENRE L SR OB ARBE L TWBEDTHE
MEBENDLEDEZEZBNLDT, 7o vygEd lml TR
BL., BREAEZECE B, FHEITHELS, " Fux/ v
B LAHEIRD b oz, AL pH3.0 @\t
A Fex /7 yER1LOml G4 P RIS EN 50 ¢ 2.0 ml
ERNDORMYTH D, WO, 7 = Y BREE (50%)
1.0ml BEUANA Fux /s & (19%) 20ml oK
pH % 2 FEtaikie4x H 5 & Figd0 win s,

pH2.0 cik20ncier FHin L, pH30 KB WT HE
BThH Do &7 pHLO TIMELRGEEZ A3, pHLS
Trk pH2.0 Q20 ST REFEEE LTz, 5T

| J

g A
g 0.3
s s/A'_ ® 1 30
§ O PH 20 7} After 5 hrs. |
< x PH 1.5 ]
@ After 30 min
[\ PH 1.0 I N
0.2 L

) " Fe 100 v,
509 citric acid 1 ml
1% hydroquinone 2 ml

0.1"% o-phenanthroline 10 mi
0 i 7 o —
o " 2 3 . 5 10 2.0 30

Time, hr PH

Fig. 10 Relation of pH and color development by
improvemet in additionel volume of
reagents, citric acid and hydroquiuone.

pH 112.0 w#HEi L.
VAN SR AN

Bl EOS&ME LY s ElT 5 & Fig.11 &7b,
Beer OikHlE LT Do MEMEIXZR 10y TR LT

FEEBE305 LTo B#IE Uls i iud

0.0400--0.0007, 50y ¢ 0.1990-£0.0014 & 7 b ZEHRi%
18% XUV 0.7% & RIFTH 5,
08
06
’ 04
0.2
510 mpy
10 mm <cell
o}
0 -~ 50 100 150 200

Concentration of Iron, v /50ml

Fig. 11 calibration curve for iron.

5-4 IFETLRICDWT

ANV Tz v AR VERIFET B L —RIC b T
WAHTLEDOR LD HIF. PHEDRE® iR % Table 4
ZRToe IBIEWTILSER 100y & 50y wipsE t#s
MitzbDT, FOEIEBY 7 v PicaEnb & Bbh
B LD KB ANz, $-100y RWTI 1B FE
e Hb T, 50y Cis\WTiE, bPniciEmn
BdBND, L UIFETEOEYBENC N2 -2 & h#
BEnE, @By 7 vROoBOBERILPGE Lz
%o
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Table 4.  Effect of interfering elements Fnfepi, A0 Y 72+ vany »ENLHHEL BLOM
Blements | Tak Absorbance 2IDbORKETIT v 7 v BOBEMCHE> THAL
aken,y Fe 50y contained |Fe 100y contained e e = N
— - — — 2o LT (FEE) — GEEHD — EAasli) OBWHED
Bi % 0.196 0.409 FRBEHEOCEA L, 2y 7 vBRIERgBEL
2 gx xg ggz TWBLEEZBNBH, BECWZIE, v 7 ¥ OIFFIIE
Mo % 0.198 0.406 DEEAR G525 ELHELDND, & o T OHEEHE
W 79 0.197 0.409 3 -
Cu 126 0.211 0.412 THRD I
Ni 120 0.204 0.408 . (=
Co 100 0.191 0.400 56 HHZAIEOLT

55 BBOYSVHETICHEWLT
V7 YRERCHIE, BRI Y T =4 v A & v OHEE
BET R, $ANVy 7 =k v2e ) YNz AEBCEW
TR AsRD 5 & Figl2 Ot it b, v 7 Y BHE
DB L 5 WET 40mp FEECS T HRAKERD,
500mp Bl Rieks Tk, 12 & A EBAEEIRL D, L
U, lE@Y 7 >~ (A7 8588 & LT 0.5g © 510mpu
st DR 0.020 AR UIEHT 5 2 L 8T Einby,
FEB R H 510mp OWKEAE 2D L, UFGH)
—U@EEERD =U+Fe (EE#H ~Fe (REaR -U FEa
) OHBREMETAEDTE-T, v 7 v EOBLE
VHIBERIE 5 5 2 & b b, b, v 7 v BH L
DI A BFEEF, v 7 YRERICE TN T DR
DR BN bDEEZBND, iz, 40mp ©
BOWTHEBHIOY 7 v BAE L VFEBBRDO Y 7 Y ILE
PENZ S, Avy 7 zFvanl) vioy 7 i b,
VT NA T Y DWREDN S TEENMETTDH0E
E2 DD COZLEANY T 2Ty AR Y ¥ EKEBE
CZB LB e ET B &, Eie, 53 KR~TBR
—EER T T U v AR EE Y W OB SRR BIET 5 b
DT Do

I 1
A U0z (CeHgO2), 0.5,

1.2 *
before
color development
8 : U0z (CoH3Oz)2. 059
after
1.0 color development
C : U0z (C2HsO2)2 0.5g+Fe
/BI 100, ofter
0.8
/ /
0.6 /’/
0.4

I~

color development
D ; Fe 1007 ofter
color development

\

Absorbance

- AN
/_ S B \:
0.2 = ANN
0 e
400 450 500 1550

Wove length, mg

Fig. 12 Absorption curves of ferrous o-phenanthroline
complex in relation to that of uranyl ion

V7 v BEARBAX T B D N BREEDOTh T
kom&ﬁgbﬁﬁ&%i%héfW7%@%@W?yé

Rulfs 5@@%7\) ¥ L O Sandell oEYEEEIC LT
A RD FHER X »TT o7

&BY 7 v RER LR CHER L. i +1)2.5ml %
X BT B CIMEEFKT o il (1+1) 2ml
iz izos 10ml @ #FHRL, 74w v (5 %) 3ml
%, 10ml © 7 wwgn 2 CHlliATT D, MHORE
I, FOHELL4 S5ml D7 wwk s TC2MEES
EOHE AT, MBI LC 7 v e Ry 2k RET
%o Eﬁ@&;@i’“"E@%Hﬁb\f'ﬁ%%&m@clf}%u HR
AL EE L TRIHAERE LD b, B4 VY 7 =
FrAraw) YETHEYERE L. A—&BY 7 ¥z 3

U R & SRR L e K A E R A Table 5 iR Uiz,
Table 5. Determination of iron in uranium metal
Absorbance Fe
Ist. *  2nd. **|2nd.-lst- blank‘ found,y
No-separ | Blank 0 0.054 - —
ation| Sample 1.00g | 0.035 0.276 0.193 48.1
method 7 0.030 0.266 0.188 46.7
7 0.030 0.271 0.193 48.1
‘Blank 0.005 0.079 — —
Extraction| Fel00y 0.005 0.472 0.393 —
method Sample 1.00g| 0.007 0.264 0.183 46.5
7 0.004 0.277 0.194 49.3

* Absorbance before the addition of the chromogenic reagent.
%  Absorbance after the addition of the reagent.

