
l|||||||||||||ll||l||||||||l|||||||||||||||||||||l||||||||||l||||||||||||||||||||||||||||| 
US 20050121332A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2005/0121332 A1 

Kochilla et al. (43) Pub. Date: Jun. 9, 2005 

(54) APPARATUS AND METHOD FOR Publication Classi?cation 
TREATMENT OF METAL SURFACES BY 
INORGANIC ELECTROPHORETIC (51) Int. Cl.7 ........................... .. C25C 7/00; C25D 17/00 
PASSIVATION (52) US. Cl. .......................................... .. 205/316; 204/252 

(76) Inventors: John R. Kochilla, Rock Hill, SC (US); (57) _ _ ABSTRACT 
Craig V_ Bishop, Fort Mill, SC (Us); The present invention relates to an apparatus and a process 
William B_ Staples, Monroe, NC (Us); for electrolytically treatmg a metal surface. The apparatus 
Vincent C_ ()paskar, Chagrin Falls, includes an electrochemical cell Which includes an anodic 
OH (Us) chamber, a cathodic chamber, and a divider separating the 

anodic chamber from the cathodic chamber. The anodic 
chamber has an anode and contains a conductive anodic 

Correspondence Address; medium. The cathodic chamber has, as a cathode, the metal 
Thomas W, Adams surface to be treated, and contains a conductive cathodic 
Renner, ()tto, Boisselle & Sklar’ LLP medium including a silica compound. In one embodiment, 
Nineteenth Floor during operation of the apparatus, the anode remains sub 
1621 Euclid Avenue stantially free of accumulation of foreign materials. In 
Cleveland, OH 44115-2191 (Us) another embodiment, during operation of the apparatus, 

organic or inorganic compounds in the conductive cathodic 
(21) Appl. No.: 10/731,648 medium remain substantially free of oxidation by the anode. 

In one embodiment, the treating comprises deposition of a 
(22) Filed: Dec. 9, 2003 silicon-containing mineral on the metal surface. 

100 118 122 
\\ 1 6 

p120 124\ 

an°dic cathodic 
Chamber chamber 

% 112 %g_ 

—110 



200 \ 

Fig. 2 

300\ 

Fig. 3 

11 

f1 20 

US 2005/0121332 A1 

W 

112 
anodic 
chamber 

cathodic 
chamber 

Fig. 1 

218 222 

[220 / 

212 

i 

ii)” 5 4 

’ 214, 
/ / 

_210 

41 

—110 

412 420 

03 

\\\\\\\\\\\\\\T 
416 

Fig. 5 

418 416 24 

? 
% 

410 
\ 

\ 41 g g \422 



US 2005/0121332 A1 

APPARATUS AND METHOD FOR TREATMENT 
OF METAL SURFACES BY INORGANIC 
ELECTROPHORETIC PASSIVATION 

TECHNICAL FIELD 

[0001] The present invention relates to inorganic electro 
phoretic passivation of conductive surfaces and, more par 
ticularly, to a method for prevention of additive oxidation 
and anode ?lm build-up in apparatus While carrying out 
processes of inorganic electrophoretic passivation of such 
conductive surfaces. 

BACKGROUND OF THE INVENTION 

[0002] In a conventional electrolytic process for forming a 
passivating deposit on or for priming the surface of a 
conductive substrate, such as a metallic or other conductive 
surface, electromotive force is applied to deposit a mineral 
containing coating or ?lm on a metallic or conductive 
surface. The conductive substrate is placed in an electrolytic 
cell containing a solution of the mineral-containing coating 
or ?lm precursor and other additives, and is connected to an 
electrical circuit including an anode and a cathode. In the 
circuit, the conductive substrate forms the cathode, and the 
anode is formed of, e.g., a relatively inert or noble metal, 
such as platinum, platinum coated niobium or platinum 
coated nickel. The current is applied at a voltage and current 
density appropriate to deposit the mineral-containing coat 
ing or ?lm on, or to prime for subsequent coating, the 
metallic or conductive surface of the substrate. 

[0003] As Will be understood, the application of such 
current results in electrolysis of materials (e.g., Water) at the 
anode, including oxidation, as Well as reduction of materials 
at the cathode. For example, oxygen gas may be produced at 
the anode by electrolysis of Water, and hydrogen gas may be 
produced at the cathode. As one result of the oxygen 
production, other additives in the solution and/or the anode 
itself may be oxidiZed. Some of the products of this oxida 
tion may be deposited on the anode, thus interfering With 
and reducing current ?oW. For this reason a relatively inert 
or noble metal is conventionally required in order to avoid 
oxidation of the anode metal. The relatively inert or noble 
metals useful in the conventional system are relatively 
expensive. HoWever, use of such anode metal does not 
completely alleviate the problem of accumulation of depos 
its on the anode in a conventional process. For example, 
silica from a silica-containing electrolytic solution can 
deposit on the anode surface. In addition, additives in the 
solution Which are oxidiZed by the oxygen generated by the 
anode current may accumulate on the anode surface or the 
anode surface itself may be oxidiZed. As a result, even When 
one of the knoWn relatively inert or noble metals is used as 
the anode in a conventional process, the anode must be 
cleaned on at least a daily basis in order to remove accu 
mulated oxidation products and materials resulting from the 
oxidation taking place at the anode. In the conventional 
system, if less expensive metals are substituted for the 
relatively inert or noble metals, the less expensive metals 
may be quickly oxidiZed by the oxidiZing conditions at the 
anode. 

[0004] Accordingly, a need exists for an apparatus and a 
process for depositing a silica-containing mineral on a 
metallic or other conductive surface for, e.g., passivating or 
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priming the metal surface, Which avoids or reduces such 
problems. That is, a need exists for such a process Which can 
proceed Without one or more of deposition on the anode, 
oxidation of additives, precipitation or fouling out of addi 
tives, or oxidation of anode materials. 

SUMMARY OF THE INVENTION 

[0005] The present invention relates to an apparatus and a 
process for electrolytically treating a metal surface. The 
apparatus includes an electrochemical cell Which includes an 
anodic chamber, a cathodic chamber, and a divider separat 
ing the anodic chamber from the cathodic chamber. The 
anodic chamber has an anode and contains a conductive 
anodic medium. The cathodic chamber has, as a cathode, the 
metal surface to be treated, and contains a conductive 
cathodic medium including a silica-containing mineral com 
position. In one embodiment, during operation of the appa 
ratus, the anode remains substantially free of accumulation 
of foreign materials. In one embodiment, the anode itself is 
not substantially oxidiZed. In another embodiment, during 
operation of the apparatus, the conductive cathodic medium 
remains substantially free of oxidation by the anode. In one 
embodiment, the conductive anodic medium is free of 
oxidiZable organic or inorganic additives. In one embodi 
ment, the treating comprises passivation of the metal sur 
face. In another embodiment, the treating comprises priming 
of the metal surface. 

[0006] The present invention further relates to a process 
for electrolytically treating a metal surface. In one embodi 
ment, the process passivates the metal surface. The process 
includes, inter alia, providing a metal surface and providing 
an electrochemical cell. The electrochemical cell includes an 
anodic chamber having an anode disposed therein, and 
containing a conductive anodic medium; a cathodic chamber 
in Which the metal surface may be disposed as a cathode, and 
containing a conductive cathodic medium comprising a 
silica-containing mineral composition; and a divider dis 
posed to separate the anodic chamber from the cathodic 
chamber. In the process, an electric current is applied to the 
electrochemical cell at a rate and period of time sufficient to 
treat the metal surface. In one embodiment, during the 
applying, the anode remains substantially free of accumu 
lation of foreign materials. In another embodiment, during 
the applying, the conductive cathodic medium remains 
substantially free of oxidation by oxygen generated at or by 
the anode. In one embodiment, the conductive anodic 
medium is free of oxidiZable organic or inorganic additives. 
In one embodiment, the treating comprises depositing a 
silicon-containing mineral on the metal surface. In one 
embodiment, the treating comprises passivation of the metal 
surface. In another embodiment, the treating comprises 
priming of the metal surface. 

[0007] In accordance With the foregoing, as explained in 
detail in the folloWing, the present invention provides an 
apparatus and a method Which can proceed Without one or 
more of deposition on the anode, oxidation of additives, 
precipitation or fouling out of additives, or oxidation of 
anode materials. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a schematic depiction of an electrolytic 
cell in accordance With one embodiment of the present 
invention. 
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[0009] FIG. 2 is a schematic depiction of an electrolytic 
cell in accordance With another embodiment of the present 
invention. 

[0010] FIG. 3 is a schematic depiction of an electrolytic 
cell in accordance With yet another embodiment of the 
present invention. 

[0011] FIG. 4 is a schematic depiction of an electrolytic 
cell in accordance With still another embodiment of the 
present invention. 

[0012] FIG. 5 is an enlarged vieW of a container formed 
by an embodiment of the divider. 

