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Some Problems on the X-ray Stress Measurement

(On the correlation of elastic anisotropy in polycrystalline metallic materials

and X-ray measured stress)* (1)

Jyunichi ARIMA

Recently, in the experimental procedure of X-ray stress measurement, the equipment for use as
well as the revision of theoretical back ground has been notably improved. And the X-ray stress
measurement has been noted as a unique method of nondestructive of local stress, is applied in very
wide fields of material engineering studies, However, there are a few problems that want further
investigations. One of them is the question whether the stress values obtained from the measurement
of a state of stress by using different lattice planes coincide or not. This problem of diffraction
plane dependence has been discussed to some extent up to date, but real feature is still in the
vague,

In order to clear up the problem, the author attempted to measure the lattice strain and analized
stress with polycrystalline of a-iron, aluminium and copper, using lattice strain and line broadening
measurement method, and discussed the comparison between lattice strain variation determined from
various kinds of lattice planes by X-ray method, and analytical results in due consideration of ‘elastic
anisotropy for single crystals,

In this paper, the change in peak shift and line broadening on the diffraction line was analytically
discussed with reference to its elassic anisotropy.
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4 7 M 7 -
Copper Aluminium Iron
o (x10-5 mm2/kg) (X10-5 mm?/kg) (X105 mm?/kg)
Constant Constant Constant Constant Constant Constant
Stress Strain Stress Strain Stress Strain
100 0.00 0.00 0.00 0.00 0.00 0.00
110 2.54 1.01 0.67 0.27 1.06 0.52
111 0.00 0.00 0.00 0.00 —_— —_—
210 1.63 0.52 0.43 0.14 _ —_
211 0.85 0.45 0.22 0.12 0.35 0.23
221 1.51 0.62 0.41 0.17 — —_—
310 —_— — _— —_— 0.38 0.14
311 0.67 0.27 0.18 0.08 —_ —
331 2.03 0.82 0.54 0.22 —_— —_—

Table] Calculated Values on Dispersion of Lattice Strain (§/7)

for copper aluminium and Iron
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Fig. 2 Theoretical results of e¢/s versus sin 2¢
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C Si Mn P S

S15C 0.12 0.30 0.76 0.02 0.01

Yield Tensile
Strength Strength Harﬁrllfss
(kg/mmZ) (kg/mmz) B
S15C 27.0 41.5 62

Table2 Chemical conditions and mechanical
properties of 0.1% carbon steel
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Fig. 3 The shape of specimen and dimension
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Characteristic X-ray CoKaCrKa,|FeKa;
Filter Fe v | Mn
foil

Div.(mm) 1 1 1
Slit

Rec.(mm) 0.25 0.25 0.25
Tube Voltage K 30 30 30
Tube Current mA 10 10 10
Full Scale ©P% 200 200 [200
Time Constant €€ 10 10 10
Gonio. Speed deg./min 1/4° | 1/4°| 1/4°
Chart Speed ™m/min 20 |20 |20

Tablell X-Ray Diffraction Condition
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Fig. 5 Relation between e¢ and ¢n. in anneald
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hkl Lho/E L e 14»/E measured  1+»/E measured
(% 10-5 mm2/kg) (X10~% mm?/kg) /1 +v/E calculated /1+”/E mechanical
310 7.23 8.58 0.84 1.19
11 5.21 5.71 0.90 B 0.86
(220) 4.97 5.71 0.86 0.81

Table Iv Experimental results in 0.10% carbon steel
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Fig. 6 relation between ¢¢/S and sin2$ in each
diffraction plane of 0.1%¢ carbon steel
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Some Problems on the X-ray Stress Measurement

(On the correlation of elastic anisotropy in polycrystalline metallic

materials and X-ray measured stress)* (2)

Jyunichi ARIMA

In the previous paper, the change in lattice strain of peak shift and line broadening on the
diffraction line was analytically discussed with reference to its elastic anisotropy in connection
with the mechanism of elastic deformation. In order to clear up this problem, the author performed
the following experiments,

Three kinds of materials were used in these experiments, that is, annealed plate specimens of
0.10 percent carbon steel, industrial pure aluminium and copper. The specimens were stressed
stepwise by the tensile testing machine, and at several stages of applied stress, X-ray beams were
radiated to the center of the specimen surface in vertical and oblique incidence with several angle ¢.

The value of lattice strain ep was calculated from the measurement of the dxffractlon angle of
intensity distribution curve by using automatic recorder.

The conclusions of the present study are as follows.

1) Diffraction plane dependence on X-ray method of stress measurement,
on the elastic anisotropy in specific materials or diffraction planes.

2) In connection with this study, the author measured the integral breadth in elastic stage by X-ray
method and compared it with the analytical results for dispersion of micro strain at the elastic
deformation In this case too, the diffraction plane dependence is shown.

it is considered to be based
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Fig. 1 Shape and Dimension of Specimen

Al Cu Si Fe Mg Zn
99.2 0.11 0.12 0.55 Tr Tr
0(0.2) op Elongation
Al | Ceg/mm?) |Ceg/mmey| (g | FIRB

5.6 10.3 35.0 28
Cu Fe Sh As Bi S
99.87 | 0.03 0.03 0.02 0.02 0.03
0(0.2) g8 Elongation
Gy | Ckg/mm?) | Cleg/mm?) HRB
6.0 31.5 42.0 32
TableI Chemical Compositions and Mechanical

X #fER LM% Tableic LT, Properties of Specimen
Charac.teristic X-ray CuKa, CoKa; CrKay FeKa;
Filter (foil) Ni Fe \' My

' Dive gence Angle 0.25 g 0.25 0.25 0.25
Stie Radiation Area 2X5 2X5 2X5 2X5
Tuve Voltage Kv 30 30 30 30
Tube Current mA 10 10 ;0 9
Full Scale cps 200 200 200 200
Time C’onstant sec 10 10 . 10 10
Gonio Meter Speed  deg/nim 1/4° 1/4° 1/4° 1/4°
Chart Speed mm/min 20 20 20 20

Tablell Conditions of X-ray Diffraction Technique
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S11=15.6X10-5 mm2/kg

S12=—5.7X10"5 mm2/kg }(1)

S14=21.3X10-5 mm2/kg
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Fig. 2 Relation between e¢ and s, in anneald

Aluminium (a) Relation between e¢/¢ and

"sin2g (b)
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Copper (400)
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4 Q400
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0 0.55 0.50
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Fig. 3 Relation between e¢ and dn (a)
Relation between e¢/s and sin2¢
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1+v/E X-ray "~ 1+2/E
hkl measured Calculated 1+»/E X-ray 1+v/E X-ray
(X 10-5 mm2/kg) (X 10-5 mm2/kg) 1+2/E calcu 1+2/E mech
422 18.90 18.45 1.02 1.01
420 19.35 19.50 0.99 1.02
(@
400 19.54 21.30 0.92 1.03
Al
222 17.89 17.50 1.02 0.95
311 19.00 19.50 0.97 1.01
220 18.28 18.45 0.99 0.97
420 13.80 13.95 0.98 1.28
400 20.35 20.88 0.97 1.93
Cu 222 6.40 6.50 0.98 0.59 (b
311 14.30 13.95 1.02 1.33
220 8.19 8.50 0.96

WBZ LB

Tablell Experimental results in Aluminum and copper
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Fig. 4 Correlation of theoretical and experimental
result in copper
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Uptake of Metal Colloid Particles by Ehrlich
Ascites Tumor Cell Induced by Histone*

N. Ito,** E. Yokomura,*** T. Kimoto,**¥* K. Sogabe*** and S. Seno**#*

*##Nara Technical College, Koriyama, Japan ** Department of Pathology,

Okayama University Medical School, Okayama, Japan

The iron colloid particles, chondroitin-sulfuric
acid-iron colloid, and gold colloid particles,
which were supplied by Dainihon Seiyaku Co.
Ltd. for this experiment, proved to be select-
ively taken up by macrophages when they came
into contact with animal tissue cells in vitro
as well as in vivo. The Ehrlich tumor cells
and macrophages found in the tumor ascites
of mice were no exception. The iron or gold
colloid particles added to the tumor ascites in
vitro were solely taken up by macrophages but
not by the tumor cells so far as the observat-
ions were made for one hour at 37°C. This
fact suggests a difference in the molecular
structure of the cell membrane between the
macrophages and tumor cells, though electron
microscopy revealed no appreciable difference
between them. In the presence of histone,
however, the tumor cell phagocytizes the
colloid particles very actively.

The histone used in this experiment was
obtained from calf thymus by the method of
BuTLER(1] and finally divided into two fract-
ions, one, arginine-rich and the other, lysine-
rich, These fractions were added to the tumor
cell suspension in Hanks’ solution, 30pg/ml,
respectively, and then was added the colloidal
iron solution, 4mg Fe/ml, or colloidal gold, 0.7
mg Au/ml, drop by drop stirring the cell

*This paper was reprinted from HEMORHEOLOGY
(Proceeding of the First Conference), The Unive.
rsity of Iceland, Reykjavik, 10-16th July, 1966;
PERGAMON PRESS « OXFORD & NEW YORK
+ 1968

suspension gently to avoid the formation of
gross coagulated masses. Finally it was incub-
ated for an hour. The cells for control were
treated similarly without adding histone and
incubated for an hour. After incubation a drop
of the cell suspension incubated with iron
colloid was smeared, dried, fixed with met-
hanol and stained by Perls’ reaction for iron
with the post-staining by Kernechtrot. The
other part of the cell suspension and that
incubated with colloidal gold were used for
electron microscopy, i.e. after incubation the
cells were fixed with glutaraldehyde followed
by osmic postfixation(2). The fixed cells were
washed, dehydrated, embedded in Epon, secti-
oned and stained with alkaline lead solution
{3) and observed by a Hitachi electron micr-
oscope, HU-11A.

On the cell smear it was found that among
the cells incubated with histone—free medium
only the macrophages gave a strong positive
Berlin blue reaction and no tumor cells gave
visible reaction, while in the medium contain-
ing histone the tumor cells showing a marked
positive reaction were frequently encountered.

The electron microscopy revealed the picture
of active phagocytosis of the colloid particles
by the tumor cells incubated with the histone
fractions (Fig.1), while absolutely no phagocy-
tosis was observed in the tumor cells incubated
without histone (Fig. 2E).

In histone-free medium both iron and gold

colloid particles appeared as dense granules
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Fig. 1. Electron microscope picture of the early phase of phagocytosis of iron colloid particles

by an Ehrlich ascites tumor cell incubated with arginine-rich histone and sulfuric acid iron

colloid for 10 min at 37°C. i, Iron colloid particles agglutinated with histone; p, Pseudopods.
% 40,000,

under electron microscope. These were found
on the surface of macrophages or in their
phagocytic vesicles. In the histone contzining
medium the metzl colloid particles formed
gross aggregated masses combining with histone.
These masses were found adhering to the cell
surfaces or in the phagocytic vesicles of the
tumor cells s well as of macrophzges.

The lysine-rich histolne fraction was efle:tive,
and the arginine-rich fraction also. The cont-
aminated macrophages found in the histone-
containing medium also showved a retzined
phagocytic activity.

The result shows clearly that the phagocytosis
is not the specialized function of macrophages
but it can be demonstrated on the non-phago-
cytic cells by conditioning the environments.

Careful observation revealed that the colloid

particles were adsorted selectively on the

surface of macrophages but not on the tumor
cell surfaces, if the medium contzins no histone.
On the surface of macrophages small engulfings
of cytoplasm were olten encountered just at
the area where the colloid particles were ads-
orted (Fig. 2M). These engulfings will be the
initiation of phago:ytosis and may develop to
large phagoczytic vesizles with the pseudopod
formztion on the surrounding cytoplasm.

The preincub:tion with paprcin, 5 mg/ml, for
30 min at 37°C, resulted in the loss of adsorb-
ing capacity o° mazcrophages to the colloid
particles, probatly by dischzrging some subst-
ance which will e on the surface of macro-
phages and Fe résponsitle {or the adsorption of
the colloid particles. Such macrophages were
depressed in their phagocytiz capacity. They
could take up the colloid partizles but much

less so compared to the control as revealed
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Fig. 2. Electron microscope picture of the cell surfaces of a macrophage (M) and an Ehrlich ascites
tumor cell (E) incubated with the iron colloid in the histone-free medium for 10 min at 37°C. Iron
colloid particles (i) were found to be adsorbed solely on the surface of microphage but not of the

the tumor cell. v, Engulfings formed at the area to where the colloid particles were adhered.
», Pseudopods. x35,000.

by further incubation with the colloid particles.