BRI BT B EFRROBHENEADIE, ARBOS
RO Iz DI AN RIEENS L. TNDDOBEID LEEMNER
ALEbDEEL B, Tables DR LD, FEFERLT
?ﬂabﬁb&@ﬁm’ k ABDERMEA—H LIOT, HEFEERL
EARBHEOELNE PR TE I, k. OB
LisWwo o YEEAE LD & LT, KIRERE, R+
WIHHERIC DWW TRRES L2y, S0V 2 DRI DIRAL
T BT, WENDEE LEMAET 5 LAATE R
OfCo
5-7 &8V 5V HOBKOERK

By v 1g RiEmny &b, HEE (+1) Sml THEE
L. BER{kEA 30%) 1 ml CREKEMT 5, Btk
THEER UCERT 5o HEE 1+ 3 ml THEY &%
B, 7T vE(B0%) 1ml iz, #AkcH 30ml &3
Bo7 vE=7KTPH A 20 ML CS0ml 2 x 7 7 2
2B LAN, A Fex s YK (1%) 2ml iz T
40ml TELLFERT 5B, < 5D EEDH, HBRLE
aE LR OO WaLb, HE 510mp TERNEL HE
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L. FOBITTFHOA AT T 2a~bLEd, VY T =2 F v
2wy vl (01%) 10ml 2z CEEsE, 4 304
iz 510mu CHHAEANET D, HiEOBHES 50ml
CHREL, INEELIIWTHRESE IV EERELRD D,
Eio, &Bv 7 v 2g BV, L OBECESTE
@, #ER SO pH #@E% 4T\, IELL 50ml & Uiz
Kty PT280mIA ST 2 54 %o 48 L7z 256.0ml
DIF~EETAR L CHEF ML, B NTRTHD S
AT 0ml WHRT 5, BEAAEEE UTERIE
HREL, R L TRDTIBERL D EFEARKD TS
Bl

SE\y 7 v hOPDOEER T 25, Table s ik
L7zd Hic A7.6ppm ¢, BiEFzEL 0.8ppm ¢, %
BE 1.7%Ch o770
5-8 #5
ANVY T eFra2n) yEFNTCEBRY T oo E
BIRAHEL Uleo AR ERSOIRTFE T RIS HEEET
BoT, FEEEL VY 7 VBEHTHRERATENT 508
BB, LrL, A&V 7 YBEOBHRINED L
e ofe®D T, 7my—7unakva i L 5T
SHEER L, MEEEBRICERD 23RN LR REDI, #o
T, V7 ¥ OFAGSGOERCPEEY, WE 510mp ©
BIFDY 7 vk IOEGOTREIHMAUBRICH 5 2 & 28
ol

Fio, UIVEANY T 2F vy ARY VLRI X
DHTRIGT B &b, pH OFEEAl & U ClEiE—
BE -tV v n & WO TR e, DO RS
DD 7 = xRNz, SRbRa R T 2D CR
TSP B, LivL, 7= vBE, BITHELYHEL,
PH #TEUFENT 5 it X » TREHIS TRELR
KENREOLNDZ b oT,

=]

6. &EBEISVHOIANIL bEEE

6-1 #& =

asv P ERERELTEAHDFT, =Ty R
WCER L, RS LT, ROWECHREST AROE
BCRNTY 7 YORYIES Thote, FTFN T 7o
VIl AN [ 2% NN S R U fal

V7RO asor MIAROEKEE L LT 25ppm BT
ThHD., K M, LATIEEREEINTWR W, Ak, a9v
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SO LM T LD TH B,
62 RESLVEE

ERRIE S LOBERC OV TRIERET,
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VITFNITFF IR VRF ) v a 1 GREER
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by RiE 029 KB
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HEWRE» olco Mo T 2 RMENT 3 M &3 5,
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Who BEBOTINGDOEE  Hic0hs Figld Thh, W
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Fig. 13 Effect of nitric acid on color intensity
of cobalt nitroso R salt complex.

pH OB W7 = vyBEA—EC LT, BEE
WOREY P L TRABEN AT, T OFR, BEBERIL
2.0~3.4ml F T E(LA R\ PH CHE 4 IUE
pH 78 65~84 FTCII—ETHhHo & DI ILILHE
HOwEREENMELNDS L Bb g, 2i2 L, BB
1.0ml, pHT 4.8 DAL SR NIIT T Th o720

=t ey REOPELLD & RIMESAE T T2
HEE LA SR D REZE LD B\, —FHasv b=
reYREEARREIE 1:3 b, Zhiasuv
20y W LT= 1wy REEWE (0.2%) 0.19ml k324 1,
PFig. 14 OfFR L I8 T 5D, &FEY 7 v a vt
BWETHH EEFEE LT, BRI B 50y KT
L. = e v R EHEEL 0.5ml FHdTA2 2 Ui,
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Fig. 14 Effect of additional rolume of nitroso R selt
on the color intensity ofthe complex.
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Yok I, A L3 LOREFTCHE S o~ 1R TIE
ETH . 2HAIER TR LD & B H 228
Wl B Uy 22 A RIS 1UE 2 R O JE ©
LERENTE B, —HEHAXE D TBATREIHL
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B Beer oFEAlAmE L, HHRECOWTEL I~
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Table 6. Effect of co-existing ions with cobalt 10y
by nitroso R salt method
Ions ‘ Taken, v Absorbance il;rt():robesltti’n:;wted Tons Taken, ~ Absorbance Eggozoisggited
Fe (I 100 0.251 0 Al (D 200 0.256 0.4
200 0.255 0.3 500 0.254 0.2
1000 0.235 0.3 1000 0.264 1.1
Cu (ID 126 0.256 0.4 Mn (I 100 0.363 2.3
504 0.254 0.2 500 0.372 10.1
1260 0.259 0.7 U 1000 0.255 0.3
Ni (1D 100 0.255 0.3 5000 0.254 0.2
200 0.265 1.2 Mg(1I) 200 0.251 0
500 0.275 2.0 Ca (1) 200 0.255 0.3
Cr (ID 140 : 0.236 0.4 Ti (V) 500 0.255 0.3
560 0.260 0.8 Mo (W) 500 0.251 0
Cr (W) 50 0.251 0 v (N 500 0.250 0.1
100 0.266 1.2 Cd (I 500 0.257 0.5
500 0.303 4.3 Ce () 100 0.255 0.3