[0013] It should be appreciated that for simplicity and 
clarity of illustration, elements shoWn in the Figures have 
not necessarily been draWn to scale. For example, the 
dimensions of some of the elements may be exaggerated 
relative to each other for clarity. Further, Where considered 
appropriate, reference numerals have been repeated among 
the Figures to indicate corresponding elements. 

[0014] It should be appreciated that the process steps and 
structures described beloW do not form a complete process 
How for treating a metal surface or other conductive surface. 
The present invention can be practiced in conjunction With 
techniques currently used in the art, and only so much of the 
commonly practiced process steps are included as are nec 
essary for an understanding of the present invention. 

DETAILED DESCRIPTION 

[0015] The present invention relates to an apparatus and a 
process for treating a metal or electrically conductive sur 
face, for example, by depositing a silica-containing mineral, 
in one embodiment in the form of a coating or ?lm, on the 
metal or electrically conductive surface. While the invention 
is primarily adapted for use With metal or metallic surfaces, 
it should be understood that any conductive surface may be 
treated in accordance With the present invention. The fol 
loWing description refers to a metal surface, but it should be 
understood that as used herein, the term “metal surface” 
includes generally conductive surfaces, be the surface metal, 
metallic, polymeric coated With metal, carbon or graphite, or 
other conductive material, such as a conductive polymer. 
The term “metal surface” as used herein includes a Wide 
range of metal surfaces such as steel, silicon-containing 
steel, iron and iron alloys, Zinc, copper, lead, metalliZed 
ceramics and plastics, conductive polymers, carbon and 
graphite, among other metals and alloys thereof. The metal 
containing surface may also include naturally occurring or 
man-made oxidation and reduction products, e.g., Fe3O4, 
Fe2O3, among others. 

[0016] The silica-containing mineral deposit, in one 
embodiment, comprises a silica-containing material. As 
described herein, the silica-containing material, in one 
embodiment, is obtained from a silica compound. In one 
embodiment, the silica compound is a silicate. 

[0017] The process employs a silica-containing mineral 
composition in the conductive cathodic medium, e.g., the 
conductive cathodic medium contains soluble silica-contain 
ing mineral components, and utiliZes an electrolytic process 
to obtain a silica-containing mineral deposit upon the metal 
surface. In one embodiment, the deposit is in the form of a 
coating or ?lm. The term “silica-containing mineral 
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deposit,” refers to a relatively thin deposit, coating or ?lm 
Which is formed upon the metal surface, in Which at least a 
portion of the deposit, coating or ?lm includes at least one 
silica-containing mineral, for example, an amorphous phase 
or matrix comprising a silicate. In one embodiment, the 
thickness of the coating or ?lm ranges from about 10 
angstroms to about 10,000 angstroms, and in another 
embodiment from about 100 angstroms to about 2500 ang 
stroms. 

[0018] In the foregoing disclosure, as Well as in the 
folloWing disclosure and in the claims, the numerical limits 
of the disclosed ranges and ratios may be combined. Thus, 
for example, in the preceding thickness range, although not 
explicitly stated, the disclosure includes ranges from about 
100 angstroms to about 10,000 angstroms and from about 10 
angstroms to about 2500 angstroms. 

[0019] The terms “electrolysis”, “electrolytic”, or similar 
or cognate terms, refer to a process including passing an 
electrical current from an anode through a conductive 
cathodic medium containing, e.g., a silica-containing min 
eral composition, While the conductive cathodic medium is 
in contact With an electrically conductive substrate, e.g., the 
metal surface, in Which the substrate functions as the cath 
ode. In general, electrolysis is a process that decomposes a 
chemical compound into its elements or produces a neW 
compound by the action of an electrical current. The elec 
trical current is passed trough the electrolytic cell and 
chemical reactions based on oxidation/reduction, acid/base, 
pH, precipitation, heated-driven or siccative conditions 
occur at the electrodes, i.e., at the anode and/or cathode. 

[0020] The apparatus includes an electrolytic cell includ 
ing an anode chamber and a cathode chamber and a divider 
separating these cells. In general, the metal surface to be 
treated Will be immersed in the cathodic chamber, and Will 
act as the cathode in the electrolytic process. 

[0021] FIG. 1 is a schematic depiction of an apparatus 100 
for electrolytically treating a metal surface, in accordance 
With a ?rst embodiment of the present invention. The 
apparatus 100 includes an electrolytic cell 110, having an 
anodic chamber 112 and a cathodic chamber 114. The anodic 
chamber 112 is separated from the cathodic chamber 114 by 
a divider 116. The divider 116 alloWs electrical current and, 
in some embodiments, alloWs selected ions to pass through 
the divider 116, but prevents the passage of other ions and 
molecules. 

[0022] As shoWn in FIG. 1, in the anodic chamber 112 
there is disposed an anode 118, Which is immersed in a 
conductive anodic medium 120. In accordance With one 
embodiment of the invention, the anode 118 may be formed 
of an active, inexpensive metal such as iron, etc. In accor 
dance With this embodiment of the present invention, 
because the anodic chamber 112 is separated from the 
cathodic chamber 114, it is not necessary that the anode be 
coated With or be formed of an inert or relatively unreactive 
metal, as in the prior art. 

[0023] As noted, the present invention enables the use of 
less expensive, more active metals as the anode(s), While at 
the same time avoiding release of ions of the anode material 
into the medium and thence deposition thereof onto the 
metal surface. While in the prior art, anodes Were required 
to be composed of or covered by an inert or noble metal, for 
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example, niobium or nickel plated With platinum, in an 
electrolytic cell according to the present invention, a much 
Wider variety of metals may be employed as the anode. In 
one embodiment of the present invention, the anode com 
prises an active metal free of protection by a noble metal. In 
one embodiment, the anode comprises an uncoated active 
metal. Thus, for example, the anode of the present invention 
may be formed of, e.g., uncoated or unprotected iron, Zinc, 
tin, nickel, steel, Monel®, titanium, or graphite, or any of the 
metals disclosed beloW for use as the metal surface at the 
cathode, Which Would otherWise possibly contaminate the 
cathode metal surface With anode-derived metal atoms. In 
one embodiment of the present invention, the anode metals 
may be prevented from depositing on the cathode metal 
surface. In another embodiment, such as When an ion 
selective divider is used, a metal from the anode may be 
controllably alloWed to deposit on the cathode metal surface. 

[0024] In one embodiment, the anode 118 may be in the 
form of a plate or any other suitable shape, as knoWn in the 
art. As described beloW, in other embodiments, the anode 
may be conformal, either partially surrounding or conform 
ing to a divider; the anode may be surrounded by a divider; 
or the anode may be substantially covered or coated by a 
divider. In one embodiment, more than one anode may be 
used, as needed. The anode shape and number may be 
suitably selected as needed based on factors such as the 
current density, the con?guration of the electrochemical cell, 
the chemistry of the conductive medium and other factors 
knoWn to those of ordinary skill in the art. 

[0025] The anodic chamber 112 contains a conductive 
anodic medium 120. The only limiting criteria for the anodic 
medium is that it be conductive of an electrical current. The 
conductive anodic medium 120 may be acidic, neutral or 
basic. In one embodiment, the conductive anodic medium 
120 is acidic, i.e., has a pH less than 7. In one embodiment, 
the anodic medium has a pH in a range from about 2 to about 
6, and in another embodiment, a pH in a range from about 
3 to about 5. In one embodiment, the conductive anodic 
medium 120 has a basic pH, i.e., has a pH greater than 7. In 
one embodiment, the conductive anodic medium 120 has a 
pH of 9 or greater. In another embodiment, the conductive 
anodic medium 120 has a pH of 11 or greater. 

[0026] The conductive anodic medium 120 contains suit 
able acids, bases, salts and/or buffering agents to attain the 
selected pH. Persons of ordinary skill in the art can deter 
mine and select the appropriate combination of acids, bases, 
salts and/or buffering agents to attain the selected pH. In one 
embodiment, the conductive anodic medium comprises an 
aqueous solution of an alkali or alkaline earth metal hydrox 
ide. In one embodiment, the conductive anodic medium 
comprises an aqueous solution of sodium hydroxide or 
potassium hydroxide. In one embodiment, the conductive 
anodic medium comprises from about 1 Wt % to about 50 Wt 
% of an alkali or alkaline earth metal hydroxide. In another 
embodiment, the conductive anodic medium comprises from 
about 3 Wt % to about 25 Wt % of an alkali or alkaline earth 
metal hydroxide. In another embodiment, the conductive 
anodic medium comprises from about 5 Wt % to about 15 Wt 
% of an alkali or alkaline earth metal hydroxide. In another 
embodiment, the conductive anodic medium comprises from 
about 6 Wt % to about 10 Wt % of an alkali or alkaline earth 
metal hydroxide. 
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[0027] As described in more detail beloW, in one embodi 
ment, the conductive anodic medium 120 in the anodic 
chamber 112 is free of oxidiZable organic or inorganic 
additives. In one embodiment, the conductive anodic 
medium in the anodic chamber is free of oxidiZable organic 
or inorganic compounds. “Free of oxidiZable organic or 
inorganic compounds” means that the conductive anodic 
medium contains substantially no oxidiZable organic or 
inorganic compounds, from any source other than impurities 
and other inadvertently present species. In one embodiment, 
the conductive anodic medium in the anodic chamber is free 
of oxidiZable organic additives. “Free of organic additives” 
means that no organic additives are intentionally placed or 
included in the conductive anodic medium. 

