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CURRENT ACTIVITIES CRGHU

ANALYTICAL CHEMISTRY LABORATORY

Prof. Dr. M. Nagayama, Lecturer Dr. H. Tamura, Dr. H. Takahashi,
Dr. H. Konno, Mr. S. Emi, Mr. Y. Otake,
Mr. N. Kameda and Mrs. H. Akatsuka

Students

M. Koda, K. Ebihara, Y. Horii, K. Sato, M. Mukai,
N. Fujimoto, T. Hirose and N. Ogane

Current research in this laboratory is mainly concerned with
anodic oxidation and cathodic deposition of metals, analysis of
metal and oxide surfaces, and the chemistry of metallic ions in
aqueous solutions. Dr. Tamura returned to the group from Clark-
son College, Potsdam, N. Y., U. S. A,, in August. Dr. Konno left
in the same month to work with Prof. H. Leidheiser, Jr. at Lehigh
University, Bethlehem, P. A, U. S. A.

Main subjects of the research in progress are as follows :

(1) The chemical composition of anodic oxide films on Al

Films formed on Al in phosphate solutions are examined using
a chemical stripping technique combined with chemical and XPS
analysis, and impedance measurement. Depth-profiles of PO}~ and
OH-™ ion concentrations are being obtained as functions of anodizing
time, solution pH, current density and applied potential.

(2) Geometrical structure and density of porous anodic oxide
films on aluminum.

Porous-type anodic oxide films are formed on aluminum in
sulfuric acid solution under the conditions of different temperature,
current density, and the concentration of sulfuric acid to examine
the morphology and the density of the films using electron micro-
scopy, gravimetry and electrochemical measurements. It was found
that anodizing potential, i.e. electric field in the barrier layer, is
significantly responsible for the determination of the film geometry.

(3) Hydration of porous anodic oxide films on Al with boiling
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water.

The hydration process of porous anodic oxide films on Al is
examined in boiling water using the impedance measurement,
gravimetry, and electrochemical measurements.

(4) Air-oxidation of Fe?" ions in near neutral solutions.

Ferrous ions can be oxidized by air to form Fe (Ill)-oxyhy-
droxides in aqueous solutions. The rate of reaction is accelerated
by the reaction product as well as the coexisting cations (Cu®*,
Co*") and anions (HPO?~, F~). Some anions (Cl-, SO;") retard the
reaction. The combined effect of Fe-oxyhydroxides and the par-
ticular anions or cations on the kinetics of the oxidation of Fe**
ions are being examined.

(5) Stability of oxide films.

The deterioration process of oxide films formed on Fe and Al
are examined in neutral solutions containing fixed amounts of O,
and anions using mainly XPS. It was found that a mono molecular
layer of phosphate and chromate ions are adsorbed to prevent the
film from the hydration.

(6) Corrosion of iron in high temperature water.

The corrosion rate of iron in pure, high temperature water is
measured by gravimetry and a polarization resistance method, and
the surface oxide films formed are examined by XPS analysis.

(7)  Adsorption of cations and anions on the surface of Fe (III)-
oxyhydroxides.

The amount of cations (Zn**, Cd*, Pb?*) and anions (Cl,
SOZ-) adsorbed by Fe (IID)-oxyhydroxides are measured as functions
of the solution pH and the concentrations of the adsorbates.
Attempts are being made to explain the adsorption behavior in
terms of surface complexation.

Oral Presentation

Inhibitive Effects of Chromate and Phosphate Ions on the Hydration
of Barrier Type Anodic Oxide Films on Al; S. Kobayashi, H.
Konno and M. Nagayama : The 7th Hokkaido Section Meeting
of the Electrochemical Society of Japan, Jan. 1981.
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pH Effect on the Chemical Structure of Anodic Oxide Films Formed
on Al in Phosphate Solutions; K. Fujimoto, H. Takahashi,
H. Konno and M. Nagayama: Ibid., Jan. 1981.

Impedance Study on the Hydration of Porous Anodic Oxide Films
on Al with Hot Water; M. Koda, H. Takahashi and M.
Nagayama: The 16th Annual Meeting of the Hokkaido Cor-
rosion Research Association, Jan. 1981.

Effect of Anodizing Condition on the Physicochemical Properties of
Porous Anodic Oxide Films on Al; K. Ebihara, H. Takahashi
and M. Nagayama: The 1981 Winter Meeting of the Hokkaido
Sections of the Japan Soc. for Anal. Chem. and the Chem.
Soc. Japan, Feb. 1981.

Inhibition of Deterioration of Oxide Films on Al in Solutions Con-
taining Chromate and Phosphate Ions; S. Kobayashi, H. Konno
and M. Nagayama: The 63rd Meeting of the Metal Finishing
Soc. Japan, Mar. 1981.

Impedance Change of Anodic Oxide Films on Al during Hot Water
Treatment; M. Koda, H. Takahashi and M. Nagayama :
Ibid., Mar. 1981.

Structure and Properties of Porous Anodic Oxide Films Formed
on Al at Different Anodizing Condition; K. Ebihara, H.
Takahashi and M. Nagayama: Ibid., Mar. 1981.

pH Effect on the Anodizing Behavior of Aluminum in Phosphate
Solutions ; H. Takahashi, K. IFujimoto and M. Nagayama :
Ibid., Mar. 1981.

O
e

/owc/ NO,|»*
XPS Studies of |(NHy),Col @ (n: 2.1) and
o)

I\H_I2 n+
en2C0< Coen, (n: 4.3); Y. Yamamoto, M. Mori and H.
O,
Konno: The 43rd Spring Meeting of the Chem. Soc. Japan,
Apr. 1981.

/O-—C NO
Synthesis of (NH3)4C0\O @ Cl,eH,0-HCl and its pro-
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perties ; Y. Yamamoto, H. Kudo, M. Mori and H. Konno: Ibid.,
Apr. 1981.

Change in the Acid Dissolution Characteristics of Anodic Oxide
Films on Al with Hot Water Treatment; M. Koda, H. Taka-
hashi and M. Nagayama: The 1981 Summer Meeting of the
Hokkaido Sections of Chem. Soc. Japan and the Japan Soc.
for Anal. Chem., Jul. 1981.

