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(54) Chemical processing system

(57)  Aprocess for chemically treating a metallic part
such as a part used in aerospace applications compris-
ing providing a process tank capable of receiving at least
one part; providing at least one part to the process tank;
providing an alkaline first solution into the process tank
from a first storage tank; providing the first solution from
the process tank into a transition tank; providing water
to the process tank; providing the first solution from the
transition tank into the first storage tank; providing an
acidic second solution into the process tank from a sec-
ond storage tank; providing the second solution into the
transition tank; providing water to the process tank; pro-
viding the second solution into the second storage tank;
providing a third coating solution having a pH of about
1.0 to about 3.0 into the process tank from a third stor-
age tank; providing the third solution into the transition
tank; providing water to the process tank; and providing
the third solution into the third storage tank.
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Description

Field of the Invention

[0001] Thisinvention provides for a process and apparatus used for chemically treating metallic components or parts,
such as metallic parts for aerospace applications. More particularly, this invention relates to processes for chemically
treating parts by providing a process tank capable of receiving the part, and treating the part with various solutions
kept in storage tanks. The solutions are provided from storage tanks to the process tank to one or more transition
tanks, and then back to the storage tanks.

Background Information

[0002] Many metallic parts used with various applications, such as aerospace applications, must be chemically treat-
ed prior to installation and use. Various processes for chemically treating such parts are known in the art. For example,
U.S. Pat. No. 6,126,808 describes a method and apparatus for anodizing a component by placing the component in
an electrolytic solution and applying a number of electrical current pulses to the solution containing the component.
However, many of these processes involve moving the part from one location to another, which necessitates providing
equipment to move the part.

[0003] Accordingly, it would be desirable to chemically treat such parts without having to move the parts. It is one
object of this invention to provide a process and apparatus for chemically treating a part without having to move the
part. It is one feature of the invention that parts are provided into a process tank capable of receiving the parts, and
then treated with various solutions kept in storage tanks. The invention advantageously involves various treatments,
such as chemical polish, anodizing, and dichromate sealing of the parts.

Summary of the Invention

[0004] The present invention provides a process and apparatus used for chemically treating parts such as metallic
aerospace parts. The process comprises providing a process tank capable of receiving at least one part, providing a
first solution, which may be an alkaline solution, into the process tank from a first storage tank, providing the first
solution from the process tank into a transition tank, providing water to the process tank, providing the first solution
from the transition tank into the first storage tank, providing a second solution, which may be an acid solution, into the
process tank from a second storage tank, providing the second solution into the second transition tank, providing water
to the process tank, providing the second solution into the second storage tank, providing a third solution, which may
be a coating solution, into the process tank from a third storage tank, providing the third solution into the transition
tank, providing water to the process tank, and providing the third solution into the third storage tank. In another em-
bodiment, chemical polish, anodizing solution, and dichromate seal solution can be used as the first, second, and third
solutions, respectively. In still another embodiment, an additional transition tank can be provided for each solution used.
[0005] The apparatus of this invention is used for chemically treating a part, and the apparatus comprises a first
storage tank capable of receiving an alkaline solution, a second storage tank capable of receiving an acid solution,
and a third storage tank capable of receiving a coating solution, wherein each of the first, second, and third storage
tanks are in fluid communication with a process tank; a first, second, and third transition tank, wherein the transition
tanks are in fluid communication with the process tank; and the transition tanks are in fluid communication with the
first, second, and third storage tanks, respectively. In another embodiment, chemical polish, anodizing solution, and
dichromate seal solution can be used as the first, second, and third solutions.

Brief Description of the Drawings

[0006] Figure 1 sets forth a schematic diagram of one embodiment of the process of this invention.
[0007] Figure 2 sets forth a schematic diagram of another embodiment of the process of this invention.

Detailed Description of the Invention

[0008] This invention is particularly applicable to cleaning and anodizing metallic parts, and applying chemical con-
version coatings to such parts. In the present invention, which includes both a process and an apparatus, the parts to
be chemically processed are placed in a process tank, which is capable of receiving at least one part. Each of the
process solutions is stored in separate storage tanks. Each storage tank is in fluid communication with the process
tank, which in turn is in fluid communication with one or more transition tanks. As the process begins, the parts to be
processed are placed in the process tank and the lid is closed. The first solution is then provided into the process tank.
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After the first solution has been in the tank for a predetermined time, the first solution is provided into the transition
tank. As soon as the process tank is empty, a spray rinse system is activated and the parts and the process tank are
rinsed to remove all remaining process solution. While this is occurring, the first solution in the transition tank is recycled
back into its storage tank. Once the first solution has been recycled from the transition tank back to its storage tank,
the rinse water from the process tank is provided into the transition tank.