[0028] The conductive anodic medium may be prepared 
by simply dissolving the acid, base, buffering agents and any 
other ingredients in Water, With appropriate temperature 
control as needed to facilitate dissolution. 

[0029] As shoWn in FIG. 1, in the cathodic chamber 114 
there is disposed an object 122, Which is immersed in a 
conductive cathodic medium 124. In accordance With an 
embodiment of the present invention, the object 122 
includes a conductive metal surface. As noted above, the 
conductive metal surface acts an the cathode in the apparatus 
shoWn in FIG. 1. In accordance With an embodiment of the 
present invention, the conductive cathodic medium 124 
includes a silica compound, as described in more detail 
beloW. The object 122 is depicted in FIG. 1 in the form of 
a bolt or screW, but the invention is not limited to such an 
object or to any object in particular. As noted above, the 
object may be any object Which includes a conductive metal 
surface. 

[0030] The conductive cathodic medium 124, as noted, 
includes a silica-containing mineral composition. In one 
embodiment the silica-containing mineral composition con 
tains a Water dispersible silica compound or mixture of such 
compounds, and in one embodiment, the silica compound or 
mixture is at least partially Water soluble. In one embodi 
ment, the silica-containing mineral composition is electro 
lytically deposited on the metal surface of the object 122, in 
order to treat the metal surface. In one embodiment, a 
chemical bond is formed betWeen atoms of the metal surface 
and the silica-containing mineral composition. In one 
embodiment, the treating is passivating the metal surface, 
and in another embodiment, the treating is priming the metal 
surface. In other embodiments, other suitable treatments 
may be applied to the metal surface, as knoWn in the art. 

[0031] In one embodiment, the conductive cathodic 
medium 124 includes a colloidal silica compound. In one 
embodiment, the colloidal silica includes a silicate. In one 
embodiment, the silicate is a sodium silicate. Sodium sili 
cates include silicates have formulae such as Na2SiO3, 
NaZSiZO7 or Na2Si3O7, With variable amounts of Water of 
hydration. 

[0032] In one embodiment, the conductive cathodic 
medium 124 comprises at least one silica- or silicate 
containing compound or precursors thereof, and may be 
referred to as a silica-containing mineral composition. The 
terms silica- and silicate-containing are used interchange 
ably herein. Examples of such silica-containing mineral 
compositions comprise at least one member chosen from the 
group of silica, boro-silicates, magnesium silicate, calcium 
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silicate, potassium silicate, sodium silicate, magnesium sili 
cate, tetraethyl orthosilicate (TEOS), tetramethyl orthosili 
cate (TMOS), silicones, siloxanes, kaolin, Al—Na (SiO2) 
complex oxides, sodium aluminate, silanes, partially hydro 
lyZed ethyl ortho silicate and its reaction products formed 
With quaternary ammonium compounds (e.g., cetyltrimethyl 
ammonium bromide in ethyl alcohol), iron silicate, tetra 
alkyl ammonium salts of silica acids, precursors thereof, 
among others. In one embodiment, the silica-containing 
mineral composition includes colloidal silica that is stabi 
liZed With, e.g., sodium aluminate, ammonium ion, or alu 
mina, that contains ethyl glycol, or other knoWn stabilization 
additives and treatments (such materials are included in 
aqueous solutions commercially available, such as 
Ludox®). In one embodiment, the amount of silica-contain 
ing mineral composition comprises from about 3 Wt % to 
about 65 Wt %, or from about 5 Wt % to about 50 Wt %, or 
from about 10 Wt % to about 35 Wt %, of the conductive 
cathodic medium 124. In an embodiment in Which the 
silica-containing mineral composition comprises a silicate 
such as sodium silicate, the cathodic medium Will have a 
basic pH. In one embodiment, the cathodic medium has a pH 
in the range from about 8 to about 13. In one embodiment, 
the cathodic medium has a pH in the range from about 9.5 
to about 11.5. In another embodiment, the cathodic medium 
has a basic pH Which ranges up to about 14. 

[0033] In one embodiment, the cathodic medium has an 
acidic pH in the range from about 2 to about 7, and in 
another embodiment, the cathodic medium has a pH in the 
range from about 3 to about 5, and in another embodiment, 
the cathodic medium has a pH in the range from about 3.2 
to about 4.5. 

[0034] In one embodiment, the silica compound comprises 
a colloidal silica. Suitable colloidal silica is available from 
PQ Corp. Various grades of colloidal silica are available 
from Philadelphia QuartZ (PQ) Corp., Valley Forge, Pa. In 
one embodiment, the colloidal silica is “N” Grade silica 
from Philadelphia QuartZ Corp., Which also may be referred 
to simply as “PQN silica”. In another embodiment, the 
colloidal silica is “M” grade from Philadelphia QuartZ Corp. 

[0035] In one embodiment, the colloidal silica comprises 
a colloidal silica such as a Ludox® silica, available from E1. 
duPont de Nemours & Co., Inc. Various grades of Ludox® 
silica are available including, for example, Ludox® AM-30 
(30% suspension in Water), Ludox® L5, Ludox® A5-30, 
Ludox® CL, Ludox® TMA (34% suspension in Water) and 
Ludox® SM-30. In one embodiment, the silica compound 
comprises Ludox® AM-30. Other sources and grades of 
colloidal silica may be suitable for use in the present 
invention, and other sources and grades of silica and silicates 
may be suitable for use With the present invention. 

[0036] In one embodiment, the conductive cathodic 
medium may include a mixture of silica-containing materi 
als. For example, in one embodiment, the conductive 
cathodic medium may include from about 1 Wt % to about 
15 Wt % of a colloidal silica such as Ludox® AM-30, 
together With a colloidal silica such as PQN silica, in Which 
the total loading of silica in the conductive cathodic medium 
is in a range from about 3 Wt % to about 65 Wt %. In another 
embodiment, the ?rst colloidal silica (e.g., a Ludox® silica) 
is present in a range from about 2 Wt % to about 10 Wt %. 
In another embodiment, the total loading of silica in the 

Jun. 9, 2005 

conductive cathodic medium is in a range from about 5 Wt 
% to about 50 Wt %. In yet another embodiment, the total 
loading of silica in the conductive cathodic medium is in a 
range from about 10 Wt % to about 35 Wt %. In other 
embodiments, tWo colloidal silicas may be present in any 
relative amount, With a total loading in the above-disclosed 
ranges. 

[0037] In one embodiment, the silica may be a Water 
soluble silicate. As the Water-soluble silicate, for example, 
one represented by formula (I) may be suitable: 

MZOHSIOZ (I) 

[0038] (Wherein M is an alkali metal, or 
—N(CH2CH2OH)4, —N(CH2CH2OH)4, 
—N(CH2CH2OH)2 or —C(NH2)2NH, and n is from 0.5 to 
5). Such a Water-soluble silicate may or may not include 
Water of crystalliZation. 

[0039] A convenient notation for describing the silicate 
compounds useful in the present invention is by use of the 
folloWing general formula (II): 

[0040] Wherein M, M‘ and M“ are ions of Group I, II 
and/or III metals, A and A‘ are independently silicates, 
molybdates, phosphates, Zirconates, titanates, tungstates, 
vanadates, permanganate, pertechnetate, chromate, nitrate, 
carbonates, aluminates, ferrates, and mixtures thereof, 
among others; Wherein W, v, x, y and Z each can be any 
number including Zero but x, y and Z cannot all be Zero 
simultaneously; Wherein a, b, c and d can each be any 
number including Zero but cannot all be Zero simulta 
neously; Wherein mH2O is the Water of hydration and 
generally ranges from Zero to about 10; and Wherein e is an 
integer and generally ranges from Zero to about 4. In one 
embodiment, When the silicate compound represented by 
formula (II) has become bound to the metal surface, at least 
one of M, M‘ and M“ is a metal atom of Which the metal 
surface is comprised. Often, in formula (II), one or more of 
M, M‘ and M“ is calcium, potassium or sodium. 

[0041] Useful silica-containing mineral compositions are 
available from INEOS Silicas, Joliet, Illinois. Such products 
include, for example, MetsoTM, CrystametTM, DrymetTM— 
metasilicates, CrystalTM and SilchemTM—silicate solutions, 
Cros?eldTM K series—potassium silicate, Cros?eldTM L 
series—lithium silicate, CroslinkTM, Cros?xTM, ClaysilTM, 
SilacrosTM—specialty silicates and MacrosorbTM—magne 
sium silicate. Sodium silicate is also available from INEOS 
and is useful as a silica-containing mineral composition. 

