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ABSTRACT
Lithographic printing aluminum plate was systematically ac electrograined to investigate the

nucleation and growth of the etch pit and the formation of the etch film.  When electrograined in

nitric acid, the as-grained Al exhibited a highly convoluted surface dotted with hemispherical etch

pits.  In contrast, the surface of the Al electrograined in hydrochloric acid consisted of convoluted

and relatively-flat areas.  Cross-sectional transmission electron microscopy (TEM) further

revealed the etch film formed in nitric acid exhibited a layered structure, whereas that formed in

hydrochloric acid was a single layer.  In addition, the etch film was identified as a porous Al

hydroxide regardless of the electrolyte.  Although the etch pits formed in nitric acid using the

sinusoidal and square current waveforms were hemispherical, the pit size associated with the Al

electrograined using the sinusoidal current was more uniform than that electrograined using the

square current.  Moreover, the etch pit formed using the square current was covered with a layered 



etch film and the mouth of the layered etch film was completely filled with etch product.  Finally, with increasing the

charge of the anodic to cathodic half cycle, the thickness of the etch film decreased and the Al was non-uniformly

grained.  Conversely, the amount of the etch film increased when the charge ratio of the cathodic to anodic half cycle

increased, thereby reducing the attack of the Al by the electrolyte, which in turn, reduced the density and size of the

etch pit.
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1 . 90 SEM

: (a) (b) 

Fig.1 Surface of the Al plates after 90 s of

electrograining in (a) nitric and (b)

hydrochloric acids. 

2 . 90 SEM

: (a) (b) 

Fig.2 Surface morphology of the Al plates shown in

Fig.1 after the removal of the  etch film: (a)

nitric and (b) hydrochloric acids.

3 . 90 SEM 

: (a) (b) 

Fig.3 Replicas of the Al plates shown in Fig.2 : (a)

nitric and (b) hydrochloric acids. 

4 . TEM : (a) (b) 

Fig.4 Cross-sectional TEM micrographs of the Al

plates electrograined in (a) nitric and (b)

hydrochloric acids.
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5 . 90 SEM

: (a) (b) 

Fig.5 Surface morphology of the Al plate after 90s

of electrograining in nitric acid using(a)

sinusoidal and (b) square current waveforms.

6 . 90 SEM

: (a) (b) 

Fig.6 Surface morphology of the Al plates shown in

Fug.5 after the removal of the etch film : (a)

sinusoidal and (b) square current waveforms.

7 . 90 SEM 

: (a) (b) 

Fig.7 Replicas of the Al plates shown in Fig.6 : (a)

sinusoidal and (b) square current waveforms. 

8 . TEM : (a) (b) 

Fig.8 Cross-sectional TEM micrographs of the plates

electrograined in nitric acid using (a) sinusoidal

and (b) square current waveforms.
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9 . 90 SEM

: (a) Ta/Tc=1 (b) Ta/Tc=20 (c)

Tc/Ta=20

Fig.9 Surface morphology of the Al plate after 90 s

of electrograining in nitric acid using square

current waveforms at (a) Ta/Tc=1 (b)

Ta/Tc=20 and (c) Tc/Ta=20.

1 0 . 90 SEM

: (a) Ta/Tc=1 (b) Ta/Tc=20 (c)

Tc/Ta=20

Fig.10 Surface morphology of the Al plates shown in

Fug.9 after the removal after etch film : (a)

Ta/Tc=1 (b) Ta/Tc=20 and  (c) Tc/Ta=20.
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11 . TEM : (a) Ta/Tc=20 (b)

Tc/Ta=20

Fig.11 Cross-sectional TEM micrographs of the

plates electrograined in nitric acid using square

current waveforms at (a) Ta/Tc=20 and (b)

Tc/Ta=20. 

1 2 . 0.16M 

Fig.12 Potentiodynamic curve of the Al plates in 0.16M

nitric and hydrochloric acids.

( a )

( b )

1 3 . (a) (b)

Fig.13 Schematic diagram showing the nucleation and

growth of the etch film in  (a) nitric and (b)

hydrochloric acids. 
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( a )

( b )

1 4 . (a) (b)

Fig.14 Schematic representations of the etch pit

structure and the corresponding etch film on the

Al plates electrograined in nitric acid using (a)

sinusoidal and (b) square current waveforms.
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