[0009] At this point, the second process solution is provided into the process system. While the second stage of the
process occurs in the process tank, the rinse water in the transition tank is provided into a waste removal tank, which
is in fluid communication with the transition tank. The transition tank may also have a spray rinse system, which is
employed while the tank is pumped out, to completely remove all traces of the process solution. Once the wastewater
is removed, the pump is turned off and the dump valves are closed, preparing the transition tank to receive the second
process solution. This sequence is repeated for each storage tank. In another embodiment of the present invention,
each storage tank is in fluid communication with the process tank, which in turn is in fluid communication with a plurality
of transition tanks.

[0010] In one embodiment of the invention, the process sequences are the same, with the inclusion of provisions for
running an electrical current through the parts in the process tank to perform the anodizing process, as will be under-
stood by those skilled in the art. In this embodiment, the parts are electrically grounded during the entire process
sequence, but electrical current will only be applied during the appropriate step in the process.

[0011] Various embodiments of the invention are described below, with reference to the appropriate drawings. In
one embodiment of the invention, shown in Figure 1, which describes both a process and an apparatus, three storage
tanks 101, 102, and 103 are provided, each capable of containing a different solution. In a preferred embodiment, each
storage tank will contain about 150 gallons of the respective solution, and will have a total capacity of 250 gallons per
tank. Each storage tank 101, 102, and 103 has a number of lines, through which fluid communication is provided with
the process tank 104 and the transition tank 105. Specifically, the storage tanks 101, 102, and 103 are in one-way fluid
communication with the process tank 104 via lines 170, 172, and 174, respectively, the process tank 104 is in one-
way fluid communication with the transition tank 105 via line 176, and the transition tank 105 is in one-way fluid com-
munication with the storage tanks 101, 102, and 103 via lines 190, 192, and 194 as shown. In a preferred embodiment,
the transition tank 105 has a 250 gallon capacity, although only 150 gallons are planned for normal use. Furthermore,
the process tank 104 is capable of receiving at least one part. In a preferred embodiment, the process tank 104 may
have a 250 gallon capacity, of which 150 gallons are planned for normal use.

[0012] Referring to Figure 1, lines 170, 172, and 174, the fluid communication of which is controlled by valves 111,
112, and 113, respectively, are lines through which material is provided to the process tank 104 from the storage tanks
101, 102, and 103. Lines 190, 192, and 194 connected to each storage tank 101, 102, and 103, the fluid communication
of which is controlled by valves 121, 122, and 123, respectively, are lines used to provide solution to the storage tanks
101, 102, and 103 from the transition tank 105. Other lines on the storage tank (not shown) may provide fluid commu-
nication by any method known in the art. In one embodiment, a pipe is attached to the storage tank. This pipe may
have an air-venting valve attached to equalize the pressure in the tank when material is removed or provided to the
tank. Another line (not shown) is a tube through which the wiring for the tank fluid sensor is run. Optionally, the lid of
the tank is bolted to the frame and has a neoprene rubber seal. The lid is designed to allow maintenance and cleaning
of the tank as needed. Optionally, a mechanical mixer capable of mixing the solutions in the process tank may be
added to the side of the process tank, as will be well understood by those skilled in the art.

[0013] The process tank 104 has a plurality of lines 170, 172 and 174 providing fluid communication from the storage
tanks 101, 102, and 103, at line 176 provides fluid communication to the transition tank 105. Lines 170, 172, and 174,
the fluid communication of which is controlled by valves 111, 112, and 113, respectively, are interconnected to the
process tank 104. Through these lines, the process solutions are provided from the storage tanks 101, 102, and 103
into the process tank 104. Through line 176, the fluid communication of which is controlled by valve 115, the various
process solutions contained in process tank 104 are provided to the transition tank 105. A pipe with an air vent valve
welded to the lid (not shown) may aid in pressure equalization of the process tank 104 during fluid fill and removal.
Optionally, a tube fitting is attached to the tank for the wiring for the process tank 104 fluid level sensor (not shown).
In a preferred embodiment, the lines used in this invention are pipes, which may be fabricated from CPVC tubing or
Type 316L stainless steel pipe. In a preferred embodiment, the tube or pipe may be connected to the process tank 104
through composite metal/plastic connectors. These connectors may be flanged and sealed to the process tank 104 to
prevent leakage.