In the medium contzining histone, where
the tumor cell phagocytized the colloid particles
very actively, the colloid partizles were adsor-
bed on the surface of the tumor cells and the
cells showed the engulfing on their surfaces
with the formation of cytoplasm bristle on the
area where the colloid particles were adhered
(Fig. 1). The prozess seemed to Le almost
the same as that {ound on macrophzges, though
the tumor cells predominated in the formation
of pseudopod clusters. The findings show that
the adsorption of the colloid particles to the
cell surface is an essentizl factor of phagozyto-
sis.

The histone added to the medium will ke

adsorted on the surface of the colloid particles,
which are charged negative in the media, as
well as on the surface of the tumor cell, which
is also proved to be rather negative in charge
(4], and will act as the Lridge to conjugate
the colloid partizles and tumor cell surface.

The mechanism o’ engulfing and related
projections of the cytoplasm at the site where
the colloid particles are adsorbed is completely
ohscure at present.

It will be reasonable to suppose, however,
that the chemical Londs among the molecules
constituting the cell membrzne znd cytoplasm
are dissociated largely by adsorling some
substance, as may le understood by the conc-

ept o “cooperative phenomenon” in the sense
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of macro molecular physics. The cytoplasm
may react to such a damaging force from the
outside of the cell by forming engulfing and
related projections on cell surface. As the living
cell cytoplasm is highly organized and of co-
mpact molecular structure and has a structure
which should be supported by the high energy
level provided by the metakolism of living cell
the restoration of the locally induced dissocia-’
tion of molecular arrangement of the cytoplasm
will require energy and this repairing process
will be related to the final process of phago-
cytosis. This observation may help to explain
the mechanism of the enhancing effect of

histone for membrane permeability(5].

Conclusions

In spite of the remarkable pinocytotic activity
the Ehrlich ascites tumor cell hardly shows

any phagocytic activity for non-protein solid

particles. Histone stimulates the phagocytosis
of the tumor cell for the colloidal metal par-
ticles. The mechanism seems to ke the enha-
nced absorption of the colloid particles on the
tumor cell surface,

Acknowledgment

This work was supported by the Ministry of
Education of Japan.

References

(1) Butrer, J. A. V. In The Nucleohistones,
BonNER, J. and Ts’o, P. (Editors), Holden-
Day, London, 1964,

(2) SaBaTini, D, D,, BEnscH, K. and BARNETT,
R.J.J. Cell Biol. 17, 19, 1963,

(3) Karnovsky, M. J.J. Biophysic. Biochem.
Cytol. 11, 729, 1961.

(4) Tearvama, H. Exp. Cell Res. 8, 113, 1962,

(5) RayseT, H.J.-P. and HanNock, R. Science
150, 501, 1965,



TYEREMR D B BT O ) R8T

— VD EFH—TIEPROEN Y P74 TV ALOBEEICDNT—

= OB R BB A X @™

Self-Exited Machine~Tool Chatter

—On the relation between chatter and the static compliance of

main spindle-work system—

Terukata ENDO

Humio HASIMOTO

In this paper the relation between machine-tool chatter and the static compliance of main spindle-

work system in a lathe is studied.

Following results are obtained :

1. In the case that the stiffness of machine-tool structure is higher than main spindle-work system,
the amplitude of chatter is proportional to the static compliance of main spindle-work system in

lathe cutting.

2. As shown in Fig. 4, the chatter range can be predicted with the static compliance of main

spindle-work system on this cutting condition,

3. From the view point of the static compliance, the effectiveness of center rest is comfirmed,
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A Method of Design for Quick Change Gear Mechanism of Lathe

Katsuya KAGA

The purpose of this paper is to clarify a method of design for quick change gear mechanism.
This method is not unique; but a clue to design can be found.

The basis of design for the mechanism depends upon the characteristics of progression by various
pitches of screw threads, so that the structure of mechanism can be determined by the characteristics.

Then, the number of the nuknown gear teeth can be determined by substituting each figure in

any case,

Furthermore, this paper refers to the possibility of design for the device with which both metric
thread and unified thread can be cut by one lead screw.
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The Relation between Mechanical Properties and Microstructures

in a High Carbon Steel containing Pearlite

Hideo SEKIGUCHI

Compressive tests have been performed on specimens of a steel containing 1.0% C and 1.4% Cr,
heat treated so as to have lamellar pearlite or spheroidized pearlite. The effects of strain rate on
flow stress and compressive formability have been studied at various temperatures. The behavior of
carbides in a plastically deformed ferrite matrix has been investigated by means of an electron
microscope in order to elucidate the strength conffered by dispersion hardening.

In spheroidized pearlite, the significant work-hardening rate observed at small strain cannot be

explained by Fisher’s theory of work-hardening,

which accounts for extra flow stress at a given

strain in terms of the back stress due to dislocations around carbides. It is suggested that the
increment of work-hardening is due to the increase of dislocation density affected by the size of

carbide particles.

Introduction

Carbon steels are generally two-phase alloys
which have carbides in their ferrite matrix.
Therefore, many studies have been carried out
on the relationships of various microstructural
features after heat treatments and the mecha-
nical properties of carbon steels.®~® In many
cases, carbides have a significant meaning in
the strength of steels. In previous investigations,
however, the data concerning the relationship
of the carbide dispersion and the strength of
steels were not always consistent with the
dispersion hardening theories.(®’

The first and well-known data are those of
Gensamer and his colleagues,‘”> They concluded
that the resistance to deformation of a metallic
aggregate is proportional to the logarithm of the
mean straight path through the continuous
phase. However, the deformation behaviors of
carbide dispersion alloys cannot be explained
by this Gensamer’s relationship, because the
effects of the shape and the size of carbides

are not taken into consideration in their study.

The contents of this paper were published on the
Journal of the Japan Institute of Metals (in Japanese,
1968).

Several theories exist which relate the incre-
ment in initial flow stress caused by a disper-
sion of particles.®® The best known is a
theory of Orowan, 8> in which the yield strength
of a dispersion hardened alloy is inversely pro”
portioned to the mean spacing of particles. But
some experiments showed that Orowan’s theory
is out of place in steels,(®¢D

On the other hand, the effects of microstruc-
tures on flow stresses and formabilities of high
carbon steels containing much of pearlite are
sufficiently unknown, particullarly in the case
of high speed deformation (high strain rate).

Here, in a high carbon steel, the specimens
are heat treated so as to have lamellar pearlite
or spheroidized pearlite, and the mechanical
properties such as flow stress and formability
are investigated at various temperatures and
at two widely different strain rates. The defor-
mation behaviors of these two pearlitic struc-
tures are also investigated by electron microscopys
and are discussed by the previous theories of

dispersion hardened alloys.

Material and Procedures

A high carbon steel was used, whose chemi-
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Table 1 Chemical composition of specimen(wt%)

C[Si Ma | P | S | ¢ | cu

1.00 ’ 0.30| 0.41|0.015| 0.007| 1.35|0.10

cal composition is shown in Table 1. Cylindri-
cal specimens, 15 mm in diameter and 20 mm
in height, were machined from a 25 mm di-
ameter rod ‘of the hot forged steel. These speci-
mens were annealed in vacuum under the
conditions shown in Table 2. Therefore, the
specimens of group “A” have lamellar pearlitic
structures, and the specimens of groups “B”
and “C” show spheroidized pearlitic structures
in which spheroidized carbides disperse homo-
geneously in the ferrite matrix.

These specimens were compressed in a tem-
perature range from room temperature to
750°C at two widely different strain rates.

In low strain rate experiments, th specimens
were compressed at a crosshead speed of 15
mm/min in a universal testing machine. In
order to avoide a temperature fall in specimens
during copressive testing at high temperatures,
they were compressed in a warm holder, As
a lubricant, a mixture of molybdenum disulfide
and grease was used at low temperatures, and
graphite powder in high temperature range
over 400°C.

For compression at a high speed, the speci-
mens were deformed at an impacs velocity of
15 m/sec in a high speed hammer (a pneumatic

-mechanical machine).®® The specimens used

here were, however, prevented from a tempe-
tarure fall because of the short working period
of the high speed hammer; the upper and lower
compression tools were heated before compres-
sion testing and the lateral surfaces of the spe;
cimens were covered with sheets of asbestos,
so that the specimens lost almost no heat. The
load applied to the specimens was measured by
load cell, which has four wire-strain-gages set
in a Wheatstone bridge circuit. An output signal
was recorded on a synchroscope screen, and

the load cell was calibrated by static loading.

Results and Discussions

1. Effects of strain rate and temperature

on flow stress.

Fig. 1 shows the dependence of flow stresses
on temperatures in the lamellar and the spher
oidized pearlitic steels at a low strain rate, and
Fig. 2 shows the same at a high strain rate. It
is elucidated from Fig. 1 that flow stresses of
the lamellar pearlitic steel are higher than those
of the spheroidized pearlitic steels. For example,
the difference of flow stresses at 10% strain
between the specimens of group “A” and the
specimens of group “B” or “C” is more than
30 kg/mm? at every temperature. However,
the discrepancy in flow stresses caused by the
different size of spheroidites is not so much; the
difference of flow stresses at 10% strain between
the specimens of group “B” and the specimens

of group “C” is as small as 4 kg/mm? in whole

Table 2 Heat treatment of specimen

SpGe::)rl?:n Heat treatment Microstructure Ha(li_cll‘x;lse §8
A 1000°~800°C forging—F.C. lamellar pearlite 250
780°C, 5hr-(30°C/hr)-680°C, 8 hr-(15°C/| spheroidized pearlite(mean dia.of carbide=
B hr)-600°C—F.C. 0.5 g, max dia.=1.82) 200
C 880°°C, 10hr—>A.C. 800°C, 10hr-(25°C/hr)| spheroidized pearlite(mean dia.of carbide= 90

-600°C->F.C. 1.0 4, max dia.=4.5 z) 1
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Fig.1 Stress-temperature curves for high carbon
steel(Strain rate=1,3 X 10-3sec-1)

The differences of flow

stresses between three groups tend to become

temperature range.

smaller with the increase of temperature.

Flow stresses begin to increase as a result
of the blue-shortness at about 200°C, and the
maximum flow stress appears at about 300°C
in all specimen groups. On the other hand, in
high strain rate experiments, the blue shortness
temperatures shift to a higher temperature, and
then the maximum flow stress appears at about
600°C in Fig.2. In both high and low strain
rate experiments, the temperature ranges, in
which the effect of the blue shortness appears
on flow stresses in the lamellar pearlitic steel,
are narrow compaired with those in the sphe-
roidized pearlitic steels. This appearance su-
ggests that the deformation of ferrite may be
strongly affected by the dispersion of carbides.

2. Formability in compression test,

In order to investigate the compressive

formabilities at room temperature, the critical
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Fig.2 Stress-temperature curves for high carbon
steel(Strain rate=500 sec-1)

compressive strain g., at which a macro-crack
appears at the lateral surface of the specimen,
was measured at two widely different speeds.
In compression tests, the different shapes of
the specimens cause various conditions of surface
friction between the specimens and tools, so
the shape factor H/D (the ratio of the initial
height H to the initial diameter D) is used ag

a parameter.

Fig. 3 shows the critical compressive strain
e. at the dynamic and the static compression
tests. In low speed experiments, e. of the
spheroidized pearlitic steel is almost twice as
large as that of the lamellar pearlitic steel.
From this fact, one expects that these two
materials have different stress concentration
factors because of the dissimilar shape of
carbides. ®While, in the dynamic compression
tests, the critical compressive strain, e, of the
spheroidized pearlitic steel is larger than twice
that of the lamellar pearlitic steel. It is an

interesting appearance that the dependence of
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the critical strain on' strain rate is different
between the spheroidized and the lamellar
pearlitic steels; the critical strain of the lamellar
pearlitic steel in the static test is larger than
that in the dynamic test, but e, of the spheroi-
dized pearlitic steel in the static test is smaller
than that in the dynamic test. It is also inter-
esting that there is no different appearance in
the formabilities of the two spheroidized pearl-

itic steels, in spite of different sized carbides.