IFETHEOHEI DO~ Table 6imik Line # LI
EFAZ0IEMnThYD, STORBRDWULSHEDIE TR
FT B, & B YT v ET AR O HERTET
ppm BETHYH, Mn BIAO TR OWTE MH T
Do Tt L. HETHEOFENDAHT, 29w FER TR
i 1ppm & Lialriidie Bl
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TSN DT T Y LDARREEE TN L H L, Y

TFN T F A AN
(LR FE s A B U, pH 1 6~9 OHiFH CHiiREEE &
fro Bl asuv T 20y D, 7 = VAT (50%) 4ml
ANz T7 ve=77KC pH% 6~ 9L, DDC(1
9) 1ml #HRINT 5o & DEEOFEREIFAI0mIE U, 1
(L% 10ml G 2 SRS LTt 5o Hi L7 BHE
wRE (1+1) 5ml Az, BiehCEREEL, 7T
SR (4.29%) 1ml rftkExVEML. P UMREALT
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v s (LUF DDC & 1E9)
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BEE A R L 63 DFETI v F oies Ui, MR
fER T EIOL & UTHiHEREL RO 5 &, pHE0~8.0 Tk
95% Ll EA R L. pHOO TIHET Uico - THiHED
pH i 65+£05 & L, X 2EATS dD & ¥ %,

EDTA @ X o Gl S0 EEN & 5 EI Uize a8
A+ EDTA 55k DDC o—F & — BEsH A AT
B, LI OREK L IESC ISR, Bifmi
7F‘—:‘IﬁEVC“%OfCo

a,9v F 0k LUy @ oWTIE B EREL TV, B
MARD I, ZZRROPEEL 01257100013 T ZH=K
11 9%, mEREE SR Liza sy 5y OBEERR0.0
613:0.0029 C5%DOEFETH 7o FHURIELITH Z
Ll Rdtea vt by OWEE: 0.05824:0.0012 T
B, WMEOMICEEEILM ., SO IDIRER bIEN
Lie7s, M EoERC 2 bL Y, B—E K ko
776

AL RIET a2 v E A, AiEtomER(1+D)
5ml iz, WBEKFCHETHOTES S0, HEHD
Sty —E B E 3 ARSI ETHB, £2T, R
(1+1) 5 ml CiEEzERE 2 mli Nz b - CRRES 5078
HRIIE A, HBRIIBBEEBROHELEAUTHD,
IR HEIRO FEL I o 720

ETLHFELE LT Mn (1) HEETHAEDT, 2,0t
10y w=v vy 1lmg Mz, MPBREE L, ok
EILERICOWTLHBBRIEC LD ED X 5 RMRENRE DM
% Table 7 iR Lo

Table 7. Effect of co-existing ions on the determination
of cobalt with extraction by diethyldithiocar

bamate
I Absorbance | Error estimated
ons for blank as cobalt, v
Co (1) 10y+Mn (I) lmg 0.114 0.5
Co (1) 10y-+Fe (M) 200y+Cu (1)
189y-+Ni (1) 100y+Mn (I) 50y+Al 0.129 0.8
(1) 200y
The same composition as above
without cobalt 0.007 0.7
non-extraction
Co (1) 10y+Fe (M) 200y-+Cu (1)
189+ Ni () 100v+AL () 200y 0.130 0.9
The same composition as above
without cobalt ‘ 0.019 1.7

6:5 €BVSvhoaN b ER

WE B20mu R AERIDWTHRET S &, BRI
3 Figls &/nbh ., 520mp WL 420mu 3%
WHEDOKLI2THS, &BY 7 Bk 1g XU Fe(I)
Smg AP AEEL-OBRERBIET, ZhHORINEHE
LPFEE Uiz, Fe(ll) o8 520mp TR T ILiT s
THEEMTE D o T 520mp CORBGIEETED
BREIPD N EFE LTI, WHEE KT HERY Fig. 16
R Lize
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Absorbance
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\
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\-
~y.lgL’°' H2E;\--‘-“
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Fig. 15 Absorption curves of cobalt, iron and uranium
sample; extraction by diethyldithiocarbamate
and reaction with nitroso R salt
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Fig. 16 Calibration curves for cobalt
&Bv 7 v 1.00g & &L VIRER LD 29V P OERY
Toleo WHEIMELS, 220 F DRNETH BTN
BN 2B TH B2, FRER L W TORRI -2
THZ &, 2/ W T THDHI EDREIETH B, (Tabled)

Table 8. Determination of cobalt

in uranium metal

Absorbance for blank Cobalt found
Sample, g
at 420mp. at 520my. at 420my. | at 520mp.
1.00 0.011 0.005 0.9 1.0
1.00 0.009 0.004 0.8 0.8
1.00 0.011 0.004 0.9 0.8

6:6 &R SVHOI/IL MERF
BIEE CTOBSER, ROX D RERE T HEAYRES Ui,

&Bvyvighke, HBA+DSml iz, 4 Lmn
BUTHERT Do WL W IS 238 - ThH BIBRRAL KK
(39%) 3ml iz, W LTEMNONEL CRERER
T ho BHRELILE EMARHT CEREID BB Lk EL 8
WHT, BEIR 7 © BRI (50%) 4ml Hinkz, 7v=
=7KT pH % 6505 CHEH L. ~OBOEES 10ml
&%, DDC ¥ (1%)1.0ml fnz. 10ml o msh{L 5
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Study on the Strength of Extruded Products of
Aluminium-Magnesium-Silicon Alloy.

