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Temperature Dependence of Dissolution at Dislocations on the (111)
Surface of Copper Crystal under Potentiostatic Electrolysis*

Yuji IMASHIMIZU** and Jird WATANABE**

Abstract

The (111) surface of copper crystal was etched electrolytically under a constant overpotential of 143+10 mV in

a solution containing 5 kmol-m=% NaCl, 0.25 kmol -

m~3 NaBr and 10~* kmol-m™3 CuCl at different temperatures from

275 to 307 K. The depth and width of dislocation etch pits and the dissolved amount of a matrix surface were meas-

ured using optical and interference microscopes. From the variation of these quantities with an etching time, the

vertical dissolution rate along a dislocation line, va, the lateral one, w, and the vertical one of matrix surface, vs, were

determined. These dissolution rates showed a very different dependence on etching temperature. The value of log v

increased steeply at a low temperature and then decreased gradually with an increase of temperature. The value of

log vs increased more slowly at higher temperatures. On the other hand, log tv increased linearly with an increase of

temperature. These temperature dependencies were discussed on the basis of the nucleation theory of crystal disso-

lution.
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Fig.l Sample assembly for electrolytic etching.
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Table 1 Experimental conditions of electrolytic etching.

T (K) 275 283 291 299 307

E (mV vs. SHE ) 68 66 43 38 20

Eeq (mMV vs.SHE) -65.6 -81.5 —975 —114. -130.8

- m (mV) 134 148 141 152 151
E : Applied potential. E.q : Equilibrium potential calculated

from Nernst’s equaﬁon(m.

M : Overpotential .




!\kita University

SERMBIIC BT 2 Cu i (111) WA E DBFOIREKFE 85

Fig.2 Typical examples of (a) optical and (b) multi-beam interference micrographs of dislocation etch pits and
(c) a two-beam interference micrograph of the step line produced between etched surface and masked sur-

face.
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Fig.5 Plots of the vertical dissolution rate along a
dislocation line, v4, the lateral one, w, and the
vertical dissolution rate of a matrix surface,
vs, In a logarithum scale against etching
temperature, 7.

HE B L CEMREOREFHIE 0. DIEEIK
FHEEFHAN, IREMILARMEELY, &
BEEENDERMEBICAT v 72 blzhwvwhrd, *
NOEFHEIERICH L TIZBIZEYL 2 KT K
WErBATED,
HEBEBROBERGFHD I L, BErgreR
FHEERXTAMNBETRUOTAIANLX 2D B
DICIBEFEL an2RTE » FOBRERSLBZD
5, MERRARRIC & 2 BRARICIE ) IFREE
vy 1%

SO (L . P — -

kT

LEoTHE2zoNE, 2T, vIZEFIREK,
AGe* FERBREROBER T AN X -2k, 4HiZ
RTFPEHT S L 20EHRIL AN X—THB, L
LA AGT BEMO L iR EOBRFREERT
AINF—AGF LN L&, CundHr e eBH
BICBOTREMED I AL —DANFEIC LY
AGd‘:PAGs' .......................................... (8)

_ _a_q.ﬂ_b>2 .............................
p—<1 i 7 <1 (9)

oL, p BEIER, bIZN— = AT F VDK

&2, g=01, FLHREMIHL T ox18~2 T
HY, Fl, BREBEHEMMEERTF L o ER
AG 2RI v F DAV DT A NLX— (BEfR—E
BERELANLXY—) 2 Y BIUVEFEEY 2272
b

7aQy?

Ag ........................................ (10)

AGS* =

Th 5,

o, BUMEIC 2 507 2KRIEKO~ND) DR
Ty 7 LBRFRERTLIIEICE Ty A
FENZ OB b EREE w3, 2B HFROEF
IR, &% 27 o 7h L DEFBICK T IS
¥ xx A miEryas e

Uh:b‘k‘k’uexp<*A—H> ........................... 11
kT
ZxL

X=1—exp( —Ag/kT) .............................. (12)

iC&-T526n5,

oz, EMREHPIERT Z2RE o I 3EMOLW
HAREREIC O SN2 2RI EAAINZ U A5
HEICKFL,

b3, (1/3) AG. + AH
) g L2 T

k- TRbENS,

UEroRBEHmRIc I, BHERE w Bl
vz (N, A BErAYRcE-THEZ LN, oh
LAORIZBWT AH, AGe*, AGH, B* B XU 2 his
BIZEREL AV EEICE, uanBIFuidvthn
LinE T2ET 252 L0z & )k (log (v, o, vs)
U T L, ZoMkot|miz, us Lo
DIIIDn LD KREC B ($REUHIC AG™ B 5
13 AG* e En b5t logE—1/T7aw
DEROEMPKREC L D) ZEPEHFENE, L
2L, Fighlo RL 2 EBRERBILTLL %29 Tl
Z, WIZBEER X LIt RLEZOLR
AT HEREDHY, Tz £ )EERD
REREEIVRE W, 20k LBREEROT—
BITRNE I N LI LB LHEIND,

29, wBEAFEICELTR, O)RFh0 4H
B—RICEECHLT—ETHLLAL3NED
T, Figb EBERIZZORD AG* 5EEIZ X -
TENTEIE2TRL T3, AG* iz 8)~10) R
WCE->TEHEZLN3D, ThEBEETLIERFOFT
BEICIKTET B L0 8 L TILEET > o v 3 gt
FELANF— 7y DD 20 TRET 2 0LE



Akita University

88 AHEKET -

7

Crystal Electrolyte
AN
- —— — 3> ‘e

I
|
- i
-x o] 8 +x
Interface

Fig.6 Steady-state concentration profile of dissolved
metal ion In the electrolyte just ahead of the
crystal-electrolyte interface.
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