Effects of Phosphate Ions and Fe (IIl)-phosphate Colloid on the Air
Oxidation of Fe?" Ions in Aqueous Solutions; K. Sato, H.
Takahashi, H. Tamura and M. Nagayama: Ibid., Jul. 1981.

Aquatic Chemistry and Corrosion; M. Nagayama: Symposium
on the solution chemistry of local corrosion sponsored by Japan
Institute of Metals, Jul. 1981.

Corrosion Products of Fe Exposed to Hot Water; H. Konno:
Seminar of the corrosion of metals in high temperature water
sponsored by the Hokkaido Corrosion Research Association,
Aug. 1981. '

Colloid Chemical Studies of Corrosion at Clarkson College; H.

Tamura : Seminar of water chemistry sponsored by IRI, Aug.

1981.
ESCA Studies on the Corroded Surface of Carbon Steel;

Nagayama : Ibid., Aug. 1981.

M.
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HIGH TEMPERATURE METAL CHEMISTRY
LABORATORY

Prof. Dr. K. Nishida, Assist. Prof. K. Atarashiya
Dr. T. Narita, Mr. K. Sugawara
and C. Terabayashi

Students

K. Kurokawa, K. Kitajima, K. Imai, B. Kuzuma, Y. lto,
T. Shimawaki, Y. Nagase and K. Taue

This laboratory is concerned with fundamental studies on the
high-temperature corrosion of metals and alloys in oxygen, sulfur
and their mixed oxidant atmospheres as well as the related diffusion
phenomena. A new research program was commenced for the
ceramic-metal bonding. The research subjects in progress are as
follows :

(1) Sulfidation : Sulfidation of SUS316L stainless steel and
some Fe-Ni alloys were investigated by using of TGM, X-RAY,
EPMA and the newly installed SEM-EDAX system to reveal the
effect of alloying elements of Cr and Ni on the internal and/or
grain boundary sulfidation. Sulfidation of pure Cr-metal and the
high-carbon Cr steels is at present being investigated.

(2) Oxidation: Computer simulation of Co-Ni and Co-Fe
alloy oxidation at high temperatures was completed and the exten-
sion of the computer program is now in progress from the single
oxide scale to the duplex one.

(3) Corrosion in SO, gas atmospheres: The effect of oxygen
content on the corrosion of pure iron in Ar-SO, gas mixtures was
investigated. In contrast to pure iron, pre-oxidation treatment of
Fe-Al alloys improved significantly their anticorrosion properties
against the SO, gas attack.

(4) Surface coating: Characterization of the aluminized Nb-
and Ta-metals and thir oxidation behaviors were investigated.

5
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Boron films as one of the first wall candidate materials of the fusion
reactor was physical vapor deposited on a SUS316L s.s. and then
sputter and irradiation properties of the B-film was tested.

(5) Inter-diffusion studies: As a series of the vapor-solid dif-
fusion studies Cu-Ni and Co-Zn binary alloys were investigated.
Inter-diffusion between Cr,O; powder and the poly- or single-crystals
of AlL,O, were determined and reliable data were obtained for the
single crystal of ALQ,.

(6) Ceramic-metal bonding: Bonding experiment between
ALO, and Ni-metal with Cu-O alloys as a filler revealed that bond-
ing strength was dependent upon the oxygen content in the Cu-O
alloy and bonding temperatures.

Oral Presentation

Coating of the Low-Z Materials by the D. C. Assisted Grow Dis-
charge; T. Narita, K. Nishida and T. Takeyama: The 16th
Annual Meeting of the Corrosion Research Association in
Hokkaido, Jan. 1981.

The Oxidation of Binary Alloys to Form Solid Solution Scales;
K. Nishida : International Conference on High Temperature
Corrosion (Sandiego, U. S. A.), Mar. 1981.

Corrosion Behavior of Fe-Mn Alloys at 1073 K in Ar-SO, Gas
Atmospheres; K. Kurokawa, T. Narita and K. Nishida: The
Spring Meeting of the Japan Institute of Metals, Apirl, 1981.

Intrinsic Diffusivities of the alpha-Solid Solution in the Cu-Zn Binary
System by The Vapor-Solid Diffusion Method; T. Yamamoto,
T. Takashima and K. Nishida: ¢bid., April 1981.

High-Temperature Sulfidation of Some Fe-Ni alloys in H,-H,S
Atmopsheres; K. Kitajima, T. Narita and K. Nishida: ibid.,
April, 1981.

The Influence of Oxide gangues on the High-Temperature Strength
and Fatigue Strength of the Sintered Iron Sheets; Y. Suzuki,
T. Tsurue and K. Nishida: The Spring Meeting of Iron and
Steel Institute of Japan, April, 1981.

High-Temperature Corrosion of Pure Iron under Low SO, Pressures

6
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—Scale Structures and Mechanism of the Sulfide Formation— ;
K. Kurokawa, T. Narita and K. Nishida: The Hokkaido
Section Meeting of JIM, June, 1981.

Computer Simulation of the Cation Profiles in the Sulfide Scales
Formed on Fe-Ni Alloys; K. Kitajima, T. Narita and K.
Nishida : zbid., June, 1981

Sulfidation Behavior of Fe-Cr-Mn Alloys —Sulfidation Kinetic and
Scale Morphology— ; M. Morikawa, T. Narita and K. Nishida:
1bid., June, 1981.

Inter-Diffusion of a Ni-Cu Alloy System ; T. Takashima, T. Yama-
moto and K. Nishida: bid., June, 1981.

Inter-Diffusion in the 3, Phase of the Fe-Ni-Al ternary Alloy Sys-
tem; T. Yamamoto, T. Takashima and K. Nishida: :bid,,
June, 1981.

Corrosion of the Fe-Based Binary Alloys under Low Sulfur Pres-
sures ; K. Nishida: The Tokyo Section Meeting of JIM, July,
1981.

High-Temperature Sulfidation of Fe-Mn Alloys under Low Sulfur
Pressures; K. Nishida: Gordon Research Conference (Cor-
rosion) (New London, U.S. A)) July, 1981.

Morphology of Scales Formed on Some Fe-Mn Alloys under Low
Sulfur Pressures at High Temperatures; K. Nishida and T.
Narita: 8th International Congress on Metallic Corrosion
(Mainz, West Germany), Sep., 1981.