by Shiro Terai and Yoshio Baba

Experiments were carried out to study the strength of extruded products of aluminium

magnesium-silicon alloy (0.5~2.09,Mg, 0.3~1.29;5i), mainly 6063 alloy.
The obtained results were as follows:

¢y

@

3

Al-MgeSi REGICET 5 6063 &&0%, HER 7V 2

By the investigation of the relation between the strength of extruded products and
the magnesium and silicon contents, it was found that in the case of the annealed
products the strength was superior in the excess-magnesium region to that in the
excess-silicon region, and in the as-extruded and the precipitation-treated products
the relation was completely reversed. Split aging effect was also recognized on the
whole region of the ternary alloy, especially in the excess-magnesium region.
Regarding to the relation between the strength of extruded products of 6063 alloy and
the extruding temperature, the alloy had to be extruded at some quenched state in order
that the mechanical properties of extruded products met the requirement of the JIS
(Japanese Industrial Standard). Therefore, it could be concluded that the temperature
above 450°C was necessary to extrude 6063 alloy in the industrial procedure.
Mechanical properties of 6063 alloy bars, which were extruded by “Quenching Extrusion”
method, met the requirement of the JIS even at the extruding temperature below
450°C. In this case, the maximum strength was obtained in the extruded bars preheated
at 520°C for 8h.

The bars extruded at 300°C had remarkably high strengths at the as-extruded state,
it might be due to the effect of cold working.

1. # El )
PEEUC A R B A3t

(2)
B.W. Bischof sk 0¢ J.F. Whiting 4% 60634 4 0> shiity
DA 2 5 40T 8 o T

SERFCY v v a b & UTIRHUNIED R i &
P BEMLIE 5 & 21T & 5 C 15~25kg/mm?2 BEDG|
EaR Y BEEPARS B BN D b AR Y,

SRR L F A B O B R L D R S o ElE
FABEEIN LTS, & 2 ANAL-MgeSi F4 &M+
RWTHE Tk~ Z & <, SR X - THidio
FFEOWE, 5HDWIEIMHEE - 1y OBE& OMWE DD
DEELT D & WD HEEN F BT, 60634 &)
MowpE oA BN & LTI G4 ke AL-Mg
-SIREEOMEEFT IR o720

Al-Mg.Si e & 5RO D 2, 3 #B1F 5
L. DLW. Collin(sl)bi Al-MgoSi Za &M E I I JIUF
=7 vy, A ER X OO DT RH A
R AT, — i AL-Mg-Si & & Crius g 1 dildo
HARERNC BN T, 6063 & &Ry Al 0.7%
Mg-0.4%Si 4 & CliBegitt o4 9.5~10.2kg/ mm? fL)
DOBEEMRT ThDH I L HHD T B, WML Tk

pdR VAP N

/Uy
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BB S IAREE T S N B - dicid, 450~500°C
OB NVETH D LI T 5D, 7 @ﬂﬁﬁﬁm%
O TRINBOSE OV, JK. Mc Laughlin
RS A T I, HﬁH'#ﬁU>”ﬁ)“k«T>J VE ;”rvmzm RO YL
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T a ¥y B IO A ESEEOMR, 1. 60634 &HE
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yoal
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2. Al-Mg-Si RELHHEMOBELIT R T LA Lo

BEOTAREFEORR

2-1 B hHE

Al-Mg-Si BA44T. v/ % vV n#k 05~20%k LT
A Fte 0.3~1.29 4 U360 & &R FELL, <
U AN ORIV EE A A S Z sie koL ¥
YU AR XU AH#E LG O MRS B\ g Split
aging® OzhINC-DOWTH
2-2 REFEHK
2:2:1 A&OHEM

oo Wi 99.895 7 v 3 = v AEEAL, TS
vy n% 05, 1.0, 1.5 ¥ LU 2.09. A FEA 0.3, 0.6,
0.9 35 1 O L2937 m L CEHBHO A4 e Lico A&
LD R ATA T K O HE A Table 1 iz L7z,

Table 1. Chemical compositions
(Ingot analysis)

System ‘ Compositions, %

Mg]Si]Mg‘SiﬁFe}CuiManniTsym
05] 0.3]0.50| 0.27 | o.co | 0.002] 0.003| 0.014] 0.012) R
10| 0.3]0.09| 025 | 0.09 | 0.0} 0.005| 0.018 0.013) R
15| 0.3]1.40| 0.24 | 0.09 | 0.003] 0.004| 0.020| 0.05| R
2.0| 0.3]1.07] 0.24 | 0.09 | 0.005| 0.005| 0.024| 0.013] R
05| 0.6]053] 0.61 | 0.00 | 0.003] 0.008| 0.05 0.010| R
10| 0.6] 09| 059 | 010 | 0.018| 0.005| 0.019| 0.055| R
15| 0.6]1.49| 0.51 | 0.10 | 0.031| 0.008 | 0.025| 0.013| R
2.0| 0.6|1.08| 0.60 | 0.10 | 0.017| 0.008 | 0.023| 0.015| R
05| 0.9|0.54| 0.02 | 0.10 | 0.033] 0.008 | 0.02L| 0.011 R
10| 09)1.08] 0.94 | 0.0 | 0.022| 0.003| 0.015| 0.0:2| R
15| 0.9|1.47| 0.90 | 0.10 | 0.009| 0.004| 0.019| 0.01z) R
20| 0.9]1.00] 0.90 | 0.0 | 0.005| 0.005 | 0.019| 0.012) R
0.5| 1.2]054| 119 | 012 | 0.044 | 0.00| 0.022) 0.0 R
1.0| 1.2|1.02| 119 | 0.0 | 0.009| 0.004| 0.007| 0.011| R
15| 1.2|1.47| 115 | 0.10 | 0.011| 0.005| 0.018| 0.011| R
2.0| 1.2(1.95| 1.16 | 0.10 | 0.004| 0.005| 0.021| 0.014| R
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2-3 REAER
231 BEROOME & ~ 7V a v AR IO A EEE RO

