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The mechenical polishing of high purity aluminium presents special
difficulties owing to its high plasticity., It is almost impossible to
Prevent elevations on the surfaces being pushed into the depressions,
causing overlaps and deformetipn in lattice zones near the surface, The
inoreased temperature caused by mechenical polishing is favourable to .
renewed formation of the oxide film immediately after process:v.ngr. The
polishing medium remains in the pores of this layer and in the overlap
joints and cannot be removed entirely by the usuel degreasing agents. If
such a surface receives anodic treatment, a clouded oxide film appears.
Even with high purity aluminium clesr oxide films can only be obtained by
2 preliminary "polishing" by enodic or chemical means, Table  summarizes .
scme of the familiar processes for anodio polishing,

In the lest few years a number of processes f'or the chemical:
polishing of aluminium have become known, The principal constituent of
most of the polishing solutions is phosphoric.acid. For example, under
the neme "Alupol II ~ polishing.bath" the following mlxture of acids is
given as belng ‘sulteble for polishing: ‘ ‘ :

8% phosphoric‘ acid: 505 acetic acid- % ni'bric acid.

In addition “to phosphoric a,cld and sulphuric acid other ac:ui mixtures
contain nitric acid as well ag certain metallic salts, e, g, copper nitrate,
A polishing solution was developed at the Verelm.gte Aluminium Werke,
Grevenbroich (VAW), consisting essentially of emmonium difluoride. -

The effect of all polishing processes is the removal of t_he oxide
film and impurities and also the smoothing of the surface. So far no
details are known about the degree of smoothing resulting from the
individuel methods. However, in order to judge the quality of polishing
processes, it is definitely necessary to know the degree of. preliminary
mechenical polishing required and algo the state of the surface after
polishing. The present work is: therefore concerned with exanining
known methods of measurement and observation with regard. to their
sultebility for indicating the state of the surface and also with
determining approximately the polishing effect of certain processes
which have dl;t‘feren'b modes of operation.

In order %o remove as. far as poss:;.ble the influence of the
metallide on’ theimeasurement results, exsminations were carried out
exclus:l.vely on Raffinal: and Reflec‘bal of the follovand compogition:’

Raffinal: Si 0,004 % Reflectal: IvIg . Q.5 %
Fe 0,001 % Do e Fe 0.001%
Cu 0.0005 % : .81 0,005 % R
Zn 0,002 % P Cu ©0.001% +
Remainder A1 .o Zn 0,002 7% :

Remainder Al

# For Tables, see end.
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Some of the specimens were-simply ground First with 6/0 emery, some
were first ground and polished, followed by the NaQSOQ/NaOH bath end
subsequent anocdic polishing aftér-removal-of the -oxide filmj others were
chemically vpolished by the Erftwerk process.. Reflection measurements
were taken to determine the surface changes and photographs were made
with the Panphot and +the. electron microscope. &he electron microscope
photographs were taken in ‘Prof. V. Borries' Institute at Dlisseldorf).
Photograprhs were also produced by the microinterference procegs developed
by Rihle, . . ,

REE‘LECT TON HEASUREMENTS

< (1)“
Flgure l 1llustrates the aonaratus develooed by J. Elze and Grﬁsa"t”f
for measuring the brightness of surfaces. It consists essentially.of a .
double optical bench.with a graduated circle; one of the arms remains
fixed while. the pther can be rotated. through any desired angle vhich cen . .
be resd off, The fixed arm carries the. llght source and a condenser lens,
During- measuaement thege parts are housed in a. oantalner, cloged on all
sidesy so as to avoid digturbence. from stray light: in the front of the
container there is an opening; serving as a stop, through which the beam
of light passes. The rotating arm carries a second convergent lens, &
shutter, and a.photocell, | “ll the sliding parts have a fine lateral
ad justment., The slide;which carrles the stop .in front of .the photocell
has in addlulon,a fine adjustment fof vertloal movement &g that the stop
oenlng can be brought exactly into the path of the ray of light. The
specimen holder is located on the gonicmeter axis. Flgure 2 shows the
path of the vays. The apparatus has an accuracy of X,. The above~
mentioned authors carried out.an interesting experiment to determine the
brightness of a surface frem the measurement of scattering, using stops
of verying,dismeter. At scme future time we shall give an account of a
comparison of these. values, which are called the close-range ge tterlng
angle reflection; With the .results of other measuring methods. e have
been content, to start with, to measure the regular wellectlon ag. a standard
for the surfaoe brlgntness, under the conditions set out by the authors.
These values are shown in Tebles 2 and 3 and also accompany the Qhotogranhs
(Figures 4-17). ' .