[0042] In one embodiment, one or more additional mineral 
components, Which may be other metal compounds, may be 
present in the silica-containing mineral composition. In one 
embodiment, such other mineral components may include 
one or more of molybdenum, chromium, titanium, Zirco 
nium, vanadium, phosphorus, aluminum, iron, boron, bis 
muth, gallium, tellurium, germanium, antimony, niobium, 
magnesium, manganese, tin and Zinc and their oxides and 
salts. The additional mineral component is generally Water 
soluble or dispersible Within the conductive cathodic 
medium. In one embodiment, the additional mineral com 
ponent is present in an amount ranging from about 0.001 Wt 
% to about 5 Wt %, and in another embodiment from about 
0.01 Wt % to about 1 Wt %, based on the Weight of the 
medium. Use of the additional mineral component may 
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provide bene?ts such as enhancing the mineral layer forma 
tion rate, modifying the chemistry and/or physical properties 
of the resultant layer, as a diluent for the electrolyte or 
silicate containing medium, among others. 

[0043] Various additives may be included in the conduc 
tive cathodic medium 124 to aid in the treating of the metal 
surface. In one embodiment, organic or inorganic additives 
may be used, singly or in any suitable combination. In one 
embodiment, such additives, if exposed to the anode, may be 
subject to oxidation. Since these additives are con?ned to the 
cathodic chamber in the present invention, these additives 
may remain free of oxidation Which might otherWise occur 
at or near the anode. 

[0044] If desired, a Wide range of additives can be 
included in the conductive cathodic medium such as vis 
cosity control agents, for example, aliphatic polymer With 
carboxylic acid groups, such as CARBOPOL®, supplied by 
B.F. Goodrich, xantham gum, silica, synthetic minerals such 
as LAPONITE®, supplied by Southern Clay Products, pH 
modi?ers, for example, an alkaline material such as sodium 
hydroxide, potassium hydroxide, triethanolamine, ammo 
nium hydroxide, buffering agents, dyes, surfactants, sol 
vents, among other materials. In one embodiment, the 
amount of additive, When present, comprises from about 1 
Wt % to about 120 Wt % of the silica-containing mineral in 
the medium. 

[0045] Other additives may include, for example, various 
types of AEROSIL® (hydrophilic silicas), polysaccharides 
such as xanthan gum, guar-guar, agar-agar, alginates and 
tyloses, carboxymethyl cellulose and hydroxyethyl cellu 
lose, relatively high molecular Weight polyethylene glycol 
mono-esters and diesters of fatty acids, polyacrylates (such 
as the above-noted CARBOPOL® or SYNTHALENS® 
[Sigma]), polyacrylamides, polyvinyl alcohol and polyvinyl 
pyrrolidone, surfactants such as, for example, ethoxylated 
fatty acid glycerides, esters of fatty acids With polyols, for 
example pentaerythritol or trimethylol propane, narroW 
range fatty alcohol ethoxylates or alkyl oligoglucosides and 
electrolytes, such as sodium chloride and ammonium chlo 
ride. 

[0046] In one embodiment, one or more of catechol, 
resorcinol and hydroxyquinone may be added to the con 
ductive cathodic medium. In one embodiment, the one or 
more of catechol, resorcinol and hydroxyquinone are present 
in an amount ranging from about 0.1 mg/l to about 10 g/l of 
the conductive cathodic medium. In another embodiment, 
the one or more of catechol, resorcinol and hydroxyquinone 
are present in an amount ranging from about 0.5 mg/l to 
about 1 g/l of the conductive cathodic medium. In another 
embodiment, the one or more of catechol, resorcinol and 
hydroxyquinone are present in an amount ranging from 
about 0.001 mg/l to about 100 mg/l of the conductive 
cathodic medium. 

[0047] ACquaTM220 is another lubricant additive Which 
may be suitably included in the conductive cathodic medium 
124 in the cathodic chamber. ACquaTM220 is an aqueous 
dispersion of the Zinc salt of an ethylene-acrylic copolymer, 
available from Michelman, Inc., Cincinnati, Ohio. In one 
embodiment, the ACquaTM220 is present in an amount 
ranging from about 0.1 vol % to about 50 vol % of the 
conductive cathodic medium. In another embodiment, the 
ACquaTM220 is present in an amount ranging from about 0.5 
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vol % to about 10 vol % of the conductive cathodic medium. 
In another embodiment, the ACquaTM220 is present in an 
amount ranging from about 1 vol % to about 5 vol % of the 
conductive cathodic medium. Other ACquaTM may also be 
useful as an additive. 

[0048] In one embodiment, the conductive cathodic 
medium 124 in the cathodic chamber 114 contains at least 
one organic or inorganic compound Which Would oxidiZe if 
in the conductive anodic medium 120. In one embodiment, 
the organic or inorganic compound is one of the foregoing 
additives in the conductive cathodic medium 124. In one 
embodiment, the at least one organic or inorganic compound 
in the conductive cathodic medium may be oxidiZed during 
the operation. This oxidation, if it occurs, is a result of the 
treatment process applied to the metal surface, and is not the 
direct result of oxidation by, e.g., oxygen generated by 
electrical current passing from the anode into the conductive 
anodic medium 120 in the anodic chamber 112. Thus, in one 
embodiment, any such oxidation is con?ned to the cathodic 
chamber 114, and in another embodiment, any such oxida 
tion is con?ned to a region near the metal surface to be 
treated, as opposed to the conductive cathodic medium 124 
as a Whole, or as opposed to a region near the divider, or as 
opposed to in the anodic chamber 112. 

[0049] The conductive cathodic medium may be prepared 
by simply dissolving the silica-containing mineral compo 
sition, together With any optionally present acid, base, 
buffering agents, additives, lubricants and any other ingre 
dients in Water, With appropriate temperature control as 
needed to facilitate dissolution. 

[0050] In one embodiment, it is helpful to prepare the 
cathodic medium, When it Will include both a LUDOX® 
colloidal silica and a silicate, to combine substantially all of 
the Water With the silicate, mix this thoroughly, and then add 
the LUDOX®. The resulting dispersion is slightly haZy. If 
both ingredients are combined With Water at or near the same 
time, the resulting dispersion may be White and/or cloudy. It 
does not appear that any performance difference results 
betWeen the media prepared by these tWo methods. 

[0051] Divider 

[0052] In one embodiment, the divider comprises at least 
one of a salt bridge, an ion-selective membrane, a sol-gel, an 
ion-selective anode coating, an anode-conforming ion-se 
lective membrane and a porous ceramic such as used in a 
Daniel cell. 

[0053] In one embodiment, membranes have been found 
to be useful as the divider. In various embodiments, the 
ion-selective membrane may be anionic, cationic, bipolar or 
charge-mosaic type membrane. The anionic membrane may 
also be referred to as an anion-exchange membrane, and the 
cationic membrane may also be referred to as a cationic 
exchange membrane. A bipolar membrane is an ion-ex 
change membrane having a structure in Which a cationic 
membrane and an anionic membrane are attached together. 
A charge-mosaic membrane is composed of a tWo-dimen 
sional or three-dimensional alternating cation- and anion 
exchange channels throughout the membrane. In one 
embodiment, a combination of an anionic and a cationic 
membrane is used, With the anionic-selective membrane on 
the anode side and the cationic-selective membrane on the 
cathode side. In another embodiment, a combination of an 
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anionic and a cationic membrane is used, With the cationic 
selective membrane on the anode side and the anionic 
selective membrane on the cathode side. In such combina 
tions of anionic and cationic, the membranes are separated 
at least slightly during use, in distinction to a bipolar 
membrane, in Which the tWo membranes are attached 
together. In one embodiment, the bipolar ion-selective mem 
brane is disposed With its cationic side toWard the cathode 
and its anionic side toWards the anode, and in another 
embodiment, in the opposite con?guration. Any knoWn 
anionic, cationic, bipolar or charge-mosaic membrane may 
be used, and appropriate membranes may be selected from 
those knoWn in the art. 

[0054] Exemplary ion-selective membranes can be made 
from materials such as NAFION®, per?uorosulfonate iono 
mers and polyper?uorosulfonic acid; ethylene-styrene inter 
polymer (ESI) available from DoW Chemical; sulfonated 
polyarylether ketone, such as VICTREX® PEEKTM, poly 
benZimidaZole, available as PBI® from Celanese GmbH. 

[0055] In one embodiment, a microporous material may 
also be used as the divider. For example, in one embodiment, 
the porous ceramics such as those used in Daniel cells may 
be used as the divider in the present invention. 