R
BEEFE O E « o booF IERRER S Fig.1 1o
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6.0 {6.5) 6.9 (7.4) 7.3 (7.4) 8.9 (7.4)
16.3(15.3) 15.2(15.8) 15.8(14.7) 17.6<I‘6.7)
s2 so)/ a5 2/ w 7 s
) 1.5 3 3 o
a® . . o
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0.5 o ® @
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Si contents, %

*Upper figure : Proof stress, kg/mm?
Middle figure : Tensile strongth, kg/mm
tower Nigure - Elongation, %%
Figure In brackel : Volus preheated

ot 520 C for 24h

Fig. 1 Mechanical properties of extruded bars of aluminium-~

magnesium-silicon alloy, as extruded.
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Fig. 21 Same as Fig. 19 but precipitated at 235°C for 2 h.
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Fig. 22 Same as Fig. 19 but solution-treated at 525°C for 1 h and precipitated at 175°C for

8 h after natural aging of 7 days.
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Photo. 4 Microstructures of extruded products of 6063 alloy, extruded at 350°C.
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Photo. 5 X-ray photographs of extruaed products ot
6063 alloy, preheated at 520°C for 8 h.
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Annealing Anisotropy of Severely Rolled Copper Strip.

by Eiichi Hirosawa and Mutsumi Okawa

The effects of final rolling reductions and annealing temperatures on the anisotropy
by the formation of the cubic structure in the case of constant ready-to-finish reduction
and annealing temperature, were studied for tough pitch copper, oxygen free high condu-
ctivity copper (OFHC) and phosphorous deoxidized copper. The obtained results were as
follows.

Phosphorous deoxidized copper (0.018% P) formed no cubic structure.

OFHC strip annealed after rolling beyond 95% formed cubic structure, while the strip
annealed after 9095 rolling had normal recrystallized structure at low annealing temper-
atures, but formed the cubic structure and showed anisotropy gradually with the increase
of the annealing temperature above 500°C.

Tough pitch copper strip annealed after rolling beyond 909 formed cubic structure to
show the extreme anisotropy independent of the annealing temperature and had stronger
tendency to form the cubic structure than OFHC, while the strip annealed after 759 rolling
is likely to have the tendency to change the recrystallized structure from the normal to

the cubic one with the increase of the annealing temperature.
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Table 1. Chemical composion of samples.

Sample Chemical Composition %

Mark Name Cu | P 4Fe leo | o

T Tough-pitch copper 99.98 nil Tr | Tr 0.045

Oxigen free high con-

[¢] %uétivity copper (O.F, |99.986 | nil Tr | Tr —
O

P Phosphorous deoxidized
copper

FTHBLUAD 7 BIkA vy % 100mm froE
TG L, 700°C win#h U7tk, 2 OUIE »R o
i B L5 Mg % 1T > CEE 3lmm DR L, —
B 320°C -« 1Thigsl Uretk, MEA 3 mm 350810 B o
T2smm DEX &L, vk Fig.l wRTI&<, kD
BRI IR 50%., FBEsiRE 520°C, BiKOHE 0.5
mm T, BHEIMTEL 75%, 90%, 95% 3L 0% 98%
D4 BEOTIER & Ulco IREES ML ST A E U—
% & bfx‘io

99.95 0.018 | Tr | Tr —

Final

reductian. Mark
25mm: —0.5mm  98% D
Hot forging |[—20mm—10mm —0.5mm 95% E
<??3:§°i3’g"é‘€.g Smm-————05mm 9%  F
—16mm— 8mm-—4mm-— 2mm—0.5mm 75% G

(All internal annealing was done at 520°C for 1 h)

Fig. 1 Rolling schedule.
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(At rolling direction)

(At 45° to rolling direction)
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Tough-pitch copper. O.F.H.C. P-deoxidized copper.
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Fig. 2 Tensile properties at two angles (0° and 45°) to rollmg direction of cold-rolled

and annealed copper strips.
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Erichsen depth, mm

Directionality of tensile strength and elongation of variously anneaed copper strip.
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Fig. 4 Erichsen depth of cold-rolled and annealed
copper strip. (Type of fructure shown in
Photo. 1)
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Type. A Type. B Type. C
Photo. 1 Types of fructure with Erichsen test.
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Fig. 5 Ear height developed in cupping from cold-rolled and annealed copper strip.
A, 8 and C indicate the types of fructure in Erichsen test. (see photo. 1)

..

Ear hardly Ear developed Ear developed

developed at 45° to rolling at 0° and 90°
(PD4) direction to rolling direction
(PES) (TD5)

Photo. 2 Ear formation by cupping test.
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Photo. 3 Microstructures of rolled and annealed copper strips. x75
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Photo. 4 Effect of the Rolling Reduction and Annealing Temperature on the X-ray Diffraction

Pattern for Tough Pitch Copper.
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As Relled 200°C 300°C

75%

909

98%

Photo. 5 Effect of the Rolling Reduction and Annealing Temperature on the X-ray Diffraction
Pattern for O. F. H. C.

As Rolled 330°C 900°C

5%

95%
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Phote. 6 Effect of the Rolling Reduction and Annealing Temperature on the X-ray Diffraction
Pattern for Phosphorous Deoxidized Copper.
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Effect of Annealing on the Stress Corrosion

Cracking of Brass.
by Shiro Sato

A stress corrosion test has been made on 70-30 brass and Albrac alloy (special aluminium
brass). In this test small sheet specimens having the reduced section were annealed for 1
hour at each temperature from 200°C to 700°C after cold rolling with 37.59% reduction.
These specimens were partially immersed in aqua ammonia while externally stressed in
tension by dead-load at 6 Kg/mm? and 10 Kg/mm?2.

The time to failure was measured as the index of resistance to stress corrosion cracking
of specimens and the effect of annealing temperature on the time to failure was examined.

The maximum time to failure was obtained on specimens of 70-30 brass and Albrac
annealed for 1 hour at 300°C and 350°C respectively, independent of stress direction.
This result on 70-30 brass coincided with G. Edmund’s but not F. Aebi’s. Microscopical
examination has shown that the both specimens which were most resistant to stress
corrosion cracking were in the same structure, in which rolled structure with partially
recrystallized grain were observed.

