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.-APPARATUS FOR MAINTAINING A STABLE BATH FOR AN
" AUTODEPOSITION COMPOSITION BY PERIODICALLY SEPARATING
PARTICULAR METAL JONS FROM THE COMPOSITION

RELATED INVENTIO

The invention of the present application is related to
the commonly assigned invention of co-pending applicatién Serial
No. 07/847,543, filed on March 6, 1992, for "PROCESS FOR

SEPARATING MULTIVALENT METAL IONS FROM AUTODEPOSITION

COMPOSITIONS AND PROCESS FOR REGENERATING CHELATING TYPE "ION

EXCHANGE RESINS USEFUL THEREWITH". The teachings of this co-
pending application are incorporated into this present
application in their entirety by reference, provided any such

teachings are not inconsistent with any teaéhing herein.
BACKGROUND

1.0 Field Of The Invention:

The field of the present invention relates generally
to chemical baths in which metal ions bﬁild up over a period of
time and must be periodically removed, and more particularly to
such systems providing for coating materials, such as metals
including steel, with a paint coating via a chemical reaction,
in which systems an autodeposition composition bath is

periodically stabilized by removing therefrom dissolved and/or
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2.0 Discussio f Related Art:

Autophoresis and electrophoresis are two known
5 processes for coating objects, particularly those fabricated from
metallic material, with a <coating composition. The
electrophoresis effect provides for electrodeposition through the
use of an electric field to control the movement of charged
organic molecules to a workpiece serving as one electrode of a
10 typically two-electrode system. The magnitude of electrical
current and time of application is controlled for coating the
workpiece to a desired thickness. The autophoresis effect
permits an autodeposition coating process to be carried out via
control of the de-stabilization and deposition of high-molecular-
15 weight negative or neutrally-charged latex polymer particles, for
example, onto a workpiece having a metallic surface that is
chemically treated to produce positively charged ions at the
surface of the workpiece which attract the oppositely or
neutrally charged particles of coating composition. The parts
20 to be coated are typically dipped into a coating bath containing
the desired coating composition. Workpieces of iron, steel,
galvanized metal coated with zinc, and so forth, at least about
the outer surfaces of the workpiece, can typically be coated via

an autodeposition coating process.
25 A problem in systems carrying out an autodeposition
coating process is that over a period of time metal ions having

a valence of two or higher (multivalent ions), dissolve and/or
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1.0 Fielld O The Invention: The field of the-present_invention
rel ates generally to chemcal baths in which nmetal ions build up over a
period of time and nust be periodically rempved, and noPisSkestHas Bech Reglaged O

such systens providing for coating materials, such as net
steel, with a paint coating via a chen.cgl- reaction, in an
|

aut odeposition conposition bath is periodically stabilized by renovi
t heref rom di ssol ved and/ or

disperse into the bath or autodeposition composition,
increasingly reducing the effectiveness of the autodeposition
coating process. As the metal ions increase in concentration in
the autodeposition composition, the quality of the coatings
5 produced on the workpieces diminishes to the point where the
coating composition or autodeposition bath must be replaced, or
a portion of the bath must be removed and new uncontaminated
coating composition added, to reduce the concentration of the
metal ions, for permitting the autodeposition coating process to
10 continue. A number of attempts have been made in the prior art
to periodically remove the metal ions from the autodeposition
bath or coating composition, for providing more economic use of
the coating composition bath, and avoiding the necessity of
disposing of contaminated bath, with all of the environmental