3. Deformation behaviors in lamellar and
spheroidized pearlitic steels,

Fig. 4 represents the static siress-strain curves
of the specimens of each group at room te-
mperature, The stress-strain curve of a 0.1%
carbon steel* is also shown in this figure for
reference. The logarithmic stress-strain relati-
ons of these high carbon steels can be, respec-
tively, approximated by two intersecting lines;
the slope of each line, n, the work-hardening

exponent, is shown in Fig.4. The value of n

150 1
n=008

Specimen A
T
1 Specimen B
> 020
= Specimen C
2 |gungsteel
&

0
0 10 20 - 30

Strain (%)

Fig.4 Stress-stain curves at room temperature
(Strain rate=1,3Xx10-3sec-1)

at the small strain is larger than that after
This means that
both the lamellar and the spheroidized pearlitic

large plastic deformation.

steels show significant work-hardening in the
early stage of deformation. If it is assumed
that the flow stress of the 0.1% carbon steel
is identical with the flow stress of ferrite
having no carbide, the differences of flow
stress, dg, between these specimens and the
0.1% carbon steel can be considered as the
increments of flow stress by the dispersion of

carbides. **

(1) In the case of lamellar pearlitic steel.

Fig. 5 shows the increments of flow stress,
do, of each specimen at the static deformation.
In the lamellar pearlitic steel, 4o increases

sharply at the begining of deformation, reaches

* C 0.1%, Mn 051%, Si 0.20%, P 0.0014%, S
0.018% heated at 950°C in 60 min and then
cooled in a furnace.

There are some differences of grain size and of
other elements than carbon between the two
materials, so 40 cannot be strictly estimated
as the increment of flow stress only through the
dispersion of carbides. However, the change
of n, affected by the solid solusion of other
elements, is supposed to be very small, and
the strain where 40 reaches a maximum will
not be varried with this assumption.

sk
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Fig.5 Increments of flow stress through dispersion
of carbides(Static deformation)

a maximum at 5% strain, and decreases sli-
ghtly with the deformation. The presence of
large lamellar carbides have influence on the
work-hardening of the steel; within 5% strain
there is a very marked effect, associated with
the production of dislocation groups at the end
of the carbides. As the yield strength of carbide
is much larger than that of ferrite, ™ disloca-
tions moving in ferrite are piled-up at the ends
of carbides; the matrix has undergone a general
plastic strain whilist the carbides have only
suffered an elastic deformation. Thus, one
expects that the carbides can be deformed
when the summation of the flow stress of ferrite

and the back stress by the piled-up dislocations

is over the yield stress of carbide. *® We asso-

5 A

Photo.1 Replica from deformed surface (statically
7.0% strained) ; matrix slip in carbide
layer

ciated the increase in work-hardening rate
wtih difficulty of moving other dislocations
Photo. 1 by
electron microscopy shows no fractured carbide
within the first 5% strain, (although Photo. 1
is a result at 79 strain), and Photo. 2 shows

some slips with path through lamellar pearlite.

through the lamellar carbides.

Photo.2 I{;phca fro deformed surface (statically
7.09% strained) ; matrix slip with path
through lamellar carbides

(2) In the case of spheroidized pearlitic

steel.

The increment of flow stress, 4g, in the
spheroidized pearlitic steel is distinguished
from the increment 4¢ in the lamellar pearl-
itic steel (see Fig.5). The increment 4¢ in
the specimen of group “B” or “C” reaches a
maximum at 8 or 10% strain, and has almost
a constant in further straining. The increment
do of the specimen of group “B” which has
smaller particles in the ferrite matrix is larger
than that of the specimen of group “C”. An
example of observations on surfaces, electro-
polished and lightly etched before deformaion,
is shown in Photo. 3; every slip line keeps out
of the carbide particles, and deformation or
fracture of particles has not been observed in
any micrograph. It has been also reporied that
spheroidized cartides in steels are not fractured
after 80% reduction by rolling. ®® The defor-
mation mechanism of the spheroidized pearlitic

steel is quite different from that o? the lamellar
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pearliiiz steel; deformation in the spheroidized
pearlitic steel occurs only in the {errite matrix,
and the dipersed carbides stand against a

motion of dislocations.

Photo.3 Replica from deformed surface (statically
7.6% strained) ; matrix slip keeping out
of spheroidal carbides

It is well known that metals can be hardened
by a dispersion of discrete particles. (¢ There
are experimental evidences”1® that dislocations
do not cut pariizles, but bow out between
them, and by-pass them. Several theories exist
which relate the increment in initial flow stress
caused by a dispersion of particles to the size,
volume fraction and spacing of pariicles, A
theory which explzins this type of work-hard-
ening has been given by Fisher, Hari and
Pry. ® They attrituted the increment of strain
hardening through a dispersion to the back
stress produced by the dislocation loops, which
exert a long range shear stress on the slip
plane. The stress at the center of a bundle of

N concentric loops is given by:
do'=CfANGb/r, (1)

where C is a constant, fis the volume fraction
of particles, G is the shear modulus, b is the
Burgers vector, and r is the mean radius of
particles. The quantity NGb/r in Eq. (1) is a
measure of the shear stress due to the loops
at the center of the pariicle and of the stresses
in the surrounding matrix. They considered

that when this reaches a critical value ., the

increment of hardening represented by 4o’ will
not increase further. There is, therefore, a

maximum hardening increment which is given

by:

40" mar=CHE"?(z.). (2)

Now Fisher’s theory is applied to the results
of this investigation. If the number of loops
increased to a certain critical value, the particle
should be sheared, and then fractured. As
mentioned before, however, there is no frac-
tured carbide in the specimen even at 10%
strain, where the increment 4¢ in Fig.5 has
reached a maximum value. So, the maximum
value of the increment of flow stress, donaz,
is not correspondent to the critical value r. in
Eq. (2).

An alternative theory of work-hardening of
dispersion hardened alloys is that proporsed by
Ashby. ® He considered that the cross-slip of
a dislocation around particle occurs frequently
at room temperature, and that the loop left
around the particle when the by-passing is
complete does not lie in the slip plane. In
short, as a result of cross-slip, the loops
around particles will be distributed in a fairly
random way, not as supposed by Fisher et. al..
It is experimentally observed®that deformation
generally produces cells. Electron micrographs
show that the cell walls have a finite thickness,
and that the dislocations within these walls are
jogged and tangled. Using a simple dislocation
model, an expression for the dislocation densi-
ty, o, in deformed dispersion hardened alloys
which have particles of the mean radius r and

the volume fraction f is derived as:
o=C fe/br, (3)

Where C’ is a constant and e is the strain.
The dislocations are not randomly distributed,
but are concentrated in the cell walls. As a
first approximation, it is assumed that the cell

walls occupy a certain volume fraction of the
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matrix and that the relation between the
dislocation density of the cell walls, p;, and
the density in the cells, p, is shown as p,=
40.® On the other hand, there is an experi-
mental relation between the dislocation density,
o5, and the increment in flow stress, 4r,

which is shown as®:
dr=aGb:p 2 (@=0.2~0.4). (4)
From Egs. (3) and (4),

increment in flow stress, 4r, as a function of

one finds that the

strain is given by:
dr=1/2G (bfe/r)"?, ()

where the constant, C’/, has been taken to 1.
Here 47, the work-hardening increment, is
the difference in the shear siress between the
initial {low stress and the flow stress after a
strain e. This is the simplest form of the
theory, but most of the approximation affects
on the constant of proportionality.

In order to examine if Eq. (5) can be applied
to the work-hardening of the spheroidized
pearlitic steel which has coarse particles of
carbide, the increments in flow stress, dg, are
calculated from the stress-strain curves in Fig. 4,
and they are shown against the square roots
The theoretical values in
70 |

of strain in Fig. 6.

/
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Increment in Flow Stress due to Work Hardening

Square Root of Strain
Fig.6 Increments in flow stress of spheroidized
pearlitic steels against the square root of
strain (Static deformation)

Eq. (5) of the specimens of groups “B” and
“C” are also shown with the dotted lines in the
figure. ¥*** It is elucidated from Fig. 6 that the

increments in flow stress, 4o, of the spheroi-
dized pearlitic steels are proporiionate to the

square roo‘s of strain, €2, while the range of
small stain, and that the experimental values

closely resemble to the theoretical values. From
these facts, therefore, it is suggested that, in

the spheroidized pearlitic steels, the dislocation

density may be strongly affected by the dis-
persion of carbides.

4., Deformation structures in spheroidized
pearlitic steel.

Transmission electron microscopy of lamellar
pearlitic steels after plastic deformation have
been reported by some investigators, V1P
but there is no observation on spheroidized

pearlitic steel without an explosively deformed
sample by Bowden et. al. . ®Photos. 4 and 5,

Photo.4 Electron transmission micrograph of
spheroidized pearlitic stzel
(statically 4.0% strained)

B : . o
Photo5. Electron transmission micrograph
(statically 8.2% strained)

*% In Eq. (5), it is assumed that 40 =247, {=0.3,
G=8x103 kg/mm?, and b=3x10-8cm.
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examples of electron micrographs of the sphe-
roidized pearlitic steel after deformation, show
that single dislocations do not cut particles at
room temperature, and a pile-up of dislocations
around particles is not observed in the range

of small strain. The dislocation density near

particles increases rapidly with strain, and dense
tangles of dislocations are formed in the ferrite
matrix. The formation of a cell-like structure
is not comfirmed in this study. It has been
reported by Embury et. al. ®that the strength
of lamellar pearlitic steels strongly depends on
the size of cell structures formed by cold-
working, and it is suggested in previous section
that the dislocation density may be affected by
the size of carbides in the spheroidized pearlitic
steel. Hereafter, more minute observations must
be conducted on the dislocation structures of
steels which have coarse and hard particles in

metal matrix.

Conclusions

(1) The differences of flow stresses between
the lamellar pearlitic steel and the sp-
eroidized pearlitic steel are more than 20
~30 kg/mm? in a temperature range from
room temperature to 750°C, and the flow
stresses of the lamellar pearlitic steel are
always larger than those of the spheroidized
pearlitic steel.

(2) The difference of flow stress caused by the
dispersion of carbide particles was measu-
red; the specimen containing coarser part-
icles has a smaller resistance to deformati-
on.

(3) The compressivef ormability of the spher-
oidized pearlitic steel af room temperature
is larger than that of the lamellar pearlitic
steel.

(4)The carbides in the lamellar pearlitic steel
are deformed with the ferrite matrix, but
the carbides in the spheroidized pearlitic
steel are not deformed even after large
plastic straining.

(5) In the spheroidized pearlitic steel, the
significant work-hardening rate observed at
small strain cannot be explnined by Fish-

er’s theory of work-hardening, which acu-
conts for the extra flow stress at a given
strain in terms of the back stress due to
dislocations around carbides. It is suggested
that the increment in work-hardening is
due to the increase of dislocation density
affected by the size of carbides.

(6) Examination by electron microscopy shows
that the dislocation density near the parti-
cles increases rapidly with strain, and dense
tangles of dislocations are for med in the
ferrite matrix.
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Studies about the Cutting Edges of Abrasive Grains on a Grinding Wheel.

Yoshio TANAKA

The aim of this paper is to observe the surfaces of grinding wheels which are the various grinding
wheels of A46V differing in grade, by using TW type Grinding Wheel Analyzer (light-section
method, low speed type), to measure the successive cutting-edge spacing and the ratio of the area
of cutting-edges to that of whole wheel surface (cutting-edge ratio), and to investigate the relation
between the values which are measured above and the tool life of grinding wheel.

As the result of these experiments, the cutting-edge ratio in the wheel of the grade I did not
increase remarkably with the grinding process, but the cutting-edge ratio in the wheel of the grade
K, M, P increased with the lapse of the grinding time, and it was found that the grinding
performance of a wheel suddenly deteriorated when the cutting-edge ratio came to about 8%, and
they brought about the burning of work surface and the tool life of grinding wheel.

And yet, as to the successive cutting edge spacing, the wheel surface dressed by the diamond
differed from that of the worn wheel by grinding, therefore the precise value could not be calculated
because of an irregular reflection of light.

On the wheel surface worn by grinding, the successive cutting-edge spacing had a lot of unvenness
even in the same wheel under the influence of angle of reflection.

