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Upon being duly cautioned, \Ve, Keith R., Eidschun and Joshua Cloakey, joint inventors of the

invention of Method and Cornposition fix l\1etal Finishing'', hereby declare individually that

al1 statements made herein of my o\vn kno\vledge are true and that all statements made on

information and belief arc believed to be true and further that false statements and the like so

rnade are punishable by fine, irnprisonment or both under Section 1 OOl of Title l 8 of the
••• ·s C· d {· ·8 rt • } }d •Urted States ode, an:. tat sch wrai, vase statements may jeoparurze te va tty o# ue

application and any parent issued pursuant thereto.

The resent patent application discloses an anodizing svstens for use in usd&zing oi ahuinum,t . ,_ ..... ... ·~· .

magnesium er alloys thereoL A. series of experiments \vere conducted to support unexpected

results \.Vith respect to the cited prior art of Windsor-Bowen (G.B. 396,743, 193:2) (hcreinalkr
Windsor} as well as current orventioal anodizing systems.

Exgcriment l

}n the first xnerimer° we stomp} to dot:mine ttg an'ie coeino ttjckuess om s 7975.... ,.. \,.. t· . ·'- .......... _,.)..:t,~ "' \,. A.A Mw • Mia. .« .- L i..t $ &. • A w. . ..... . Ms » 2 a

almninurn panel as the anode and cathode using the parameters set forth in \Vindsor, \Vindsor



requires a solution containing a proportion of sulfuric acid and sodiurn sulfate equivalent to

25% to 55% with the proportions of each being l of suifuric acid to 3.2 of sodium sulfate. A

40%, solution was prepared \.Vhi.:h contained 400 g/L of sulfuric acid and 1280 g/L of sodium

sulfate, vvhich is \Vithin the pnrarneters given in Windsor, Windsor also requires use of an

oxidizing agent, such as sodimn persulfate, at a proportion of 1% or kss. Applicant used

between 0,1 gr! 0.5% (0.2g±. to 0.5 g/L) sodfon1 persulfate, which is within the pararneters

disclosed in \.Vindsor, \Vindsor discloses that treatment is conducted by current of 80 V DC or

more \vith the current density being l to 5 amperes per square foot. Applicant applied 90 V DC,

which is within the parameters listed by Windsor. Amperes were rot able to be measured as

discussed below for safety reasons. Temperature is not discussed in \Vindsor thus a temperature

of 6.5°F \Vas used as it is known in the art to use temperatures of hetween 62F to 68F. fable

bdo\v summarizes th,~ parameters of \Vindsor and the parameters used in the experiment:

TABLE 1

•... ....ET, 1-
Solution composition i Ratio of 1 :3.2 of su1furi;;; Sulfuric acid 400 g/L

acid to sodium sulfate Sodium sulfate l 280 g/L
Raio 1:3.2

Oxidizing 3gcnt
conccntrntinn

-······················-- ..•..... ··········-····-······················································· ···············~~- ----·······~
Oxidizing agent Na or K nitrate i Na persulJatc i
composition Na or K_: pe."rsu!fatc I i
Sohperborate. i
Voltage >80 V DC •90V DC
Amps 1-5 arps/sq. ft.

safotv concerns
·---·······················-·--·------i

l
-----------------------!
Aluminun-1 1

1

< 1 ininutc due to safety .
concerns '

Unable to measure due to

Temperature Not given
Known in the art to ,._;se
between G2F to 6%

Substrate type
Processing time

iuminar ad Al a!1oys
Not given

The test was conducted on a 707.5 aluminum pand as the anode and cathode with a 40%

sulfuric ac1d solutlort containing a ratio of ! :3.2 of sulfuric acid and $Odium su!fote, and O.J %



sodium persuifate used as the ekctrolytic media. The slutsm was csled tss $5F and a

potential of 90 V DC was applied to the test specirnen.

At the conclusion of the experirnent the test specimen shmwd no signs of any anodic coating

present, lost material thickness (0.001 inches lost), and had a significant amount of residue on the

surface of the mateda!.