15 hazards associated therewith.
Hall et al., U.S. Pafent No. 3,839,097, issued on
October 1, 1974, teaches the stabilization of acidic aqueous
coating compositions by removing metal ions through use of an ion
exchange material, such as an ion exchange resin. The ion
20 exchange material is regenerated periodically to restore its ion
exchange capacity. To accomplish such regeneration in the ion
exchange material, the metal ions therein are displaced, and
replaced with cations which are replaceable by metal ions to be
removed from the coating composition. In one example given, an
25 ion exchange column packed with beads of ion exchange material
was first rinsed with water to reclaim residual coating
composition in the column. Deionized water is thereafter run

through the column to completely rinse it out. 1In the example
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given, the beads of ion exchange material are thereafter
regenerated with an aqueous solution of a strong acid, in
applications where the ion exchange material includes a
replaceable hydrogen ion. Although the process for stabilizing
a coating composition bath is taught in this reference, and also
a further process for removing metal ions from beads of ion
exchange material in an ion exchange column, and then
regenerating the ion exchange resin, no system is shown or
described fcr carrying out the process. For purposes of this
application, the specification of Hall et al., U.S. Patent No.
3,839,097, is incorporated herein by reference, to the extent
that such teachings are not inconsistent with teachings herein.
An application for Canadian Patent Serial No.
2,017,026, published on April 17, 1991, for "METHOD FOR TREATMENT
OF ELECTRODEPOSITION BATH". The Canadian application teaches a
method for continuously or intermittently removing a portion of
an electrodeposition bath contained in a tank 10, and passing the
removed portion through an ultrafilter 16. Filtered resin,
pigment, and other higher molecular weight components are
returned to the bath. Only the ultrafiltrate is passed through
an ion éxchange column 22 to remove iron and other materials from .
the ultrafiltrate. The filtrate from the ion exchange column 22
is returned to the electrodeposition bath, and waste products are
removed from the ion exchange column 22 and disposed of. The ion
exchange column 22 is regenerated by passing sulfuric acid
through the column. A system for accomplishing this is taught

only in a very elementary manner.
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use of ,an electric field to control the novenent of charged organic
mol ecul es to a wakkReateB&aRYiIE as one el ectrode of a typically

t wo- el ect rode sys nitude of electrical current and tinme of
application is coﬂmml l ["B‘anti ng the workpiece to a desired _
t hi ckness. The ffect -p®rmits an autodeposition coating

process to be carried out via control of the de-stabilization and

deposi tion of high- cul ar - i.ght _negative or neutrally-charged | atex
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on a metal surface, such as aluminum. An aqueous acidic
operating solution containing hexavalent chromium ions and

5 contaminating anion complexes is applied to the metal surface.
A fluid flow control system is used for passing controlled
proportions of the treating solution through cation exchange
resin, and for returning the effluent therefrom back to the
treatment or operating solution. Conductivity sensors are used

10 for measuring the electrical conductivity of the effluent, which
conductivity measurements are used by a controller for increasing
the proportion of solution passing through the cation exchange
resin in response to a decrease in the electrical conductivity
of the effluent below a predetermined incremental amount higher

15 than the solution which does not pass through the exchange resin.

In order to satisfy a recognized need in the field of
the present invention, the present inventors conceived and
developed a substantially automated system for periodically
removing contaminants from coating composition baths used in

20 autodeposition processing. In designing the present system, the
inventors recognized the need to provide that substantially all
of the autodeposition bath or coating composition be utilized in
coating parts, compared to prior systems which wasted costly
quantities of the autodeposition baths due to contamination

25 thereof after a period of use forcing disposal of the same. The
present inventors further recognized the requirement to provide
a system which substantially minimizes the production of waste

products harmful to the environment. By designing a
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neutral ly charged particles of coating conposition. Tﬁe“ﬁaYFS' “to-be -coat ed

are typically dipped into a coating bath contai ning Eﬂl’ d coatlng
conposi tion. Wor kpi eces of iron, steel, galvanized th
zinc, and so forth, at |east about the outer surfaces ce,

can typlcally be coated via an autodep®sition coating
A problemin systens carrying out an autodeposition coatlng process i's
that over a period of time nmetal ions having a valence of two or higher
(nul ti val esubshantialkyorusonatedr system for autodeposition processing,
REPLACEMENT SHEET
maximum economics are obtained through the use of substantially
all of the costly autodeposition bath or coating composition
material.

5 The present inventors recognized that it is contrary
to prior teachings to pass a chemical containing particulates,
such as latex and pigment included in autophoretic or
autodeposition baths through an ion exchange (IEX) column. They
conceived the present system to accomplish this operation, and

10 overcame the problems in the prior art such as clogging of IEX

columns by autophoretic baths.