[0014] Additional lines (not shown) may be added to process tank 104, including a line through which a pH sensor
may be placed. The rinse time using rinse water may be input into a control system, and the rinse cycle can be controlled
through monitoring the pH of the rinse water.

[0015] Thelid (not shown) of process tank 104 may be attached to a welded machined lip on the tank, and neoprene
rubber gaskets may be attached to the tank lip. Optionally, a pneumatic pressure cylinder may be attached to the lid
for opening and closing and will also apply pressure while the system is active to keep the lid of process tank 104
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tightly closed.

[0016] The parts to be anodized are placed in a basket (not shown), which optionally is made from Type 316L ex-
panded metal, and the basket is placed in the process tank 104 while empty. During normal process use, each of the
solutions is provided into the process tank 104 from the storage tanks 101, 102, and 103 through lines 170, 172, and
174, respectively, which are controlled by valves 111, 112, and 113, respectively, as shown.

[0017] Three solutions are used to treat the part in this embodiment of the invention. One solution, which may be an
alkaline solution, is stored in storage tank 101. In a preferred embodiment, this solution may contain the solute GMC
528B available from Gus Mar Company. In this preferred embodiment, the solute GMC 528B has a concentration of
about 30 to about 34 ounces per gallon and is used to process the part or parts for about 10 to about 15 minutes. In
another embodiment, this solution may be a chemical polish solution, such as GMC 800, available from Gus Mar
Company. This solution may be kept at ambient temperature, and can be used to treat the part in process tank 104.
In this embodiment, the solute GMC 800 has a concentration of about 18 to about 22% by volume. The solute is
maintained at a temperature of about 165 to about 175°F, and is used to treat the part or parts for about 10 to about
15 minutes.

[0018] A second solution, which may be a deoxidizing acid solution, is stored in storage tank 102. In a preferred
embodiment, this solution may be a deoxidizer or etchant containing, for example, the solvent AMCHEM 7-17, available
from Amchem Corporation, and nitric acid. In this preferred embodiment, the AMCHEM 7-17 is maintained at a con-
centration of about 2.3 to about 5.4 ounces per gallon. The nitric acid is maintained at a concentration of about 7.5 to
about 15 % by volume. The solutions are maintained at ambient temperature, and are used to treat the part or parts
for about 10 to about 20 minutes in process tank 104. In another embodiment, this solution used to treat the part or
parts may be an anodizing solution. In this embodiment, the anodizing solution contains about 8% sulfuric acid as the
solute. The anodizing solution is maintained at ambient temperature, and is used to treat the part or parts for about 30
minutes.

[0019] A third solution, which may be a coating solution having a pH of about 1.0 to about 3.0, is stored in storage
tank 103. In a preferred embodiment, this solution may contain the solutions ALODINE 1200, available from Parker-
Amchem and Henkel Corporations, and nitric acid. The coating provided by this solution allows paint to adhere to the
coated part and prevents salt water corrosion. In this preferred embodiment, the ALODINE 1200 is maintained at a
concentration of about 1.3 to about 1.8 ounces per gallon. The nitric acid is maintained at a concentration necessary
to control pH to about 1.5 to about 3.0. Both solutions are maintained at ambient temperature, and are used to treat
the part in tank 104 for about 2 to about 5 minutes. In another embodiment, this solution may be a dichromate sealing
solution, which may be sodium dichromate, available from any commercial suppliers. In this embodiment, sodium
dichromate is maintained at a concentration of about 5.4 to about 8.0 ounces per gallon. The dichromate seal solution
is maintained at a temperature of about 208 to about 212 degrees Fahrenheit, and is used to treat the part or parts in
process tank 104 for about 15 minutes. The skilled artisan will recognize that any solution may be kept in any of storage
tanks 101, 102, and 103.