Consequently, the precise value, which would have indicated the relatlon between the grade of

wheel and the successive cutting-edge spacing, could not be obtained, either,
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On the Vortex Motion in Various Boundary Condition

(In the Case of a Fin Existing on the Infinite Flat Plate)

Kazuoki MATSUOKA

The vortex is produced by the effect of viscosity. But in this case, it is difficult to solve Navier-
Stokes equation directly., So the present writer made a flow pattern similar to a viscus flow by
setting a local vortex behind a fin, In order to analyse the vortex motion, the two-dimensional
potential theory was used, and then the vortex motion in theory was compared with that in the
experiment, As the result, the former agreed well with the latter when the Reynold’s number was

small,
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A Study on Photothermoelasticity by Cooling Method

Iwao MIZUSHIMA

In order to study transient thermal stress problems, we improved a photothermoelastic technique
for the direct thermal loading of models which were cooled with very cool methyl alcohol.

The tests were made on rectangular models and the results of these tests were compared with
those obtained through the theoretical calculation. It was confirmed that this technique was practi-

cally useful.

It was found that Biot Number varied considerably in course of time in spite of keeping the

constant temperature and velocity of the coolant,

A few applied experiments were -made on the models of steam turbine parts, to investigate the

influence of dimension and the stress concentration.

The material used for the model was an epoxy resin (Araldite B). The thermoelastic properties of

the model material were determined.
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Studies on Collisionless Shock Wave

Yukio SAKAGAMI

Abstract

This paper describes theoretical and experimental approach on collisionless shock waves,
Theoretical one was made by use of electronic computer and it clarified that calculated wave
form coincided substantially with the one which the author had obtained in experiments. In the
collisionless plasma the shock wave had a wavy form. To investigate oblique shock wave, the
author has constructed the experimental apparatus. The whole parts of it acted well,
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Microwave Impedance Method for a Nonuniform Plasma Column

Hirokazu NARITA

ABSTRACT-This paper presents the microwave impedance method for a nonuniform plasma
column in which the density of charged particls varies along the radial direction.
In this study, the impedance of a plasma column was treated from the point of the circuit theory.

Various spatial distributions of electron density were assumed,

and, by using their equivalent

circuit, the impedance of a plasma column in a waveguide was computed.
From these computations, the change of the impedance of a plasma column was illustrated as a

function of the peak density on the axis.
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Measurement of Local Velocity from the Doppler Shift in Scattered Laser Light
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Fundamental Studies of Cesium Plasma

Chobei YAMABE and Yukio SAKAGAMI

Abstract

Purposes of this experiment are the production of the quiescent plasma by use of thermal ionization
which is different from the production by the electrical discharge and the determination of plasma
parameters by probe measurement method. The third purpose of this experiment is to make it clear
how the plasma parameters change when a magnetic field is applied axially along the glass tube to
prevent plasma particles from diffusing to radial directions.

1. Introduction

Up to this time, in laboratory, plasma which
has been frequently produced by electrical di-
scharge is very low percentage of ionization
(e.g. 1 percent or less) and velocity distribution
is influenced by applied electrical field. In labo-
ratory, plasma which satisfies the following
conditions-the percentage of ionization is extr-
emely high and electrons and ions are in the-
rmal equilibrium-can be produced, and such an
experimental result has been reported. This
kind of plasma is produced with cesium. Acc-
ording to the report?, the percentage of ioniza-
tion is more than 90 percent for electron den-
sities of the order of 10" (cm~%). The positive
ions of plasma are produced by the thermal
ionization at a hot surface of the electrode
having high-work function and electrons by
the thermal emission from the same electrode
surface. One of the ways which measure the
plasma parameters is by electrical probe. This
method was originated by I. Langmuir and
H.M.Mott-Smith in 1923 and has been used
frequently in the branches of electrical discha-
rge measurement. In this paper, the comparis-
ons of measurements by “sigle probe method”
with those by “double probe method” are in-

vestigated experimentaly.

2, Principle®

2.1, Single probe

Current and voltage characteristics which
are measured by single probe method has the
following three regions which can be clearly
distinguished.

(1) The region where the positive ion cu-

rrent is in saturation. ‘

(2) The region where the electron current

tlows in.

(3) The region where the electron current

is in saturation.

Here, we assume that the velocities of parti-
cles of plasma are Maxwell distribution.

1) Determination of electron temperature.

In the region (2), the electron current is

given by the following equation.
I+I1:=I., exp(—eV/kT.):coeeen @
Where V=V,—V,,

I, is the probe current,

V, is the probe voltage,

I, is the positive ion current,

I. is the electron current,

T. is the electron temperature,
V., is the space potential, and

A, is the probe area.

From equation (@), the following equation is
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given.

dn1) e .
dv, — kT. ®

Evidently from equation ), we can determine
the electron temperature T. from the gradient
by the semi-log-plot of I. vs. V,.

Otherwise we set the voltages V,;, V,, at
which the ratio of the value of I, is 1:¢
(=2.718). Then, the electron temperature is

given by the following equation,
T.=11, 600X AV,  (°K) «wreeees ®
szvpl"‘vpz

The space potential V, is the probe voltage at

where

which the probe current turns aside from a

straight line of a semi-log-plot of I, vs. V,

2) Determination of electron density.
In the region (3), the electron saturation

current I, is given by the following equation.

N,ev. kT.
4€V Ap=NoeAPm"'@

IeozjeoAp=

From this equation, we get electron density,

IEO
AT+

Where: The units of A;, L., T., are (cm?),
A), (°K).

N,=4.03x101

3) Determination of ion temperature.

In the region (1) where the positive ion cur-
reat is in saturation, we can determine ion-
temperature if the next situation holds, that
is, the gas pressure is high and positive ions
coming into collision with neutral gas particles
in permeant electrical field. The current density
is given by the following equation.

. _ Nee ( SET. )3
J+0™= 4 7Z'M+ )

2. 2 Double probe

These are some ways to determine the elec-
tron temperature using double probes. For
example, they are (1) log-plot method, (2)

equivalent resistance method and (3) intercept

Yukio SAKAGAMI

method. Here, we use the equivalent resistance
method. Now we call two probes No. 1, No.2
respectively. The electron current I., which

flows into No. 2 is given by the following

equation,
IeZZZIIp/EGeXP(—¢Vp)+lj ............ @
where: YU,=I,+1,,

=(Atjo1/Aszjoz) exp(PpV.),

V.=V,—V+V,,

V, is plasma potential which
surrounds probe No. 1,

V, is plasma potential which
surrounds probe No. 2,

and V, is the potential difference
betwe_}en No. 1 and No. 2.
We differentiate above equation with V, and

evaluate that value at V,=0.

dd\I’: IV.,=0 = (T, p0)/(64+1)2- -

Solving for T.,

dv
T.=11, 600~—2—[ >, 532
T 2l o @
where: dv, ~ dV,
dl., — dI, ’
and o={ST,/1 —1]
L p/ Le2 Vp=0
Now, we introduce the factor G such as
_r ) -
G_L Ie2/21/pJVP= 0 —“1/(1+0')
Then we get
T.=11, GOO(G—GZ)[ z}I'pdvp/‘dI,,]V .
. P—
=11, 600(G =GRy V/peeveveerevee ®
where: Roz[ de/de]Vp= 0 ....... @

Using above equations, we can obtain the

electron temperature directly from the charac-

teristic curve of I, vs. V.

3. Experimental arrangements

Experimental arrangements are shown in Fig.-1.
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Test tube :

Dia. 30mm¢, inter-electrode-distance 150mm.
electrode :

Dia. 0.40mm¢{ W), length 100mm
Probes (Double probe)

Dia. 0.40mm¢ (Mo), length 4.7mm.

Fig. 1 Experimental arrangements,

We changed surrounding terﬁperature T., from
100°C to 250°C in a dry oven. We changed
from 1,640°K to
2,400°K. We measured the electrode temper-

electrode temperature Tg

ature Ty by a pyrometer. Then, we measured
the probe current I, and the probe voltage V,
by a micro amperemeter and a voltmeter, var-
ing T., and Ty in a wide region. To observe
the probe current signal, we connected a
standard resistance of 1 ) to the probe circuit
and observed the current wave form by a
dual beam synchroscope. A magnetic field was
applied axially along the glass tube to prevent
plasma particles from diffusing to radial direct-

ions.

4. Experimental results and

considerations
4.1 Single probe method

We changed the electrode temperature Ty
and the wall temperature T.,. Fig. 2 is an
example of I, vs. V, characteristic at T.,=
180°C and Tg=2,170°K. From Fig. 2 and
equation @), we determined the electron temp-
erature T.. The relation of the electron temp-
erature T, with the electrode temperature Ty
is shown in Fig. 3 (here, T., are parameters).

From Fig. 3, it was found, when the electrode

temperature Tg increased, the electron temper-

ature T. also increased and when the wall

— 100
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Fig. 2 I, vs. V, characteristic at T.,=180°C,
Tg=2170°K and B=0, 150 gauss,

4000)
¥
x
® 3000}
2
I
g,
Qo
=%
£
2
=
£ X Te=10C @
2 2000 O Ta=13C @
[£3]
\ A Te.=150C @
é)\ O Te=170C @
N, @ Te=195C ®
\\\A Tes=180'C B =150 gauss ®
»
1000 — A
1500 2000 2500

Electrode temperature Tz ('K)

Fig. 3 Electron temperature Te vs. Electrode
temperature Tg characteristic curves.

temperature T., increased, the electron tempe-
rature T. decreased. From the experimental
results, the electron temperature was about
from 1,100°K to 4, 000°K. But the magnetic

field being applied, when the electrode temp-
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erature Tg increased, the electron temperature
T. decreased. From Fig. 2 and equation ),

we determined the electron density N,, which
is shown in Fig. 4. When the electrode temp-

erature Tg increased, the electron density N,

‘g
&
- a T..=150°C
Z B = Ogauss
G @ T..=180
g 1074 B = 0 gauss
~ @ @ Tes=180°C
= B =150gauss
S
i
8 (€]
8]
@
oM .
1500 2000 2500

Electrode temperature T, (‘K)

Fig. 4 Electron density N, vs. Electron
temperature Tg characteristic curves.

was nearly constant but the wall temperature
increasing, the electron density increased. The
magnetic field being applied, the ratio of satu-
ration probe current at B=150 gauss to thatat
B=0 was about 2 and the ratio of the electron
density was about 5—10. It is clear that the
magnetic field was effective to prevent plasma
particles from diffusing. We observed that the
oscillation of probe current appeared at B=0,
which is shown in Fig. 5, but at B=150 gauss,
the oscillation disappeared. From equation (),

cesium ion temperature T, was about 945 °K

Fig. 5 Oscillation wave form of Probe
current, 0,5 msec/cm, 0.05 A/cm.

at T.,=180°C, Tg=2,170°K and B=0.
4.2 Double probe method

An example of the results by double probe
method at T.,=120°C and varing Ty from
1,940°C to 2,400°K is shown in Fig. 6. From

= 1.0

E Tes=120"C

B

£

< /\{.\\\\'\‘

v = L
< 0.5 < _Nu\\
& T

— 160 —120 40 80 120

voltage + V. (V)

Fig. 6 I, vs. V, characteristic curves
(double probe)

equation (D, the equivalent resistance R, was
calculated. Fig. 7 and Fig. 8 are the curves of
R, to Tg and T., respectively. From Fig. 7
and Fig. 8, it was found that the electrode

0.4

0.3

180°C

0.1

Equivalent resistance Ro(V/uA)

0 '

1900 2000 2100 2200 2300 2400
Electrode temperature Tg (°K)

Fig. 7 R, vs. Tg characteristic curves.
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Fig. 8 R, vs. T¢. characteristic curves

temperature Tp increasing, the equivalent res-
istance R, increased and from equation @ the
electron temperature T. also increased. The
wall temperature T, increasing, the equivalent
resistance R, decreased and the electron tem-
perature T, also decreased. These characteri-
stics coincide with those of single probe

method.

5. Conclusion

1) We produced cesium plasma. We measured
the electron temperature T, and the electron
density N, by single probe and double probes
and observed the effect of magnetic field.
The electrode temperature Ty and the wall
temperature T., were varied in a wide region
as parameters. And the following points were
made elearly.