[0056] In one embodiment, the divider may be prepared 
by a method such as that disclosed in US. Pat. No. 5,590, 
383, or any of those disclosed in the background section of 
this patent. The disclosures of US. Pat. No. 5,590,383 
relating to microporous membranes is incorporated herein 
by reference, including in particular the book by Ramesh 
Bhave, Inorganic Membranes (van Nostrand, 1991) and the 
article by Y. S. Lin and A. J. Burggraaf, J. Amer. Ceram. 
Soc., Vol. 4, 1991, p. 219. 

[0057] In one embodiment, the divider may be a salt 
bridge or a sol-gel bridge. A salt bridge can provide the 
electric connection betWeen the anodic chamber and the 
cathodic chamber While keeping the tWo chambers sepa 
rated. The salt bridge alloWs electrons to transfer betWeen 
the tWo chambers. The salt bridge may contain, for example, 
NaCl, KCl, KNO3, or other salts such as alkaline, alkaline 
earth and transition metal salts. 

[0058] In one embodiment, the sol-gel bridge may include, 
for example, a silicate sol-gel With a conductive medium 
attached, adhered or bonded thereto, the conductive medium 
including, for example, graphite or a conductive polymer as 
noted beloW, such as polyaniline or polyvinylpyridine. 

[0059] In other embodiments, the divider may be a coating 
on the anode Which Would avoid oxidation of species in the 
surrounding medium. An example of such is shoWn in FIG. 
3. The coating may be, for example, one of the polymeric 
materials disclosed above for use as an ion-selective mem 

brane, or may be a porous ceramic material. 

[0060] In one embodiment, the divider may be any of 
those described above con?gured as a container disposed 
relatively close to, but not in contact With, the anode. An 
example of such is shoWn in FIGS. 4 and 5. 

[0061] In one embodiment, When the electrochemical cell 
is operated With an uncoated steel anode With a constant 
potential applied across the electrochemical cell, substan 
tially no loss of current How is observed and substantially no 
anode residue is produced after 30 minutes. In one embodi 
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ment, in operation the anode remains substantially free of 
accumulation of foreign materials for a period of about 24 
hours or more, and in another embodiment, for a period of 
about 48 hours or more of operation of the apparatus. Such 
foreign materials Would include, for example, products of 
oxidation of materials in the anodic medium, Which might 
result from oxidation by oxygen generated at the anode. As 
is knoWn in the art, When a current is applied at the anode, 
electrons entering an aqueous solution from the anode 
hydrolyZe Water and generate oxygen gas at or near the 
anode. In the absence of the divider of the present invention, 
such oxygen causes oxidation of oxidiZable organic and/or 
inorganic species present in the medium in Which the anode 
is placed. 

[0062] In one embodiment, the divider is other than a 
coating on the cathode. Since the cathode in most embodi 
ments is the metal surface to be treated, the metal surface 
needs to be exposed to the silicate or other treatment 
materials in solution, so in such embodiment, having the 
membrane disposed on or very close to the cathode Would 
not facilitate the desired reaction. 

[0063] In one embodiment, the divider comprises a sol 
gel, and in another embodiment a sol-gel membrane. A 
sol-gel is a colloidal suspension of particles of silica, alu 
mina or a combination of silicon-based material or alumina 
With organic compounds, that is gelled to form a solid. The 
resulting porous gel can be formed as a membrane and used 
directly as the divider or may be ?rst chemically modi?ed. 
In one embodiment, a sol-gel membrane Which is an 
organic-inorganic hybrid, Which has been referred to as a 
ceramer, may be employed as the divider. For example, 
TEOS (tetraethylorthosilicate) may be coupled With poly 
mers such as poly(methyl) methacrylate, poly(vinyl acetate), 
poly (vinyl pyrrolidone), poly (N,N-dimethylamide), polya 
niline, polyvinylpyridine and graphite, and these may be 
made into ?lms or membranes suitable for use as the divider. 
Other knoWn sol-gel materials may be used as Well. Other 
conductive polymers Which may possibly be used With the 
sol-gel membranes as a divider include, for example, 3,4 
polyethylene dioxythiophene polystyrene sulphonate 
(PEDT/PSS); polyvinylpyrrolidone (PVP), poly (vinyl pyri 
dine-co-vinyl acetate) (PVPy-VAc), polymethacrylic acid 
(PMAA), poly (hydroxyethylacrylate-co-methacrylic acid) 
(PHEA-MAA) and poly (2-hydroxyethyl methacrylate) 
(PHEMA); polyvinylbutyral (PVB). Other knoWn conduc 
tive polymers may be used in conjunction With porous 
membranes as a divider in other embodiments. 

[0064] FIG. 2 is a schematic depiction of an apparatus 200 
for electrolytically treating a metal surface, in accordance 
With another embodiment of the present invention. The 
apparatus 200 includes an electrolytic cell 210, having an 
anodic chamber 212 and a cathodic chamber 214. The 
anodic chamber 212 is separated from the cathodic chamber 
214 by a divider 216. The divider 216 alloWs electrical 
current and, in some embodiments, alloWs selected ions to 
pass through the divider 216, but prevents the passage of 
other ions and molecules. The divider 216 may be formed of 
any of the materials disclosed above With regard to the ?rst 
embodiment. 

[0065] As shoWn in FIG. 2, in the anodic chamber 212 
there is disposed an anode 218, Which is immersed in a 
conductive anodic medium 220. The anode 218 in this 
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embodiment is a conformal anode, in Which the conformal 
anode 218 at least partially surrounds and/or conforms to the 
shape of the divider 216. Although shoWn as partially 
surrounding the divider 216, in one embodiment the con 
formal anode 218 may surround the divider 216, either as a 
band (i.e., covering the sides and having an open top and 
bottom) or as a partial enclosure (i.e., surrounding the sides 
and the bottom but With an open top). These alternate 
embodiments are not shoWn, but should be Within the skill 
in the art. 

[0066] As noted With regard to the ?rst embodiment, in 
accordance With one embodiment of the invention, the 
anode 218 may be formed of an active, inexpensive metal 
such as iron, etc. In accordance With this embodiment of the 
present invention, because the anodic chamber 212 is sepa 
rated from the cathodic chamber 214, it is not necessary that 
the anode be coated With or be formed of an inert metal, as 
in the prior art. 

[0067] The anodic chamber 212 contains a conductive 
anodic medium 220. The conductive anodic medium 220 
may be acidic, neutral or basic and may have any of the pH 
values disclosed above With regard to the ?rst embodiment. 
The conductive anodic medium 220 contains suitable acids, 
bases, salts and/or buffering agents to attain the selected pH. 
Persons of ordinary skill in the art can determine and select 
the appropriate combination of acids, bases, salts and/or 
buffering agents to attain the selected pH. 

[0068] As described in above, in one embodiment, the 
conductive anodic medium 220 in the anodic chamber 212 
is free of oxidiZable organic additives. 

[0069] As shoWn in FIG. 2, in the cathodic chamber 214 
there is disposed a container 222, Which is at least partially 
immersed in a conductive cathodic medium 224. The con 
tainer 222 may be a barrel or other enclosure as is knoWn in 
the electrodeposition arts for treating a plurality of relatively 
small parts, in Which the container rotates, oscillates or 
otherWise moves to ensure uniform exposure of the parts to 
the electrolytic medium. In one embodiment, the container 
222 includes a non-conductive surface, but contains inside 
the barrel conductive metal parts for treatment in accordance 
With the present invention. As noted above, the conductive 
metal parts in the barrel 222 act as the cathode in the 
apparatus shoWn in FIG. 2. In accordance With an embodi 
ment of the present invention, the conductive cathodic 
medium 224 includes a silica compound, as described 
above. The container 222 is depicted in FIG. 2 in the form 
of an oblong or elliptical shape, but this embodiment of the 
invention is not limited to such a shape or any shape 
container in particular. As noted above, the container may be 
any container Which is capable of exposing the parts inside 
the container to the conductive cathodic medium 224 in a 
Way Which results in the formation of a regular, even deposit 
on the surface of the parts. As in all embodiments of the 
present invention, the parts may comprise any kind of metal 
or conductive objects. 

[0070] The conductive cathodic medium 224, as noted, 
includes a silica compound. The silica compound may be 
electrolytically deposited on the metal surface of the parts in 
the barrel 222, in order to treat the metal surface. In one 
embodiment, the treating is passivating the metal surface, 
and in another embodiment, the treating is priming the metal 
surface. In other embodiments, other suitable treatments 
may be applied to the metal surface, as knoWn in the art. 
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[0071] The conductive cathodic medium 224 in this 
embodiment may include any of the silica compounds 
disclosed above With regard to the ?rst embodiment, and are 
not repeated here for brevity. 

[0072] The embodiment illustrated in FIG. 2 depicts both 
the conformal anode 218 and the barrel 222, used together 
With the divider 216 to Which the conformal anode 218 
conforms, but it is not so limited. In one embodiment, the 
barrel may be disposed in the cathodic chamber of an 
apparatus such as shoWn in FIG. 1. In another embodiment, 
a conformal anode is used surrounding a divider similar to 
the divider 216, but in Which one or more objects such as the 
object 122 are suspended as the cathode(s). 

