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ABSTRACT
Interferometry was applied to measure the solid-vapor dihedral angle of Cu at 1273K
and Ni from 1473 to 1723K under controlled oxygen partial pressure by CO,/H, mixed
_gases. Grain boundary free energy of copper is hardly affected by oxygen partial
pressure in the gas phase. In contrast with Cu, that for Ni shows a remarkable decrease

-with increasing the oxygen partial pressure.

1. INTRODUCTION
- Interfacial phenomena play an imporfant role in many metallurgical processes, such
as sintering, soldering, recrystallization and grain growth. In order to inspect these
processes, values on the interfacial free energy are required, however, because of
éxperimental difficulties, information on these quantities is limited éspecially for solids
[1]. In this study, we applied the interferrometry ‘ieymeasure the dihedral angle of Cu

and Ni at grain boundary grooves formed at high temperature

Copper sample prepared by cold rolling of 7N grade pure copper rod to Imm in
thickness. They are ponshed mechanically by Emery papers and followed by
electrolytic polishing in a 30% nitric acid and 70% ethanol solution at about 240K and
rinse with pure ethanol. These Cu samples were annealed at 1273K for 2.6x10° sec.
under a controlled oxygen partial pressure. Ni samples of 3N-grade sheet (1 mm in

thickness) are polished mechanically by Emery paper and alumina powders with about
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0.3 um diameter, and then annealed under various oxygen potentials at 1473K for
8.6x10%, at 1573K forl.7-4.3x10%s and at 1723K for 4.3x10%s. Surface structures of the
samples after the cold rolling and annealing were examined by the analysis of electron

channeling patterns (ECP) and showed typical recrystalized structures by the annealing.

2.2 Centrol of Oxygen Partial Pressure in Gas Phase

H,-CO, or H,-H,0O mixed gasses was used to control the oxygen partial pressure in
the gas phase. The oxygen potentials were calculated on the assumption of the chemical
equilibrium CO,=C0+1/20, or H,0=H,+1/20, and also monitored directly by an
oxygen concentration cell using a Ca-doped zirconia.
2.3 Dihedral angle

Figures la and 1b show a typical shape of grain boundary groove for well-annealed

Ni sample, and the interferogram dihedral angles of the sample. -~ : e

(&) (b)

Figure2a shows a schematics of a dihedral angle ®(=a+a’) for a sample sectioned

perpendicularly to its surface and Fig.2b corresponds to the perpendicular fringe pattern
of the interferogram. If the angles, nand 1 ” and distance, bm,, were measured, the real

angles, @ and @’ can be calculated by the following equations,

tan ¢ =2L)/(m A ) - tann tan ¢ '=Q2L)/(m A) - tann’

in which mandm , are magnification of the photograph(on x-y surface), and that of z-
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direction perpendicularly to the x-y surface, Ais the wave length of the light used

{546nm) and L is an interval of the fringes. The measured values for the L were
corrected by 10% reduction in accordance with Tolmon and Wood’s study [2].

() (®)

Fig.2 Schematics of dihedral angle (2) and the perpendicular fringe pattern of

the interd "’s‘;gz‘asﬁ {b).

It is known that the measured values on dihedral angle scatter around the true one due to
the effect of the sectioning directions. To determine the true value, more than 100

fringe patterns were taken for samples prepared under the same experimental conditions
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Fig.3 Histogram of distribution of measured dihedral angies (2) and the

cumulative curve (b) for Ni annealed at 1573K under pure hydrogen.

203

This document is provided by JAXA.



Measurements of Solid-vaper Dihedral Angles for Cu and Ni

as shown in Fig3a and 3b. From the cumulative curve, the true contact angle is

determined as the angle at 50% point of the curve [3].

Table 1 Dihedral angles of solid Cu and Ni.

