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ELECTROCHEMICAL DEBURRING OF MOLYEDENM,
ALIMINUM AND STAINLESS STEEL

ABSTRACT

Sharp edges left after chemical milling and blanking are presently
being mechanically removed at high cost. The sharp edges would be areas
of high current density in electrochemical operations and could be easily
removed in electrochemical solutions.

The criteria of a good electrochemical deburring solution were
leveling characteristice and removal rate. Various solutions were eval-
uated for breaking sharp edges on molybdenum, among them being 25% by weight
nitric acid, nitric-hydrofluoric acid solution for milling molybdenum and
variations of Turco 105 steel etchant. These solutions were successful
in a leveling action on sharp burrs, but would not round the side edges.

A combination of nitric acid leveling and side edge burnishing produced
the most promising results.

Aluminum and stainless steel deburring was evaluated in proprietary
solutions, with good results obtained in polishing and breaking of sharp
edges.
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1. OBJECT

To determine the electrochemical techniques and solutions required
to remove sharp edges vhich result in chemical milling and blanking.

2. MATERIALS AND SOLUTIONS

(1) ¥olybdenum per MMS-184
(2) Aluminum 7178-T6 per MIL-A-9180
(3) Stainless Steel, 17-7 pH per MIL-S-25043,
321 per MIL-S-6721
L) Electro-Gleam 55 (Mac Dermid Inc.)
5) Electropolish Bs (Mac Dermid Inc.)
6) Electropolish BA (Mac Dermid Imc.)
7) Sulfuric acid - alcohol polish
One part concentrated sulphuric acid to seven parts
methyl alcohol (95%)
(8) Mtric acid
50% by weight
25% by weight
75% by weight
Concentrated.
(9) Chromic-Sulphuric acid
11.3% by volume, concentrated sulphuric acid,
chromic acid .17 1b/gal, and remainder water.
(10) Witric acid (42°Be’) 45% by volume - hydrofluoric acid
(70%) 3.5% by volume - remainder water.
(11) Turco 105 steel etchant

(a) Fe(NO3)5 9H,0 - 370 gms
FeCly 6H,0 - 236 gms
HzPO, T - 124 mls
cgmj .6HE0 - 51 gms
HC1 “12.4K - 121 mls
water to mske 1 liter

(b) Seme as (a) adjusted to H+ = 6.0 and ROz = b, SK

(12) 4140 Steel etchant

B+ = 6.5 N, 03 2 2.TN
(13) Inconel 718 etchant

B+ = 3.0 N, KO3 = 2.5K

3. TEST PROCEDURE

Approximately b liters of each of the solutions listed in Section 2
were prepared. The specimens wvere first deburred with the mask left on.
They were cleaned by immersion in Prosolve B for 5 minutes at 150°E rinsed
in hot water, then cold. A spot was bared on the specimen by scraping
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3. TEST PROCEDURE (CONT'D.)

awvay a portion of the mask. A clip was attached to the bare spot and the
specimen lowered into the sclution up to, but not including the clip. The
specimen was deburred and then removed and rinsed in cold wvater. Examin-
ation of each specimen run was performed with the aid of a microscope.

The next step waz to run a different set of specimens by removing
the mask. The mask was soaked loose and removed in cold trichloroethylene,
They were immersed in Prosolve B for 5 minutes at 150°F and rinsed in hot
vater, then cold. The specimen was clipped and immersed in the deburring
solution up to, but not including the clip. It was then removed and rinsed
in cold water. Examination wae made for metal removed, leveling of the
burr, and surface finish. At one time during the testing, production speci-
mens vere submitted for deburring. A racking procedure was devised to
eliminate rack marks from the specimen. A clip was constructed in such a
manner as to provide a point contact through the mask. The point contact
was then remasked with KMER for protection. See Figure 2, page 45. Another
method for racking (to reduce rack marks) was to spot-weld the alumel wire
of a chromel-alumel thermocouple onto the edge of the specimen. The method
was successful for a limited period of time until the etching action of the
solution loosemed the alumel wire, permitting the specimen to drop off,

4, TEST RESULTS
4.1 Ritric Acid

Deburring with and without masgkant was performed in the following
concentrations.

k.1.1 25§ By Weignt

Of all the solutions evaluated, this solution produced the best
leveling. The best leveling occurred at 125°F and 8 amps per square inch.
The time varies with the height of the burr. See Table 1, page 7 and Table
11, page 17, for parameter data. The one disadvantage of this solution was
that it would not round the edges. In an effort to round the edges, approx-
imately .020-inch of the mask was scraped around the edge and removed. This
was not successful, in that the sides of the edges were undercut, producing
more sharp edges. See Tsble 17, page 23, specimens 1 through € and specimen
14, in conjunction with Figure 1, Photographs of specimens 1 through 6,
and 14, are presented on pages 25 and 25.
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4.1.2 508 by Weignt

Thie solution produced leveling, but was not as good as the 25¢% by
veight. Parameter data is shovn in Table 2, page 8.

4.1.3 158 by Weight

There was some leveling produced, although the surface vas pitted
and irregular. The conduction of the solution was considerably low, wvhich
produced a slov deburring rate. See Table 3, page 9, for parameter data.

4.1.4 Concentrated
The conduction of the solution was too low to allov a reaction

betveen the molybdenum and the solution, consequently no deburring was
accomplished, See Table 3, page 9 for parameter data.

k.2 Chromie Sulphuric Acid

This solution is not satisfactory for deburring because of poor
leveling action. A slight polish is produced, which is of little value.
See Table 4, page 10, and Table 12, page 18, for parameter.

