An Electropolishing
Primer

A user’s guide to applications, quality standards and specifications . . .

placement for mechanical fin-as a metallic salt of the chemicals.
ishing, polishing, buffing and Because of the high voltage (six to

mass finishing. In addition to making10 volts) and amperage (25 to 1,000
a part’s surface smoother, it is a morasf), microscopic high points (peaks)
visible means of brightening, deburrare selectively “deplated” faster than
ing, passivating, stress relieving andower-current-density areas (valleys).
otherwise improving the physicalElectropolishing is basically reverse
characteristics of most metals anglating, and, since high-current den-
alloys. sity areas on plated parts are charac-

History. The first reference to terized as burn areas, it follows that
electropolishing was found in 1912 high-current-density areas dissolve
when the Imperial German governfaster in electropolishing.
ment issued a patent for the finishing Metal removal is controllable and
of silver in a cyanide solution. can be held to 0.0001 to 0.0025 inch.

Further experimentation continuedAfter electropolishing, the metal sur-
however, the next significant ad-face is bright, clean and microscopi-
vancement was not made until 193%ally smooth.
when copper was successfully The part's surface condition prior
electropolished. Following this, stain-to electropolishing and process con-
less steel and other metals also werteols determines smoothness and
successfully electropolished. Dur+eflectivity. Conditions that may re-
ing World War Il new formulas and sult in a poor electropolished finish
results were developed. Dozens ohclude improper annealing, over
new patents were registered betweggickling, heat scale, large grain size,
1940 and 1955. directional roll marks, insufficient

The Process.In electropolishing, cold reduction or excessive cold
metal is dissolved in an anodic filmworking. Because electropolishing
highly saturated with chemicals thatemoves metal, these flaws are ex-
dissolve basis metal at a current derposed and more pronounced after
sity allowing a steady transfer of solidprocessing.

E lectropolishing is used as a re{basis metal) into the adjacent film,
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Process control determines the The bath. Many chemical combi-
guality and consistency of the finish.nations are used for electropolishing,
Using the proper electrolyte is im-depending on the basis metal. The
perative. Temperature control andmost widely used are the sulfuric-
bath monitoring are also essentialphosphoric acid combinations, with
Temperature should be maintainedr without chromic acid. The chro-
at 120F. This can be achieved bymic acid buffers the chemical attack
covering the tank when not in use.and provides more latitude in subse-
Critical chemistry factors are spe-quent rinsing after electropolishing.
cific gravity, acid concentration and For solutions not containing chro-
metal content. Clean, ripple-free DCmium, copper racks can be used. Ti-
current is needed to drive thetanium racks may be used if not con-
process. nected to the cathode. For solutions

The real “art” of electropolishing that use chromium or its salts, con-
lies with the operator who musttacts may be spring steel, copper
configure a cathode for optimum pol-plated or cold-worked copper. How-
ishing in inaccessible areas, cornergver, in either case, the contacts
and areas of low-current density. Theshould be tin or tin-lead plated
operator must also know where,0.00025- to 0.000-inch thick to pre-
when and how to agitate either thevent copper contamination of the bath.
electrolyte or the part to prevent gas- Properly controlled electropolish-
sing streaks, flow marks and otheiing enriches the stainless steel sur-
imperfections. face with chromium. A consistent

Heating and/or cooling coils in the chromium-rich oxide layer is pos-
tank are best located behind the cathsible when the atomic concentration
ode but care must be taken to allowof chrome exceeds the iron in the
good solution flow around and acrosssurface layer. This is measured using
the coil’'s surface. Stainless steel coilan Auger Electron Spectroscopy
are best protected from stray curren(AES). AES analysis also measures
by having them hooked up to thedepth and extent of surface
source of cathode current at five asfpassivation.
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Electropolishing maximizes sur-one-fourth of the coefficient restored
face passivation because the sourd®y a mechanically finished surface.
contains low levels of iron in zero Electropolished Castings. Vari-
oxidation states. ous alloys are used in most castings,

Sulfide, precipitated carbides andnaking them less suitable for
other impurities are also measure@lectropolishing. The major excep-
using AES. The end grain surfaces ofion is stainless steel.
free-machining stainless grades such Electropolished stainless steel cast-
as Type 303 and 416 will appeaings will be brightened but will be
frosty after electropolishing becauseneither as smooth as strip stock nor
sulfide is removed. Type 302 stain-obtain the same mirror finish. The
less steel will pit if the annealingprocess decontaminates and passi-
process fails to re-dissolve the prevates the metal surface, however, it

cipitated carbides. may remove the surface of the cast-
ing, exposing sub-surface porosity.
Properties of Electropolished Surfaces Electropolishing cannot smear over

