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Sharp edges left after cbealcal icLlllog aad blanfclng are presently 
being necbanlcally restored at hl^ cost, fbe sharp edges vould be areas 
of hl^ current density In electrocheaical operations and could be easily 
reaored in electrochemical solutions.

the criteria of a good electrochcBleal deburrlng solution vere 
lerellng characteristics and renoral rate. %xlous solutions vere eral- 
uated for breaking sharp edges on molybdenum, among them being 25S by vei^t 
nitric acid, nltrlc-hydrofluorlc acid solution for milling molybdenum and 
variations of Tureo I05 steel etchant. These solutions vere successful 
In a leveling action on sharp burrs, but vould not round the side edges.
A coadblnatlon of nitric acid leveling and side edge burnishing produced 
the most promising results.

Aluminum and stainless steel deburrlng vas evaluated In proprietary 
solutions, vlth good results obtained In polishing and breaking of sharp 
edges.

PREPARED Sr i.
Telpt Bitglneer

AKUKRTED BT
Chief, Structu^ imljOTatory Imboxatory Project fiiglnaer
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1. OBJKT

To determlae the eJlectrochemleal techniques end solutions required 
to reaoTe sharp edges which result in chemical milling and blanking.

2. MATEmLS AHB SOLUTZCMS

(1)

(2)

(3)

^5)

fTi
to seren parts

Molybdenum per M(S-l8U 
Aluminum inB-T6 per KIL-A-9I80 
Stainless Steel, 17-7 pH per MI1/-S-25043,
321 per MIL-S-6721 
Electro-Gleam 33 (Mac Dervid Inc.)

Electropollsh Be (Mac Demid Inc.)

Electropolish BA (Mac Dermld Inc.)

Sulfuric acid - alcohol polish 
One part concentrated sulj^uric acid 
methyl alcohol (95^)

(8) Rltrlc acid 
50S by weight 
23i by weight 
75^ by weight 
Concentrated.

(9) Chromic-Sulphuric acid
U.3|( l>y volume, concentrated sulphuric acid, 
chromic acid .17 Ib/gal, and remainder mater.

(10) KLtric acid (l+2*Be') h3i by volume - hydrofluoric acid 
(70^) 3.3$ liy volume - remainder water.

(11) Turco 105 steel etchant
(a) ?e(H05)3 9H2O - 370 gms

FeCl3 6HpO - 236 gas

H3PO4 70? - 12U mis

*Cl3 .6H2O - 51 gM

HCl 12.4R - 121 mis

water to make 1 liter

(b) as (a) adjusted to H+ ■ 6.OR and RO3 “ *».5R

(12) 4l40 Steel etchant
H+ - 6.5 R, HO3 2 2.7R

(13) Inconel 7I8 etchant
H+ - 3.0 R, R(^ - 2.5R

3. TEST PROCEDDRE

Approximately 4 liters of each of the solutions listed in Section 2 
were prepared. Rie specimens were first deburred with the mask left on. 
They were cleaned by l*erslon in Prosolve B for 3 minutes at 150*5 rinsed 
in hot water, then cold. A spot was bared on the specimen by scraping

MAC IftCv t AwG ei
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avay a portloD of the nask. A clip vaa attached to the bare spot and the 
epectnen lowered Into the solution up to, but not Including the clip. The 
speciaen was deburred and then renoved and rinsed In cold water. Exaaln- 
atlon of each specli^n run was performed with the aid of a microscope.

nie next step was to run a different set of specimens by removing 
the mask. The mask was soaked loose and removed In cold trichloroethylene. 
They were InmierBed in Prosolve B for 5 minutes at 150*P and rinsed in hot 
water, then cold. The specimen was clipped and Immersed in the deburrlng 
solution up to, but not including the clip. It was then removed and rinsed 
In cold water. Examination was made for metal removed, leveling of the 
burr, and surface finish. At one time during the testing, production speci­

mens were submitted for deburrlng. 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 Plgure 2, page 45. Another 
method for racking (to reduce rack marks) was to spot-weld the aluMl wire 
of a chrome1-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 loosened the alumel wire, permitting the specimen to drop off.