High Temperature Corrosion of Super Alloys (Fundamental Lecture);
K. Nishida: The Fall Meeting of The Japan Institute of
Metals, Nov., 1981.

Observation of the Scale Formed on Iron at High Temperature
under Low SO, Partial Pressures; K. Kurokawa, T. Narita
and K. Nishida: :bid., Nov., 1981.

Sulfidation Properties of Fe-Cr-Al Ternary Alloys in H,S-H, At-
mospheres at High Temperatures; T. Narita and K. Nishida :
ibid., Nov., 1981.

High Temperature Sulfidation of Metallic Materials; K. Nishida :
The 3rd Working Group in NEDO, Tokyo, Nov., 1981.

The Effect of Gas Composition on the Corrosion Behavior of Pure

7
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Iron in the O,-SO, Gas Mixtures; K. Kurokawa, T. Narita
and K. Nishida: The Hokkaido Section Fall Meeting of JIM,
Nov, 1981.

Mechanical Properties of the Sintered and Rolled Iron Sheet Made
from the Reduced Iron Powder; Y. Suzuki and K. Nishida :
ibid., Nov., 1981.

Sulfidation Behavior of a SUS 316L Stainless Steel; K. Kitajima,
T. Narita and K. Nishida: ibid., Nov., 1981.




CRGHU

NUCLEAR REACTOR MATERIALS LABORATORY

Prof. Dr. T. Morozumi, Assist. Prof. Dr. H. Ohashi,
Dr. T. Mizuno, Dr. M. Moriya, Mr. K. Hirohara
and Mrs. Ochiai

Students

M. Otsuka, T. Suzuki, S. Doi, K. Ogura, N. Sato,
H. Togashi, M. Nakai, M. Yoshizumi
and U. Watanabe

Dr. Moriya continues to work with Prof. M. B. Ives at the
McMaster University, Hamilton, Ontario, Canada. He will return
on this November.

Research is currently being carried out on several physico-chemi-
cal problems including corrosion. The main subjects of the research
are as follows:

(1) Mbssbauer absorption spectra of iron, which was oxidized
with water vapor of 1 atom. at temperatures from 250 to 300°C,
were measured. From absorption spectra, oxidation products were
identified and quantitatively determined. FesO, was identified as
a main corrosion product from the Mdssbauer absorption spectra.
A red-brown product, which was seemed to be a-Fe,O; was also
observed visually on the iron surface especially after a long period
of oxidation. Kinetic analyses were also carried out.

(2) Investigation of diffusion of hydrogen during electrochemi-
cal growth of zirconium hydride layer was continued. Cathodic
polarization in deuterated solution for a given period was followed
by that in a light water solution under the same condition. Then
D/Zr and H/Zr atomic ratios were determined with etching method
and gas chromatography. It was found that the deuterium absorbed
in the first place was pushed into the interior of specimen by the
hydrogen that was absorbed later. The experiments in reverse
sequence elucidated the similar effect. Kinetic analysis was carried

9
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out on the basis of possible mechanisms.

(3) Investigation of deuterium retention in metals bombarded
with 100 keV deuteron was continued. Fe, Ni, Mo, Pd, Ti, Zr and
W targets were bombarded with deuteron beams from a Cock-
croft-Walton accelerator at —196, —80 and 20°C, and changes in
neutron counts were measured with a BF; counter. A peculiar
phenomenon that the buildup of neutron count was most rapid at
—196°C was found in some metals. The modelling of retention
process were tried on the basis of composed processes of implanta-
tion, diffusion and release, but exact explanation of the above pheno-
menon has not yet obtained.

(4)  An application of controlled potential coulometry to deter-
mine a small amount of uranium in solution sample was investigated.
The procedure of this analysis consists of reduction of UQ to
U#t with Fe?* in strong H,PO, solution, selective oxidation of excess
Fe?** with HNQO,, and final electrochemical oxidation of U* on the
Pt gauze electrode. The current-time curve in the last electrochemi-
cal process was obtained by controlled potential coulometry, and
the data was analyzed on the basis of the electrode process of Utt
oxidation, which was delayed by unknown homogeneous reaction
in the solution. The amounts of uranium determined by two ana-
lytical methods of the current-time curves, integration with analytical
equation and graphical integration, were agreed fairly well each
other. Apparent first order rate constant of the reaction in solu-
tion was determined as a function of several experimental parame-
ters.

(5) The investigation of hydrogen absorption was continued
for iron-titanium alloys with nonstoichiometric compositions. Slow
initial absorption rate of stoichiometric alloy, FeTi, was much
improved by slight shifting the Ti/Fe ratio toward FeTi,; or FeTi, ,.
The addition of manganese, which much improved the absorption
performance of stoichiometric FeTi alloy, was not effective for
nonstoichiometric alloys. Metallographic explanation of these obser-
vations was given on the basis of SEM studies.

10




CRGHU

Oral Presentation

Changes in Surface Condition of Titanium Caused by Absorption
of Hydrogen; T. Shindo, M. Moriya and T. Morozumi: The
7th Hokkaido Section Meeting of the Electrochemical Society
of Japan, Jan., 1981.

Prevention of hydride Formation on Titanium Cathode by Polari-
zation Added Anodic Pulsating Current; T. Shindo and T.
Morozumi: The 16th Annual Meeting of the Corrosion Re-
search Association in Hokkaido, Jan., 1981.

Improvement of Absorption-Desorption Characteristics of Hydrogen
of Titanium-Iron Alloys; T. Mizuno, K. Itoki and T. Moro-
zumi: The 1981 Winter Meeting of the Hokkaido Sections of
the Japan Chem. Soc. and the Japan Soc. for Anal. Chem.,
Feb., 1981.

Diffusion Behavior of Absorbed Hydrogen in Zirconium Metal Sur-
face; T. Sato, T. Mizuno and T. Morozumi: ibid., Feb.,
1981.

Mossbauer Recoil Characteristics of FeyO, Formed During High
Temperature Oxidation of Iron; H. Ohashi, M. Otsuka, T.
Itaya and T. Morozumi: ibid., Feb., 1981.