[0020] The first, second, and third storage tanks 101, 102, and 103 are in fluid communication with process tank
104, as shown. The solutions are provided to process tank 104 from storage tanks 101, 102, and 103 via lines 170,
172 and 174, respectively. After the part or parts have been contacted with the solution in process tank 104, process
tank 104 is evacuated and the solution is provided into transition tank 105. The transition tank 105 is in fluid commu-
nication with the first, second, and third storage tanks, as shown, such that each solution residing in transition tank
105 may be removed into storage tanks 101, 102, and 103 via respective lines 190, 192, and 194, as shown. After the
solution has been provided into transition tank 105, a system of rinse nozzles, not shown, may be activated and the
parts will be spray rinsed in process tank 104 for a predetermined time. The rinse water may be provided and controlled
via valve 114 through line 178. By the time the rinse cycle is complete, the original solution in the transition tank 105
has been provided into its respective storage tank 101, 102, or 103. The rinse water is then provided into the transition
tank 105, and the next process solution is provided from the next storage tank, such as tank 102, to the process tank
104. This cycle, with a rinse between each process cycle, will continue until the total process sequence is complete.
[0021] Optionally, the process tank 104 is fabricated from Type 316L stainless steel. The process tank 104 has a
plurality of lines. Through line 176, controlled by valve 115, the process solutions will be provided from the process
tank 104 into the transition tank 105. Additional lines (not shown) from process tank 104 may be directed to a waste
removal tank (not shown), which is in fluid communication with the process tank 104. A pump (not shown) may be
used to pump this waste out of the process tank 104. Lines 190, 192, and 194, the fluid communication of which is
controlled by valves 117, 118, and 119, respectively, as well as valves 121, 122, and 123, respectively, provide fluid
communication between transition tank 105 and storage tanks 101, 102, and 103. Optionally, the valves 117, 118, and
119 are connected to pneumatic actuated pumps, numbered as pumps 131, 132, and 133, respectively. As each process
solution is provided into the transition tank 105, the material is then provided into the storage tanks 101, 102, and 103
through lines 190, 192, and 194, respectively, which are controlled by valves 121, 122, and 123, respectively. Line 196,
controlled by valve 120, may be directed to a waste removal tank (not shown), which is in fluid communication with
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the transition tank 105. Pump 134 may be used to pump this waste out of the transition tank 105. Optionally, the waste
removal tank is mobile and can be removed when full. In a preferred embodiment, a pipe (not shown) may be welded
to the lid of the waste removal tank, and contains a vent valve (not shown) for pressure relief during fluid fill and removal.
The transition tank 105 is in fluid connection with a line 188 through which the pipe for the rinse system is fed. Fluid
flow (e.g. water flow) through the rinse system is controlled by valve 116. Optionally, the rinse system may contain
pipes, and the pipes will be fabricated from CPVC tubing or Type 316L stainless steel.

[0022] Optionally, first, second, and third transition tanks (not shown), rather than only one transition tank 105, may
exist in fluid communication with the process tank 104 and the first, second, and third storage tanks 101, 102, and 103,
respectively.

[0023] Optionally, the process system will be controlled by a programmable control system such as an Allen Bradley
programmable control system. The control system may, for example, drive a bank of air solenoids, one for each valve
and pump. Fluid level control may be added to the storage tanks, pH may be monitored during the rinse cycles, and
the heating and electrical sub-systems may be automatically controlled for the sulfuric acid anodizing system. Option-
ally, a process solution concentration monitoring system and a Total Productive Maintenance (TPM) program for main-
taining the process system can be incorporated into the process system. The control system may be programmed so
that the system will not be activatable until such time as the regular preventive maintenance has been completed on
a weekly or daily basis, as necessary.

[0024] Optionally, a moisture sensor may be located in a fluid catch pan located in the bottom of the frame. In a
preferred embodiment, the fluid catch pan has enough capacity to hold about 300 gallons. The sensor may have an
audible alarm to make operators aware of a material leak from the system. The sensor may be incorporated into the
control system so that when the sensor detects moisture, the system will automatically shut down.

[0025] Optionally, the lid of the process tank 104 may be opened and closed with a pneumatic cylinder. In this em-
bodiment, the lid activation sequence may exist as one element of the control system, and the operator will not be able
to activate the lid opening sequence until the process cycle is complete. This embodiment helps in preventing exposure
of the operator to the solutions used in either system.

[0026] Optionally, all of the storage tank return lines 190, 192, and 194 may include manual two way gate valves.
When a need exists for dumping the process solutions due to contamination or other conditions, the solutions may be
provided into a waste removal tank using the in-line pumps 131, 132 and 133. The valves will also allow for sampling
of the process solutions by laboratory personnel.

[0027] Optionally, all plumbing, with the exception of the piping supporting the rinse systems inside process tank 104
and transition tank 105, will be made of Type 316L stainless steel. All valves may also be made from Type 316L stainless
steel, and are air actuated ball valves with a TEFLON coated ball. All pumps may be air actuated. Optionally, all air
lines to the pumps and the valves will be made of Type 304 stainless steel tubing. All of the pumps and valves may be
controlled by air solenoids located on one side of the frame directly adjacent to the control system and display.
[0028] Optionally, the process system elements may be contained within and are attached to a frame of Type 304L
stainless steel rectangular tubing. In this embodiment, the frame will support all of the tanks and ancillary elements.
For seismic stability, the frame may include provisions for bolting the entire system to the floor. Inside the frame, located
at floor level, a stainless steel catch pan may be placed to prevent spills in the event of catastrophic failure of any
storage tanks or in the plumbing. Optionally, sheet metal covers are attached to the outside of the frame, concealing
all elements of the system except the process tank and the screen for the automated control system.