2) By single probe measurement, it was found
that the electrode temperature Tg increasing,
the electron temperature T, also increased
(1, 100°K—4, 000°K) and the electron density

was nearly constant (1011—1012) cm~® and

the wall temperature' T.. increasing, the
electron temperature T. decreased and the
electron density increased. At T.,=180°C, T
=2,170° K and B=0,cesium ion temperature
T4 was about 945°K. By double probe me-
asurement, it was found that the character-
istics nearly coincided with those of single
probe measurement.

3) The magnetic field being applied, the ratio
of saturation probe current at B=150 gauss
to that at B=0 was about 2 and the ratio
of the electron density was about 5—10. It
is clear that the magnetic field was effective
to prevent plasma particles from diffuing.
The oscillation of a single probe current
appeared at B=0, but disappeared at B=150
gauss.

4) Now, the causes of oscillation and detailed
considerations between single probe and dou-
ble probe measurements are being investig-

ated experimentaly.
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Solubility of Chlorine in Mixed Solutions of HCl and CuCl, *

Fumio HINE ** Shusei INUTA

The solubility of chlorine in a mixed solution of HCI and CuCl; under various conditions of
concentration, temperature, and partial pressure was determined. The concentration of chlorine in
a solution as the sum of Cl; and Cl3- was found to be proportional to the partial pressure of
chlorine in the gas phase; its slope decreased with an increase in the concentration of cupric ions

due to the salting-out effect,

The recovery of chlorine from waste HCI is
an attractive prospect, but the design engineer
in this field requires data on systems consist-
ing of HCI and Cl,. The present authors have
previously reported on the solubility of Cl; in
concentrated HCLD

The HCI cell with the oxygén-depolarized
cathode developed by Hine et al.,? the so-
called “Kyoto Process,” contains a mixture of
HCI and CuCl, in order to increase the reaction
rate at the cathode represented by:

4H+ 4+ 0O;+4e=2H,0 ¢H)
where the cupric ions form a chloride complex
such as CuCly~ in concentrated HCL®» The
solubility of chlorine is, therefore, affected by

the concentration of cupric chloride in the

solution.

Experimental

The apparatus for vapor-pressure measure-

ments reported by Smith et al.¥ was modified.®

*This paper published on Bulletin of the Chemical

Society of Japan 42, 914—918 (1969)

* Nagoya Institute of Technology
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(1968).

2) F. Hine, S. Yoshizawa, K. Yamakawa and Y.
Nakane, Electrochem. Techn., 4, 555 (1966),

3) F. Hine and K. Yamakawa, Electrochim. Acta,
13, 2119 (1968).

4) A. Findlay and J. A. Kitchener, ¢‘Practical
Physical Chemistry,”” Longmans, Green & Co.,
London (1955), p. 79.

5) F. Hine and S. Inuta, Kenkyu Hokoku (Reports
of the Training Institute for Engineering
Teachers, Kyoto Univ.), No. 4, 19 (1968).

The temperature was controlled within a range
of -+0. 1°C; it caused a minor variation in the
vapor pressure, but this variation was less than
3 mmHg at 90°C, for example.

The equipment and the flow sheet used for
solukility measurements were the same as
have previously been described.®

The chlorine gas diluted with nitrogen to be
sent to the measurement cell was exactly
analyzed, and its moisture and temperature
were brought to equilibrium before measurement.

The chlorine dissolved in the solution was
titrated by iodometry. Since cupric ions in the
solution also reacted on KI, the balance, total
amount of KI consumed minus the amount of
KI for Cu?t, was taken. The cupric ions were
also examined by iodometry. The compositions

of the solutions examined are listed in Table 1.

Results and Discussion

Since the pressure of water vapor was not
negligible in comparison with the total pressure,
it was determined as a function of the tempera-
ture and of the composition of the solution.
The data obtained are listed in Table 2, while
an example of Dithring diagram of a system
consisting of HCl and CuCl, is shown in Fig.
1. The logarithm of the vapor pressure is
linear to the reciprocal temperature, 1/7, as is
shown in Fig. 2; therefore, the latent heat
seems to be independent of the temperature
between 30 and 90°C.

The solubilities of chlorine at various tem-
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Fig. 2, The vapor pressure of the aqueous solu-

tion consisting of 5.49 N HCI and 0.516m CuCl,
as a function of temperature,

TABLE 1. ANALYSIS OF SAMPLE SOLUTIONS

5n HCI1 6N HCI 7~ HCI
Concentration of Cu2+ 0.5M 1.0Mm 0.5M 1.0M 0.5M 1.0Mm
Concn. of HCI1 (n) 5.49 5.45 6.25 6.32 7.41 7.03
Concn. of Cu2t+ (mol/l) 0.516 1.019 0.512 1.038 0.535 1.052

TABLE 2, VAPOR PRESSURE OF WATER OVER THE SAMPLE SOLUTION

1000 5nx HCI 6nx HCI 78 HCI
3 T 0.5m CuCl, Im CuCly 0.5 CuCl; 1M CuCl, 0.5m CuCl; 1m CuCl,
o 1/°K) —_— —_— D ——
? w ? tw P tw, P tw ? tw b tw
30.0 3.299 20.8 22.8 19.5 21.7 18.2 20.6 17.7 20.2 17.5 20.0 17.5 20.0
35.0 3.245 28.0 27.8 26.3 26.7 24.7 25.7 24.3 25.4 24.0 25.2 24.1 25.2
40.0 3.193 37.0 32.7 34.5 31.4 33.0 30.6 32.5 30.4 32.5 30.4 32.4 30.3
45.0 3.143 48.5 37.6 45.5 36.4 43.0 35.4 42,5 35.1 43.7 35.6 43.0 35.4
50.0 3.095 61.5 42.0 59.0 41.2 56.8 40.5 55.5 40.1 57.8 40.8 55.5 40.1
55.0 3.047 78.5 46.7 76.5 46.2 73.2 45.4 71.3 44.8 74.3 45.6 72.5 45.2
60.0 3.002 100.0 51.6 97.5 51.1 93.7 50.3 91.7 49.8 95.9 50.7 93.6 50.2
65.0 2.957 126.5 56.5 123.7 56.0 119.3 55.2 116.5 54.7 123.4 55.9 119.8 55.3
70.0 2.914 160.0 61.5 155.5 60.9 151.5 60.3 149.0 59.9 159.2 61.4 154.1 60.7
75.0 2.872 199.8 66.4 195.0 65.9 190.8 65.4 188.0 65.1 202.2 66.7 195.0 65.9
80.0 2.832 247.5 71.3 241.5 70.8 238.8 70.5 236.0 70.2 255.0 72.0 247.0 71.3
85.0 2.792 305.7 76.3 298.8 75.8 297.0 75.6 295.3 75.5 320.0 77.5 309.6 76.6
90.0 2.754 376.3 81.4 366.8 80.8 367.2 80.8 365.2 80.7 398.9 82.9 385.4 82.0
p : vapor pressure, in mmHg,
tw : temperature of water at the vapor pressure p, in °C,
TaBLE 3. HENRY’S COEFFICIENT ( X102)
¢ 1000 5N HCI 6 n HCI 7~ HCI1

o MK 0.5M 1.0m 0.5m 1.0m 0.5M 1.0m

30 3.2987 6.99 6.57 7.82 6.81 8.07 7.23

40 3.1934 5.37 5.02 5.88 5.31 6.31 5.40

50 3.0945 4.28 3.78 4.60 4.50 4.92 4.12

70 2.9142 2.76 2.36 3.01 2.42 3.04 2.63

90 2.7537 2.15 2.08 2.16 2.40 2.41 2.18




Solubility of Chlorine in Mixed Solutions of HC1 and CuCl, 85

8 L]
6~ 30
E 40°
=
x 4T :
S~ 500
Z
£
Q
w
2| 700
B 90° 1
I
o 05 0

Partial pressure (atm)

Fig. 3. The solubility of chlorine in 5.49 N HCI
+0.516 M CuCl,.

peratures and concentrations were plotted a-
gainst the partial pressure of chlorine. As the
example in Fig. 3 shows, it is clear that the
ollowing Henry equation can be applied:
Sm=Hm>*pc1z (2)
where: Sn: the solubility of chlorine
in a mixed solution mol/l
Hp: Henry’s coefficient mol/l~atm
pcia: the partial pressure of chlorine atm
The Henry coefficient decreases with an in-
crease in the concentration of cupric ions as is

listed in Table 3. However, the slope of the
logarithm of the H, vs. 1/T curve is inde-

pendent of the cupric ions, as is shown in Fig. 4-

Therefore, the enthalpy change upon the dis-
solution of chlorine in a mixture of HCI and

CuCl; is equal to that in a solution of HCL®
Let us discuss the single solution of HCI

first. It is well known that a part of the chlo-
rine forms trichloride complex ions, Cl3~, in a
chloride solution, and that the other part may
dissolve as its molecule, Cl,.

The total amount of chlorine in HC], as the
sum of Cl3~ and Cl,, is a linear function of the
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Fig. 4. Henry’s coefficient at various conditions
of temperature and concentration,

HCI concentration and of the partial pressure
in the gas phase, as has been described in a

previous report,” that is,

S=Hepc'z=(azr+B)pci . 3)
where: S: the solubility of chlorine mol/!
H=azxr+8: Henry's coefficient mol/l-atm
x: the concentration of Cl- mol/!
pciz: the partial pressure of Cl; atm

a and B: coefficients
Because the system consisting of Cl,, Cl-,
and Clz- is in a state of equilibrium, the

concentration of Cl;~ is proportional to x as
follows:

(Cl3‘)=K'Pc12'x 4
where K is the equilibrium constant and where

() shows the concentration. Therefore, the
concentration of Cl; can be represented by the

balance of S minus (Cl;7); it is also linear to

6) See Eq. (12) in Ref. 1,
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the concentration of Cl- as follows:

(Cly=[(a—K)x+Blpci &)
The effects of the electrolyte on the solubility

of gas as its molecule have been studied by
many authors”® as the “Salting-Out Effect.”

They reached the important conclusion that a
linear relationship exists between the logarithm

of the solubility and the concentration of elec-
trolytes in a solution.

At relatively low concentrations of HCI and
in water, the data obtained at 25°C by Sherrill

et al® agree with Eq. (6), as is shown in
Fig. 5.

Lo 1
-3 b 4
:‘;‘ \
2 o8l % 1
=
S
ho
et
0.6~ i
1 | [ 1 \
° i 2 3 4 5

HCI concentration ()

Fig. 5. Concentration of Clz in HCI solution at

1 atm,
That is,
Cly _
log: (Chys = kx (6)

where (Cly), is the solubility of Cl; in pure
water and where % is a constant and is very
small (about 0.0183). Accordingly, the first
approximation;
(Cly) = (Cly)os (1—2. 3034z) 1)
is allowable with a variation of less than 2%.
It is essentially the same as Eq. (5).

Zimmerman et al'® found the equilibrium

7> A. E.. Markham and K. A. Kobe, Chem. Revs.,
28, 519 (1941).

8) H. Hikita, Kagaku Kogaku (J. Chem. Eng.
Japan), 23, 537 (1959),

9 M. S. Sherrill and E. F. Izzard, J. Am. Chem.
Soc., 53, 1667 (1931).

10) G. Zimmerman and F, C. Strong, ibid., 79,
2063 (1957).

constant, K, in Eq. (4) or (5) to be 0.0l at
25°C using the spectroscopic method; this value
is in good agreement with that of Sherrill®

The relationship between K and T has been
discussed in the previous report,? where the

salting-out effect was not considered. Because
the slope of the log K vs. 1/T curve is inde-

pendent of the concentration of HCl, the value
of X and, hence, that of «a—K in Eq. (5) at

various temperatures between 30 and 90°C can
be predicted to be as listed in Table 4.

