IN THE UNITED STATES PATENT AND TRADEMARK OFHFICH
Appl. No, : 14/230,895 Confirmation No. 6174
Appheant : Analvtical Specialties, Inc,
Filed: : 83/31/2014
TCAUL : 1794
Examiner : Ho-Sung Chung
Docket No. 2730.61
Cuastomer Na 21,901
For : Method and Composition for Metal Finishing

RULE 132 DECLARATION
(37 CFR.$1.132)

Upon being duly cantioned. we, Keith R, Eidschun and Joshaa Cloakey, joint invertors of the

e

wvention of “Method and Composition for Metal Fiishing”, bereby declare individually thas
all statemnents made herein of my own knowledge are true and that all statements made on

are believed to be true and further that false statemcents and the like so

information and belief
made are punishable by fine, imprisonment or both under Section 1001 of Title 18 of the
United States Code, and that such willfnl, false sigtemenis may jeopardize the validity of the

application and gny patent issued pursuant thereto,

The present patent application discloses an snodizing systems for use in anodizing of ahoninum,

magnesium or alloys therenf. A series of experiments were condueted 10 support snexpecied
resutls with respect to the cited prior art of Windsor-Bowen ((G.B. 396,743, 1932) {(hereinafler

“Windsor™ as well as current vonventional anodizing syvstems,

Experiment 1

In the first experiment, we atiempted to determine the anodic coating thickness on g 7073

alominem panel as the anode and eathode using the parameters set forth in Windsor, Windsor




requires 3 solution conlaining a proportion of sultorie acld and sodium sulfate equivalont 1w

25% to 53% with the proportions of ¢

ach being | of sulfuric acid 1o 3.2 of sodium sulfate. A

(1% solution was prepared which contained 400 g/l of sulfurie acid and 1280 ¢/l of sodium

suifate, which is within the parameters given in Windsor, Windsor also requires use of an

s

oxidizing agent, such as sodium persulfate. at & proportion of 1% or less. Applicant used

between O.1% and 3.5% (0.2 10

(.5 ¢/L) sodium persnlfate. which s within the parameters

disclosed in Windsor, Windsor discloses that treatment s conducted by carrent of 80V DC or

more with the current density being 1 to § amperes per sguare foot.

which is within the parameters listed by Windsor, Ampers

discussed below for saf

of 63%F was used as #s known in the

below summarizes the parameters of Wi

TABLE {

Applicant applied 90 V DU,

s were not able 1o be measared ag
ety reasons. Temperature iz pot discussed in Windsor thus & temperature
10 use lemperatures of hetween 62°F to 68°F. Table |

wdsor and the parameters used in the expeniment:

Windsor

Experboent |

Solution concentratinn

HBetween 25‘ %o 10 35%

40%

Sofution composition

}
Ratlu o 1:3.2 of sulfur
wid 1o sodum sulfate

Sulfuric acid 400 g/
Sodiam suifate 1280 g/l
Batio 1:3.2

Oxidizing agent
concentration

< 1%

0.1%

Oraidizing agent
compasition

Na or & nitrate
Na or K persulfate
Na or K perborate

Na porselfate

Voltage >80 V DO 90 vV DC

Amps -5 ampsisyg. L Unabie 1o measure duye to
safety concemns

Temperature Not given 65°F

Known in the art o yse
hebween 62°F o 85°F

Substrate type

Aduminum and Al alloys

Aluminum

Processing time

Nat given

3 minute due to safety
CONCEINS

The test was conducted on a 7073 aluminum panel as

anode and cathode with a 40%

suylfuric acid solution. containing a ratio of 1:3.2 of sulfuric acid and sodivm sulfate, and .1%

SENE s



sodivm persaifate used as the electrolytic media. The soiution was cosled w 63°F and a

potential of 90 V T was applied to the test specimen.

weriment the test speeimen showed no sigas of any avodic coating

At the conchusion of the o
present, lost material thickvess (1.001 inches fost), and bad a significant amount ol vesidue on the

surface of the material,

It is noteworthy that the solution boiled in less than 1 auinute Go about 13 seermds) and began
melting the wires s that the experiment had o be stopped for safety reasons before amperes
could be measared, At S0 Y DO the eleetrival potential is so high that the rate of dissolution of
aluminum exceeds the rate of growth, thus no coating s able o form as it is dissolved as it is

N

trving to be produced.

We submit that the type of equipment used 1o anodive alumipum o the [9307s was
substantiatly different from that available today, particularly given that current rectifiors used
for anodiving aluminun today run at & much fower voltage of aroond 16-13 V DXC. We were
unable o obtain particular machinery that would have been used in the 1930%s o conduet the
experimpent. As such, while L*}c method described in Windsor may have been successtul using
equipment known in the 19307s, reereating the experiment using current DC power supplies at
90 V. and friferring pararneters such as temperatare based on carrent anodizing svstems, resuits

in no anodic coating.