4. TEST RESULTS

4.1 Ritrlc Acid

Deburrlng with and without maskant was performed in the following 
concentrations.

4.1.1 251^ By Weight

Of all the solutions evaluated, this solution produced the best 
leveling. The best leveling occurred at 125T and 6 amps per square Inch. 
The time varies with the height of the burr. See Table 1, page 7 and Thble 
11, page 17, for parameter data. 'Rie one disadvantage of this solution was 
that It would not round the edges. In an effort to round the edges, approx- 
Imtely .020-inch of the mask was scraped arouni the edge and removed. This 
was not successful, In that the sides of the edges were undercut, producing 
more sharp edges. See Table 17, page 23, specimens 1 through 6 and specimen 
14, in conjunction with figure 1, Photographs of specimens 1 through 6, 
and 14, are presented on pages 25 and 26.
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U.1.2 50i by Weight

This solution y>.-oduced lerellng, but ves not ss good as the 25^1 by 
weight. Peieiaeter data Is shotwn la table 2, page 8.

>♦.1.3 73H by Weight

There was sc«e lereliag produced, although the surface was pitted 
aad Irregular. The conduction of the solution was considerably low, which 
produced a slow deburring rate. See table 3, page 9, for paraaeter data.

*♦.!.** Ooncentrated

The conduction of the solution was too low to allow a reaction 
between the nolybdenum and the solution, consequently no deburring was 
accoaq>Ushed. See table 3, page 9 for paraaetcr data.

*A.2 Chrowlc Sulphuric Acid

this solution Is not satisfactory for deburring because of poor 
lewellng action. A slight polish Is produced, which Is of little walue.
See ^ble U, page 10, and table 12, page 18, for paraaeter.

I*.3 Alcohol - Sulphuric Acid

The Inability of this solution to lerel the burr excludes It as 
a possible deburring solution. It also attacks and reaores the aaskant.
See table 5, page 11, and Table 13, page 19, for paraaeter data.

U.U ntrlc-Rydrofluorlc Acid

Acceptable lerellng action Is produced by this solution; bowerer. 
Its one dlsadrantage Is the high current density necessary for burr re> 
aoral. See table 6, page 12, for paraaeter data.

U.5 KUctrogleaa 55

There was rery little lerellng action produced by this solution.
It also attacks the naakant. A high polish was obtained, which Is of little 
ralue. See table 7, page 13 and Table 9, page 13 for paraaeter data. Be­

cause the solution did hare a rounding ability for sharp edges, the edge 
was lereled first In nltrl? acid and the mask conpletely reaored. The 
Electrogleaa 33 treatasnt was applied and the speclaens exhibited a radius 
on the edges from .002-ln. to .006-ln. depending on current density. This 
aethod produced good results, but a satisfactory aanner of racking on the 
bare speclaen to ellmlDate rack narks was not achlered. See Tkble 17, page 
23 In conjunction with Plgure 1, photographs 7 through 13. The next step 
was to leare the aask on and rack with the point contact aethod, e]q>lalned 
under section 3, but scraping away .020-in. of the naskant on the sides of
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U.5 gleetroglw 55 (Oont'd.)

tbt «dge. This produced uadercuttlDg of the sldea, vhleh was not acceptable. 
See Thble 17, on page 23, Speclaen ZJk through 29C in conjunction vith Figure 
1, photographs ZJk through 29C on pages 35 - 35-

4.6

This solution was not successful in lerellng the burr, but did ex> 
hiblt a rounding of sharp edges. See Table 8, page 14, and Table 10, page 
16, for data. Rie sane racking problen was encountered vith eleetrogleaa 
BS on the base speeinen, as with Electrogleaa 35, discussed under Section 
4.3. The point contact nethod of racking was used with the aask left on. 
Approxinately .020-ln. of the maekant vas scraped away froa the sides of the 
edge. The specimen vas 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 1? on page 23, and specimens 13 
through 18c in conjunction with Figure 1, photographs 13 through l8c, pages
29 and 30.