3.0 Summary Of The Invention:
An object of the invention is to provide an improved
system for autodeposition processes.
15 Another object of the invention is to provide an
- improved system for autodeposition processes that maximizes the
usage of the autodeposition bath, and minimizes the production
of harmful waste products.
Yet another object of the invention is to provide a
20 substantially automated system for stabilizing a chemical bath
through use of an ion exchange column to remove metal ions from
the bath on a periodic basis, and further through periodic
cleansing and regeneration of the ion exchange colunn.
With these and other objects of the invention in mind,
25 the present invention provides for a substantially automated
system programmed for periodically stabilizing a chemical bath
or an autodeposition bath by passing all or a portion of the bath

,__»_'_-, ,:. oy \,__!
REPLACED




28 NOvV.1997 . - - 3- di sperse into the bath or
aut odeposition conp05|t|on |ncreaS|neg reducing the effectiveness of

the aut odepositi mm ess. As the netal ions increase in
concentration in ition conmposition, the quality of the

coati ngs produc I eces dimnishes to the point where the
coating conposition or aut odeposi tion Rath nust be replaced, or a portion

of the bath nust be renpoved and new1uncontan1nated coating conposition
added, to reduce the concentration of the netal ions, for permtting the

aut odeposi t itFiH [P NIRCESSy tOf filters and an ion exchange column, for
removing metal ions and other contaminants from the bath that

have accumulated therein over a period of time. The system
further provides for automatically pumping.deionized water from

5 a supply tank through the ion exchange column for returning
treated bath from the column back to the storage tank holding the
chemical or autodeposition bath. The system periodically
provides for regenerating the ion exchange column by passing a
regenerant acid through the ion exchange column to remove metal

10 ions collected by the column from the autodeposition bath.
Thereafter, the column is then automatically flushed out with
deionized water to remove the residual acid remaining in the ion
exchange column, thereby preparing the ion exchange column for
another cycle of cleansing the autodeposition bath of metal ions

15 and contaminants. Waste water and waste regenerant acid is
automatically dispensed from the system to a treatment plant, in

an environmentally safe manner. In another embodiment of the
invention, acid passed through the ion exchange column may be
collected in a reuse tank, for reuse in regenerating the ion

20 - exchange column, to the extent possible. A controller, such as
a microprocessor, for example, is programmed for controlling
valving means and pumping means for <circulating the
autodeposition or chemical bath, the deionized water, and
regenerant acid, through the system in a controlled manner. An

25 air operated diaphragm pump is used to pump the autophoretic bath

to provide low shear pumping.
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continue. A nunber of attenpts have been nade in the-prior-afrt—--to_..._

periodically renove the netal ions fromthe aut odepu‘s'lﬁtfﬁ)rt] bath or coating
t

conposition, for providing nore econom c use of the Ged i on
, With
Il et

bat h, and avoi ding the necessity of disposing of con ﬂ—’mﬁ
all of the environmental hazards associ ated therew

al., US Patent No. 3,839,097, issued on CQOctober 1, 1974, teaches the
stabilization of acidic aqueous coating conpositions by renoving mnetal
i ons through use of an ion exchange material, such as an ion exchange

resin. The ion exchange material is re%enerat ed %eriodi cally to restore
its ion SC JON OF T WING

Various embodiments of the present invention are
described below with reference to the drawings, in which 1like
items are identified by the same reference designation, and in

5 which:

Figs. 1A and 1B show portions of a flow schematic
diagram for one embodiment of the invention:

Fig. 2 1is a partial electrical circuit schematic
showing a plurality of lamps and/or visual indicators providing

10 alarm indications for one embodiment of the invention; and

Fig. 3 shows a layout diagram for a plurality of

switches for ocne embodiment of the invention.