Migration of Hydrogen in Hydride Formed on Zirconium Surface
by Cathodic Polarization; T. Mizuno, T. Sato and T. Moro-
zumi: The Annual Meeting of Japan Society of Corrosion
Engineering, May, 1981.

M@ssbauer Spectroscopic Characteristics of FesO, Formed During
High Temperature Oxidation of Iron; H. Ohashi, M. Otsuka,
S. Doi and T. Morozumi: ibid., May, 1981.

Improvement of Hydrogen Storage Performance and Its Relation
to Texture of FeTi Alloys; T. Mizuno and T. Morozumi :
The 1981 Summer Meeting of the Hokkaido Sections of the
Japan Chem. Soc. and the Japan Soc. for Anal. Chem., July,
1981.

Characterization of Fe;O, Formed During Oxidation of Iron and
Steel by Measurement of Debye Temperature; H. Ohashi, S.
Doi, M. Otsuka and T. Morozumi: ibid., July, 1981.

11
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Méssbauer Spectroscopy as a Measure of Corrosion Measurement ;
T. Morozumi and H. Ohashi: The 44th Autumn Meeting of
Japan Chem. Soc., Oct., 1981.

Hydrogen Energy; T. Morozumi: Muroran District Meeting of
Hokkaido Section of Japan Chem. Soc., Nov., 1981.

Hydrogen and Metals; T. Morozumi: Kushiro District Meeting
of Hokkaido Section of Japan Chem. Soc., Nov., 1981.

Hydrogen Energy; T. Morozumi: Asahikawa District Meeting of
Hokkaido Section of Japan Chem. Soc., Nov., 1981.
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ELECTROCHEMISTRY LABORATORY

Prof. Dr. N. Sato, Assist. Prof. Dr. M. Seo,
Dr. M. Sakashita, Dr. T. Ohtsuka
and Miss J. Fujiwara

Research Fellow

Dr. Chin-Gen Kin (China)
Students

Y. Sera, T. Sakon, M. Masuda, K. Azumi, |. Shintani,
M. Nagao, T. Shimakura, F. Baba,
S. Ono and T. Nakagawa

Research subjects in this laboratory are concerned with surface
oxide films of pure metals and corrision-resistive alloys. To examine
the composition, structure, and electrochemical properties of the
films AES, XPS, ellipsometry, spectro-reflectometry, and electro-
chemistry are being used. Subjects of the Research in progress are
as follows.

(1) Surface enrichment and depletion of alloying elements in
iron-base alloys during anodic and atmospheric oxidation.

(2) Relation between the electronic properties and the change
in compositional structure caused by heat treatment of Ta and Nb
electrodes covered with anodic oxides.

(3) In-situ optical measurements of passive films on Ti, Fe, and
Ni.

(4) Growth and reduction kinetics of the passive films on a
rotating ring-disc Fe electrode accompanying non-stationary dissolu-
tion.

(5) Formation of hydrous iron oxide films precipitated on
Al-brass electrodes.

(6) Corelation between the ion-selectivity of hydrous oxide
precipitate films and the crevice corrosion of metals.

13
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(7) Anion-adsorption in hydrous oxide films on metal elec-
trodes.

(8) Electrochemical characterization of zinc phosphating films
on steels.

Prof. Sato attended the 8th Intern. Congr. on Met. Corr.
held 6-11 Sept. in Mainz, FRG, to give a plenary lecture on the
passivity breakdown and pitting, and the 22nd Corrosion Science
Symposium held 15-18 Sept. in Newecastle Upon Tyne, England,
with a paper on ellipsometric study of passive films on titanium in
phosphate solutions. Afterwards he stayed at the Corrosion and
Protection Centre in the University of Manchester Institute of
Science and Technology (UMIST) for 6 weeks. He participated in
the Electrochemical Society-Ontario-Quebec Section Autumn Sympo-
sium held 30 Oct. in Ottawa, Canada, with a paper on localized
corrosion of metals. Assist. Prof. Seo also attended the 8th Intern.
Congr. on Met. Corr. in Mainz with a paper on titanium enrichment
in anodic oxide film on Fe-3%Ti alloy.

Foreign visiters to this laboratory in 1981 are Dr. G. Horényi
of the Central Research Institute for Chemistry of the Hungarian
Academy of Sciences, Hungary, on 20 June, Prof. M. Froment of
Centre National de la Recherche Scientifique, France, on 9-10 July,
Dr. E. R. Papeleo of CBMM, Brazil, on 14 July, and Dr. H.
Takenouti of Centre National de la Recherche Scientifique, France,
on 13-14 Aug.

Oral Presentation

Recent Progress in Corrosion Science; N. Sato: The 100th Meet-
ing of the Corrosion and Protection Committee in the Soc. of
Materials Sci. Japan, Jan. 1981.

Ellipsometry of Anodic Oxide Film on Titanium in Sulphate and
Phosphate Solutions; M. Masuda, T. Ohtsuka, and N. Sato:
The 7th Hokkaido Section Meeting of the Electrochem. Soc.
Japan, Jan. 1981.

Selective Dissolution and Film Composition of Fe-3Ti Alloy; M.
Matsumura, M. Seo and N. Sato: The 16th Annual Meeting

14
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of the Hokkaido Corrosion Research Association, Jan. 1981.

Depth-Composition Profile of Oxidation Film on Fe-30Ni Alloy ;
M. Seo and N. Sato: 1ibid., Jan. 1981.

Corrosion Rate Monitoring by Linear Polarization Method —Cor-
rosion Rate of Iron-—; T. Ohtsuka and N. Sato: ¢bid., Jan.
1981.

Introduction to Corrosion Protection of Metals; N. Sato: 1981.
Short Corrosion Course in the Hokkaido Corrosion Research
Association, Feb. 1981.

Elektrochemische Reaktion an HgTe und Hg,,Cd,,Te Elektrode ;

M. Sakashita: Seminar fiir elektrochemische Probleme, Berlin,
ERG, Feb. 1981.

Non-stationary Dissolution of Passive Iron in Acidic Phosphate
Solution by Means of Ring-Disc Electrode; T. Ohtsuka, I
Shintani and N. Sato: The 48th Meeting of the Electrochem.
Soc. Japan, March 1981.