It was considered that increasing of resistance to stress corrosion cracking of above
specimens was not due to relief of residual stress but increased resistance of specimens in

crack propagation process.
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Fig. 1 Specimen used for ammonia stress corrosion test.
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Fig. 2 Apparatus for stress corrosion test by partial
immersion in aqua ammonia.

BUE LT, COEBOBEILROBERECDONTTS S,

D BRI ZOFRCHEETHD I &,

i) N OBEHCFETHICHEFZH I ENHEKRD
Z &

i) EREHOESICRITEMAZMS 2 L RHSED Z &0

BAEBIE7 v a=7HBWAH I L L LTRD 2DD%
Ao T 10kg/mm? LUF OIS TSR & £ L,
&7 & IS AT TR R DO BEFR & ReD oo

D BERFEOETEHE 7 v =Tk (25Wt%) a7
FEe® L, BHEABRYUCRETC7 v2=7 2/FAZE
foigy (BUT. WRAREE ik & 1 3)

i)  EBRF OSEATES 5 mm A TR U CDF S A EE THE
W, FOWSE T vE=TIK (25%WE NHFEETHT Y
== 7RI AEMAXEBE (BUF, ZBSHHE L1
2-4 RERRER
(1) WRHRTE e
Table 1. Results of stress corrosion test on annealed 70-30

brass by partial immersion in agua ammonia.

Stress ] Time to failure, min ’ Z* l o** ‘a/:‘c***
14 19 14 16 13 14 18 15
10kg/mm? 21 23 22 18 16 11 15 14 16 3.0 0.19

20 14 15 15 15 13 18 16

6kg/mm? l 37 39 35 41 37 29 36 3.8 0.11

2kg/mim? 101 125 107 126 102 94 109 12.2 0.11

|
dkg/mm® | 55 70 64 45 64 61 i 2 | 6.6 | 0.11
|

*% : Mean value of time to failare
**g : Standard deviation.
**%g /g 1 Coefficient of variation.

LR A Table 1 R4, 18 BN7IS T —RE RS
A Fig. 310 R § AR R LIS 3 1kg/ mm?
DT CABRSEETBERN & T5b0THAHZ L2
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Fig. 3 Time to failure versus different initial tensile
stress on annealed 70-30 brass by partial
immersion in agua ammonia.

0L Wb LIS S (threshold stress) DAL
B B o1 B AR ENI DI S BRI 4T
MR L THE U TN, L, 7 vBaBEiincsn
¥ Photo. 1 @ Z & <RIR Y vTH D, BB OFIZEDHR

Photo. 1 Cross section of stress corrosion crack
on annealed 70-30 brass specimen by partial
immersion in aqua ammonia.
(stress=10kg/mm2.)

R R U ZBEROBENRZT i,
(2) RS
EEER L Table 2 WiRT o B DIVIETT— R

Table 2. Results of stress corrosion test on annealed 70-30
brass by exposure to ammonia vapour atmosphere.

Stress ‘ Time to failure, (min) i x* ‘ o** ‘o/i***
gt | BEEEHEL] | o
bkg/mme | §7 8,155 o1 128 78 9L 104 ] 2 | 0.25
dkg/mm® | 176 160 132 97 95 129 136 ] 132 j 28 | 0.1
okg/mm? | 265 343 302 466 506 389 | 379 | 85 | 0.23

*% : Mean value of time to failure
**g : Standard deviation.
*¥%g/% 1 Coefficent of variation.

2

Initicl tensile stress, kg/mm

Fig 4 Time to failure versus different initial tensile

stress on annealed 70-30 brass by exposure to
ammonia vapour atmosphere.
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T 55D b d oo 7 VEEEIRINIC 24 Photo. 2

%20
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Photo. 2 Cross section of stress corrosion crack
on annealed 70-30 brass specimen by exposure
to ammonia vapour atmosphere.
(stress=10kg/mm2)
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—gho

Table 3. Chemical composition of specimens.

I Alloys | Cu t Al si | As ‘ Fe | Pb | sb | Zn
7030 brass | 70.03 | — - — oo || - ]i
Albrac | 77.95 | 2.00 | 0.26 | 0.05 | 0.02 | Tr loo| R
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Fig 5 Effect of annealing on the tensile strength and

elongation of 70-30 brass and Albrac used for
specimens.
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Fig. 6 Effect of annealing temperature on the stress
corrosion resistance of 70-30 brass, stressed in
rolling direction.
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Fig. 7 Effect of annealing temperature on the stress
corrosion resistance of 70-30 brass, transversally
stressed to rolling direction.
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Fig. 8 Effect of annealing temperature on the stress
corrosion resistance of Albrac, stressed in
rolling direction.
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Fig. 9 Time to failure versus different initial tensile

stress on cold rolled 70-30 brass by partial
immersion in aqua ammonia.
(rolling reduction 37.5%)
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Annealed at 700°C for 1h.

Photo. 3 Cross section of 70-30 brass specimens
annealed at various temperature, showing the
stress corrosion crack by partial immersion in

aqua ammonia. (stress=10kg/mm?2) x100
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Annezled at 200°C for 1h.

= g e 2

Annealed at 250°C for ih.

e

Annealed at 300°C for lh.