L.3 Alcohol - Sulphuric Acid

The inability of this solution to level the burr excludes it as
a possible deburring solution. It also attacks and removes the maskant.
See Table 5, page 11, and Table 13, page 19, for parameter data.

k.4 Mtric-Eydrofluoric Acid

Acceptable leveling action is produced by this solution; however,
its one disadvantage is the high current density necessary for burr re-
moval, See Table 6, page 12, for parameter data,

4.5 Elsctrogleam 55

There was very little leveling action produced by this solutionm,
It also attacks the maskant. A high polish was obtained, vhich is of little
value, See Table 7, page 13 and Table 9, page 15 for perameter data. Be-
cause the solution did have a rounding ability for sharp edges, the edge
wvas leveled first in nitric acid and the mask completely removed. The
Electrogleam 55 treatment was applied and the specimens exhibited a radius
on the edges from ,002-in. to ,006-in. depending on current demsity. This
method produced good results, but a satisfactory manner of racking on the
bare specimen to eliminate rack marks was not achieved. See Table 17, page
23 in conjunction with Pigure 1, photographs 7 through 13. The next step
was to leave the mask on and rack with the point contact method, explained
under section 3, but scraping awvay ,020-in. of the maskant on the sides of
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4.5 Electrogleam 55 (Cont'd.)

the edge. This produced undercutting of the sides, which was not acceptable.
See Table 17, om page 23, Specimen 27TA through 29C in conjunction with Pigure
1, photographs 2TA through 29C on pages 33 - 35.

4.6 Eisetroglesm B8

This solution was not successful in leveling the burr, but did ex-
hibit a rounding of sharp edges. See Table &, page 1k, and Table 10, page
16, for data, The same racking problem was encountered with electrogleam
BS on the bage specimen, as with Electrogleam 55, discussed under Section
L.5. The point contact method of racking was used with the mask left om.
Approximately .020-in., of the maskant was scraped away from the sides of the
edge. The specimen was leveled in nitric acid and the Electrogleam BS
treatment applied. No satisfactory specimens were obtained because of under-
cutting of the sides of the edges. See Table 17 on page 23, and specimens 15
through 18C in conjunction with Figure 1, photographs 15 through 18C, pages
29 and 30.

4,7 Turco 105 Etchant for Steel

Turco 105 was successful in leveling the burr with current densities
ranging from 5 amps per square inch to 20 amps per square inch. Rounding
of the side edges was accomplished on some specimens, but was not repeat-
able, See Table 16, page 24, specimens 30 and 31; also see Table 17, page
23, specimens 19 and 20 in conjunction with Figure 1; photographs 19, 20,
30 and 31, pages 31 and 36.

In an effort to round the edges, approximately .020-in. of the maskant
was scraped from the edges and Turco 105 treatment applied. This did not
prove successful because of undercutting of the sides of the edges. See
Table 17, page 23, specimens 21 through 26, in conjunction with Figure 1, and
photographs 21 through 26. Burnishing of edges was tried by scraping the
edges with a knife after Turco 105 treatment. This proved very successful
and radii were obtained from .005-in. to ,008-in. See Table 18, page 2k,
specimens 39 through 42, in conjunction with Figure 1 and photographs 39
through 42, Specimens were also performed without burnishing of the edges
after Turco 105 treatment. This resulted in very sharp edges vhich were not
acceptable. See Table 18, page 2k, specimens 46 through 48, in conjunction
with Pigure 1, and photographs 46 through 48,

4.8 variations of Turco 105 Steel Etchant

Attempts to improve leveling and rounding of edges by raising and
lovering H+ and NO3~ were unsuccessful. There was some tendency toward
faster removal rates with the higher H+ and = ion concentration, howvever,
this was not substantial, Specimens were run by scraping the mask awvay
at a 45° angle to the edge. This still produced sharp edges, See Table 18,
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4.8 Variations of Turco 105 Steel Etchant (Cont'd.)

page 24, specimens L6 through 48, 49 through 51, and 52 through 56, in com-
Junction with Figure 1, pages 41 - bl and photographs 46 thwegh 48, 49
through 51, and 52 through 56. Attempts to round the =dges by burnishing
vith a knife after leveling vere again successful, with radii ranging from
.005-in. to .0058-in. See Table 18, pege 24, specimens 32 through 3%, 35
through 38, 43 through k5, in conjunction with Figure 1, pages 37, 38 and
40 and photographs 32 through 34, 35 through 38, 43 through k5.

5. ELECTROCHEMICAL DEBURRIRG OF STAINLESS STEEL AND ALUMINUM

Proprietary solution Electropolish BS produced a more satisfactory
polish and rounding of edges than did the Electrogleam 55 on stainless
steel 321, The Electropolish BS produced an RMS of 10 from a rav sample
of RMS 60. The metal removal was much less from Electropolish BS than
Electrogleam 55. See Tables 15 and 16, pages 21 and 22, in conjunction
with Figure 4, page 47. Electropolish BA produced an RMS value of 25-30
from a rav sample of RMS 20-22. See Table 14, page 20, in conjunction
with Figure 3, page L6,

6. CONCLUSIONS AFD RECOMMENDATIONS

25% by weight nitric acid and Turco 105 steel etchant exhibit the
greatest leveling characteristics. However, due to the high cost of make-
up and maintenance of Turco 105 etchant, nitric acid would have the prefer-
ence. Burnishing with a special tool or a pencil-type grinding wheel after
leveling of the burr in nitric acid is recommended in rounding the edges
to a .005-in. radius.
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FIGURE 1 - DEBURRED SPECIMENE - L1k STEFL ETCEANT
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