g:g_gERVMIOi\? OF THE SURFACE

The- resolv1ng power of th@ ootlcal microscope is llmlted, uwino to
the unduletory nature. of light; ‘where white light is. used it is abaut '
Qs o for good immersion systems.. The necegsary madnlflcatlon,
appfopriate  to this resolving power, 1s then about 1000:1.

On the other hand, the electron,microscooe has a much higher
resolving power - it can resolve down to 1-2 ma -~ so that 150,000
megnifications of a surface are possible. Such high magnifications were
not required for these 1nvest1gat10ns. The highest were a tenth power
lower. The electron migroscope is also greatly superior to the optigal
microscope as regards definition in dewth. If, in spite of all these’
edvantages, the electron microscope photograwhs produced during our
investigations gave to some extent incorrect information on the effect of
the various polishing processes - as could be proved by comparison with

he light-opticel photographs of the seme surfaces - this was entirely
due to the photographic techmique. A vlexipglass veplica of each surface
to be studied was obtained snd then obliguely shedowed with silicon

xFor references see erd,
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monox:.ae vaporlsed in &’ vacuum. The vapour-&eposzted film was removed
from the plex:.o-lass and irrddiated in the electron microscoue. Since

the photographs obtained in this way showed no structure at all for
polished test pieces it can be suspected that after the pol:l.shlng procéss
a transparent film of alumipium oxide having a smooth surface is

formed and the plexiglass repllca was formed from this, It is
edvisable therefore to employ a different method of making, réplicas

ir vwhich an artificial oxide film is produced on the aluminium surface
and is then irradiated in the electron microscope after the aluminium
has been digsolved. by concentrated sublimate solution. There are no ‘
photographs in existence, produced by this process, so there isg no
possibility of malan ccmparisons. .

fnother very simple method of surface testing ig the micro-
interference process developed by Rlhle, This is based in principle on
the phencmenon. of 1n1:erference of' equal thicknesses, A semi-transparent
plane-rarallel glass slip, vapour—coated with aluminium, is laid on the
experimental surface, The air gap between the surface of the specimen
and the glass slip is made into the shape of a wedse by -introducing a
thin aluminium foil between the uvpper end of the glass, slip and the
experimental surface, Care must be taken here to engure that the glass
Sl:l.p, with the coated side turned towards the surface of the specimen,
is Pirmly attached at the umper and lower ends. / rey of light falling
vertically on to the semi~transparent layer is partly reflected, partly
transmitted and then reflected at the surface under examination, This
results in a difference in ‘the length of the light path, giving rise to
interference phencmens, IT bpth faces of the wedge are perfectly level
it is possible to observe dark bands parallel to the edge of the wedge
at those points where the thickriess of the wedge measures an odd multiple:
of a quarter wave~-length of the light employed, If, however, the lower
wedge face, in our gase the experimental surface, is roughy the bands
are no longer stralght ‘but more or less irregular lines can be o'bserved
which nevertheless follow the points of equal thickness of the wedge.
fhus we obtain a contour pattern, similar to those knownin cartogra};hy,
Wwhich is shown in Figure 3. :

F:Lgu:ce 4 Sho’WS 8 Reflectal surf’ace ﬁre—-treatea by grlndn.ng w:l.'&h _
6/0 emery and Jallshlng, quite d:l.st:.nct grlndlng marks can be recognized.