Electrochemical Reactivity and Composition of Tantalum Electrode
Covered with Heat-Treated anodic Oxide Film; T. Sakon,
M. Seo, T. Ohtsuka and N. Sato: ¢bid., March 1981.

Composition Profile in Depth of Passive Film on Fe-3Ti Alloy;
M. Matsumura, M. Seo and N. Sato: The Spring Meeting
of the Japan Inst. Met., April, 1981.

Ion-Selective Precipitate Films of Corrosion Products (Address for
1980 Corrosion Prise); Y. Yomura, M. Sakashita and N.
Sato: The Annual Meeting of the Japan Soc. Corr. Engineer-
ing, May, 1981.

Measurement of Anodic Oxide Film on Titanium in Phosphate and
Sulphate Solutions by Ellipsometry; T. Ohtsuka, M. Masuda
and N. Sato: ibid., May, 1981.

Enrichment of Ti in Passivation Film on Fe-3Ti Alloy in Acidic
Phosphate Solution; M. Seo, M. Matsumura and N. Sato:
ibid., May, 1981,

Measurement of Passivation Film on Iron in Phosphate Solution
by Reflectometry; K. Azumi, T. Ohtsuka, M. Seo and N.

Sato: The Hokkaido Section Meeting of the Japan Inst. Met.,
June, 1981.
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Critical Issue of Localized Corrosion; N. Sato: Seminar on the
Local Corrosion and the Electrolytic Chemistry Sponsored by
the Hokkaido Section of the Japan Inst. Met., July, 1981.

Surface of Titanium; T. Ohtsuka: Seminar on the Grain Bound-
ary Sponsored by the Hokkaido Section of the Japan Inst.
Met., July, 1981.

Properties of Tantalum Electrode Covered with Heat-Treated Anodic
Oxide Film; T. Sakon, M. Seo, T. Ohtsuka and N. Sato:

The Hokkaido Section Meeting of the Japan Chem. Soc., July,
1981.

Surface and Corrosion of Metal; N. Sato: The 1lst Seminar on
Surface Science Sponsored by the Surface Science Soc. Japan,
Aug. 1981.

Passivity Breakdown and Pitting; N. Sato: The 8th Intern. Congr
on Met. Corr., Mainz, FRG, Sept. 1981.

Titanium Enrichment in Anodic Oxide Films on Fe-3%Ti Alloy;
M. Seo, Y. Matsumura and N. Sato: {bid., Sept. 1981.
Auger Analysis of Passive Films on Iron-base and Nickel-base
Alloys; M. Seo: Lecture at Centre National de la Recherche

Scientifique, Paris, France, Sept. 1981.

Ellipsometric Study of Passive Films on Titanium in Phosphate
Solutions; M. Masuda, T. Ohtsuka and N. Sato: The 22nd
Corrosion Science Symposium, Newcastle Upon Tyne, England,
Sept. 1981.

Anodic Oxide Film on HgTe and Hg,sCd,:Te Compound Semicon-
ductors; The 34th Symposium on Colloid and Interface Che-
mistry, Oct. 1981.

Influence of Enviromental Factors on Depth-Composition Profile of
Passive Films on Iron- and Nickel-Base Alloys; M. Seo and
N. Sato: The 44th Meeting of the Japan Chem. Soc., Oct.
1981.

Analogy and Difference between the Passive Films on Iron, Nickel,
and Cobalt; T. Ohsuka and N. Sato: ibid., Oct. 1981.

Selective Ion Transport and Volume Flow through Precipitate Films

of Corrosion Product; M. Sakashita and N. Sato: ibid., Oct.
1981.
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Localized Corrosion of Metals; N. Sato: The Electrochemical
Society-Ontario-Quebec Section Autumn Symposium, Ottawa,
Canada, Oct. 1981.

Passivity Breakdown and Pitting; N. Sato: Seminar in University
of Nottingham, England, Oct. 1981.

The Ion Selectivity of Rust Precipitates and Its Effect on the Cor-
rosion of Metals in Aqueous Solution; N. Sato: Seminar
at the Corrosion and Protection Centre in the UMIST, Man-
chester, England, Oct. 1981.

Passive Films on Metals; N. Sato: Seminar at Centre National
de la Recherche Scientifique, Paris, France, Oct. 1981.

Passive Films on Iron, Nickel, and Cobalt; N. Sato: Seminar
at the Corrosion Section in the National Research Council of
Canada, Ottawa, Canada, Oct. 1981.

Passivity Breakdown and Stability of Pitting; N. Sato: Seminar
at the Pennsylvania State University, University Park, Pennsyl-
vania, USA, Nov. 1981.

Composition of Anodic Oxide Films on Fe-Ni Alloys in Strongly
alkaline Solutions; Y. Sera, M. Seo and N. Sato: The
Hokkaido Section Meeting of the Japan Inst. Met., Nov. 1981,

AES Analysis of Passive Films on a Stainless Steel Containing Nb;
C. -G. Kin, M. Seo and N. Sato: ibid., Nov. 1981.

Growth and Composition of Anodic Oxide Film on Fe-30Ni Alloy ;
M. Seo and N. Sato: The Autumn Meeting of the Japan
Inst. Met., Nov. 1981.
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PHYSICAL METALLURGY LABORATORY

Prof. Dr. T. Takeyama, Assist. Prof. T. Shibata,
Dr. H. Takahashi and Mr. M. Hachinohe

Students

T. Kato, T. Ebe, Y. Takahashi, T. Ishikura, H. Nagato,
K. Kurata, M. Osanai, M. Uchiyama,
H. luchi and T. Katayama

Newly developed high voltage electron microscope (HVEM) of
1300 kV was installed last year. The HVEM is specially designed
for studying irradiation damages in metals and alloys which will
be used for future breader and/or fusion reactors. The HVEM is
designed for equipped with LaBs and W filaments, irradiation holders
at high and low temperature, and other useful attachments. Envi-
ronmental cell will be also provided for in situ experiments of gas-
metal reaction, biological studies and others. Ultra high clean vac-
uum up to 107% Pa and high resolution up to 0.144nm can be
achieved in this HVEM so as to give a powerful tool for micro-
structural studies in various fields such as physical, chemical and
biological science in addition to the irradiation study on materials.