TaBLE 4. K AND (@—K) (in mol//.atm)

Temperature

2 —(a— 2
cC) Kx10 (a—K)x10
30 0.845 0.215
40 0.620 0.186
50 0.462 0.158
70 0.273 0.093
90 0.172 0.067

With these values, the concentrations of Cl,
and Cl3~ shown in Fig. 6 are obtained. The

1

® 25°C (REF.9)

1o~

L]

Henry’s coefficient (X 10% m/atm)
s

HCI concentration (N)

Fig. 6. Henry’s coefficient as various conditions of
temperature and HCI concentration,
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solid line with open points shows the sum of
chlorine dissolved at pci;=1latm; the data at
25°C, with the closed point, are quoted from
The thin line

represents the concentration of Cl; predicted
by Eq. (56) at a partial pressure of 1 atm. The

the paper by Sherrill et al®

closed points with the thin line are also based
on Sherrill’s data. Accordingly, the concentra-

tion of Cl;~ can be evaluated as the balance
of the two lines.

The effect of cupric chloride on the solubility
of chlorine in a mixture of HCl and CuCl, was
also examined. The data obtained are shown
in Fig. 7, where the ordinate is the Henry
coefficient or the solubility at pci=1 atm and
where the abscissa is the concentration of
CuCl, in HCI. The concentrations of Cl, and
Cl;~ can be calculated by the procedure describ

ed above; the results are listed in Table 5,
together with the Henry coefficients.

Now we may consider the mixed solution. It

is well known that cupric ions form a chloride
complex with HCI as follows:

o
—~ 8F
6 0
K] 30C
= I~ .
Nz A A 0\
=1 A ——A
% 6 \\‘_A\ i
N~ \ 40°C
- &
g _ﬂ_. ZL 1
é’ 3 \.\. o
8 4l -D\B " 50
o
w
o ‘V—'_ v 4
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T2t 4900 1
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Cu concentration (M)

Fig. 7. Henry’s coefficient at various conditions of
temperature and concentrations of HCI and CuCly.
Closed point (@): 7.23n HCI
Semi-closed point ((P): 6.25 8 HCI
Open point (O): 5.49n HCl

CuCl;+Cl-=CuCl;3~ (8)
This is according to Hine et al.,¥ who obtain-
ed the coordination number oft he complex
ion by means of EMF measurements. There-
fore, the concentration of Cl~ in the solution
decreases with an increase in the cupric ions;

that is,
Cl)y=z—y ®
where y is the concentration of cupric chloride

in mol/l. By substituting this into Eq. (4), the

next equation can be obtained:

(Cl)=K+pcr(r—y) (10)

TABLE 5. SOLUBILITY OF CHLORINE In 7.23N HCI
AT pciz=1 atm (mol/l)

Te“g?g’;“’e Hx102 (Clp)x102 (Clg-)x 102
30 8.8  3.03 5.77
40 6.65 2.13 452
50 4.87 1.57 330
70 3.02 1.05 1.97
90 2.06 0.81 1.25

We may assume that (Cl;) decreases with
an increase in the concentration of -cupric ions
due to the salting-out effect, and that it can

be represented by the following equation:
(Clz)‘—‘(a—b.}’)j’clz (11)
(a should be
equal to(a—K)x+f because (Cly)is represent-
ed by Eq. (5) at y=0). Accordingly, the

solubility of chlorine as the sum of Cl; and

where a and & are constants

Cl;~ can be formulated as follows:

Sn=(Clg~) +(Clp) = [(ax+8)— (K+b)y]pci
(12)
From Egs. (2), (3) and (12), we have:
- H—Hn_
Ty
Equation (13) represents the salting-out effect

b -K 13)

due to cupric chloride in the HCl solution on
the solubility of chlorine; the data obtained
are shown in Fig. 8. The logarithm of & is
linear to 1/7T with the slope of 2,
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Fig, 8, The coefficient & as a function of tempera-
ture,

Equation (11)is an approximation of the next

equation:

log (&3 =— kn (14)

where kn is a coefficient. As is shown in Fig.7,
km, and, hence, 6 in Eq. (11) are small and

are functions of the temperature.

Summary

The vapor pressure of the aqueous solution
consisting of HCl and CuCl, was measured.
The solubility of chlorine in the same solution
at a partial pressure of chlorine lower than 1
atm and at 30—90°C was also determined.
The enthalpy change upon the dissolution of
chlorine in the mixed solution was equal to
that in a solution of HCl alone. Henry’s Law
was found to hold good in this case as well
as in pure HCl, while the Henry coefficient
decreases with decrease in the HCI concentra-
tion and increase in the CuCl; concentration

because of the salting-out effect.
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Abstract

In order to obtain the low energy scattering parameters (the scattering length and the effective
range), the Nambu-Salpeter-Bethe equation is solved numerically for the 1S, state of the nucleon-
nucleon scattering. The negative-energy contributions are neglected,

We assume three types of renormalizable meson-nucleon interactions, that is, pion-, neutral-
vector-meson- and scalar-meson- exchange. If we take the suitable values of the meson-masses and
the meson-nucleon coupling constants, the calculated values of the low energy scattering parameters

fit the experimental ones,

§1. Introduction

In low energy nucleon-nucleon scattering,
the scattering length and the effective range
are used as important parameters. In papers
based on the standpoint of the analytic S-matrix
theory, the scattering length is treated as phe-
nomenological input parameters. And from the
standpoint of the quantum field theory, the
scattering lengths have not been well investi-
gated, but recently the effective-range theory
based on the Nambu-Salpeter-Bethe equation®
(hereafter we call it the N-S-B equation) was
explored®, In this paper, we express the low
energy scattering parameters (the scattering
length and the effective range) by the zero-
energy solution of the N-S-B equation accord-
ing to this effective-range theory.

We consider three types of renormalizable
meson-nucleon interactions, that is, pion-,
neutral-vector-meson (vector coupling)- and
scalar-meson (scalar coupling)- exchange are
assumed. By using our effective-range theory,
we search for the relation between the masses

and the coupling constants of the mesons which

give the good fit of the low energy scattering
parameters with the experimental values?, We
consider only the ladder approximation and
neglect the negative-energy amplitudes.

In §2, the formulations of calculating the
low energy scattering parameters based on
the N-S-B equation are given, and in §3, we
describe the results of our numerical computa-
tion and give some discussions concerning our

subject.

§ 2. Reduction of the N-S-B equation

We consider the scattering of two nucleons
(mass m). The N-S-B equation can be classi-
fied according to the total angular momentum,
parity and Heisenberg’s exchange operator,

The partial wave N-S-B equation is written as

@ (p, po) =G(p, po; p,0)+

L] o0 —-l
Sodq Sc_igo G(p. b0 4 @) 55 (g, g5 E)
XV’(q, ‘-10>, (2_l>

where the contributions from the negative
energy amplitudes are neglected. The two-

nucleon propagator is
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1
S(q, do; E);_- E(Q)'—E—‘Q()—‘Z‘é‘

1

E(¢)—E+qo—ie° 22

X

where E(q)=v'¢® +m?. And 2E=2E(p) is
the total energy in the centre of mass system.
G(p, po; 4, @o) is the interaction kernel, and has
the following type in the 1S, state,

G(p, 20 ¢ 90) =Gal(p, po; q, %)+
Go(p, o @ 90)+Gs(p, po; 4, %),

. _ & 1

Ge(p, po; @ 90)= ir  2E(p)E(D

X —(E(PYE(g) —m2)Qo(ze) +2901(22) ",
) _ &t 1

Go(p, p0s 4 q0) = —— 2E(pYE(9)

X —(4E(P)E(q) —2m*)Qo(z0) ,

Golp, 10 & @)= 55 :
s{Ps Doy @& Qo)= A7 2E(P)E(q)
X (E(P)E(@)+m®)Qo(z:) —pqQ1(2s) }

(2-3)

where G., G, and G; are the pion exchange
kernel (pseudo-scalar coupling), the vector-
meson exchange kernel (vector coupling) and
the scalar-meson exchange kernel (scalar
coupling), respectively. Q; is the Legendre
function of the second kind and has the argu-

ment 2z, 2y and z; as

P2+ @+ mi—(po— q)?
2pq
i=m, v and s,

Zi= »

(2-4)

where m,, m, and m; mean the masses of the
pion, the vector-meson and the scalar-meson,
respectively.

We modify the 2-nucleon propagator given
by (2-2) as

F
S(q, q0; E) = E=E

1 1
X { E(@)—E—q—ie + E(@)—E+ q—ic }
(2-5)

where <7 means the principal value menipu-

lation, then the scattering phase shift ¢ is
given by
tan d=—i ¢($,0) (2-6)
2ﬁ @ ] .

On the other hand, in the low energy region
the scattering phase shift is well approximated
by

B ot 3(F)=—— b1 rfH0G,  (2-7)

where ¢ and 7, mean the scattering length
and the effective range, respectively.

In eq. (2-1) we put

E(p)E

pp (2-8)

P(p, po)= ¢ (#, p0)

and taking the limit $—0, we get the equation

for the zero-energy solution as

(p, po) =G(p, po; 0,0)+
R —i
S onS_gqﬂG(P9 PO! I’ ‘Io) 212

x8(4q, 9 m)—E?—Zq)T ¢°(q, %),
(2-9)

here

E(”)E(Q)—G(p,

4 Po @ qO)'

(2-10)

G(p, po; @ @)=

The scattering length a is represented as,

__ tand .1 &
a= 5 lp=0 5P (0,0).
(2-11)

Expanding the zero-energy solution ¢%(p, po)
by p, we get

50 50 L2 5w 2
B(p, 0) =GO+ T PD A eeees , (2-12)

$O=(0,0)

-3 oo " —i
=49 (0, o)+$ a’qg 490G (% ) 55
0 —00

2
XS8(q, gg;m) 75%1? PO(g, g1, (2-13)
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S — AW Z AT gaAm il
© G +Sodqg _quG (qa qo) 22

. _q_z_."(o) -
XS(Q, qO’m) E(q)z ¢ (q, ‘1), (2 14)
where 3@ (q, @), GP(g qo), +oveee mean the
expansion of (g, 0; g, g) by p,-
G(#,0; g, 90)=G"(q, @)
2
_{.Tf”lz. GDO(g, go)Hreerens ) (2-15)
Using this expansion, we can get
1
= 0®
="om ¥ (2-16)
2 [¢(0)_4¢(1) 2 m
re—‘"‘r (ﬁ(o)z _T (@0)2
[P m-FOm P, @)
0

where

_—i E(p)+m
Foom) =" 25y

- 2(E(p)—m)—po
X S d pof (E(p)—m—po—ie)?

-

2(E(p)=m)+p .
+ (E(p)-—m—i—po_,'(;)z } {°(p, o) 15
(2-18)

and
F(0, m)={$°(0, 0) }2={p©}2.

In this way we can calculate the scattering

(2-19)

length and the effective range by (2-16) and
(2-17), when we get the solution @°(p, po) of
the integral equation (2-9).

In order to solve the equation (2-9), we
adopt the “symmetric kernel subtraction me-
thod®, and perform the Wick rotation® and
reduce the equation to simultaneous linear
equation by applying the Gauss numerical
integration formula. But we do not describe this
reduction method. In our previous paper® we
performed detailed discussions on the method

to solve numerically the N-S-B equation.

§ 3. Numerical Results

By our formalism, we can calculate the

scattering length and the effective range,

when the masses and the coupling constants
of the exchanged mesons are given. The mass
and the coupling constant of pion are well

known as

m,=135.0MeV and g,%/4wr=14.4.

As neutral-vector-mesons w-meson (783MeV)
and p®-meson (765MeV) were experimentally
established,

changed vector-meson as

my="T775. 0MeV

so we fix the mass of the ex-

fox convenience.

Here, we show the calculated results of the
low energy scattering parameters in the case
of g,2/4wr=18.0, Fig. 1 and

table I show the obtained values of the low

as an example.

energy scattering parameters for the mass and
the coupling constant of the scalar-meson in

this case.
From Fig.1 we can read the values of the

Table, I The scattering length 2 and the
effective range r, calculated by the
N-S-B formalism, The fixed values
are my,=135.0MeV, g.2/4n=144,

my,=775.0MeV and g.2/47=18.0.

\ m, 594.0 600.75 | 607.5
gs2/4m\
1 a |—0.136x10"'cm
1.5 5 170.290 < 10~ Pem
« | —0.178
11.6 r, 0.280
a —0.257
11.7 0,270
@ | —0.452 "20.133
11.8 re | 0.260 0.290
a | —L.75 —0.174
11.9 7. 0.251 0.279
« 0.963 —0.247,
12.0 r. 0.243 0.269
a 0.383 —0.421 —0.130
12.1 . 0.235 0.260] _ 0.290
a —1.36/ —0.167
12.2 re 0.251 0.279
« 1.15 —0.234
12.3 re 0.242]0.269
a 0.410| —0.384
12.4 T 0.235 _ 0.260
a -1.03
12.5 . 0.251
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ms o2
(MeV) "n
650} ~20.0
600 H15.0
550f 410.0
500} 150
Il | L 1
5.0 10.0 15.0 20.0 .