Additional Experiments

1

We conducted mbditiomal experiments using the parameters in Table 2 below:

TABLE 2

Windsor Control Persalfate Permanganate
additive additive
Selation Hetween 25% 1o 119 % 1%
enncentration | 33%




Solution Rato of 1.3.2 of Sudfuric acid Sulfuric acid Salfurie acid
composition sulfuric acid to
5¢ )C‘ um suifure
Oxidizing < 1% N/A 0.1% £.1%
agent
coneentration
Oxidizing Na or K wnitrate MIA Na persuitate K
agent Naor K permanganate
composition ersuliate
MNaorK
perhorate
Voltage >80V DO 0V DC 10V DC OV I
Amps 1-5 ampsisq. L KA N/A N/A
Temperature Not giver Between 62°F to Between 62°F Between 62°F
Known in the ant H&°F 1o G8°F s 68°F
tor use belween
H2°F o 6R°F
Substrate Afuminum and 7675 Aluminum 7075 FO75
ivpe Al aloys ﬁ‘sium?mim Aluminum
Processing Nt given 3 minutes 3 mibutes 3 neinutes
time

The 10% schition concentration for sulfuric acid was chosen because this 13 a concentration
known 0 be used in carrent conventional anodiving of aluminum, As discussed below, sodiam
sulfate additive was not used in the above experiments. The mmount of oxidizing agent was
chosen to be within the parameters of Windsor. The voltage was chosen to corespond to g
voltage known o be ased in current conventional snodizing of alumiman in lght of the high
voltage used in Windsor boiling the solution and melting the wives, The temperature range wuas
chosen 1o correspond 1o a rapge koown © be wsed in current conventional anodizing of

ahuninum,

Resulis

$

The controll which replicates the conditions of conventional anodizing, resalied in no measurable

anodic coating. A continuity fest was performed on the spectmen and was found to still have

continuity which is an indication of no ancdic coating formation on the surface of the aluminum,




SRS

The persulfate additive vielded no measurable coating and whe a contimaty test was perfonmed
the specimen was shown to stlt have contipuity. This indicates that the coating did net have a

non~condactive coating o the surfacs of the aluminum,

The permanganate additive yielded no weasurable coating but when a continuity est was
performed i yielded no continuity. This indicates that the surface of the sluminum panvds has a

non-conphuctive ooating present.

Nodium suffate additive was not used in the above experiments as the comparizson W carrent
conventional anodizing, using only sulfurie acid, was being made. Addition of sodium sulfare
in the presence of permanganate 1 not bepeticial, o conventional anodization, the hydrogen
fon is a critical reaction for the cathode of the solution, Sulfuric acid s diprotic meaning that it
refenses 1 hydrogen jons o solation. The fivst hydrgen jon disassociates readily into
solution, but the second hydrogen ion does not readily disassociate. This gives bwo parameters
that are typically monitored in sulluric actd anodization bath, free and ol acid (hydrogen
wons) The free acid readily reacts with the cathode 1o iporease cathode efficiency, while the
portion of the hydrogen sons that have not disassoctated bave a fendency to migrate to the
anoele where the electric ficld allows for them to disassuciate and undergo multiple other
potential reactions, By adding sodium sulfate 1o an anodization solation. the amount of free
acid would reduce due to its binding 1o the sulfite fon. The use of pofassium pormanganate
requires a high free acid content since the hydrogen on s a oritical component of the halfeell
reduction reaction of the permanganate lon. Thus, the addition of sodium suifate would slow
the reaction as the sodium sulfate would compete with permanganate for the free acid. As sach,
the addition of sodium suliate, as required by Windsor, would not be desirable when

permanganate 15 used.

Conyentional Apodizing versus Claimed Svstem

Experiments were conducted between current converdional anodizing and the claimed

nvention according to the parameters in Table 3 hefow:

TABLE 3

R R

.



Current Conventional

Anodizing

Chatmed System

Solution concentration

0% to 15%

HO3% 1o 20%

Sohstion composition

Sabfirie acid

Suffurie acid

Oxidizing agent NYA 0.071% to (.03%,
conceniration
Oxidizing agent N/A K permanganate
composition
Voltage 13-15 ¥ DC 13V 3C
Amps PR30 amps/ F0-50 amps/ft
{dependent on total surtace (dapuzj nton total surface
area of substrate) areg of uh%‘u&{u
Temperature Between 627F 1o 68°F Betwean 62°F 10 68°F

Substrate type

2024, 6061, or TOT3
Aluminum

2024, 8861, or TOTS
Alursinum

Results of experiments deseribed in the specification comparing conventional anodizing to the

claimed svstem with respect to various aspects are sunvnarized in Table 4 below:

TABLE 4

Corrent Conventional
Annlizing

Clagmed System

Processing time

i9 munutes to reach about
{1.0002 anodic thickpess

< 5 minutes to reach about
G.0002 anodic thickpess

{See Figure 10 of
speaification)

Dimensional change

Dimensional growth ingreases
substantially as anodic coating

thickness ereases

ttie dimensional

Very {i
growth change as anodie

coating thicknass increases

o

e



{(Ree Figure 11 of

specification)

Corrosinn resistanes

3386 hours with pit formation

RGO bours with no pit
formation

{See bExamaple 6 of
speeification)

Abrasive weay

Fails taber abrasion

Coating with less than halt
the standard anodic
shickness withstands o least
two back 1o back taher
abraston tests

{Sex Example 7 of
specifivation)

Weight of coating

200-3{Hbm g/ for an anodic
s 0.0001-0.0003
inches s thickness and a

coating that
syntmaan of HGme/ e for

anodic coatin gs that are 0.0004
""" es in thickness;
For Hard ©
anodic coating i

oat anxlizing -

at s 06018 ~

§.0022 inches in thickoess the

;gi it should
BOOmg/f®

anodie coating w

be a mintmuwn of 4

263932 mg/ Y%, which s five
times the we h‘i trequired by
speeifications at a thickness

of QK — 4.0006 inchey;

Compared o bard coat
anodizing —~ novel solution
exhibited over half the
coating weight with ondy 146
of the apodic coating
thickness

{See Example 8 of

specification)

Pore

formation/microfractures

Very porous, several

merofraciures

Noy pore formation or
micrairactures

{See bxample 12 and
Figures 23-26 of
specification)

As shown in Table 4

application demonstrates several superior unexpected results as compared o surrent standard

abeve, the novel conventional anodizing solution clatmed in the nstant
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