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Diffusion of Zinc in Commercial Al-Zn Alloys under High Pressure

K. HISAYUKI® 1, T. YAMANE® ®, T. TAKAHASHI® 3, Y. MINAMINO" 3, K. HIRAQ"” * and H. ARAKI" 3
Clo0ooo0oo0o0o0oooo "200000000000000000 "*0000000o0o0
oooog

J. Materials Science, Vol.34, pp.2449-2454, (1999)

The effective interdiffusion coefficients of zinc in commercial Al-Zn alloys are obtained within
in the temperature range 773 to 833 K under pressures from 0 to 0.41 GPa. From the temperature
dependence of the effective interdiffusion coefficients, the activation energies for the 701, 703
and 705 aluminum alloys are evaluated to be 125, 124, and 127 kJO mol respectively, and their
pre-exponential factors are 3.0x10"°, 4.0x10°° and 3.9x10”° m’0 s respectively. The activation
volumes , aV, for diffusion of zinc in the commercial A-Zn alloy are 8.30x10"® and 8.60x10"® m?
O mol at 823 and 883 K. The ratios of the activation volume to the molar volume of aluminum , AV
0V,, are 0.83 at 823 K and 0.86 at 883 K. This means that the diffusion of zinc in the commercial
Al-Zn alloys occurs predominantly by the monovacancy mechanism at 823 and 883 K.

Diffusion of Magnesium in Commercial Al-Mg Alloys under High Pressure

K. HISAYUKI® 1, T. YAMANE® !, H. OKUBO" !, T. TAKAHASHI® 2, and K. HIRAQ" 3
Cl0o00000o0oOooOooo "200000000000000000 3000000000
oooog

Z. Metallkunde, Vol.90, pp.423-426, (1999)

Effective interdiffusion coefficients of magnesium in a commercial 5052 Al-Mg alloy have been
determined in the temperature range from 698 to 823 K under pressures from 0 to 0.31 GPa. From
the temperature dependence of the average effective interdiffusion coefficients, the activation
energies for the effective interdiffusion are 123 kJO mol(0.1 MPa) and 127 kJO mol(0.21 GPa),
respectively, and the pre-exponential factors are 2.9x10"° m?0 s at both pressures. The ratios of
the activation volume to the molar volume of aluminum is 0.83 in the commercial alloy.



Quaternary Diffusion in the o Solid Solutions of Al-Zn-Mg-Cu Alloys

T. TAKAHASHIY 1, Y. MINAMINO” 2, K. HIRAO” ® and T. YAMANE" *
tlogo0ooo0ooo0oooooooo®?2000o000o00oo0on0 Oo0ooo0oooooooo
b3p0o00000o00oooon "400000000000000

Materials Transactions, JIM, Vol.40, pp-997-1004, (1999)

Quaternary interdiffusion experiments of Al-richoAl-Zn-Mg-Cu alloys have been performed in the
temperature range from 755 to 833 K. The concentration profiles indicate that the diffusion
distance of Cu is shorter than those of Zn and Mg in the solid solutions. The direct interdiffusion
coefficients D %z, 0D % @nd D %, are positive, and indirect coefficients are negative. The
impurity diffusion coefficients of Zn (or Cu) in Al-Cu (or Zn)-Mg alloys can be expressed by the
following equations.

D™ Znqar-1.15cu-2.0mgy ) 3-9x107°exp(-124 kJ mol”!ORT"Y) mO's,

D" cuar-s.a7zn-2.750 ] 5- 7x107°exp(-132 kJ mol”!ORT") m’0s.
The ratio values of indirect to direct diffusion coefficients suggest that attractive interactions
of Zn-Mg, Zn-Cu and Cu-Mg atoms exist in the Al-Zn-Mg-Cu alloys.
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Surface roughness, hardness and residual stress of TiN films deposited on stainless steel
substrates by an arc ion plating method were examined by changing arc current and nitrogen gas
pressure, respectively. The TiN films have an average roughness of about 0.1 to 0.3 um, while the
surface roughness decreases with increasing nitrogen gas pressure. Vickers micro hardness tests
revealed high hardness (HVO 1650 - 2500) whose value depended on nitrogen gas pressure and arc
current, respectively. X-ray photoelectron spectroscopy analysis showed the ratio of nitrogen to
titanium (NOTi) of from 0.85 to 0.92 in the as-deposited TiN Film.

The X-ray diffraction pattern showed that the crystal orientation of the TiN film depended on
the nitrogen gas pressure. By using a two-exposure method, residual stresses in the TiN films were
measured as a function of nitrogen gas pressure and arc current, respectively. The TiN films showed
very high compressive residual stresses of about -8.0 to -7.0 GPa.