4.7 Turco 103 Etchant for Steel

Turco 103 was successful in leveling the burr with current densities 
ranging from 3 amps per square inch to 20 amps per square inch. Rounding 
of the side edges vas acconpllshed on scae specimens, but vas not repeat­

able. See Table I6, page 24, specimens 30 and 51; also see Table 17, page 
23, specimens 19 and 20 in conjunction with Figure 1; photographs 19, 20,
30 and 51, pages 51 and 56.

In an effort to round the edges, approxlnately .020-ln. of the maskant 
vas scraped from the edges and Turco I03 treatment applied. This did not 
prove successful because of undercutting of the sides of the edges. See 
Table 17, pege 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 I05 treatment. This proved very successful 
and radii were obtained from .005-in. to .008-ln. See Table I8, page 24, 
specimens 39 through 42, in conjunction with Flgxire 1 and photographs 39 
through 42. Specimens were also performed without burnishing of the edges 
after Turco I05 treatment. This resulted in very sharp edges which were not 
acceptable. See Table I8, page 24, specimens 46 through 48, in conjunction 
with Figure 1, and photogimi^a 46 through 48.

4.8 variations of Turco I03 Steel Etchant

Attesipts to improve leveling and rounding of edges by raising and 
lowering and HO3" were unsuccessful. There was some tendency toward 
faster removal rates with the hl^er H+ and ion concentration, however, 
this vas not substantial. Specimens were run by scraping the mask away 
at a 45* angle to the edge. This stlU produced sharp edges. See Table 18,

■ac
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page 24, apeelnens 46 through 48, 49 through 51, and 52 through 56, in con­

junction vlth Figure 1, pages 41-44 and photo^phs 46 Ikm^ 49 
through 51, and 52 throu^ 56. Atteapts to round the edges hy burnishing 
vlth a knife after lerellng vere again successful, with radii ranging froa 
.005-ln. to .0058-ln. See ftible 18, page 24, speclaens 32 through 34, 35 
through 36, *a3 through 45, In conjunction with Figure 1, pages 37, 38 and 
40 and photographs 32 through 34, 35 through 36, 43 throu^ 45.

5. KtECroOCBagGAL EBBOHglBP OF STAIHIBSS STm. AHD ALOMDiai

Proprietary solution Klectropollsh BS produced a aore satisfactory 
polish and rounding of edges than did the Electrogleaa 55 on stainless 
steel 521. The llectropollsh BS produced an RMS of 10 fro* a raw saaple 
of RMS 60. The metal removal vas auch less from ElectropoUsh BS than 
Electrogleaa 55. See TSbles 15 and 16, pages 21 and 22, In conjunction 
with Figure 4, page 47. ElectropoUsh BA produced an RMS value of 25-30 
froa a raw sample of RMS 20-22. See Table 14, page 20, In conjunction 
with Figure 3, page 46.

6. OOHCLUSIORS ABD RECOWffiHnATIOJIS

25^ by weight nitric acid and Turco I05 steel etchant exhibit the 
greatest leveling characteristics. However, due to the hi^ cost of make­

up and maintenance of Turco I05 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 recoonended in rounding the edges 
to a .005-ln. radius.

HAC ?9<u tAFV I AlCp B1
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rm F El*ctroch«aical Deburrlng of Molybdenum^ Aluminum 

and Stainless Steel _ _ 

TEST PARTS ON IBM 0 : ON TPL 

PRODUCTION PARTS FOR TEST NOT REQUIRED Ê 

MÒ&L 

Mise. 
ãpCw"" 
None 

WORK REQUESTED 

OBJECTIVE (GIVE PURPOSE OF TEST. WORK ARO DATA REQUIREa 
INCLUDING SERVICE HISTORY ANO BACKGROUND INFORMATION) 

1.0 OBJECT 
£&'/• A Cn 

Co 6 

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

2.0 HISTORY AM) JUSTIFICATION 

Sharp edges left after chemical milling and blanking 
are presently being mechanically removed at high 
cost. During mechanical removal delamination may 
occur, particularly with molybdenum and its alloys. 
Some parts are also complicated in geometrical shape 
adding to the high cost of removed. 