H is notev,orthy that the solution boiled in less than i minute (in about 15 seconds) and began

indting the wires so that the experiment had to be supped for safety reasons before amperes

could be r:neasured. At 90 V DC the eleeriea} potential is so high that the rnte of dissolution of

a!mninum exceeds the rate of growth, thus no coating is able to form as it is dissolved as it is

trying to be produced.

We submit that the type of equipment used to anodize alamium i he f}3!s as

subs1antia!ly different from that avai!abk today, particularly given that current rectifiers used

for anodizing alun:1 inum today run at a inurh lmver voltage of around i 0- ! 5 V DC. We were

unable to obtain particular machinery· that would ave been used in the 1930's to conduct the

experiment, As such, while the method described in Windsor rnay have been successful using

equipment known in the 93j's, ecreating the experiment using current DC power supplies at

90 V. and inferring parameters such as tmperaare based on current anodizing systems, results
• 4 •13 n0 arose coating.

Additional Experiments

We conducted additional experiments using th;;: parameters In Table 2 bC!ow:

TABLE 2

\.Vindsor Confrol I Pcrsulfote

! additive

Permanganate

additive

Solution
concentration

Between 25% to
55%

19%

3

10%



Ratio of l :3,2 of
stdfuric acid to
sodium sulfate .

Oxidizing < 1% ] N.iA
agent '%

eoneentratio i .
~ . • ··:·· • • ~- • ·, : • ¢» { r0xdxzng Na or K rate I NiA Na perswtate I K

agent Na or K : : permanganate
compositi<.m persu!fate ! !

Na or K I I
. perborate ! ; !
i voltage 8vDe jtovpc [avc [Io.De
Amps I-amps/sa. tt. ;N/A N!A ;NA

Solution
compositinn

Su!fork acid Sulfuric atid Sulfuric acid

0.1%,

Temperature { Not given Between 62%F to Between 62°£ Between 62F
Known in the art 6W'F to 68'T to 68'T

use between
62F t0 68F

Substrate Alun,inum and ! 7075 Aluminum 7075 I 7075
. type Al a!l~!l.~ [ _ Aluminum ! Aluminum _
Processing Not given i3rinates 3minutes ! 3 rninutcs ii

...!l~I£............ i ._ .L...... :

The l 0'11, solution concentration for sulfuric acid vvas chosen because this is a concentration

knov-m to be used in crnTent conventional anodizing of alun,inum. As discusstd below, sodium

suifate additive was not used in the above experiments. The arnount of oxidizing agent \Vas

chosen tu be \.Vithin the parnrnelers of Windsor. The voltage vvas chosen to correspond to a

voltage known w be used in current convemional anodizing of aluminum in light d' the high

voltage used in Windsor boiling the solution and melting the wires. The temperature range wus

chosen to correspond to a range knov,n to be used in current conventional anodizing of

aluminum,

Results

The controL which replkates the conditions of conwntional. anodizing, resulted in ) measurable

anodic coating. A c:ontinuity test was perfrred on the specimen and was found to still have

continuity which is an indication of no anodic coating formation on the surface ofthe a!umim.1m.

i}

·················---------------------------------·····-·····-----···---·····j



The perslfae additive yielded no measurable coating and \Vhen a continuity test \Vas ptrformed

the specimen was shovm to still have continuity. This indicates that the coating did not have a

non-conductive coating on thi:'. surfoce of the aluminum.

The permanganate additive yielded no rneasurable coating but when a continuity lest \Vas

perforrned it yielded no continuity. This indicates that the surface of the aluminum panels has a

non--cnnductive coating present.

Sodium su{fate additive was not used in the above experirnents as the comparison to current

conventional anocVizing. using only sulfuric add, was being made. Addition of sodium su!fote

in the presence of permanganate is not beneflci.al. In coventiopal anodizatisn, the hydrogen

ion is a critkal reaction for the cathode f the solution. Sulfuric acid is diproti meaning tba it

releases 2 hydrogen ions into solution. The first hydrogen ion disassociates readily into

solution, but the second hydrogen ion docs not rcadi ly disassociate. This gives t\VO parnrneters

that are typically monitored in sulfuric acid anodization bath, free and t0ta1 acid (hydrogen

ions) The free acid readily reacts with the cathode to ierease cathode efficiency while the

portion of the hydrogen ions that have not disassociated have a tendency to rnlgrnte to the

anode where he eieetrice field allows for them to disassseiate and undergo multipie oh:r