Also, an accelerator with 300 keV was installed this year. The
accelerator can be used to irradiate the metals and alloys by HY
and He* ions, which in near future will be connected with HVEM
to perform dual beam irradiation experiment.

In this laboratory radiation-induced segregation, phase instability
and void formation in various metals and alloys have been pursued
extensively in these years as a part of the national research project
for fusion reactors. Corrosion related studies include the stochastic
approach for pitting corrosion and statistical analysis of stress cor-
rosion cracking failure times which could be used to evaluate the
life time of materials against corrosion. High speed straining elec-
trode apparatus incorporated in the high temperature and pressure
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water autoclave was introduced to study the mechanism of stress
corrosion cracking of stainless steels in the BWR environment.
Prof. Takeyama attended the U. S.-Japan Seminor on Char-
acteristics of Mechanical Properties of BCC Metals at Honoluly,
U. S. A, in March to present the paper on hydrogen embritle-
ment*!, and Japan-China Joint Meeting on Electron Microscope at
Tairen, China, in August to present papers on Hydrogen Induced
Micro-Crack*? and Radiation-Induced Segregation*®. TFurthermore,
in August Prof. Takeyama, Dr. Takahashi and Dr. Ohnuki attended
the Second Topical Meeting on Fusion Reactor Materials at Seattle,
U. S. A. to present three papers on Radiation-Induced Segregation
in FCC*4, BCC Alloys*® and Stainless Steels*t. After the conference
they visited Hanford Enginerring Development Laboratory, Law-
rence Livermore National Laboratory and Berkeley, Calfornia Uni-
versity. Assist. Prof. Shibata attended 8th Int. Congress on Metal-
lic Corrosion at Maintz, West Germany, in August to present a
paper on Stochastic Process in Pitting Corrosion of 17% Cr Stainless
Steels*” and visited several institutes and universities in France to
discuss his works. In November, Prof. Takeyama attended the
International Conference on Neutron Irradiation Effects at Argonne,
U. S. A, to present a invited paper on Effect of Substitutional and
Interstitial Elements on Void Formation in Neutron-Irradiated Vana-
dium Alloys*®, Prof. Takeyama, Dr. Takahashi and Dr. Ohnuki
attended the Yamada Conference on point defects at Kyoto in
November and presented three papers on radiation damage*®~*11,

Oral Presentation

Corrosion Testing and Evaluation of Reliability; T. Shibata: The
3th Symposium on Probability Evaluation of Corrosion Phe-
nomena, Mar. 1981.

Corrosion as a Probability Phenomena; T. Shibata: Meeting on
Consideration of Corrosion Strength, Ohsaka Univ., Mar. 1981.

A Study of New materials Development for First Wall on Fusion
Reactor; T. Takeyama: Research Meeting on Fusion Reac-
tor, Mar. 1981.

19




CURRENT ACTIVITIES

Nucleation of Crack and Micro-Structure Induced by Hydrogen;
H. Takahashi and T. Takeyama: U. S.- Japan Seminor on

Characteristics of Mechanical Properties of BCC Metals ; U.S.A,,
Mar, 1981.%!

The behavior of Iradiation-Induced Secondary Defect Clusters for
Ag-Dilute Cu Alloy by HVEM ; H. Takahashi and K. Urban ;
Research Meeting on Fundation and Application of Electron
Microscopy with Atomic Level, Hiroshima, Mar. 1981.

Phase Transformation of C* ions Irradiated Fe-13% Cr Alloys;
S. Ohnuki, H. Takahashi and T. Takeyama: The 56th
Spring Meeting of the Japan Institute of Metals, April, 1981.

Void Formation in Fe-Mo Alloy and Fe by Electron Irradiation ;
S. Maruyama, S. Ohnuki, H. Takahashi and T. Takeyama:
ibid., April, 1981.

The Process of Probability of Pits in 17 Cr Stainless Steel; T.
Shibata and T. Takeyama: ibid., April, 1981.

The role of Ti and Mo for Resistace Improvement of Pitting in
17 Cr Stainless Steel; T. Shibata, T. Takeyama and H.
Ohmori: The Hokkaido Section Meeting of the Japan Institute
of Metals, Nov. 1981.

The Estimation of Maximum Value of Pitting Depth for Bottom
Plate of Oil Tank by Analysis of Extrem Value; T. Shibata,
K. Okamoto: The Annual Meeting of Corrosion Research
Association, May 1981.

The Problem and the Existing state for Irradiation Study by HVEM;
T. Takeyama: The Kanto Section Meeting of the Japan
Institute of Metals, June 1981.

Creep Deformation of Mo; T. Takeyama, H. Takahashi and S.
Wazima : The Sympodium on Refractory Metals, June 1981.

Irradiation-Induced Segregation at Grain Boundary; T. Takeyama :

The Hokkaido Section Meeting of the Japan Institute of Metals,
July 1981.

Radiation-Induced Segregation at Internal Sinks in Electron Irradi-
ated Binary Alloys; T. Takeyama: The Meeting of Japan-
China on Electron Microscope, China, Aug. 1981.*?

Nucleation of Micro-Crack and Void Induced by Hydrogen in Iron
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and Steel; T. Takeyama: The Meeting of Japan-China on
Electron Microscope, July 1981 %3

Radiation-Induced Segregation at Internal Sinks in Electron Irradi-
ated Binary Alloys; H. Takahashi, S. Ohnuki and T. Take-
yama: Second Topical Meeting on Fusion Reactor Materials,
U.S. A, Aug., 1981.%

Void Swelling and Microchemical Segregation in Ion-Irradiated 316
Stainless Steel; M. Terasawa, S. Nakahigashi, T. Takeyama,
S. Ohnuki and H. Takahashi: ibid., Aug., 1981.%¢

Void Swelling and Segregation of Solute in Ion-Irradiated Ferritic
Steels; S. Ohnuki, H. Takahashi and T. Takeyama: ibid.,
Aug., 1981.*5

Strain Electrode of in High Temperature and High Pressureed
Water; 'T. Shibata: The Seminor on Metals Corrosion in
High Temperature and High Pressured Water. Aug. 1981.