[0029] Table | summarizes the various solutions which may be employed in the embodiment of this invention depicted
in Figure 1, their concentrations, their temperatures, and the times that each solution will typically be used to treat the
parts:

Table |
SOLUTION | TYPE SOLUTE CONCENTRATION | TEMPERATURE | PROCESS
TIME
1-1 Alkaline Cleaner | GMC 528B 30-34 oz/gal Ambient 10-15 min
1-2 Deoxidizer AMCHEM7-17; | 2.3-5.4 oz/gal Ambient 10-20 min
Nitric Acid 7.5-15% by volume
1-3 Coating ALODINE 1.2-1.5 oz/gal Ambient 2-5 min
;29(10; Nitric As needed to control
cl pH to 1.5-2.0

[0030] Another embodiment of this invention is shown in Figure 2. This embodiment, which includes a process and
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an apparatus, employs individual storage tanks, numbered as 201, 202, 203, 204, 205, and 206, respectively, which
will contain different chemical solutions. Optionally, the tanks may be fabricated from welded Type 316L stainless steel.
In this embodiment, each storage tank 201, 202, 203, 204, 205, and 206 has a number of lines for fluid communication,
through which fluid communication is provided with process tank 207 and the transition tanks 208, 209, 210, 211, 212,
and 213. Specifically, the storage tanks 201, 202, 203, 204, 205, and 206 are in one-way fluid communication with
process tank 207 via lines 260, 261, 262, 263, 264, and 265, respectively, process tank 207 is in one way fluid com-
munication with the transition tanks 208, 209, 210, 211, 212, and 213 via lines 266, 267, 268, 269, 270, and 271,
respectively, and transition tanks 208, 209, 210, 211, 212, and 213 are in one-way fluid communication with storage
tanks 201, 202, 203, 204, 205, and 206 via lines 272, 273, 274, 275, 276, and 277. Furthermore, process tank 207 is
capable of receiving at least one part. In a preferred embodiment, the process tank 207 has about a 250 gallon capacity,
of which about 150 gallons are planned for normal use. In a preferred embodiment, each of the storage tanks 201,
202, 203, 204, 205, and 206 will contain about 150 gallons of the respective solutions, and will have a total capacity
of about 200 gallons per tank. In a preferred embodiment, each transition tank 208, 209, 210, 211, 212, and 213 will
have a capacity of about 200 gallons.

[0031] Referring to Figure 2, storage tanks 201, 202, 203, 204, 205, and 206, the fluid communication of which is
controlled by valves 221, 222, 223, 224, 225, and 226 through lines 260, 261, 262, 263, 264, and 265, respectively,
are in fluid communication with process tank 207. Lines 272, 273, 274, 275, 276 and 277, the fluid communication of
which is controlled by valves 235, 236, 237, 238, 239 and 240, respectively, provide fluid communication between the
storage tanks 201, 202, 203, 204, 205 and 206 and the transition tanks 208, 209, 210, 211, 212, and 213, respectively.
Other lines (not shown) connected to each storage tank 201-206 provide fluid communication by any method known
in the art. In one embodiment, a pipe is attached. This pipe may have an air-venting valve attached to equalize the
pressure in process tank 207 when material is removed or provided to process tank 207. Another line (not shown) is
a tube through which the wiring for the process tank 207 fluid level sensor is run. Optionally, the lid of process tank
207 is bolted to the frame and has a neoprene rubber seal, to allow maintenance and cleaning of process tank 207 as
needed.

[0032] Any or all of storage tanks 201-206 are capable of receiving heated solutions. In this embodiment, when a
storage tank contains heated solutions, the storage tank also contains at least two additional lines (not shown). Im-
mersion heaters are fed through a first additional line. A control and monitoring thermocouple is fed through a second
additional line. Both of the inputs for the heating system will be located on the storage tank. Optionally, the last two
lines are for a pipe which has a fan-cooled heat exchanger and condenser attached to condense evaporated liquids
and return them to the storage tank. In this embodiment, the storage tank will only vent any water vapor during the
return cycle, when the solution is provided to the storage tank. At all other times, the system will operate as a closed
loop recycling system.