Photo. 4 Cross section of Albrac specimns annealed at
various temperature, showing the stress corrosion
crack by partial immersion in aqua ammonia

(stress=10kg/mm2) x 100
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Bih & A B NI Db & Bisdh ks L Ui
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ik, MBECETHRE TS Do
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2-1&| E
Iy a=v nik, 178941 Klaproth X - THAX
. 1925481z van Arkel 35 X 0F de Boer 733 v{bikic &
> T BEEET2&BI Vv a=v s &wd THE L
DEWC, TLEUBEBIC B %SRS LI DiL19474E
THD, DrRroll 82 =v Ln:EE~7 2 ¥Y v L BT

BEBIUARIDOERR

BAEyrva=y JEB LT, LRI Uiz, 1952
47, Bureau of Mines CEKED) oO#IEFRICKWNT, YV

2= v e O TR EBIE S,
222" % 0 /iR

Bl HROFEAXY Y - Jra=y nDflE 2
A WO EEEAR LIZLDTH Y, RIBRBIT B4
BEVR I SLER 3 RLIC B Do

2RI va=y nBNH A~ ~FRL, AERLD
brBLHE, B UCKETIXEFERR A — 7 — 25
KT F 2=y BBMHF A~ 7 - REEXTT > T %o

1% & A~ o~ &M
. & B S Bt
WE & A & i : TERES Wl F BB E
1952 | 1959 | 1954 | 1085 | 1056 | 1957 | 1958 |
Bureau of Mines Albany, Oregon 32 100 114 246 Wi i | ZrCl, WA, Hexone
(U.S.A) WahChang
~ IR M, Mg &%
Carbomndum Parkesburg, 68 90 130 236 378 902 | #9700t/48 ZrSi0,~ZrC, ZrC—ZrCly
Metals Co., Inc. West Varginia
Hexone fildi, Mg #7
Wah Chang, Corp. | Albany, Oregon 68 216 220 504 | #500t/48 | A =
WEETra=va G0 | B E R E @A 60| 106 | 175 | %300t/4¢ %{ﬁf%;@%h Hexone
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ST (M4 ZrCls HfCL, 1w Xk
Metals, Corp. 5 Hf 4t
Columbia-National | Pensacala, 120 120 | #700t/48 | ZrSiOs @ NaOH 43, T.
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oM, oA MM TR
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3. =# iR

INVa=g MIBEIRERT LI, 77~ 752008
BITEHRTH Do FORIIMH R 0.022 % W EFEL, 7
VIO LBLIOFZ=T il hnm, 7 e~ a,
=y rMBLUERELD 3B WL BTN B,

FOFADELR LD vy (Zr0g - Si0g) & /57

2 =Y L OBV T RINEER A MED TR &L (0.1830—
YY) DI L, 7=y aEIERE AR (1155~ )
OTHEFFEAEL LTEATIESE, Yva=v ahbEk
Fh SRS Ui il B,

—RiC, By VA=Y AT = nk 2 ~3 %%
BHTHL0OETERMI V2 =y . (Commercial Grade

3 = 7 Z - 4 #
W T % & B ¥ OB B 77-?%(“”[?1’ ﬁzi-r:;%rés BT OB B y 7 - 7
1 o) 8 05 1 71 1 c 6 0.08
2 Si 14 25.8 15 s 16 0.06
3 Al 13 7.56 16 N 7 0.03
4 Fe % 4.70 0 F 9 0.03
5 Ca 20 3.39 18 Rb 37 0.03
6 Na 11 2.63 & 19 Ba 56 0.023 ®
s R o
7 K 19 240 & & | 20 Zr 40 0.02 g
8 Mg 12 1.93 g & 21 Cr 2 0.02 g
9 H 1 0.87 & 22 Sr 38 0.02
10 Ti 22 0.46 & 23 v 23 0.015
1 cl 17 0.9 24 Ni 2 0.01
12 Mn 25 0.09 : %5 Cu 29 0.01 |
13 P 15 0.08 23 w 4 6x10-8
B4 % R Vv a =T s A EMS
4 3
% 1950 1951 1952 1953 1954 1955 1956 1957
T R
- 2 b 77 24,120 47,006 32,803 30,081 45,830 48,933 80,382 95,000
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e v ¥ X X e X X X
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B, AL ORI E A Y v a = v L IER IR
LTWaBDT, {5 TR, BREEHE. ToMhoIEDN
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Zirconium) ¢#H L. ~7 =7 n% 100 ppm LI F % Gk

ELTebOXEFERMIVva=v » (Reactor Grade
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B VETEH L, BRFFEAMY V2= nid, 7 m—vik
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(i) & 81 % | &
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w5 % vra=v né&o R ROCEE
Reactor grade Commercial grade
oM AEC #i#% (max) SEEHEA Lz Foot ERA R A H oM o2 K& v ¥
Fraction, ppm Lot, ppm 1:41:3253(1.5}%%[1‘1)?59m A H E;g‘fnm‘ Ao - B f)fbrr;m‘

Hf 400 100 50 85 25000

Al 300 75 20 55 210

B 1.0 0.5 0.5 0.4

C1 1800 1300 252 100

Cr 400 200 20 178 173

Co 40 20 <5 <5

Fe 5000 1500 10 875 815

Pb 200 100 10 <30 <30

Mg 1000 600 50 135

Mn 200 50 20 39 17

Ni 280 70 20 <30 <30

N 200 50 100 43 27

e} 2800 1400 100 910 865

Si 400 100 100 50 40

Ti 200 50 20 <30 <30

v 200 50 10 <20 <20

Ca 0.5

Cd 30

C 500 20 80

Cu 50 10

Li 1.0 3

Mo 50

P 100
R.E 15

Na 50

W 50

Zn 100 10

Sn

H 200

A F ¥ (BHND 150 42 126 134
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=
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R ¥ & 91.22

B o # ) L60A (FiEARLOBEA)
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#® O& ® a @ WHEAE, B 1 BOILE

a—p ZRER 865°C

7 & | 1845°C
it & | 3577°C
5.2%0.6%10-6/°C (i)

alififf5.5x107¢  Ciiiz#10.8x107% (256~1327°C)
aff]l : a=3.23A, c¢==5.14A, c/a=1.60

B#l : a=3.61A (870°C)

i A

# 4% 2% g | 0.04%0.002Cal/°C/cm/sec

o # | Cp : 0.0693Cal/g/°C (25~100°C)

WK I | 39.7uo0-cm (Bifl)

[ S (V- =3 Tk, 1201078 cgs (25°C)

LI 9,630kg/mm?

RT7 YU 0.32~0.35

LU . 3,356kg/mm?