Death and Brith Stochastic Process in Pitting Corrosion of 17 Cr
Ferritic Stainless Steels; T. Shibata and T. Takeyama: 8th
Int. Congr. on Metallic Corrosion, W. Germany Aug. 1981.%

The Influence of Hydrogen for Irradiation-Induced Segregation in
Materials; T. Takeyama: The Meeting on Fusion reactor
Materials, Sept. 1981.

Void Swelling and Irradiation-Induced Segregation of 20% cold
rolled 316 Stainless Steel; S. Nakahigashi, T. Terasawa, T.
Takeyama, H. Takahashi and S. Ohnuki: The 89th Meeting
of the Japan Institute of Metals, Nov., 1981

Phase Change and Void Formation in Ion-Irradiated Fe-13%Cr

Alloy ; S. Ohnuki, H. Takahashi and T. Takeyama: ibid.,
Nov., 1981.

Voids Formation in Neutron-Irradiated Vanadium Based Alloys;
H. Takahashi, S. Ohnuki and T. Takeyama: ibid., Nov., 1981.

The Enfluence of Ti on Void Formation in Fe-Ti Alloys; T. Kato,
H. Takahashi, S. Ohnuki and T. Takeyama : ibid., Nov., 1981.

The Role of Ti and Mo and Death-Birth Stochastic Process in
Pitting Corrosion of 17Cr Stainless Steel; T. Shibata and T.
Takeyama: ibid., Nov., 1981

Effect of Substitutional and Interstitial Elements on Void Formation
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in Neutron-Irradiated Vanadium Alloys; T. Takeyama, H.
Takahashi and S. Ohnuki: Inter, Conf. on Neutron Irradia-
tion Effects, U.S.A., Nov., 1981.%*8

The Mobility of Vacancies and Interstitials in Ag-Cu Studied by
High Voltage Electron Microscopy; H. Takahashi and K.
Urban: Yamada Conf. on Point Defects and Defect Interac-
tions in Metals, Japan, Nov., 1981.%9

Effect of the Interaction Between Solute Atoms and Defects on
Formation of Defect Clusters; H. Takahashi, T. Takeyama,
S. Ohnuki and T. Kato: ibid., Nov., 1981 %10

Radiation-Induced Segregation at Internal Defect Sinks in Electron-
Irradiated FCC Alloys; S. Ohnuki, H. Takahashi and T.
Takeyama: ibid.,, Nov., 1981*u

Effect of Si-Segregation on Void Formation in Ni-Si Alloys; T.
Ebe, H. Takahashi and T. Takeyama: The Hokkaido Section
of the Japan Institute of Metals, Nov. 1981.
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ELECTROMETALLURGY LABORATORY

Prof. Dr. T. Ishikawa, Dr. T. Notoya, Dr. T. Sasaki
and Mr. S. Konda

Students

S. Ajimura, K. Orita, S. Ohta, M. Okazaki, M. Okaders,
H. Kudo, M. Chida and A. Murasawa

Research subjects in progress are as follows.

(1) Laboratory scale tests in single electrode and bipolar elec-
trode cells for electrowinning of liquid aluminum are being carried
out by using alkali and alkaline-earth chlorides molten salts contain-
ing aluminum chloride in the temperature range from 700°C to 800
°C. Viscosity of these molten salts and volatile species from the
melts are being measured in this temperature range for cell design
and operation analysis.

(2) The rotating bipolar electrode cells are developed to remove
heavy metals electrochemically from the waste water on metallurgical
processes and the fundamental function of the cells are being studied
in dilute cupric sulfate solution.

(3) The study of corrosion and inhibition mechanisms of zinc
and aluminum by several organic inhibitors in chloride solutions is
conducting using gravimetric and electrochemical techniques. Ben-
zotriazole and its derivatives, effective and widely used corrosion
inhibitors for copper and copper alloys, were used as inhibitors
for the metals with special emphasis placed on their application
to multi-metal systems, i.e., solar heating and cooling systems. It
was found that these compounds are good inhibitors in the wide
range of pH and adsorbed mainly at the cathodic reaction sites of
the metals. In the acidic media acceleration of corrosion was
observed in the dissolution of zinc in the presence of the inhibitors.
Coloring phenomenon was also observed in the process of dissolu-
tion of bhoth zinc and aluminum in hydrochloric acid containing
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benzotriazole and its related compounds.

(4) In order to elucidate the effects of micro-vibration on the
corrosion of pipe-line materials, some fundamental corrosion tests
are carried out under controlled conditions of vibrating.

Oral Presentation

Benzotriazole as a Corrosion Inhibitor for Zinc; T. Notoya and
T. Ishikawa: The 1981 Winter Meeting of the Hokkaido
Section of the Japan Chemical Society, Jan., 1981.

An Estimation Method for the Performance of Rotating Bipolar
Electrode Cell in Extraction of Copper Ions from Dilute
Solutions; K. Orita, T. Sasaki and T. Ishikawa: The 7th
Hokkaido Section Meeting of Electrochem. Soc. of Japan, Jan.,
1981.

A Resistance for Chlorine Gas Evolution on Various Carbon Anode
during Electrolysis of Chloride Melts; M. Ttatsu, S. Konda
and T. Ishikawa: ibid., Jan., 1981.

Continuous Measurement of Corrosion Rate in Alkali Nitrate Melts ;
T. Sasaki, S. Mikami and T. Ishikawa: The 16th Annual
Meeting of the Corrosion Research Association in Hokkaido,
Jan., 1981.

Effect of Micro-Vibration of the Specimen on its Corrosion Rate
of Mild Steel immersed in Various Neutral Solutions; M.
Murakami and T. Ishikawa: 7bid., Jan., 1981.

Effect of Porosity of Wall Materials on the Cell Efficiency of Bipolar
Electrode Cell; T. Ishikawa and S. Konda: The 48th Annual
Meeting of the Electrochem. Soc. of Japan, March. 1981.

Behaviour of Chlorine Evolution on Various Carbon Anode during
Electrolysis of Molten Salt containing Aluminum Chloride ;
S. Konda, M. Itatsu and T. Ishikawa: ibid., March, 1981.