Fig. 1. The dependence of the low energy scattering
parameters (the scattering length and the
effective range) upon the scalar-meson
coupling constant. The used parameters are
me=135,0MeV, g.2/An=14.4 and g.2/4n=
18.0.

mass and the coupling constant of the scalar-

meson, which both 4 and r. fit its experimental

values, These values are following,
ms=594. 0MeV and g?/4n=11. 58,

where we use the experimental values of the
scattering length and the effective range
a={(—1740.5) x10~"cm
and r.=(0, 0284-0. 0003) X 10~'cm.»

We performed such a computation for gy%/
4r=6.0, &.0, 10.0, 12.0, 14.0, 16.0,
18. 0 and 20. 0, respectively, and obtained the
relation between the parameters which repro-
duce the experimental values of the scattering
length and the effective range. Fig. 2 shows
this relation.

When we use the solution of the phase-shift
analysis in addition to the above mentioned
relation, we can determine the wvalue of the
vector-meson coupling constant. But detailed
results and discussions on this problem will be

published elsewhere.
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Fig. 2. The dependence of the mass and the cou-
pling constant of scalar-meson, which repro-
duce the experimental scattering length and
effective range, upon the coupling constant
of vector-meson, The solid line shows the
dependence of the scalar-meson- mass and
the broken line shows that of the coupling
constant of the scalar-meson. The used
parameters are m.=135.0MeV, ga2/4x=14.4
and m,=775.0MeV,

Part of our computation was made on FACOM

230-60 computer at the Computation Center of
Kyoto University.
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Mrs. Craddock and the -Awakening of S. Maugham’s Negative Spirit

Hirosuke KASHIWABARA

T~ L D20RD/PBCHFT DEEL, RLTEND D
LREXR N, T— 2B, URBOERCOWTHED
BEYRE Ttz 21X, The Summing Up OB
Wk > TENNDE EBRTE D, Mrs, Craddock o
WL, ‘not unsuccessfuld itz HirER%EP LT
B+ &y, 7275 Richard Cordell 1k OfERYE
{¥ML, ‘one of Maugham’s best novels’ &7»,
‘his excellent fourth novel? 2\ HEFLZL Ty
%, FLTEBK, OEROMEEL, K&t
b 2 Ukl BMLWAKRHRERXR - T, b
LB BWKkD LR RECH N LB, T
- LOBdTHEREBEO S IFrRs LnTe
B, L®RANTNB, &0 Cordell oisfcifcis
BB TRITAL, 7S~ Y OREIBICOWTI, fois
WEBIRE T % b LI LB Th » fediledic ik
LIz OTiin, E—alib -2 HLDCL%F
B L L TWBDTRIRNES Dy,

WUBEOH IR BIL, E— 5 D0RDOER% ‘brutal’
ReFLzY Z0oHER, HHIAEIBRWE Mrs.
Craddock /o, MTREHIOILBEZLDZDEN, 0
i, HEEBRLEEARTIOTCHD, TOhoik
B Td, Cordell hiEHLTWALIK, ZOMERIE
Bife % genre picture® PI o o X FHE L AniFhii
Lirv, F72Z OERCE, BOERCERELEND 7
-2 DERARBEENTEHDOTHY, T— ANED
FHERARET H—2ODMER L LT, Mrs. Craddock
EEELTCHWERD,

1

YIEOEAR, 1FVR, ¥y MO TS 97 AT 4
TLend FHETHAH, HERDENZ La2FHLLT
WhE S BECRERIMTH . 77 A THH

I E R B N = iR & T H Bl e,

N—GHI8F OB, RAERE, WL hOLHERR
LTHAL., BEE, BRATHZHABOIX ) —&
ARG OB AR EE - T B, ZAL HITRER
CEL, EHENFEOLWRRLLOERER, FLVE
ROBCHENHINL ) L LT B, EDL D an—4
DL, DENCH BEABHLER f2. IMEAD = FD
— R e 23 Ry 2T HHRLTH S

SRR TREET A LI BDTH B, BERD
e AMEAN L ORIBILREN S > T, B UICES
DEWFIRSHTRYOERM S 2o — b, “KEECLM
SHIbLLW BERIIAFYy, TRATITy
-3, BEEREBROBCFROBEELAAL NS,

ZADERECHLT, TA Y~

“Yes, 1 know what you all think in England.
You expect people to marry from every reason
except the proper one—and that is the instinct of
reproduction.” (ch, V, p.44)
YESTORADTHBNR, COEER, RBHyey0
L HEXHTHHETH - 2.

T RD~ Rk, 27 THEOEID- LD EREL, H
EOHBIPBEEIRBZLONE . FILETTWDD
OLHEEOEYMERL, N—FREOBHEBIC
DEEbR, X0 -1k, BTRERBCE N
oY OBRROEY I ERT S, T~ 2Lz >TH
ROBBERTELTRE R S 2 Ww—D20RETS
D, FREYHBHCRLT, FEHCELBEZ) L)
BRCOZNBEDNS, LL, kA HBNEkE#ED
BRI, FOARDBETREVW. AR EIR
BACBIFRLTHARL L) L LD THY, 0K
Db A RMED & 5 i BB Ih T
%o
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Bertha, desire burning within her like a fire,
had flung herself into her husband’s arms, loving
as the beasts love——and as the gods.(ch. X, p.93)
LE R, E - L REBLEBYHIRLONLLEL DO
A, DLPBERRILELESTWEDTHS, £C
Ik AREO LB, HBCEYL LS TW5.9A Writ.
er’s Notebook DISIGED » T, ZHRPELC DO
TORLBHEC L 2NREN DO, BESEOHNE
LRy d RE5, WCKRENL S o~0ORER
LTw5,

O L) BB, RECED F TRENCES
DELBRRBRNDTHST, AT v 7 T2 FOBNK
Kbtz Ok, TOFMREBRECHT HL0E, &5
WEDOHRCREL 123 DTH 7,0 The Summing
Up DEHK1E,

However much people may resent the fact and
however angrily deny it, there can surely be no
doubt that love depends on certain secretions of
the sexual glands. (ch. 77)

b, TOZEHFMECRLTND, N~—FOAL, T4
FOED 2K, - s0BEBBOBRENLETIOTH
b, BFLIEWEIDTHSD,

2

UL, €~ L0REMBRIILICEAT, HBC
DNTHO—RIRIIE, L ohrbERsHECD
WTCOMMESETCLIEELL D 2T 5,

FIERITORK, T TRIADBMERBIBVWEDH
HTLAREEIND, TR~ FIIXFY ~RZH—~
VHMATAR, 20 PSR ATCRYET, 90K
BRIfTe~vs 2 7oLy 29 2RETL, #0 K5
BB OBEYTED D, “ADBK R OELFHIC
W, P RIMTALRVEOND 5T,

“Oh, I didn’t know what a honeymoon was like.
I think I imagined something quite different.” (ch.
VII, p.70)

o~ o, SIOBRBE—HThH -1,

:Fv-kmgﬁéigzp@a,maoﬁﬁiﬁe
Wik FRLURAB S, AL TUEETAIA - )~
2, BEECH N—FOELITHHRWTLED €~ 405
BLRETCLRTEL), BLOEHCHEET HT &
KL ->T, TB—aBN—HDERLYEDL S KEHOT
LT B0h, HAKCHERET A LITE 5,

TR Y~ e o, $EEE CBERHFToOWECHE
HhEz pHE T ¥Fle, BORDILORT N~
G BREE Lo - RBRYHANT, SERXRO LD

=3 3

REZTWA,

“My dear, why should I? I had five hundred a
year of my own. Ah, yes, I know it’s not what
might have been expected; I’ m sorry for your sake
that I had no hopeless amour, The only excuse for
an old maid is that she has pined thirty years for
a lover who is buried under the snowdrops or has
married another,” (ch. II, p.12)

Z B ERE -y L, BOELE, AED
HEORYHERECHLTHD I X« 1 —2EIh T
%, BEORLIXER B N~ SRR FT 525,
BHHEE IR ) —OFRLIHACHEAL TP, 1R,
BLAE~ MRERC S N~ F OB & LS LAV
HWLUTW L LB > hEfnrd Lk, mAntic
7, B ZoRENBEULNS,

3

TADTINE, ol HEOBKS T ORE TR -
foo b o EAHERRAFRECHOE X FOHABRCER
+%, BXXERR, FOTADTRY, REAER

BRTNWD, EE o T & o —42, ROR-T

Dt K7 — FREDE DI BRRTH DA D b

HENT e~ b« )~ XOERRETHEL LD, =
K9 — RTHote, BREENERCARERSD, #
BLRE, &%, ERT, LI TAV¥F vy aTho
feiRe, Bt N—4 L2 ORMBCBAOR R
LI AT L b, HOBRETHBEDOARCRLL, 0T
1, =T Fy— FRMNESBRICETHEIRDS, TLTER
FELnz & @oidbndn{ETT5, EREHD
LPYRF 2 THY, BHYHFC I EHORIHERL T
WAHERIHETH 5. T— 2AED T % ‘English
man’® LE,TW5BD, PEDL 7z KU~ Fof
i, BBNZEEAOLOLLELBNSL, T—4
Rz Fy—F, oFDEEALENTABRE L TRER
BFTH, TWB, T2V —DFETEL,

“Mr. Craddock is so matter of fact the moon

will never arouse him to poetic ecstasies.” (ch. V,
p. 44)
Wz ik,

ULinl, N—32x K7— e 7z D1k, ‘the
love of the man who will lose everything, even his
own soul, for the sake of a woman,'® T %, %D
DI, ROFERINEL - THRECH5DTHD,

“I wish to God you weren’t so virtuous, you
might be more human,” (ch. XX, p. 192)
LEBOEN, T F U~ FIEN— 3 OREHIEET
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Elov, RN —HIC,

“My idea of love is that it's a very good thing in

its place, but there’s a limit to everything. There
are other things in life.” (ibid.)
LELXTh D, WL 5T, BBRXABOREYE 2
FBTHD, &3, AMOTEARLOME 2 KEb
otz WHRACE - RIRDERER, HOLHEZRN
TEbLTn5,

“Women are like chickens. Give 'em a good run,
properly closed in with stout wire-netting so that
they can’t get into mischief, and when they cluck
and cackle just sit tight and take no notice.,” (ch.
XI, p. 101

N—HDER L T, ROx FU— FEHBIKS 0B
Thole, EIhLIFTIFRHTHBESLEL 5,

LRY~FRAE-—VREFL, 7=2X5RBETHS
B, TR —DhDICHN F = R —F 4 ~T
X, HORBIRNA~HLMOMCBLT, TR 555
7 — LA, NP LHTL, T2REDLODLD
b, BT ok —FLrABAITI LB LA T
D, PR3EYLhS, £LTERCHbNS,

TR - FRERLEET, HHHEBELXES-T,
— ORI ST, chixEROZREDI LT B,
—HE, FRIFERPFE Y FIFILBHEL 20D, AE
DO—FEE BT, BRIERDTHD, Kb ENEIT
LT BOC L THHHNT, HLOFEERECE
> TALTEREBRLEVWOTRAR BN EEE &
275,

CDLOIERDOERE S, BOPEIILD, IHID
Bnie ) LI RbRIERE 2.5 b 2150758, Frigs
—HO—AMET, BTLFOFIND, FROFK
FAHD LT BN—FOLENR, BEOIRODL >R
LT®L,

ZAOBBREHET AR ) -1k, ROK DT -
vy, 7—a—DBELXEALTWS,

“Entre deux amants il y a toujours un qui aime

et un qui se laisse aimer.” (ch. XIII, p.129)

4

N=B P LW, RERDL I RBAYRDBZ LD
EBHEAEORD S, L THLOLCE, RRTFE
B, HERERCHESOT T 2BV RER - TAN50D
w3 Hshdh T 5, H&kics » T, FHOEE
i, <HE>ZEW T30 ThH-%k. LrLEFDOELIE
Bk - TR D, £ LT ERBRE, RiClld
RBITRERS IR o T,