Residual Stress in TiN Film Deposited by Arc lon Plating

T. MATSUE" !, T. HANABUSA" 2, Y. MIKIY 3, K. KUSAKA” 2, E. MAITANI" *
Clo0ooo0o0o0o00ooooon 200000000 B"*000o0o0o0oooogn 2400
00o0oooooo

Thin Solid Films{ 343-3440 257011999 O .

TiN films were deposited on aluminum and stainless steel substrates by arc ion plating (AIP).
Bias voltages, nitrogen gas pressures and arc currents were changed to examine their role on the
hardness and residual stress of a TiN film. Vickers microhardness tests revealed high hardness value
(HvO 2250-2500) which depends on both nitrogen gas pressures and arc currents. From the X-ray
diffraction pattern, it was found that the crystal orientation of the TiN film markedly varied with
the bias voltage. Residual stresses in the TiN film were measured by the two-exposure X-ray stress



analysis as a function of the nitrogen gas pressure, arc current. Very high compressive residual
stresses, -5GPa in the films on aluminum substrates and -7GPa in the film on a stainless steel
substrate, were observed.

Chemical bonding state of sulfur in oxysulfide glasses
T.Asahi, Y.Miura”, T.Nanba”, H.Yamashita""

UNiihama National College of Tchnology, Okayama University, ““Ehime University
The Korean Journal of Cemarics 5[2] 178-182(1999)

Simple binary Na,S-Si0, oxysulfide glasses were prepared by a conventional melt-quench method
in order to investigate the role of sulfur in glass structure and the electronic state. By X-ray
photoelectron spectroscopy (XPS) measurement, S2p binding energy of the glass was observed at
approximately 161eV which was close to that of ionic S*”. The coordinating state around silicon
atoms were investigated by %Si MAS-NMR measurement. The chemical shift observed NMR supported
that sulfur atom was joined to a silicon atom by substituting for an oxygen atom and was present
as a non-bridging sulfide ion in low alkali content. On the other hand, it could be presumed that
a portion of sulfur anions existed in an isolated state from the
glass-network structure at high alkali content. The state of these sulfurs was also studied by Raman
spectroscopy in detail.
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Effects of Annealing Treatments on Residual stresses in TiN Films
T. MATSUE" !, T. HANABUSA" 2, Y. IKEUCHI" !

O'1 Niihama National College of Technologyl " 2 Faculty of Engineering, Tokushima University
Conference on Advanced Materials Development and Performanceld Vol.1[1 246011999 O

The structure and residual stresses of TiN films deposited on a steel substrate were investigated
by X-ray diffraction. TiN films approximately 4um thick were deposited on one side of the substrate
by multi-arc physical vapor deposition (TiN,, film) and thermal chemical vapor deposition (TiNyp
film). The TiN,, Films had the compressive residual stress of -9.8GPa. These residual stresses
decreased on increasing the annealing temperature, and decreased finally to the level of the thermal
residual stress after annealing at temperatures above 1073K. The TiN,, films had the compressive
residual stress of -1.8GPa. The residual stresses did not change by annealing at temperatures below
1073K, but they increased with increasing annealing temperatures above 1073 K, almost along with
the thermal residual stresses. By X-ray photoelectron spectroscopy (XPS), we determined the ratio
of nitrogen to titanium (NOTi) of the TiN,, and TiN., films after the annealing treatments. The
results of the XPS analysis showed that the initial value of NO Ti was about 1.08 in the as-deposited
TiNpp and TiN., Films, and those the ratio of NO Ti did not change after annealing at temperatures
below 1073K, but decreased to 1.00 after annealing at temperatures above 1073K.

X-ray Triaxial Evaluation of Thermal Residual Stresses in y -Alumina Fiber-Reinforced Al-50
Cu Composite
Y. IKEUCHI® *, T. MATSUE"” !, T. HANABUSA" ?

Y 1Niihama National College of Technologyl " 2 Faculty of Engineering, Tokushima University
Conference on Advanced Materials Development and Performanceld Vol .11 23411999 O

When a fiber-reinforced metal matrix composite is cooled down to room temperature from the
fabrication or annealing temperature, residual stresses are induced in the composite due to the
difference in the coefficient of thermal expansion between the matrix and fibers. An X-ray



diffraction technique was used to measure thermal residual stresses in the matrix of an Al-5wt[]
Cu alloy reinforced with 17-p m diameter y -Alumina fibers. For the composites of this class, it
was confirmed that the triaxiality of residual stresses has to be considered in the penetration
depth of the X-rays used. The triaxial state of the matrix thermal residual stress was determined
by using the stress-free interplanar spacing (do) measured for the composite filings. The
reliability of the do value was also discussed. In the matrix of the composite annealed at 600K,
a tensile residual stress state was observed. On the measurement after cooling the annealed composite
to liquid nitrogen temperature, the matrix showed a compressive stress state. In both of the matrix
stress states, the longitudinal residual stress parallel to the fibers was the maximum principal
stress and the transverse residual stress normal to the fibers was found to be about 400 of the
longitudinal residual stress in magnitude. The experimental results agreed well with the prediction
based on an elastic concentric cylinder model.
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Interdiffusion in Ternary Aluminum-base Alloys under High Pressure