Corrosion Inhibition of Zinc by Benzotriazole Derivatives; T. No-
toya and T. Ishikawa: The 43rd Annual Meeting of Japan
Chemical Society, Apirl, 1981.

Inhibitive Action of Benzotriazole to Zinc Corrosion; T. Notoya
and T. Ishikawa: The Spring Meeting of the Japan Institute
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of Metals, April, 1981.

Corrosion Inhibition and Acceleration of Zinc by Benzotriazole and
Its Derivatives; T. Notoya and T. Ishikawa: ’81 Spring
Meeting of the Japan Society of Corrosion Engineering, May,
1981.

Effect of Sine-Wave Vibration on the Corrosion of Mild Steel in
Neutral Aqueous Solutions; T. Ishikawa and M. Murakami :
1bid., May, 1981.

Corrosion Inhibitive Action of Benzotriazole and Its Derivatives;
T. Notoya: Seminar on Corrosion Inhibitors by Japan Associa-
tion of Corrosion Control, May, 1981.

On the New Smelting Processes of Aluminum; T. Ishikawa: The
Spring Meeting of Hokkaido Section of JIM., June. 1981.

On Prevention of Dezincification of Brasses by Corrosion Inhibitors ;
T. Notoya: The 1st Meeting of the Special Committee for
Studying Copper Alloy Corrosion, Aug., 1981.

Continuous Measurement of Corrosion Rate and Corrosion Loss in
Molten Salt Systems; T. Ishikawa and T. Sasaki: The 8th
International Congress on Metallic Corrosion (Mainz), Sept.,
1981.

Electrochemical Treatment of Cupric Sulfate Solution with Rotating
Bipolar Electrode Cell (Part 2) Effect of Rotating Frequency
and Solution Flow Rate to Metal Deposition; K. Orita, T.
Sasaki and T. Ishikawa: The 1981 Fall Meeting of Elec-
trochem. Soc. of Japan, Oct., 1981.

Experimental Study of the Equivalent Circuit Components for
Discoidal Bipolar Electrode; T. Sasaki and T. Ishikawa:
ibid., Oct. 1981.

Volatile Species of Various Chloride Melts containing Aluminum
Chloride at 800°C; S. Ajimura, S. Konda and T. Ishikawa:
ibid., Oct., 1981.

Electrowinning of Liquid Aluminum by using Funnel-Pile Tpye
Bipolar Electrode Cell (Part 8) A Modified Procedure for Analy-
sis of the Working Cell; T. Ishikawa: The 15th Symposium
on Molten Salt Chemistry, Nov., 1981.

Electrowinning of Liquid Aluminum by using Funnel-Pile Type
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Bipolar Electrode Cell (Part 9) Effect of Cell Lining Materials
on the Cell Efficiency of the Bipolar Electrode Cell; S. Konda
and T. Ishikawa: :bid., Nov., 1981.

Some Problems on the Application of Resistometry to Continuous
Measurement of Corrosion Rate in Molten Salt Systems; T.
Sasaki and T. Ishikawa: ibid., Nov., 1981.
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ENGINEERING MACHINERY MATERIALS
LABORATORY

Prof. Dr. K. Nagaoka, Assist. Prof. Dr. T. Noguchi,
Mr. N. Shiramine, Mr. M. Sama
and Mr. M. FEuyjita

Students

H. Tsushima, T. Terada, T. Nakamura, K. Okubo, T. Narita,
T. Kikuchi, K. Shirakawa, J. Nagai, J. Nishio,
M. Funaki, T. Mishima, Y. Murayama
and M. Kamide

Assistant Professor T. Noguchi had received doctorate of engi-
neering from Hokkaido University in June 1981. The title of thesis
was “Research on Strength Characteristics of Cast Iron and Its
Evaluation.”

Subjects of research in progress in this laboratory are as follows:

(1) Measurement of fracture toughness of flake graphite cast
iron was carried out with standardized methods for steel and other
metals. Results showed there are such problems due to the non-
elastic behavior of this material as no effect of thickness, increasing
of the value with increasing of tensile strength and ductile micro-
fractographs on brittle fracture surface.

(2) Propagation of crack in low cycle fatigue of flake graphite
cast iron was observed by cyclic bending test. Though the results
scattered remarkably, each curve of crack propagation was able to
be expressed by a function da/dN=C (4K)* in linear fracture me-
chanics.

(3) Notch strength of sintered steel was measured with round
bar and plate, and the results were analyzed on the stress distribu-
tion obtained by FEM. At room temperature no effect was found
with the round bars, though the effect was apparent in the plates.
At liquid nitrogen temperature both specimens showed decrease
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of strength remarkably. The results were well explained by the
over stressed depth theory induced in this laboratory.

Scattering of tensile strength of sintered steel was also studied
statistically using Weibull sheets. There appeared marked difference
in strength distribution according to the test temperature and type
of fracture.

(4) Effect of nodule size on the impact strength of S. G. iron
was tested at various temperature. The results showed that iron
with small graphite nodules had low fracture energy at upper shelf
and high energy at lower shelf on the Charpy-energy vs. temperature
curve.

(5) Effect of nodule size on the growth of S. G. iron was
examined. At early stage the growth of iron with small graphite
nodules was greater than that of iron with large nodules, though
at late stage of the growth the relation changed reversely.

(6) As a basic experiment for a surface hardening method of
sintered steel, specimens made of pressed powder of iron with 3%
graphite powder were heated in the atmosphere of low oxygen
concentration. It was observed clearly that the surface of sintered
iron heated in less than 2% oxygen concentration was hardened
after quenching.

(7) Effect of oxygen concentration on the growth of flake
graphite cast iron was examined in austenite region of heating.
Results showed non-proportional increase of growth against the
oxygen concentration and the remarkable increase at less than 2%

oxygen.

Oral Presentation

Fracture Criterion of Flake Graphite Cast Iron; T. Noguchi:
The 30th Lecture Meeting of Japan Society of Material Science.
(Kyoto) May 1981.

Effect of Oxygen on the Growth of Flake Graphite Cast Iron;
M. Soma and K. Nagaoka: The 99th Grand Lecture Meeting
of the Japan Foundrymen’s Society. (Tokyo) May 1981. '

Effect of Annular Ribs on the Bending Strength of Cast Iron Disk ;
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