Surface Roughness.A profilo- or conceal defects such as seams and
meter measures surface roughnesmn-metallic inclusions in metals.
using Ra (roughness average) or REeavy orange peel, mold-surface tex-
(equal to RMS, root mean square)ture and rough scratches are not re-
Both are measured in microinchesnoved and require an initial cut down
and denote the smoothness of groundith abrasives.
or machined surfaces. However, the Applications. Electropolishing can
profilometer cannot accurately readbe used on difficult and hard-to-
the distance between the “peaks” antlandle parts and those with deep re-
“valleys.” cesses. It is also good for applica-

Electropolishing processes may retions where cathodes can be used and
duce peaks from substantial points tevhere individual processing become
insignificant mounds without chang-labor intensive. Specific applications
ing the peak-to-peak distance at thinclude jet aircraft turbine compres-
same ratio. However, microscopicsor blades, bearing, smoothing heat-
examination of the electropolisheding coils, hypodermic needles, pipe,
surface will show up to a 90 pcttubing, stampings, wire goods, valves,
reduction in surface area and up to apinnings, forgings, fittings, fasten-
50 pct improvement in profilometerers, sheet metal, castings and
readings. drawings.

Friction Reduction. Electro- When used for storage tanks, reac-
polishing reduces the coefficient oftor vessels, heat exchangers and agi-
friction of metals. The process re-tators, it reduces part wear, reduces
moves or rounds off the small surfacedhesion, contamination, corrosion
projections, yielding a coefficient of and friction, while improving heat-
friction that measures approximatelyjtransfer efficiency.
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Defects. High quality electro- spection. A microscopic evaluation
polished parts should have a brillianis necessary where a “maximum” fin-
luster and reflectivity. The smootherish is required and where the surface
the part surface, the higher the brilcondition must be documented.
liance and reflectivity after For example, a buffed surface of-
electropolishing. Finished partsten appears to be electropolished.
should be free from frosting, shad-Either finish yields the same surface
ows, irregular patterns, streaks, wafinish profilometer readings. Only
ter spots, pits, orange peel, erosiophotomicrographs of the two surfaces
and a pebbly appearance. Under higwould show the difference between
magnification the surface should showthe two surfaces. The electropolished

no grain boundaries. surface would be featureless, while
the buffed surface would show layers
How to Specify Electropolishing of smeared, disturbed and damaged

Step One Specify the correct metal metal, as well as embedded abrasive
alloy. For example, a general materiand buffing compound.
als specification to manufacture a Electropolishing removes metal.
part from 300 series stainless stedt does not move it or wipe it. The
alloy can create problems. Some 306urface of the metal is microscopi-
steels are better to electropolish. Typeally featureless, with no torn sur-
316 generally polishes better tharface remaining. The basic surface of
304. Type 303 has sulfide thatelectropolished metal is bright and
may not allow for high-grade clean. PF
electropolishing.

Step Two.Use sample coupons to
help deter-mine the exact ﬁ-nal ﬁniSI‘-]'Abstracted from“Electropolishing — A User’s
You may find you ne_Ed an mte.rmedl'Guide", with permission from Delstar, a division of
ate stop of mechanical abrasive polpelaronde Corp., Austin, Texas.
ishing prior to electropolishing.

Step Three. Decide if any me-
chanical polishing will be required. .
Multiple passes of finer abrasive grits . More Information?
are recommended for best resultsTo obtain more information on products
Coqrse grits of less .thé!” 8(.) Sh.OUId b%r processes mentioned in this article,
avoided. Electropolishing is directly gjrcle corresponding numbers on the
related to the condition of the partReader Service Card.
prior to processing. Electropolishing Electropolishing ................. Circle 281

does not remove digs, gouges " ,
: . To request an additional copy of this
scratches or other distortions. article, write on company letterhead to

Recognizing a quality finish. «pesihis ¢/ PRODUCTS FINISHING,
High-quality electropolishing can ggoq Glough Pike, Cincinnati, OH 45244.
usually be identified by visual in-
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