[0033] Optionally, a mechanical mixer capable of mixing the solution, and the required line for the mixer, can be
added to one or more of storage tanks 201-206.

[0034] Optionally, those of storage tanks 201-206 that contain heated solutions or rinses will be wrapped with a
blanket type insulation to help maintain the temperature of these solutions and to minimize energy usage.

[0035] The system contains a process tank 207. Optionally, process tank 207 is fabricated from welded Type 316L
stainless steel. Process tank 207 is connected to storage tanks 201 - 206 via a plurality of lines 260-265 as shown.
Through these lines, controlled by valves 221 - 226, respectively, the process solutions are provided from storage
tanks 201-206 into process tank 207. After treating the part, each of the process solutions is provided from the process
tank 207 to the transition tanks 208-213, respectively, via lines 266-271, as shown. A pipe (not shown) may be welded
to the lid of process tank 207 for air venting during fluid fill and removal. Optionally, a tube fitting is attached to the tank
for the wiring for the tank fluid fill sensor. The pipes for the rinse system are fed through two lines (not shown) in process
tank 207. A waste line 300 containing valve 301 and pump 302 is also provided to remove waste rinse water from
process tank 207. An optional waste transition tank (not shown) may be used to receive the waste rinse water from
line 300. The waste transition tank may be mobile and may be removed when full.

[0036] Optionally, the rinse system pipes will be fabricated from CPVC tubing or Type 316L stainless steel pipe. The
tubing or pipe may be connected to process tank 207 with composite metal or plastic connectors, which will be flanged
and sealed to process tank 207 to prevent leakage.

[0037] Optionally, a line (not shown) may be added to process tank 207, through which a pH sensor may be fed. The
rinse time may be input into the control system, and the rinse cycle may be controlled through monitoring of the pH of
the rinse water.

[0038] Optionally, process tank 207 will be wrapped with a blanket type insulation to help retain heat during those
periods when heated solutions are in the tank. Immersion-type heaters (not shown) may be added to process tank 207.
[0039] Parts are placed in a basket (not shown), which optionally is made from Type 316L expanded metal, and the
basket is placed in process tank 207 while empty. Optionally, each of the parts to be processed will be clipped to the
frame of the basket with a wire clip, and another clip completing an electric circuit will attach to a connector on the
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inside of the tank. During normal process use, each of the solutions are provided into process tank 207 from storage
tanks 201-206 using appropriate pipes and valves. At the conclusion of each stage of the process, process tank 207
will be evacuated and the solution will be provided into one or more transition tanks such as transition tanks 208-213.
Optionally, after the solution has been provided, a system of rinse nozzles (not shown) will be activated and the process
tank 207 and the parts contained therein will be spray rinsed for a predetermined time. Rinse water is provided to
process tank 207 via line 310 controlled by valve 312. By the time the rinse cycle is complete, the original solution in
the transition tank has been provided back to its respective storage tank. The rinse water is then provided into waste
tank 302 via line 300, the fluid communication of which is controlled by valve 301, and the next process solution is
provided into process tank 207. This cycle, with a rinse between each process solution, will continue until the total
process sequence is complete. The process may include an anodizing phase, during which an electrical current will
be introduced into the process tank 207.

[0040] The system may contain a total of up to six transition tanks 208-213. Optionally, the tanks are fabricated from
welded Type 316L stainless steel. Each transition tank has a plurality of lines. Through a line, the process solutions
will be provided from the process tank. Lines may also be attached to each transition tank. Each line may have a valve,
preferable a ball valve attached. Optionally, each ball valve is attached to a pneumatic pump. As each process solution
is provided into its respective transition tank, the material is then provided back into the storage tanks through lines
272-277, optionally via pumps 251-256. A line (not shown) may be welded to the lid for air venting during fluid fill and
removal. The line for the rinse system will be fed into the process tank 207. Optionally, the rinse system pipes will be
fabricated from CPVC tubing or Type 316L stainless steel.

[0041] In one embodiment, storage tank 201 will contain a first solution, which may be an alkaline cleaner solution.
In a preferred embodiment, this solution may contain solution GMC 528B, available from Gus Mar Company. This
solution may be kept at ambient temperature, and can be used to treat the part or parts in process tank 207. In this
preferred embodiment, the GMC 528B has a concentration of about 30 to about 34 ounces per gallon, and is used to
treat the part in process tank 207 for about 10 to about 15 minutes.