F:Lgure 5 shows, magnlfled 100 t:l.mes, 8 pho’cograph obtalned by 'bhe
mlcro:.nterference Jprocegs of the gare surface. A scratch can be -
distinguished -on the Jeft hand side., 8ince the convexity of the lines at
any time extends to the next.line,, the depth of the scratch is about
half the length of a light wave, so, that with the sodium light employed
in th:.s case it is 0.3 Another noteWOrthy voint is the serration . -
of the l:LneS, which oalzlbe seen even more distinctly in Figure 5. .
Figure 6 is also a 100 x magnificetion of the seme surface, but so as to
obtgin a greater distance between the lines, the. angle of the Wedge
was mede sbout 10 times as small as in Figure 5, This serration is a
consequence of the grinding marks which, accordingly, have a depth of
about 1/10 wave-length,

F:Lgure 7 shows for comparison an eleotron ‘microscope photonra“oh

of the same surface 15,000 x. Here, too, the tuch higher resolving”
power of the electron microscope is demonstrated.
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In the case of chemical polishing the grlndlng marks dlsappear :
cempletely after a polishing period of 10 sec., as is shown in Fig,8.
Consequently the appropriate interference vhotograph, Fig.9, also shows
no serration of the linés, Polishing for 15 se¢q brings no fundamental
chenge, which of coursg,, to, judge from the results of the reflec‘clon
measurements, was only to be expected (Fig,10).

It is 1n‘terest1ng to see that the electron microscope. photograph
of the same surface (Fig.1l) shows a considerably better polishing effect
than Fig. 10, partlculaz‘ly when it is remembered that the magnification in
PMig,11 is twice as hrest as in Fig.10, wiz, X = 2200 as against X = 1000..
The reason for thls sur*.)rls:l.ng fact wauld seem t0 lie in the fact mentioned
earlier that in photopraphs taken with the electron m:.croscope ‘it is the
surface of the oxide film which forms after pol:.slung which is photographed,
while with the light-optical photogranhs , owing to the transparence of
the oxide film the alwnlnlum surface is vz.sz.ble. '

ALl the photo;rraahs shown untll now were of specimens which had not |
been anodised., It appears, however, that conditions are quite similar
in the cese of anodised speclmens. .

The course of events in the removal of the oxide film
differs from that in chomical polishing. Thus, Fig, 12
shows the Panphote reproduction ¥ = 1000:1 of a Raffinal surface af”cer
cne removal operation, As a result of the moderate attack in this
Procesgs the grinding marks are still clearly v:n.s:Lble although not =so
definitely marked as in Flg.h..

Similarly the’ 1nterf¢rence photogrraph, Flg. 13, still shows tne
serrations which hawe béen described. After three removal operations the
grinding marks have dlsappeared (Pig.14) and the illustration of the
surface now resembles Fig.8 with the exception of the grein boundaries
Which cen be seen there. OF course the ssme effect cem be established
by means of the reflection measurements. The corresponding interference
photogreph (F:Lg.l5) is now to a certain extent like Fig.9 and no
serrations can be seeh.

Figures 16 and 17 illustrate Raffinal specimens pollshed in ‘che
NaQSOL,/NaOH eleotrolyte after preliminery polishing and fine” grlnd:l.ng
as well as preliminsry chemical polishing. It can be seen from ‘these
photographs and also from the reflection values that the surface has
greater reflectivity ‘than after treatment with the other polishing
processes. The difference is most merked in the interference photographs
and the walues for the regular ref‘lectlon In the Brfiwerk polishing
Process preliminary grll’!dj ng., with 6/0 emery is in general sufficiént.
Experience has shown that in maqy caseg even. thig con hé dispenséd with,
Fig, 18 illugtrates how widely the. surfaces can:differ after mechanical,
chemical and anodic Qollsmng. Comparison with the valies for regular
reflection shows that this is definitely influenced not only by the
depth of the grooves butalso by their frequency. Purther study will
be devoted to exberlments f‘or determ1n1ng and examing this relationship,

SUMMARY

In order %o study the: wolishlng ef'fect of anodic amd chem:.cal
polishing processes observations of high-purity sluminium surf‘aces were
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made by optical microscope, electron microscope, and by the multiple
interference process. The regular reflection was also measured by means
of the gloss-meter developed by Elze and Griss. Irregularities in the
surface were measured by means of interference photographs and compered
with the values for regular reflection. Comparison of all the photographs
and figures yields a good picture of the ohange in the surface of high-
purity aluminium brought sbout by anodic ard chemical polisghing,

This work deals solely with the measurement and representation of |
the effects of the polishing process, It does not deal with the limits
of snodic and chemical polishing, Development of chemical polishing is
still in full course. There is good reason to hope that the polishing
effect of this process can be increased congidersbly. An account will be
given later of the limits of anodic and chemical polishing processes.
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k=

