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Table [. Means and SD of etching depth and surface roughness(um)

Etching depth Surface roughness
2
- A o 450 600 750 300 450 600 750
3 3.944039 569+£0.84 19.2841.57 21.93£0.73 271+£092 3.17£047 4.66£0.55 3.80+0.42
5 6.98+1.53 9.88+0.71 32.80+2.50 37.30+2.32 2.356£0.50 2.10£0.29 7.90£0.88 4.25x0.69
6 8.02+138 2446+471 41.21+3.13 51.19+2.16 2.76+0.80 533+044 546+1.00 2.93+0.34
7 11.36+1.75 30.28+3.43 47.80%3.39 60.9416.01 3.5610.37 494050 3.95x042 4.14+043
9 15.59+1.88 55.07+4.62 63.83+£848 79.07+345 5431087 4.17+045 3.76x0.51 2.67£0.39
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Fig. 2. Etching depth of etched metal surface.

Table 1. Result of 2—wa\; ANOVA

Fig. 3. Surface roughness of etched metal surface.

q Etching depth Surface roughness
ource
DF F value P)F DF F value PF
Current density(I) 3 694.67 0.0001 3 44 50 0.0001
Etching time(T) 4 421.12 0.0001 4 3.23 0.0164
IXT 12 27.95 0.0001 12 29.57 0.0001
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Table II. Result of Duncan s test for etching Table V. Result of Duncan's test for surface

DA 500 450 600 750 ro“{:gjf;

. 300 450 600 750
3 M LM H  CH min
5 LM K F E 3 HI FGH BCD  EF
6 KL« E  CD 5 HI 1 A CDE
7 JK T D B 6 GH B B GHI
9 1J c B A 7  EFG BC  DEF CDE

9 B CDE EF  HI

The etching depth significantly decreases in alpha—
betical order(P€0.05). The surface roughness significantly decreases in alpha-
betical order(P<0.05).

9.51m 11.25 4
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Fig. 4. Typical 3-dimensional characteristics of etched metal surface. A, shallow etching depth(6.98um) and
B, low surface roughness(2.35um) under etching condition of low current density(300mA/cm?® and short etch-
ing time(5min). C, optimal etching depth(32.86um) for space of resin cement and D, high surface roughness(7.90
um) for mechanical retention under selected etching condition of current density(600mA/cm?) and etching time(5min).
E. increased etching depth(79.07um) and F. reduced surface roughness(2.67um) under etching condition of high
current density(750mA/cm?) and long etching time(9min).
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Fig. 5. Scanning electron microscopy of etched metal surface. (Original magnification X 1,000) A. low current
density(300mA/cm?) and short etching time(5min). Note very little retentive surface created by removal of
interlamellar eutectic and gamma prime phase in dendritic arm. B, Optimal current density(600mA/cm?) and
etching time(5min). Note more uniformly dissolved interlamellar eutectic. It gives excellent mechanical resin-
to-metal bond strength. C, High current density(750mA/cm?) and long etching time(9min). Note excessive
removal of interlamellar eutectic and dendritic arm. D, Electropolishing observed at the edge of specimen C.
Note the stripped surface similar to general corrosion.
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Fig. 7. Scatter diagram for etching depth and
total amount of current per unit area of etched met-
al surface.
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ABSTRACT

EFFECTS OF CURRENT DENSITY AND ETCHING TIME ON
ETCHING DEPTH AND SURFACE ROUGHNESS OF
NI-CR-BE ALLOY

Seong-Kweon Jeong, Young-Chan Jeon, Chang-Mo Jeong, Jang-Seop Lim

Department of Prosthodontics, Collage of Dentistry, Pusan National University

The purpose of this study is to investigate which current densities and etching times will result
in an optimal etching depth and surface roughness when an Ni-Cr-Be alloy is etched with 30%
perchloric acid(HCIO4). For this study, observations were made by means of an optical three-dimen-
sional surface roughness measuring machine and a scanning electron microscope. The etchings
took place under the following conditions using current densities of 300mA/em?, 450mA/cm’, 600mA/cm’
and 750mA/cm?, and using etching time of three, five, six, seven and nine minutes. Under the
conditions, the experiments reached the following conclusions.

1. When the current density is above 450mA/cm? and the etching time is longer than five min-
utes, the etching depth increased as the current density and etching time increased. And the
surface roughness was significantly influenced by the interaction of the current density and
etching time.

2. Under the etching conditions of 600mA/cm?® and five minutes, the optimal etching depth for
a resin cement space and the highest surface roughness for mechanical retention were obtained.
The etching depth and surface roughness were 32.86um and 7.90um, respectively.

3. Observations under the scanning electron microscope showed that both the corrosion at the
grain boundary and the corrosion within the grain occurred on the etched surface. It was also
observed that the corrosion at the grain boundary became more severe as the current den-
sity and etching time increased. In addition, at higher current densities and longer etching
times, general corrosion appeared.

Key words : Current density, Electrolytic etching, Etching time, Surface roughness
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