[0073] In one embodiment, the conductive cathodic 
medium 224 in the cathodic chamber 214 contains at least 
one organic or inorganic compound Which Would oxidiZe if 
in the conductive anodic medium 220. In one embodiment, 
the organic or inorganic compound is one of the foregoing 
additives in the conductive cathodic medium 224. In one 
embodiment, the at least one organic or inorganic compound 
in the conductive cathodic medium may be oxidiZed during 
the operation. In one embodiment, such oxidation, if it 
occurs, is a result of the treatment process applied to the 
metal surface, and is not the direct result of oxidation by, 
e.g., oxygen generated by electrical current passing from the 
anode into the conductive anodic medium 220 in the anodic 
chamber 212. Thus, in one embodiment, any such oxidation 
is con?ned to the cathodic chamber 214, and in another 
embodiment, any such oxidation is con?ned to a region near 
the metal surface to be treated, as opposed to the conductive 
cathodic medium 224 as a Whole, or as opposed to a region 
near the divider, or as opposed to in the anodic chamber 212. 

[0074] FIG. 3 illustrates yet another embodiment of the 
present invention. FIG. 3 is a schematic depiction of an 
apparatus 300 for electrolytically treating a metal surface, in 
accordance With another embodiment of the present inven 
tion. The apparatus 300 includes an electrolytic cell 310, 
having a cathodic chamber 314, but no separate anodic 
chamber. The apparatus 300 includes an anode 318 and a 
divider 316. In this embodiment, the anode 318 is separated 
from the cathodic chamber 314 by the divider 316. In this 
embodiment, the divider surrounds, and in one embodiment, 
is applied to the surface of, the anode 318. The divider 316 
alloWs electrical current and, in some embodiments, alloWs 
selected ions to pass through the divider 316, but prevents 
the passage of other ions and molecules. The divider 316 
may be formed of any of the materials disclosed above With 
regard to the ?rst embodiment. 

[0075] As noted With regard to the ?rst and second 
embodiments, in accordance With one embodiment of the 
invention, the anode 318 may be formed of an active, 
inexpensive metal such as iron, etc. In accordance With this 
embodiment of the present invention, because the anode is 
covered or coated With the divider 316, it is not necessary for 
it to be coated With or be formed of an inert metal, as in the 
prior art. 

[0076] Other elements of the electrolytic cell 310 of this 
embodiment are substantially the same as described for the 
?rst and second embodiments, so the description thereof is 
not repeated here. 

[0077] FIG. 4 illustrates yet another embodiment of the 
present invention. FIG. 4 is a schematic depiction of an 



US 2005/0121332 A1 

apparatus 400 for electrolytically treating a metal surface, in 
accordance With another embodiment of the present inven 
tion. The apparatus 400 includes an electrolytic cell 410, 
having a cathodic chamber 414, and a greatly reduced 
anodic chamber 412, Which contains an conductive anodic 
medium 420. The apparatus 400 includes an anode 418 and 
the divider 416. As shoWn in FIG. 4, the anodic chamber 
412 is de?ned by a divider 416, Which forms a container in 
Which the anode 418 is disposed. In this embodiment, the 
anode 418 and the anodic chamber 412 are separated from 
the cathodic chamber 414 by the divider 416. In this 
embodiment, the divider surrounds, and in one embodiment, 
forms a container around, the anode 418. The divider 416 
alloWs electrical current and, in some embodiments, alloWs 
selected ions to pass through the divider 416, but prevents 
the passage of other ions and molecules. The divider 416 
may be formed of any of the materials disclosed above With 
regard to the ?rst embodiment. 

[0078] As noted With regard to the ?rst and second 
embodiments, in accordance With one embodiment of the 
invention, the anode 418 may be formed of an active, 
inexpensive metal such as iron, etc. In accordance With this 
embodiment of the present invention, because the anode is 
surrounded or contained by the divider 416, it is not neces 
sary for it to be coated With or be formed of an inert metal, 
as in the prior art. 

[0079] As noted With respect to the ?rst and second 
embodiments, in this fourth embodiment, in one embodi 
ment, the conductive cathodic medium 424 in the cathodic 
chamber 414 contains at least one organic or inorganic 
compound Which Would oxidiZe if in the conductive anodic 
medium 420. The same description applies to this fourth 
embodiment, but is not repeated here for brevity. 

[0080] Other elements of the electrolytic cell 410 of this 
embodiment are substantially the same as described for the 
?rst, second and third embodiments, so the description 
thereof is not repeated here. 

[0081] FIG. 5 is an enlarged vieW of the container formed 
by the divider 416, and Which surrounds the anode 418. As 
shoWn in FIG. 5, the anodic chamber 412 is de?ned by a 
divider 416, Which forms the container Which holds the 
conductive anodic medium 420 and in Which the anode 418 
is disposed. 

[0082] As shoWn in FIG. 4, the container formed by the 
divider 416, as With the divider 116, for example, separates 
the anode 418 and the conductive anodic medium 420 from 
the conductive cathodic medium 424. Thus, in one embodi 
ment, the upper edges of the container formed by the divider 
416 extend above the liquid level of the conductive cathodic 
medium 424. In another embodiment, not shoWn, the con 
tainer formed by the divider 416 may completely enclose the 
anode 418 and the conductive anodic medium 420. In this 
latter embodiment, the sides of the container formed by the 
divider 416 Would extend above the anode 418 and com 
pletely enclose it. In this embodiment, the anode 418 and the 
container formed by the divider 416 could be submerged in 
the conductive cathodic medium 424. 

[0083] In one embodiment, the conductive cathodic 
medium 114, 214, 314 or 414 in the cathodic chamber 
further comprises a lubricant. In one embodiment, the lubri 
cant comprises one or more of a polyethylene Wax, PTFE, a 
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hydrocarbon oil or a vegetable oil, a chlorinated paraf?n, a 
phosphate ester, a sulfuriZed oil, a sulfuriZed fat, a poly-ot 
ole?n, a polyglycol, and a carboxylic ester. In other embodi 
ments, other knoWn lubricants may be included in the 
conductive cathodic medium. 

[0084] In one embodiment, a lubricant is added to assist in 
obtaining a consistent, uniform surface on the metal surface. 
In one embodiment, the lubricant is added to assist in 
obtaining a coef?cient of friction Which results in a desirable 
torque-tension relationship. In one embodiment, the lubri 
cant is added to assist in obtaining an optimum lubricity so 
that in post-forming deformation, such as bending of the 
metal, damage to coatings on the metal surface is avoided or 
substantially reduced. For example, industry standards, such 
as GMW 3044 and Ford WZlOO and WZ101 relate to 
torque-tension requirements for metals Which may include a 
metal surface treated in accordance With an embodiment of 
the present invention. In one embodiment, the lubricants 
contribute to torque retainment, an important safety-related 
feature. 

[0085] The conductive cathodic medium 114, 214, 314 or 
414 in the cathodic chamber may further comprise other 
organic or inorganic compounds. Such organic compounds 
may include, for example, alkanes, haloalkanes, alcohols, 
ethers, thiols, alkenes, alkynes, aromatics, aldehydes, 
ketones, carboxylic acids, alkanoyl halides, anhydrides, 
esters, amides, nitrites, amines, inorganic complexes and 
inorganic ions. These compounds are examples of com 
pounds Which, if exposed to the anode in a conventional 
apparatus or in the anodic medium, Would be subject to 
oxidation or other decomposition, resulting in the negative 
effects sought to be avoided by the present invention. 

[0086] In the prior art, in Which a similar process Was 
carried out in a single, un-divided electrolytic chamber, the 
presence of organic or inorganic compounds and lubricants, 
such as those listed above, in the electrolytic chamber, could 
result in one or more of several problems. The organic or 
inorganic compounds Were likely to be oxidiZed by oxygen 
generated at the anode and/or Were likely to accumulate in 
decomposed form on the anode. The presence of the oxi 
diZed materials in the electrolytic medium could result in 
additional problems such as unWanted chemical reactions 
With other ingredients, unWanted chemical reactions With 
and/or deposition upon the cathode material, and reduction 
in ef?ciency of the process due to interference With electro 
lytic current ?oW. Accumulation of decomposition products 
on the anode could result in reduction in efficiency of the 
process due to interference With electrolytic current ?oW, 
chemical reaction With the anode material, and need to clean 
frequently the anode to remove such decomposition prod 
ucts, Which Would result in doWntime and in additional 
exposure of personnel to the chemicals in the electrolytic 
medium. 