. Regular reflection in % ccmpared with a
"silver mirror
(with 97 regular absolute reflection)

Raffinal, mechanically ground and polished .... 47.6 %
29.% anodically polished and GS-snodised .... 84.0 %

b) chemically and enodically polished )
GS-anodised ... 84.0%

Reflectal (0.%% lig), mechanically ground and

polished:
(2) Bwecly Exrftwerk-process chemical polishing,
GS=~anodised . e 81. 6 %
1) 10 sec. aitto eese B8L1%
e) 15 sec. ditto seses Bl.6 %

Reflectal (0.5 Mg), mechanically ground and
polished ‘

a) 1 x WOX, GS-2N03iSe3 +eeavesasesncsncass 69.3 7 (dull)
bz 2 XWGX, GS=-anodised ¢stpssrccssrrenasea 730979
Cc) 3 XWGX, GS-anodised..--..-.....--.-.-7. 75-6%

TABLE 3.

Regular reflection of ground and ground
and polished sheet metal specimens of
high~purity aluminiun

Gi'ound Ground and Polished

Raffinal,
Anodically polished and GS-enodised 7.5 83.9%
Chemically polished f'or 15 secs.
* - GS-anodiged
Reffinal veeeessens 81. 0% 81, Th
Reflectal (0.9 M)
SOft ts0dsicsese 81-?7; Bll}ﬂ

i
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“v”“ﬁ .
Fig.1l: Optical bench for reflection measurement.

Specimen

Condenser lens // Stop

Source of light /

Fig.2: Ray paths in the optical bench

Photocell
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Fig.3: Photograph of interference bands
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v : Int rence photograph of the pre-polished Fig.6: Interference photograph as in Figure 5 with
f—igfi:ctﬁ :;::;:2;( 13;;?3 4‘)’1.l pre-p magnified interference band interval, 47.6%
N = 100:1, 47.6% regular reflection. regular reflection

e O Y

Fig.7: Electron microscope photograph of the same Fig.8: Uptical microscope photograph of a reflectal
reflectal surface as in Figures 4 and §, specimen polished chemically for 10 sec.
M = 15,000:1, 47.6% regular reflection. = 1000:1, 87.2% reqular reflection.
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Fig.9: Interference photograph of reflectal specimen Fig.10: Optical microscope photograph of a reflectal
(ngure 8). N=100:1, 3‘;.2 regular reflection. ‘

specimen after 15 sec. chemical polishing.
= 1000:1, 88.6% regular reflection.

i
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Fig.11: Electron microscope photograph of the Fig.12: Optical microsco otogr f a Raff
cheaically polished specimen in fgqute 10. 'leecilenoﬁnce m-p:'li:hs;,”bfs-zzo‘;ﬁe;. ¢ {nal
M = 2200:1, 88.6% reqular reflection. N = 1000:1, 64.4% regular reflection.

g e

R | i pt { er hotograph ‘::Fa‘ Raffinal
ograph of Falfinal ape Mg 14: Optlcal alere RE o ebad i anod sed.
4.4% reqular reflection. i =1000:], 79.4%X regular reflection.
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otogra of the fi:fﬂnal
f'hoo. 1, 79.4% reqular_l

F}q 15: Interference p
specimen in Figure 14.

re floction

Fig.16: Interference photograph of a Raffinal specimen,
mechanically pre—poliabed and anodically brightened,
GS-anodised. 100:1, 79.2% reqular reflectjon.
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nechmucall pre-polished and anodized, G—ano ise

Fig {7 Interference photograph of a Baffinal s cénn,
N= 100 4 0% regular reflection.

Average depth of roughness Average depth of roughness

—J—N—vw—v-,qo
e

‘C'l,‘ \
’ 13 to 25 grooves

1000 to 2000
Grooves per mm.. ‘ l per mm.

Nechanically polished surface Chenlcnlly. and unm:'i':;::: polished

Average depth of roughness - 25 to Sou -:

—V_\/_—\/_W_—\I_J qut,‘ wr-\/ \‘ )

10 to 29 grooves

i

per mm.

icall Iished aurface :
Chemically po N ‘ s \ -
N ey \\\\\\‘.x\\\/ P

Facet formation with chemical polishing ;

Fig.18: Diogrameatic representation of sur face change due to various processes.
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