E o ® 1.097x10"% cm?/kg
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9743 U285 04 R CCEEFMEThEh 5x10%48, 65X L 1TH TH 2o

B8H LT Y
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fit 1
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D & & Li A B B
& & % aa Hg c c —
Ga B C o
~ s v 7 = 0.06
Sn A C -
+ &% 5 ~3 Bi-Pb A B -
= vy v % & & ~4 Bi-Pb-Sn A B —
) A: 1mPYRTF

3 1 Barn : 1072¢ cm?
Oa : ik FRUR BT E R

524t Z 1 ¥ K
E&BY NV a= v MBS Tgk HAETH BB, T
K. B —EEE (40 % LIT) DOREEk L OHEHEY 2 &5
< TRTOBEBEIA LT, F2=v 28 L OTEH
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A ESEEITHEMEA R L, SRR E UTRD THEET
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$inbb, BFEi 40ppm BIE, R3EX 400ppm Bl R
% A EL T AHEANSD B, BER LOKEILE
DEENIR . FRCEBYV 2=y LOBRKERT
D& EE AR T T OFERAR T, $113
ik, WheEBeATAMANEART, BerrIva
RIEBENRSLADELEBY V2 =Y A OMAEIIET
Z;)O
XREBIV2=y nik, 7229 2 XV ERREBTH
MBI AL LU KIGT %o

#10%  vra=v AOEEKCHT B EEC
B A RT3 R O IR R
F M @ # = & 9%)
ol 0.5
H, 0.1
Na 0.050
c 0.04
Ca 0.0025
Ti 0.008
Al 0.01
Mg 0.0020
cl 0.0015
si 0.0020
gl o=y rOWESRICHT B
o B 4 (] £ #
300 °C 600°C | 800 °C
Na A A -
K A A —
Na-K (8 A A —

B:1~1W0mPY
C: 0mPY Bk

53 MR

BI2RIT /v~ NVERLBY VA=Y 2 HFER LT
HWELizc&BIVva=y s OWMEME ThL S, £4H
. £ OWOBTMINT B ) BRAIEE OB AR LE S
Bl R PR AR 4,

BAK AT koot ok

RFFEmAMIrva=y n TERAMIrI=Y &

w
S
S

v |
T S I
S iy
o Omnome |
Z 200 f”o_-f—o_ il I
+ /{ 441 UK T
g /e-0. . '".“I".""'." b o
% 150 l
10k 100 '
51
] — D ——
¥ o aav(w1ﬂ’ ey T f
&0 7V — lﬁ)-"
. T T =
L ys o 74 SEER S B9t
ol svEmy | L e
ot V]IS e FENC )
8 | W (kb 7 So iy et el
20 Anm s nfmeinrpeaternzedhe [ ]
. 1 i [ |
3
[N SRS S g 1 I hd
#abnt DU BT Y7S
L] 29 ;\ I \j\ ﬁlﬂﬂ
€ T # Mxgy
% 10 . o -
o .
[T 49 4 80 1000 20 4 40 80 100
HMEZEE
BS5X B O W
—o— FEFFRMEIVI=y A
e THERMINT=Y L
100 yd
o7
5} 1l e
* /
o 80
¥ |
oo Z
60 : L
“ e //
5 I ’
% 40 \\ // 2
=
20 \‘ZH%GQ"’)‘

0 200 400 600 800 1000



(232)

EF R & & B B R July 1961
EAVEJ R v hEE&bEn T LEMD 50~60ton) 1M XN TS,
amm el m e el EOTEBEEmAL. G BEES X OB
ﬂ ;]1” i 5 N N
kg/mm? kg/mm? % T ETH Do

FFFERtiyva=y s 35.8 19.6 31 ﬁﬁfﬁ‘lﬁ?ﬁﬂq & LTk, lﬁ@é’i\ m@@fﬁ\ %@WIE\

okl EIRE. SRR R L OIS O SR bE TR R E
THBMIva=yan 43.4 30.3 28

FOM, FEHHRE, 7Y~ THRER L OTHEEEL, B
6, %7 Mk LOH 8BIR Lize MRk F2=v
nEFEKESERC X > CFECET B,

EOX O O W K
20
‘\\
4
oty | o IRB Y (R
s 15 *-
. 1
h )4
kg/mm"0 °
o O
o
[~ P g
00 o [ \1
YRR L ‘~~,\_:_° \\?
5 (400°C) —t\LL-
° T T T 10° 07 10°
[ # &
BTX 70— 7HE (1%EOEE)
4
1 3 \ ARVFIIND = A T
n \\ Vi =
8 2 / \
kg, /om® 3 ‘\\\\
I—FIhaz=dh
1 k\a:
0 102 108 104
R B (HD
8 HUEEI S X BAKER O
60
50 [
ﬁf \
3
40
o
i °
frdp 30 \
°
20 N .
0\
10 5
\\
n 20 40 80 80 100 120 140 160 180
k ¥} HE pom
6. H %

BimROIn< . &YV 2= v s kBT R IR A
PINZ &, BRI 2EENRT VI =Y 2B L0~
FYYRIREIDE N Lo T, BlRKE L OHEESE
ERTHENAMEELE LT52 i Y, BT FRS
FEE LTRGELTHE0 5, BK G INEXEE A
(P.WR), #EXBETE BWR) w48 (Yra=

AL TR & UCHER SN D, RrcfiRa (5

HHETH, ~Av7, Ky TEHEBLIUNEEKE L LT
DBENREFRTH Do 7D,
T 5B,

BEE 3~6idosgBIra=my nEEAR LI,

£

TR LT




Vol. 1 No. 3 HH Y YT =Y N D WNWT (233)

JIESKES

1. ¥ El

BEFFERE LTE, IArdal—28BL0 2, 3 044
I EPRMERXINTCTABH, AT IV a =T 28D
“C’é‘"d l/fCo

S5 RS - & TANEF 2 =7 » LEBRICIEL 1E
AENBZ 2 MRTHLDOTH %,

X Bk

(1) B. Lustman and F.Kerze : The Metallurgy of
Zirconium (1955).

(2) S. M.Shelton, E.D.Dilling and J.H.McClain : Zirconium
Metal Production (1955)

(8 BFEFH&BEB#HE: yrvasyaBIUYra=y age
(1955)

(4) G. L. Miller : Zirconium - Metallurgy of The Rare

Metals - No. 2 (1957).

C. Tyzack : Nuclear Eng. March (1958).

S R, TEE : HAKERT-J1% 48 Voll No.2 (1959).

WEEY va=w s Zr B LU HE O&EICD T (1960).

P
-1 & O
= =