[0087] The oxidiZable organic or inorganic compounds, 
e.g., materials and additives Which may be present in the 
conductive cathodic medium and Which Would be subject to 
oxidation in a single container electrolytic cell include, for 
example, organic and inorganic chelating and complexing 
agents, organic and inorganic brighteners, cross-linking 
additives, silanes, siloxanes and partially oxidiZed silicon 
compounds, detergents, surfactants and Wetting agents, 
foam suppressants and similar materials knoWn in the art for 
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use in electrolytic treatments. In one embodiment, the oXi 
diZable organic or inorganic compounds include any of the 
additives disclosed above for possible addition to the con 
ductive cathodic medium. 

[0088] In one embodiment of the present invention, one or 
more of these problems are substantially avoided, and in one 
embodiment, all of these problems are substantially avoided, 
as a result of the divider 116, 216, 316 and 416 in the 
electrochemical cell 100, 200, 300 or 400, respectively. By 
use of the divider, it is possible to employ a conductive 
anodic medium 120 or 220 or 420 Which is signi?cantly 
different from the conductive cathodic medium 124 or 224 
in the cathodic chamber 114 or 214. For eXample, the 
conductive anodic medium may comprise a simple aqueous 
solution of, for eXample, sodium hydroxide substantially 
free of any organic additives, While the conductive cathodic 
medium may comprise, for eXample, a complex miXture of 
organic and inorganic compounds as needed for the speci?c 
treatment of the metal surface. The use of the divider alloWs 
avoidance or signi?cant reduction of the prior art problems 
noted above, Which result from eXposure of the anode to 
various additives Which Would be present in the undivided 
electrolytic medium. 

[0089] Process 

[0090] The metal surface to be treated in accordance With 
the present invention may be pre-treated or cleaned in 
accordance With conventional methods. Such methods are 
employed for removing oils and debris that could interfere 
With the treatment process. An eXample of a pre-treatment 
including, for eXample, hydrogen peroXide Wash, and rinse 
With Water and/or a solvent, or a hot alkali cleaning folloWed 
by a Water rinse. The metal surface can also be pre-treated 
in accordance With other conventional methods such as 
phosphating, chromating, molybdating, vanadating, Zircon 
ating, and titanating, among other metal treatment processes. 

[0091] The folloWing is a list of parameters Which may be 
varied for tailoring the inventive process to obtain a desir 
able treatment of the metal surface: 

[0092] 1. Voltage applied 

[0093] 2. Current density applied 

[0094] 3. Time of current How 

[0095] 4. Concentration and type(s) of silica-containing 
mineral composition in cathodic medium 

[0096] 5. Concentration and type(s) of other anions in 
either anodic or cathodic medium 

[0097] 6. Concentration and type(s) of other cations in 
either anodic or cathodic medium 

[0098] 7. Apparatus or cell design or con?guration, 
including divider con?guration 

[0099] 8. Composition of the anode 

[0100] 9. Composition of the cathode 

[0101] 10. Temperature 

[0102] 11. Pressure (usually atmospheric) 

[0103] 12. Concentration and type(s) of additives in the 
cathodic medium 
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[0104] The speci?c ranges of the above and any other 
parameters depend on the substrate to be deposited on and 
the intended composition to be deposited. Items 4-6 and 12 
can be especially effective in tailoring the chemical charac 
teristics of the coating. Items 1-3, 10 and 11 can affect the 
deposition time and physical characteristics such as the 
coating thickness. Items 7 and 8 can be appropriately and 
more easily modi?ed as a result of the invention. The 
differing types of additional anions and cations have been 
disclosed above, and can further comprise Group I metals, 
Group II metals, transition and rare earth metal oXides, 
oXyanions such as molybdate, phosphate, titanate, others 
such as boron nitride, silicon carbide, aluminum nitride, 
silicon nitride, and miXtures of any of the foregoing, among 
others. Item 9 can affect choices made for all the other 
variables. 

[0105] In one embodiment, the present invention relates to 
a process of treating a metal surface, including steps of 
providing a metal surface; providing an electrochemical cell, 
in Which the electrochemical cell includes an anodic cham 
ber having an anode disposed therein, and containing a 
conductive anodic medium; a cathodic chamber in Which the 
metal surface may be disposed as a cathode, and containing 
a conductive cathodic medium comprising a silica com 
pound; and a divider disposed to separate the anodic cham 
ber from the cathodic chamber; applying an electric current 
to the electrochemical cell at a rate and period of time 
suf?cient to treat the metal surface. In one embodiment, the 
treating includes depositing a coating or ?lm of a silicon 
containing mineral. In one embodiment, the treating is 
passivating or priming the metal surface. 

[0106] In one embodiment, the electrical current is applied 
to the electrochemical cell as a continuous DC current. In 
another embodiment, the electrical current is applied to the 
electrochemical cell as a pulsed DC current. In another 
embodiment, the electrical current is applied to the electro 
chemical cell as a pulsed DC current With periodic reversal. 
In one embodiment, the pulsed DC current is applied to the 
electrochemical cell as a square Wave, as a saWtooth Wave, 
or in other Waveforms knoWn in the art. In another embodi 
ment, the electrical current is applied to the electrochemical 
cell as pulse recti?cation With periodic reversal. 

[0107] In one embodiment, the conductive anodic medium 
has a basic pH. In one embodiment, the conductive anodic 
medium is substantially free of oXidiZable organic additives. 
Due to the divider, Which in one embodiment is at least one 
of a salt bridge, an ion-selective membrane, a sol-gel, an 
ion-selective anode coating, an anode conforming ion-se 
lective membrane or a porous ceramic, the oXidiZable 
organic or inorganic materials Which may be present in the 
conductive cathodic medium are not oXidiZed by the anode 
in the process. Thus, for eXample, in one embodiment the 
conductive cathodic medium further comprises a lubricant. 
In one embodiment, the lubricant includes one or more of a 
polyethylene Wax, PTFE and a hydrocarbon or vegetable oil. 

[0108] As a further result of using the divider, the anode 
may be made of or include an active metal, and may be free 
of protection by a noble metal. Thus, in one embodiment, the 
anode includes an uncoated active metal. 

[0109] As a result of using the divider, the electrochemical 
cell may be operated With an uncoated steel anode applying 
a current across the electrochemical cell Without loss of 
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current ?oW for periods of time Which Were not previously 
attainable. In one embodiment, substantially no loss of 
current How is observed and substantially no anode residue 
is produced after 30 minutes of operation With an uncoated 
steel anode With a constant potential applied. In another 
embodiment, during the time the current is applied, the 
anode remains substantially free of accumulation of foreign 
materials. In another embodiment, during the time the 
current is applied, organic or inorganic chemical species in 
the conductive cathodic medium remain substantially free of 
oxidation by oxygen generated at the anode. 

EXAMPLES 

[0110] The folloWing examples are provided to further 
illustrate embodiments of the present invention and are not 
intended to limit the invention in any Way. 

[0111] Except as otherWise stated, all examples are carried 
out in an electrochemical cell similar to that shoWn in FIG. 

1. “Standard IEP” is a proprietary Inorganic Electrophoretic 
Passivation material commercially available from Elisha 
Technologies Co., Moberly, Mo., under the trade name 
Elisha CM Treatment Solution. This solution is believed to 
contain from about 5 to about 50 Wt % of a silica-containing 
mineral composition, such as PQN-grade silica and 
LUDOX® AM-30 colloidal silica, as disclosed in US. Pat. 

No. 6,455,100, Which is incorporated herein by reference for 
its teachings relating to silica-containing mineral composi 
tions and deposition thereof. 

Example 1 

[0112] 

Divider: cationic selective membrane 
Anode: iron 

Anodic medium: 6.25 Wt % NaOH in Water 

Cathode: Zinc 
Cathodic medium: Std. IEP + 0.001 g/l catechol 

Temp.: RT 
Time: 10 min. 

Begin voltage: 12 v. End voltage: 12 v. 

Begin current: 0.5 amp End current: 0.5 amp 

Example 2 

[0113] 

Divider: anionic selective membrane 
Anode: iron 
Anodic medium: 6.25 Wt % NaOH in Water 
Cathode: Zinc 
Cathodic medium: Std. IEP + 0.001 g/l catechol 
Temp.: RT 
Time: 10 min. 
Begin voltage: 12 v. End voltage: 12 v. 
Begin current: 0.5 amp End current: 0.5 amp 
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Example 3 

[0114] 

Divider: anionic selective membrane 
Anode: iron 
Anodic medium: 6.25 Wt % NaOH in Water 
Cathode: Zinc 
Cathodic medium: Std. IEP + 0.001 g/l catechol + 1% v. ACqua 220 
Temp.: RT 
Time: 10 min. 
Begin voltage: 12 v. End voltage: 12 v. 
Begin current: 0.5 amp End current: 0.5 amp 

[0115] Some foaming is observed at the cathode. 