T. TAKAHASHI

0000ooooooooooon

3rd International High Pressure School (Warsaw) (1999)

The interdiffusion coefficients in the o-fcc phase of the Al-Cu-Zn, AI-Cu-Mg and Al-Zn-Mg alloys
have been determined under pressures from 0.101 to 3000 MPa in the temperature range from 813 to
868 K . The direct interdiffusion coefficients D;" (i O Cu, Z,n Mg) are positive, and indirect
coefficients D " (iz j) are negative in the AI-Cu-Zn and Al-Zn-Mg systems. The direct
interdiffusion coefficients decrease with increasing pressure. The activation energies for the
interdiffusion and impurity diffusion increase with pressure. The ratios of the activation volume
to the molar volume of aluminum is between 0.96 and 1.10.
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The thermal expansion behavior along the fiber direction of a unidirectionally reinforced aluminum
composite was studied in a temperature range of 300-800K. A strain hysteresis loop attributable
to the presence of thermally induced residual stresses in the composite was observed. During cooling
the composite from 800K to 300K, the matrix was plastically deformed in tension. With subsequent
heating of the composite, the tensile matrix stress elastically decreased to zero stress level at
about 330K and then the matrix was plastically deformed in compression. Time dependent strain during
isothermal holding of the composite at elevated temperatures was revealed. The change in strain
of the composite under isothermal conditions was influenced by the sign of residual stresses. The
relaxation behavior of the matrix stress during isothermal holding of the composite could be well



described in a form of the power law for steady-state creep of pure aluminum. The activation energy
for the relaxation process of the matrix stress was evaluated to be nearly equal to the activation
energy for self diffusion of pure aluminum.
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Effects of Annealing Treatments on Residual stresses in TiN Films
T.MATSUE" !, T.HANABUSA" 2, Y_IKEUCHI" !

Y Niihama National College of Technologyl F 2Faculty of Engineering, Tokushima University
Conference on Advanced Materials Development and Performance (AMDP®99)0
19990 110

The structure and residual stresses of TiN films deposited on a steel substrate were investigated
by X-ray diffraction. TiN films approximately 4um thick were deposited on one side of the substrate
by multi-arc physical vapor deposition (TiN,, film) and thermal chemical vapor deposition (TiNy,
film). The TiN,, Films had the compressive residual stress of -9.8GPa. These residual stresses
decreased on increasing the annealing temperature, and decreased finally to the level of the thermal
residual stress after annealing at temperatures above 1073K. The TiNCVD films had the compressive
residual stress of -1.8GPa. The residual stresses did not change by annealing at temperatures below
1073K, but they increased with increasing annealing temperatures above 1073 K, almost along with
the thermal residual stresses. By X-ray photoelectron spectroscopy (XPS), we determined the ratio
of nitrogen to titanium (NOTi) of the TiN,, and TiN., films after the annealing treatments. The
results of the XPS analysis showed that the initial value of NO Ti was about 1.08 in the as-deposited
TiNpp and TiNy, Films, and those the ratio of NO Ti did not change after annealing at temperatures
below 1073K, but decreased to 1.00 after annealing at temperatures above 1073K.

X-ray Triaxial Evaluation of Thermal Residual Stresses in y -Alumina Fiber-Reinforced Al-50
Cu Composite
Y.IKEUCHI® 1, T.MATSUE" !, T.HANABUSA” 2

O 1Niihama National College of Technologyl " 2 Faculty of Engineering, Tokushima University
Conference on Advanced Materials Development and Performance (AMDP®99)0
19990 110

An X-ray diffraction technique was used to measure thermal residual stresses in the matrix of
an AI-50 Cu alloy reinforced with 17-um diameter y-Alumina fibers. For the composites of this class,
it was confirmed that the triaxiality of residual stresses has to be considered in the penetration
depth of the X-rays used. The triaxial state of the matrix thermal residual stress was determined
by using the stress-free interplanar spacing, dO, measured for the composite filings. The
reliability of the dO value was also discussed. In the matrix of the composite annealed at 600K,
a tensile residual stress state was observed. On the measurement after cooling the annealed composite
to liquid nitrogen temperature, the matrix showed a compressive stress state. In both of the matrix
stress states, the longitudinal residual stress parallel to the fibers was the maximum principal
stress and the transverse residual stress normal to the fibers was found to be about 400 of the
longitudinal residual stress in magnitude. The experimental results agreed well with the prediction
based on an elastic concentric cylinder model.
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