[0042] Storage tank 202 will contain a second solution, which may be a chemical polishing solution. Storage tank
202, the second storage tank, is capable of receiving such a chemical polishing solution. In a preferred embodiment,
the chemical polishing solution may contain solution GMC 800, available from Gus Mar Company. GMC 800 is main-
tained at a concentration of about 18 to about 22% by volume, at a temperature of about 165 to about 175°F, and is
used to treat the part or parts in process tank 207 for about 7 to about 10 minutes.

[0043] Storage tank 203 will contain a third solution, which may be a deoxidizer solution such as an acid solution.
In a preferred embodiment, the third solution may contain two solutions, AMCHEM 7-17, available from Amchem Cor-
poration, and nitric acid. AMCHEM 7-17 is a combination of the following components: AMCHEM 7 and AMCHEM 17.
In this preferred embodiment, AMCHEM 7-17 is maintained at a concentration of about 2.3 to about 5.4 ounces per
gallon. Nitric acid is maintained at a concentration of about 7.5 to about 15 % by volume. Both solutions are maintained
at ambient temperature, and are used to treat the part or parts in process tank 207 for about 10 to about 20 minutes.
[0044] Storage tank 204 will contain a fourth solution, which may be an anodizing solution, such as sulfuric acid
available from commercial sources. In a preferred embodiment, sulfuric acid is the solute in the fourth solution. In this
preferred embodiment, sulfuric acid is maintained at a concentration of about 8% to about 9% by volume. The fourth
solution may be kept at ambient temperature, and is used to treat the part or parts in process tank 207 for about 30
minutes.

[0045] Storage tank 205 will contain a fifth solution, which may be a dichromate sealing solution containing sodium
dichromate. Storage tank 205, the fifth storage tank, is capable of receiving such a dichromate sealing solution. In a
preferred embodiment, sodium dichromate is the solute in the fifth solution. In this preferred embodiment, sodium
dichromate is maintained at a concentration of about 5.4 to about 8.0 ounces per gallon. In this preferred embodiment,
the solution is maintained at a temperature of about 208 - 212°F, and is used to treat the part or parts in process tank
207 for about 15 minutes.

[0046] Storage tank 206 will contain a sixth solution, which may be a chemical conversion coating solution having a
pH of about 1.0 to about 3.0. Storage tank 206, the sixth storage tank, is capable of receiving a sixth solution, which
may be a coating solution having a pH of about 1.0 to about 3.0. In a preferred embodiment, the coating solution is
"Type II" coating, i.e., a coating which allows paint to adhere and reduces salt water corrosion, in which the solutes
are ALODINE 1200 and nitric acid. In this preferred embodiment, ALODINE 1200 is maintained at a concentration of
about 1.3 to about 1.8 ounces per gallon, while nitric acid is maintained at a concentration necessary to control pH
from about 1.0 to about 3.0. In this preferred embodiment, the coating solution is maintained at ambient temperature,
and is used to treat the part or parts for about 2 to about 5 minutes. The skilled artisan will recognize that any solution
may be kept in any of storage tanks 201-206.

[0047] In one preferred embodiment of the present invention, only the solutions in tanks 201, 203, and 206 are used
to treat the part or parts in process tank 207. In another preferred embodiment of the present invention, only the
solutions in tanks 201, 203, 204, and 205 are used to treat the part or parts in process tank 207. As part of a stripping
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process for the part or parts, the solutions in tanks 201 and 202 may be used to pretreat the parts prior to treatment
as described herein.

[0048] Table Il summarizes the various solutions which may be employed in the embodiment of this invention depicted
in Figure 2, their concentrations, their temperatures, and the times that each solution will be used to process the parts:

Table Il
SOLUTION | TYPE SOLUTE CONCENTRATION | TEMPERATURE | PROCESS
TIME
2-1 Alkaline Cleaner | GMC 528B 30-34 oz/gal Ambient 10-15 min
2-2 Chemical Polish | GMC 800 18-22% by volume 165-175°F 7-10 min
2-3 Deoxidizer AMCHEM7-17; | 2.3-5.4 oz/gal Ambient 10-20 min
Nitric Acid 7.5-15% by volume
2-4 Anodizing Sulfuric Acid 8% by volume Ambient 30 min
Solution
2-5 Dichromate Sodium 5.4-8.0 oz/gal 208-212°F 15 min
Seal Dichromate
2-6 Coating ALODINE 1.2-1.5 oz/gal Ambient 2-5 min
;29 dO; Nitric As needed to control
c pH to 1.5-2.0

[0049] In one preferred embodiment, solutions 2-1 and 2-2 are contacted with the part or parts to effect stripping
prior to further treatment of the part. In another preferred embodiment, acidic treatment and anodizing of the part or
parts are achieved by employing only solutions 2-1, 2-3, 2-4, and 2-5 as described herein.