Temperature | Oxygen partial Dihedral 7 s
Metal pressure angle T s Remarks-
(T/X) P, (atm) (deg.)
1273 Pure H, 158%2 0.382 this work
n 3.8x10™% 153+2 0.467 4
Cu » 2.9x10™ 150+2 0.518 y
» 2.9x1078 150+2 0.518 ”
1073 Pure Hz 158 O§82 ref 4
1173 Pure H2 160 0.347 refd
1723 Pure H, 1602 0.347 this work
1573 Pure H, 156£2 0.416 n
Ni 1473 Pure H, 155+2 0.433 -
1573 3.8x107% 157+2 0.399 %
1573 2.9x107% 157+72 0.399 n
1573 2.9x10°"® 157+2 0.399 »

in this work are summarized in Table 1 in
comparison with reported ones. Assuming th
€ er

“the equation (2) is valid, the ratio of free

nergy
of the grain boundary, 7 o5 on that of the smfacs,

- 7 scan be calculated from the dihedral angle, @

and listed in Table 1.

reported the surface free energy of Cu at 1200K

and at 1300K as a function of oxygen potentials
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of the gas phase. Using thermo-chemical data, the  Fig.4 Surface free energy of Cu

oxygen potentials for each run can be converted

to the corresponding CO,/H, gas ratios.
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Figure 4 shows the surface free energy of Cu as a function of the COy/H, ratio. It is
seen that the change in surface free energy with this ratio is very similar whatever the
temperature. On the other hand, only one study by Stickle et. al [7] is available for the
surface free energy of Ni as a function of oxygen partial pressure of gas. In combination
with these values, the grain boundary energies of Cu at 1273K and Ni at 1573K were
estimated by the equation (2). They are shown in Fig. 5a for Cu and 5b for Ni as a
function of the oxygen partial pressure of the gas. In contrast with Cu, the grain
boundary free energy of Ni shows a remarkable decrease with increasing the oxygen

partial pressure.
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Fig. 5 Grain boundary free energy of (a) Cu at 1273K and (b) Ni at 1573K
as a function of the Oxygen Partial Pressure in the gas, log Py,

4. DISCUSSION

Assuming that the Gibbs’ adsems.zon isotherm (3) is valid on the Cu and Ni surface,
the excess of oxygen on the surface, " can be computed to be 6.1x10°mol/m’ for Cu
at 1200K and 7.3 x10° mol/m? at 1300K, and 10.5x10mol/m’ for Ni at 1573K.

d 7 /dinP,,=RTT /2 3)

where R is the gas constant (8.3 1J/mol.K).

The computed values for the grain boundary from the Figure 5a and 5b are negligibly
small for Cu at 1273K and 4.2x10°mol/m’” for Ni at 1573K. For Ni, thel ¢ value is

comparable with that on the surface. The difference of oxygen adsorption at the grain
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boundary between Cu and Ni may be attributed to differences in the solubility limit of
oxygen for Cu (0.03 at%) and Ni(0.9 at%).

Currently, scanning probe microscope (SPM) is applied to reveal the adsorption
structure of oxygen on metals surface. From the atomic force microscope (AFM ) |
observation for the initial stage of electrochemical oxidation on Cu(111) surface in an
aqueous solution [8], we proposed the epitaxial relationship / (3x3)Cu,O(111)//(7x7)
Cu(111). This is also in good agreement with scanning tunneling microscope (STM)
images of Cu(111) surface after oxidation at 673K obtained by Jensen et.al [9]. The
above epitaxial relationship corresponds the the value I' 4 =5.4x10°mol/m* which
leads to d 7 /dInP, =-64.3mN/m at 1250K in agreement with data from the high
temperature measurement. On the other hand, Maurice et. al [10] proposed the relation

of (6x6)NiO(111) //(7x7) Ni (111) by the STM images in an aqueous solution, from
which the I" , can be computed to be 10.0x10°mol/m’ (d 7 /dInPg, = -150.3mN/m at
1573K in comparison with -158.2mN/m by Stickle et al) . These facts strongly suggest

that information on the adsorption of oxygen on metal surface obtained by the SPM at
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