Potential reactions. Bv nJJirw sodium sulfate to an anodizaio solatio, the amount of free
Ma

acid would reduce due to its binding to the sulfate ion. The use of potassiu permanganate

requires a high free acid content srnce the hydrogen ion is a critical component of the half-eel!

reduction reaction of the permanganate ion. Thus, the addition of sodium sulfote \Voukl slmv

the reaction as the sodium sulfate would compete v,.·ith pcnnanganate for the fret acid. As such,

the addition of sodium sulfritt, as required by \.Vindsor, would not be desirable \.vhen

permanganate is used.

ConventionalAnodizing versus Claimed System

Experi1llen1.s were conducted between current conventional anodizing and the claimed

invention according to the parameters in able 3 helow:

TABLE 3



f crconvent«oat I cow«e4 sys«er

} Anodizing
t
i Solutio11 concentration

~------ :
i Sohution composition affrie acid ! Sulfuric acid

! (hidizing agent lN/.\ I 0.01% to 0.05%
:oneentrati i

Ii t, 1/_,,!"'t ...
::
i

i !0-!5 V DC:

' 18.40 amps/ft° i40-50 amps/fr°
• (dependent on tntal surface
area of substrate)

Oxidizing agent
composition

Voltage
········--
Amps

10-15 V DC

{dependent on total surfoce
area of substrate)

Tempcrn.ture Between 62F to 68F Between 627F t 68#

Re;;;ults of experiments described in the specification cornparing conventional anodizing to the

claimed ,.;ystem \Vith re;;;pect to various aspects are summarized in Table 4 heknv:

TAHLE 4

·' Current Conventional } Claimed System i

Anzxg } i
' :

-------------+----------·····································j························································ !
15 minutes to reach about ' < 5 minutes to reach about j

, {J.0002 anodic thickness 0.0002 anodic thickness !
t :

} (See Figure 10of j

i speci ficadon)
f-----------····················-··-t-··-·····················

i
i Dirnensional growth increases- , ,i substantia!lv as anodic coatin!"l I grmvth change as anodic i
i - ~- ! <-.- <-.- i
I thickness increases coating thickness. increases l

'-----------------~'-------·····---··--·-··-······-----~----· ···-···-----·-·-·······-··············l

Processing time

Dimensional change Very little dimensional

6

···-········· ···········-···········································-·



,·····-··-···-···----! ·-·············r

I i
·················--t--------

(See Figure 11
specificatin)

Corrasin resistanee 336 hnurs with pit fonnation 800 hours \'1-·ith no pit
frmna.tion

(See Exampk 6 of
specification)

,..........----·······--------· --------·-···----f.-----------------------'

Abrnshe ,,·car

Weight of coating

Fails ta.ber abrasion

200-500mgift2 for an anodic
coating that is 0.000 1-0.6003
inches in thickness and a
minirrwrn of l OOOrnglfF for
anodic coatings that arc 0.()004
- 0.0006 inches in thickness;

For !ford Coat anodizing -
anodic coating that is 0.0018 --
0.022 inches i thickness the
anodic coating weight should
be a rninirnum of 4000n1g/ft2

Coating with kss than half
the standard anodic
thickness w tbstands at least
two back to back tuber
abrasion tests

(See Example 7 of
specification)

2639.52mg/it, which is five
times the \.Vtight required by
specifications at a thickness
of 0.000 l -· 0.0006 inches:

Compared to hard coal
anodizing···· nvel solution
exhibited over half the
coating weigh with orly 1/

of the aodc coating
thickness

(See Exarnpk 8 of
spcdfkation)

,...........----··········-······------'-------------------------------------J

Pore

formation/micrnfracturcs

Very porous, several
microfractures

No pore formation or
micro-fractures

(See Ex.arnp!c l 2. and
Figures 25-26 of
specificaticn)

i\s shown in Table 4 above, the novel conventional anodizing solution (laimed in the instant

application dernonstrates several superior unexpected resuits as compared to current standard

..... ··················-···
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