[0050] Although this invention has been illustrated by reference to specific embodiments, it will be apparent to those
skilled in the art that various changes and modifications may be made which clearly fall within the scope of this invention.

Claims
1. A process for chemically treating a metallic part comprising:

providing a process tank capable of receiving at least one part; providing at least one part to the process tank;
providing an alkaline first solution into the process tank from a first storage tank;

removing the first solution from the process tank into a transition tank; providing a deoxidizing second solution
into the process tank from a second storage tank;

removing the second solution from the process tank into the transition tank;

providing a third coating solution having a pH of about 1.0 to about 3.0 into the process tank from a third
storage tank; and

removing the third solution from the process tank into the transition tank.

2. The process of Claim 1, wherein the second solution is a deoxidizer or etchant.

3. The process of Claim 1 or 2, wherein the third solution comprises sodium dichromate.

4. The process of any one of Claims 1 to 3, wherein the third solution comprises nitric acid.

5. The process of Claim 1, wherein the third solution has a pH of about 1.0-3.0.

6. An apparatus for chemically treating a metallic part comprising: a first storage tank capable of receiving a deoxi-
dizing solution, a second storage tank capable of receiving an acid solution, and a third storage tank capable of
receiving a coating solution having a pH of about 1.0 to about 3.0, a process tank in fluid communication with each
of the first, second, and third storage tanks wherein the process tank is capable of receiving at least one part; a

transition tank, wherein the transition tank is in fluid communication with the process tank, and wherein the transition
tank is in fluid communication with the first, second, and third storage tanks.
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The apparatus of Claim 6, wherein a waste removal tank is additionally in fluid communication with the transition
tank.

A process for chemically treating a metallic part comprising:

providing a process tank capable of receiving at least one part; providing at least one part to the process tank;
providing an alkaline first solution into the process tank from a first storage tank;

removing the first solution from the process tank into a first transition tank; providing a chemical polishing
second solution into the process tank from a second storage tank;

removing the second solution from the process tank into a second transition tank;

providing a deoxidizing third solution into the process tank from a third storage tank;

removing the third solution from the process tank into a third transition tank;

providing an anodizing fourth solution into the process tank from a fourth storage tank;

removing the fourth solution from the process tank into a fourth transition tank;

providing an dichromate sealing fifth solution into the process tank from a fifth storage tank;

removing the fifth solution from the process tank into a fifth transition tank;

providing a coating sixth solution into the process tank from a sixth storage tank; and

removing the sixth solution from the process tank into a sixth transition tank.

The process of Claim 8, wherein the third solution is a deoxidizer or etchant.

The process of Claim 8 or 9, wherein the fifth solution comprises sodium dichromate.

The process of any one of Claims 8 to 10, wherein the third solution comprises nitric acid.

The process of any one of Claims 8 to 11, wherein the third solution has a pH of about 1.0-3.0.
The process of any one of Claims 8 to 12, wherein the fourth solution comprises sulfuric acid.

An apparatus for chemically treating a part comprising: a first storage tank capable of receiving an alkaline solution;
a second storage tank capable of receiving a chemical polish solution; a third storage tank capable of receiving a
deoxidizing solution; a fourth storage tank capable of receiving an anodizing solution; a fifth storage tank capable
of receiving a dichromate sealing solution; and a sixth storage tank capable of receiving a coating solution, wherein
each of the first, second, third, fourth, fifth, and sixth storage tanks are in fluid communication with a process tank
capable of receiving at least one metallic part; first, second, third, fourth, fifth, and sixth transition tanks, wherein
the first, second, third, fourth, fifth, and sixth transition tanks are in fluid communication with the process tank, and
wherein the first, second, third, fourth, fifth, and sixth transition tanks are in fluid communication with the first,
second, third, fourth, fifth, and sixth storage tanks.

A process for acidically treating and anodizing a metallic part comprising:

providing a process tank capable of receiving at least one part; providing at least one part to the process tank;
providing an alkaline solution into the process tank from an alkaline solution storage tank;

removing the alkaline solution from the process tank into a first transition tank;

providing a deoxidizing solution into the process tank from a deoxidizing solution storage tank;

removing the deoxidizing solution from the process tank into a transition tank;

providing an anodizing solution into the process tank from an anodizing solution storage tank;

removing the anodizing solution from the process tank into a transition tank;

providing a dichromate sealing solution into the process tank from a sealing solution storage tank; and
removing the sealing solution from the process tank into a transition tank.
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