Example 4 

[0116] 

Divider: anionic selective membrane 
Anode: nickel 
Anodic medium: 6.25 Wt % NaOH in Water 
Cathode: Zinc 
Cathodic medium: Std. IEP + 0.001 g/l catechol + 1% v. ACQUA 220 
Temp.: RT 
Time: 30 min. 
Begin voltage: 13 v. End voltage: 13 v. 
Begin current: 1.1 amp End current: 1.1 amp 

Example 5 

[0117] 

Divider: anionic selective membrane 
Anode: iron 
Anodic medium: 6.25 Wt % NaOH in Water 
Cathode: iron 
Cathodic medium: Std. IEP + 0.001 g/l catechol + 1% v. ACqua 220 
Temp.: RT 
Time: 30 min. 
Begin voltage: 13 v. End voltage: 13 v. 
Begin current: 1 amp End current: 1 amp 

Example 6 

[0118] 

Divider: anionic selective membrane 
Anode: iron Hull cell plate 
Anodic medium: 6.25 Wt % NaOH in Water 
Cathode: Zn plated Hull cell plate 
Cathodic medium: Std. IEP 
Temp.: 1150 F. (~46° C.) 
Time: 10 min. 
Begin voltage: 12 v. End voltage: 12 v. 
Begin current: 1.25 amp End current: 1.25 amp 

[0119] In each of the foregoing Examples 1-6, the treat 
ment process proceeds Without decrease in the applied 
current, Without buildup of deposits on the anode, and 
Without detectable oxidation of any species in the conduc 
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tive cathodic medium. In each of the foregoing Examples 
1-6, the treatment process results in the formation of a 
silica-containing mineral deposit on the surface of the cath 
ode. 

[0120] The silica-containing mineral deposit formed in 
each of the foregoing Examples 1-6 is similar to that 
obtained by the process disclosed in US. Pat. No. 6,455,100. 

Comparative Example 1 

[0121] 

Divider: none 

Anode: nickel 
Anodic medium: none — carry out in single chamber 

Cathode: Zn 
Cathodic medium: Std. IEP + 0.001 g/l catechol + 1% v. ACqua 220 
Temp.: RT 
Time: 30 min. 
Begin voltage: 13 v. End voltage: 13 v. 
Begin current: 1.1 amp End current: <0.5 amp 

[0122] A White residue accumulates on the anode. 

[0123] As shoWn by Comparative Example 1, When the 
treatment is carried out in a single chamber, a reduction in 
current is observed, Which indicates oxidation of organic 
species by oxygen at the anode and accumulation of decom 
position products on the anode, either or both of Which 
contribute to the loss of current ?oW. 

Comparative Example 2 

[0124] 

Divider: none 

Anode: iron 
Anodic medium: none — carry out in single chamber 

Cathode: Zn 
Cathodic medium: Std. IEP + 0.001 g/l catechol + 1% v. ACqua 220 
Temp.: RT 
Time: 30 min. 
Begin voltage: 13 v. End voltage: 13 v. 
Begin current: 1.5 amp End current: 0.9 amp 

[0125] Black residue accumulates on the anode. 

[0126] As shoWn by Comparative Example 2, When the 
treatment is carried out in a single chamber, a reduction in 
current is observed, Which indicates oxidation of organic 
species by oxygen at the anode and accumulation of decom 
position products on the anode, either or both of Which 
contribute to the loss of current ?oW. In this example, 
accumulation of black residue on the anode indicates that 
oxidation is occurring at or near the anode. 

[0127] While the invention has been explained in relation 
to various of its embodiments, it is to be understood that 
other modi?cations thereof Will become apparent to those 
skilled in the art upon reading the speci?cation. Therefore, 
it is to be understood that the invention disclosed herein is 
intended to cover such modi?cations as fall Within the scope 
of the appended claims. 
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1. An apparatus for electrolytically treating a metal sur 
face, comprising 

an electrochemical cell, Wherein the electrochemical cell 
comprises 

an anodic chamber having an anode disposed therein, 
and containing a conductive anodic medium; 

a cathodic chamber containing the metal surface as a 
cathode, and containing a conductive cathodic 
medium comprising at least one silica-containing 
mineral composition; and 

a divider separating the conductive anodic medium 
from the conductive cathodic medium. 

2. The apparatus of claim 1, Wherein the treating com 
prises depositing a coating or ?lm of a silicon-containing 
mineral by operation of the apparatus. 

3. The apparatus of claim 1, Wherein the conductive 
anodic medium has a pH of about 9 or higher. 

4. The apparatus of claim 1, Wherein the conductive 
anodic medium is free of oxidiZable organic or inorganic 
additives. 

5. The apparatus of claim 1, Wherein the conductive 
cathodic medium contains at least one organic or inorganic 
compound Which Would oxidiZe if in the anodic chamber. 

6. The apparatus of claim 5, Wherein the at least one 
organic or inorganic compound remains substantially free of 
oxidation during operation of the apparatus. 

7. The apparatus of claim 1, Wherein the divider com 
prises at least one of a salt bridge, an ion-selective mem 
brane, a sol-gel, an ion-selective anode coating, an anode 
conforming ion-selective membrane and a porous ceramic. 

8. The apparatus of claim 1, Wherein the conductive 
cathodic medium further comprises a lubricant. 

9. The apparatus of claim 8, Wherein the lubricant com 
prises one or more of a polyethylene Wax, PTFE, a hydro 
carbon oil, a vegetable oil, a chlorinated paraf?n, a phos 
phate ester, a sulfuriZed oil, a sulfuriZed fat, a poly-ot-ole?n, 
a polyglycol, and a carboxylic ester. 

10. The apparatus of claim 1, Wherein the anode com 
prises an active metal free of protection by a noble metal. 

11. The apparatus of claim 1, Wherein the anode com 
prises an uncoated active metal. 

12. The apparatus of claim 1, Wherein When the electro 
chemical cell is operated With an uncoated steel anode With 
applying an electric current at a constant potential across the 
electrochemical cell, substantially no loss of current How is 
observed and substantially no anode residue is produced 
after 30 minutes. 

13. The apparatus of claim 1, Wherein in operation of the 
apparatus the anode remains substantially free of accumu 
lation of foreign materials. 

14. The apparatus of claim 1, Wherein in operation of the 
apparatus organic or inorganic compounds in the conductive 
cathodic medium remain substantially free of oxidation by 
oxygen generated at the anode. 

15. The apparatus of claim 1, Wherein the conductive 
cathodic medium comprises one or more of catechol, resor 
cinol and hydroxyquinone. 
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16. A process of treating a metal surface, comprising 

providing a metal surface; 

providing an electrochemical cell, Wherein the electro 
chemical cell comprises: 

an anodic chamber having an anode disposed therein, 
and containing a conductive anodic medium; 

a cathodic chamber containing the metal surface as a 
cathode, and containing a conductive cathodic 
medium comprising at least one silica-containing 
mineral composition; and 

a divider separating the conductive anodic medium 
from the conductive cathodic medium 

applying an electric current to the electrochemical cell at 
a rate and period of time sufficient for treating the metal 
surface. 

17. The process of claim 16, Wherein the treating com 
prises depositing a coating or ?lm of a silicon-containing 
mineral. 

18. The process of claim 16, Wherein the conductive 
anodic medium has a basic pH. 

19. The process of claim 16, Wherein the conductive 
anodic medium is free of oXidiZable organic or inorganic 
additives. 

20. The process of claim 16, Wherein the conductive 
cathodic medium contains at least one organic or inorganic 
compound Which Would oXidiZe if in the anodic chamber. 

21. The process of claim 16, Wherein the divider com 
prises at least one of a salt bridge, an ion-selective mem 
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brane, a sol-gel, an ion-selective anode coating, an anode 
conforming ion-selective membrane and a porous ceramic. 

22. The process of claim 16, Wherein the conductive 
cathodic medium further comprises a lubricant. 

23. The process of claim 22, Wherein the lubricant com 
prises one or more of a polyethylene Wax, PTFE, a hydro 
carbon oil, a vegetable oil, a chlorinated paraf?n, a phos 
phate ester, a sulfuriZed oil, a sulfuriZed fat, a poly-ot-ole?n, 
a polyglycol, and a carboXylic ester. 

24. The process of claim 16, Wherein the anode comprises 
an active metal free of protection by a noble metal. 

25. The process of claim 16, Wherein the anode comprises 
an uncoated active metal. 

26. The process of claim 16, Wherein When the electro 
chemical cell is operated With an uncoated steel anode With 
the applying an electric current at a constant potential across 
the electrochemical cell, substantially no loss of current How 
is observed and substantially no anode residue is produced 
after 30 minutes. 

27. The process of claim 16, Wherein during the applying 
an electric current, the anode remains substantially free of 
accumulation of foreign materials. 

28. The process of claim 16, Wherein during the applying 
an electric current, organic or inorganic compounds in the 
conductive cathodic medium remain substantially free of 
oxidation by oXygen generated at the anode. 

29. The process of claim 16, Wherein the conductive 
cathodic medium comprises one or more of catechol, resor 
cinol and hydroXyquinone. 