The sharp areas would be areas of high current density 
in electro-chemical operations and should be easily 
reduced in electrochemiced solutions. It is 
necessary to test various solutions for bree&ing 
sharp edges and to select the solution most suitable 
for each material. 

3,0 MATERIALS AND SOLUTIONS 

3.1 Molybdenum per MMS-1Ö4. 
3.2 Aluminum 717Ö-T6 per MIL-A-91Ô0. 
3.3 Stainless Steel, 17-7FH per MIL-S-25043, 321 

per MIL-S-672I. 

NOTE: Chem-blanked parts of molybdenum and 
chem-milled parts of aluminum and stain¬ 
less will be furnished by Dept. 272. 

3.4 Electro-Gleam 55 (MacDermid Inc.) 
3.5 Electropolish BS (MacDermid Inc.) 
3.6 Electropolish BA (MacDermid Inc.) 

REFERENCES OR ENCLOSURES 

Ç£V >3 août AcTJAir 

IU 7-Cv 

48 
Ã478 
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NOTE: The above solutions will be furnished by Department 272. 

3.7 Sulfuric acid - alcohol electro polish. 

3.8 Chromic-sulfuric acid electro polish. 

4.0 PROCEDURE 

4.1 Make up one gallon of each solution as follows: 

4.1.1 Solutions of paragraph 3.4 through 3.6 will be made up per vendors 

literature furnished by Dept. 272. 

4.1.2 Sulfuric acid-alcohol polish: 

One part concentrated sulfuric acid to seven parts methyl alcohol 

{951°)• Anode current density - 4 ASI. Cathode - Stainless Steel. 

Temperature - Room Temperature. 

4.1.3 Nitric acid 50 percent (by weight). Temperature 30-105 F. 

4.1.4 Chromic-S'ulfuric Acid - 11.3$,by volume, concentrated sulfuric acid, 

Chromic acid.17 lb./gal., and the remainder water. Cathode - 

Stainless Steel. 

4.2 Chemical Deburring Tests 

4.2.1 Chem-deburr the sharp edges of the following masked materials in 

listed solutions as follows: 

Solution Materials 

Electro-Gleam 55 Molybdenum 
Stainless Steel 

Aluminum 

Electropolish BA 

Electropolish BS 

Paragraph 4.1.2 

4.1.3 
4.1.4 

Aluminum 

Stainless Steel 

Molybdenum 

Molybdenum 

Molybdenum 

Molybdenum 

4.2.2 Immerse the part (anodic) in solution and apply amperage at the. 

middle of the range suggested by vendor literature or rate speci¬ 

fied in 4.1.2 for solutions of paragraph 4.1.2 through 4.1.4. 

NOTE: Use copper clips for attachment of parts in MacDermid 

solutions and stainless clips for remainder of solutions. 

If clips are immersed in solutionna maskant shall be 

anplied to prevent attack of clip. 
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4.2.3 Vary the amperage, length of chem-deburring time, and concentration 
of solution until a miaimuiu chem-deburr time requirement is obtained 
for breaking all sharp edges to an approximate O.OO5 inch radius 
with minimum undercut. 

4.2.4 Repeat the test as listed in paragraph 4.2 with the maskant removed. 
Chem-polish the surface until a maximum smoothness is obtained by 
varying the amperage and solution concentration. 

5.0 RESULTS 

5.1 Current density, temperature, concentration, time, voltage, and calculated 
area used to produce O.OO5 inch radius of each metal,surface finish of 
unmasked chem-polish surfaces (RMS reading) and metal removal rate. 

5.2 List any unusual characteristics of solutions noticed while chem-polishing 
which might produce detrimental effect in production such as temperature 
increase and effect of materials on maskant. Also, state effective life 

of solutions without additions. 
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