FELh-okBEOK, EELHLTROWEHEYH
hae, = F7— RN -y OEER LIRS, fHs
bambe, L TOEIRLTHNT B, BEhoOM
BrRABOZ F7—FOR X 2 FL Tl i~
u,%ém%wanboimnﬁoﬁm%&Bn&ma
72,

OMK&#@ BERLZODOHEFVELIET
%Kﬁ%%ﬁzbo%LT%KW&TMtﬁ;—»%ﬂ
FroT, BOoBYE#LRL, TR, 34X 20
BuZLrEbhih Tz, N—313, i@%k%iv

T, MO L AHANIILD,

N—y ORI HEER, %%m%bkoﬁkﬁﬂ
TR L6 BROMI, ZEE&D FhiWh ) Bk
WO LrEN, BUORDD EAR-TWL, Lil, i
TR > T keDlX, PROVEERICUETS -7,

T— AR, N-FEBRINTHRRCTHE L RMEC
BATULE), BoTRERET R & hofon ) #ig
7, LAEWeRCST 2EBENCED, RRTELRT
RONEY R TOBERD D, BE3EDM, N~
i, YrBERILT AERTENT, RUDTRIBROR
DEEXEDEE, LWOBLREHWTWDTH S, Bl
BENEDLIR IR LB ER T, LirL, 4, H
BCRics B9~ FRELFIATH > E—~2lkx I
U~ FORXRD L DT 3,

He had broadened and put on flesh; his features
had lost their delicacy and the red of his cheeks
was growing blotchy, He wore his clothes in a
slovenly way and had fallen into a lumbering walk
as if his boots were always heavy with clay; and
there was in him besides the heartiness and intol-
erant joviality of the prosperous farmer.(ch, XXIII,
p. 222)

CoWEDOENRE, TASNEECEN ORI,
- ADNEHEABED—2TH D, EE Red 13,
TheHAC—ER & L TRDRIOLELLIL,
Theatre Dreodr, UaY7e b2OERYS, LD
5 oAup3, FEL SH#irI T B Mrs. Craddock 1,
O L) IR L HEET 5 0% FK->TnBEMDT
e, BELEY, ILICHBCHITLIERTH 3,

oA, BWERANRDEFELANELITHYD, The
Summing Up TIRD L D WE T 5,

Though I have been in love a good many times
I have never experienced the bliss of requited love.
I know that this is the best thing that life can
offer and it is a thing that almost all men, though

perhaps only for a short time, have enjoyed. I
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have most loved people who cared little or nothing
for me and when people have loved me I have been
embarrassed. (ch. 22)

BOE L RREO IR RCDONTORME, KBRS T
RELBNRENTHESLD, KEOBRIEFEL TELRN -
e — Y OLEE, BB, T2l THRELYR
BhEREL R n—2DRRTH o7, — SAIER
BOH R > T BET TRy, Bicd - T, ARE
WThn, HThot, MC. 75 —~ 3 5 HT5LD
W, BOGKEREREY, The Making of a SaintD)18,
BIBEHBLTLESTWA,D ZLT, BENRbD
23 LRIRWS, BHLWEERIEN DB INLEDOH
HAEELHED S,

BOR@EENT, v —vEHFNIRO N —F DR
&, KEOUT LI OBz IR » kO H R
Uo £CRN—~HZ, ZFLTE—~23HWEZRB LD
Th 5,

FLTDWE, BLeHBIEOFEL N, Y
AIERL ClaEnl, BENLED TRITRLELH
+0¥F, HEL->THORENS, LrLX—
(%, HEEBCROFCHEE L ROHSOREIL, FK
HEX 5,

She was aghast at the blankness of her heart; the
calmness was inhuman and she wondered if she
was going mad; she felt no emotion whatever. But
she repeated to herself that Edward was killed; he
was lying quite near at hand, dead, and she felt no
grief, (ch. XXXV, p.330)

KT BBERTTIHRL T iZing, /5—
PEL 5T, CORKRINEBE D OCBEbN, L
LEDFEbRI#EL ZOBH B, reality 2ERE
W@ T 5, imagination ¥ reality OBficii k&
RERDBDIE, N—Hix, BIBLHEEVEET 5,
HreRx BB,

She is free. (ch. XXXV, p.332)

EWDIEED, BolkHIKMA T %, BAHLWT e
REWRDD &, BayBEOERe O BERTz
LT R DD, ZORICKT HEEALUinich 5 iz,

N—H, ROFEFHOBEHEAREET, HONEy
BT, t0EEOMWEXHSYOLCHARSG 52 2T
Holz, E~ulX, FEL ot F7— FOBERRD
L EHEL T3,

::the vesicles of his cheeks stood out distinctly
in a purple network; the sides of his face were
bulgy as of late years they had become; and he
had little side-whiskers. His skin was lined already

& &

and rough, the hair on the front of his head was
scanty, and the scalp showed through, shining and
white. The hands that had once delighted her by
their strength, so that she compared them with
porphyry hands of an unfinished statue, now were

repellent in their coarseness. (ch. XXXVI, p. 336)

5

BB NTE—AZ, XY —DADEEAYC
BEFVED o> TWBR, N—HREHCE
— L DEFERPRENBAINT W B B 2 E5%B
v, 75U RIIEERS, ¥R Mo ol 2 -
ooy NKRE, Zried 20 FrATAENGE, Wih
PEEE— ADODRELFEADWRERTH D, TER
1B, CLRBTHELOELEX, B, TOBRCHEE
B, gL, ILROMIL OB, X T e—
LADERICEAHB LT B, 74 ) v TOINVFLy K
i3 D, K St F R FOYIN IR BRI s
2 MV—FDOERIE, Ny OMEFEKC, HENG
BB DX - T3,

Z ool b, N—He L TH HEEORE
FEOLNTWBZ LREUBN B L L, N — S DS
DL, N~ 3 OREHIHNELHTERCS , EOEY
BHXNERS W1 ¥ ) 2D T 50, B Rl
HERBHRRCHAL T — 41, ILCECRKIBCHED
K%/ OB TED 2 Lic, Of Human Bondage
kG577 419 v S D, love Disy~ affection 3854
Wiz, TRV — L ORIEE, £ Vo EIR TR
U TBRDOHERETIER . LinL, 5D TH
ZHUE, N—HDORFEZ, T FU—~FEZARLGD
MRETIER . T~ 41, A0 bRk
BrBREOC LR 2 B2 2 TRikd V., BEE
WHE T, X~V RROLDCEZ BOE ST,

I myself stand on one side, and the rest of the
world on the other. There is an abyss between that
no power can cross, a strange barrier more insu-
perable than a mountain of fire. Husband and wife
know nothing of one another, However ardently they
love, however intimate their union, they are never
one, they are scarcely more to one another than
strangers. (ch. XXXVI, p.338)

N—YOEFOHAT>TLE>RE~ 41X, £2TD
ABC22WT, BEORWEROTEELTEL DT
BB, THRBCRITRRINE D> TR DTH
525, A Y~ OFBENEE, - L0KBEAE
BER, TOEYTH-T.
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Mrs. Craddock (3, %DOHBENS - TEBEDOE
BRI LT, RREAHALL ) 2 T5E—
L DEROE YL L PR TAT, oD
530 LTWAZ LREDIRWL, %Ik < MRS,
Mrs. Craddock CREIND WL O0OMEO Y 7 Y
T=YarTh-T, RFanbdb b, ZoEROH
W, BOEROWLOILD T~ BEHINTHBLE
2 Th, BREBLEWTEFTCR LB LES,

I8).6

1. X T7vexr ) 155 EREXFER) 0K
Wawe, BLEEYMA I DTH S,

2. Mrs. Craddock 225 OB, @TELYHE
B L7z, T2 &ML, Mrs. Craddock, Collected
Edition, 1955, Heinemann %\ 7z, -

@

1. The Summing Up, ch. 44.

W 0 3 S s W

12.
13.
14.

Richard Cordell : Somerset Maugham, p. 116 and

p. 118, Heinemann,

. id., p.117.

. The Summing Up, ch. 60.

. Mrs, Craddock, Preface.

. A Writer’s Notebook, 1896, p.17, Heinemann,
. The Moon and Sixpence.

. Liza of Lambeth.

. Mrs. Craddock, ch. XXXIV, p. 315.

. id., ch. XX, p.191.

11.

Klaus W, Jonas #3 ; HtblERR : The World of
Somerset Maugham, M.C.»  ~, %~ & LVEEE,
Of Human Bondage.

The Moon and Sixpence.

The Summing Up, ch, 17.
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Two Subjects of Norris and Hemingway on the Sea

—Wilbur and Santiago——

Sadao WATANABE

¥al vy ~NFEECHEE, /) ~RVFEZED
B#inb ot~z vyo40 [EBALE] L, &
Bh—EFRCONLT, YROHKRCHERYER
LBERELVWDORB750 7« 2V AD[Vv—F 1
VvoF 1 E50EI B REBELT, BER, R& »
OREL W FEELLEN L 5 & TAREDLRET
v,

TeALE] ¥BOBERY, SEEEYHEREL
EHEE v—F1--voF s Boe>5 U8 +&
HCR S W - FENBEERYEOREL EHO11 5
TR, TREEELWC 2 TRV,

LTAT, brdk, 7A)ILERERD DL
FIRBFELERETHC LR L T, FORBM LT
LT, TR, ASCHEYEL B0RIL &5
ThHh, BREELHOREBHTH 5 L) FaxEn
T&f,! TOLL 23 ~DHTHND, D 1483—%
Yo F ¢ TTHE~OERCEDL->RDTHS. T
ShEBERDHNEEDT, BERT7 XY WNROERIC k-
T35 BHATENY, RaE#ss, [ZBALE] O
LT v—F1 Vo7 1 B0EILVE] CEET
B LIIBETER,

T4 S= YL F e T, REH, BOHREC
Txbhifedih, o, 3RS bR
BHLEE, Bk, BERDIZEHLEB TR ER
SniThiz.

e, SAEAEECL, RaEnfTeh e FEihER
DHRATEME % b OWfERICE, FEHLS L AHOHE
BInbER L 5 2T AL 0ERHNELYD > TR
EFbR T DTH %,

TS5y e )Y ADF&RT— <X, X LamtErn
S o AH o B —RisF iR bh 2B AR TS
o>fze WRETERENSODTT, AEXRHWLEDBY L
fex e, ?

IJVRAD[TVv—F 1 v+ B0E5 8] OFEA
Ny BRI~ WVREORFTH LTI
YR IDEENLBEMETH D, BEALBCKHE
Bt hcEEh, ABRERICRER &
LTwWdaANTH5.3 (179 BRI TI 240D
TAL#E] ORIV F+ TOL ) CHEEEEE

2 1.

Frank Norris, Vol, 111,

AR RFEAFREFRES (1969F9 A,
2. 77X MrBLOFIRARK () TRL, Tv~7F

BhTRAR) CELALDLERD LI ANREN,

1Ly F 1 BOESLE) Ik The Complete Works of
Kennikat Edition (N. Y.,

1967) & [ZA2¥) 13 Ernest Hemingway,

The Old Man and the Sea (Middlesex, 1966) %%h%n{ﬁﬁi Lz,

(L.
XLI, 4 (March, 1969).

Benjamin T, Spencer, ‘“Sherwood Anderson: American Mythopoeist,” Amerzcan Literature,

2. Van W. Brooks, The Confident Years (New York, 1955), p.212.

3. a) Ernest Marchand, Frank Norris A Study (New York, 1964), p. 136.
b) See Complete Works of Frank Norris, p. 179.
Norris writes about Ross Wilbur in it : His good height was helped out by his long coat and his
high silk hat, and there was plenty jaw in the lower part of his face. Nor was his tailor altogether
answerable for his shoulders. Three years before this time Ross Wilbur had pulled at No. 5 in his
’varsity boat in an Eastern college that was not accustomed to athletic discomfiture.
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B, DB LbREH&RZ N TN,

KEORIELRMT A HEAD L 5 e EFDH Tz - il
O MHCD D, *F v aEKETA+MNE S RAT
HHEHR(BILIERH AR H - T, BHILHS
N, Borcbiey 1 W X—FECT9, 304—306) it
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