ON N

With reference to Fig. 1, a .system is shown for

15 processing a chemical bath, particularly an autodeposition
composition in this illustration, <to separate therefrom
multivalent metal ions through use of a chelating type ion
exchange resin 30, and for regenerating the chelating resin 30,

all in a periodic and substantially automated manner. As

20 indicated above, a preferred process used in the present system
is illustrated and described in detail in co-pending related
application Serial No. 07/847,543, filed on March 6, 1992,
entitled "Process For Separating Multivalent Metal Ions From
Autodeposition Compositions And Process For Regenerating

25 Chelating Type Ion Exchange Resins Useful Therewith", which is

incorporated herein by reference to the extent that teachings
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exchange capacity. To acconplish such regeneration in the-i-on—exchange—--
material, the nmetal ions therein are displaced, and replaced with cations
which are repl aceable by netal ions to be renoved fromt sgen Replaced
conposition. In one exanple given, an .ion exchange col umm " H 1IM|I
beads of ion exchange material was first rinsed with wate [
residual coating conposition in the cq gynn. Deionized water is thereafter

run through the colum to conpletely rinse it out. In the exanple
RELACEMENT SHEET

therein do not conflict with teachings relative to the present

system. As indicated therein, aqueous resinous coating
compositions are. used in autodeposition systems for forming a
coating of relatively high solids concentration on metallic

5 surfaces immersed therein. The thickness of the coating applied.
to the metallic surface is controlled by varying the length of
time the metallic workpiece is immersed in the coating
composition, and controlling the bath composition (e.g. HF, FeFy,
and latex concentrations, for example).

10 Although the description of the present system is
illustrated herein relative to a preferred autodeposition
process, the system is not limited to use with autodeposition
baths where polymer is involved. The system can be used to
periodically remove metal ions, that may build up over time, from

15 many types of chemical baths.

Typically, the autodeposition coating process is used
for coating metallic workpieces of iron, steel, and/or galvanized
metal for example. The coating composition typically includes
latex polymers processed to provide negatively charged particles

20 of latex in solution. The coating composition bath is maintained
to be mildly acidic for reacting with a submerged me£a1 workpiece
to cause associated metallic ions on the surface of the workpiece
to become positively charged. ' As a result, the positively
charged metallic ions attract the negatively charged latex

25 particles from solution, causing the latex particles to be
deposited on the surface of the metallic workpiece. The
thickness of the coating is very thin, and typically controlled

between 0.5 to 0.7 mil, in this example, whereby very small




2 8 NOvy 1997.-- -— -4- given, the beads of ion
exchange naterl ar jhgr regenerated with an aqueous solution of a
strong acid, i 1&h Q%ﬁﬁ - where the ion exchange material includes a
repl aceabl e hydr “ﬁ ‘m mough the process for stabilizing a coating
conposi tion bath this reference, and also a further process
for renmoving netal ions from beads of =i exchange material in an ion

exchange colum, and then regenerating the ion exchange resin, no system
. f this
is shown or or carg |ng Qut tiganocess For, poses ,qf t

appl i cati orf°X% °%$e%$f?%31?83 ?9rﬁPP98? are uﬁﬁ?eﬁP e coating of

large numbers of workpieces.
During the autodeposition coating of workpieces,
metallic ions from the workpieces accumulate in the coating
5 composition over time due to dissolution from the workpieces.
As the concentration of the metallic ions increases in the
coating composition bath, a level is reached where the quality
of the coatings obtained is negatively affected. Also, the
concentration of metallic ions may increase to a level where the
i0 coating composition begins to coagulate and become unstable.
Accofdingly, before such negative performance is reached, it is
important to periodically remove the accumulated metal ions from
the coating composition bath.
With further reference to Fig. 1, a system for removing
15 metallic ions from an coating composition bath includes a tank
T4 containing the coating composition bath 1. For purposes of
illustration, assume that the workpieces being passed through the
coating composition bath 1 are steel, and that the bath 1
includes hydrofluoric acid (HF) of a given concentration. 1In an
20 optional embodiment, the concentration of the HF is monitored
through use of a transducer 3 immersed in the tank T4. A signal
line 5 from transducer 3 transmits an electrical signal having
a voltage level proportional to the concentration of HF. A
conductivity transducer 129 is immersed in the coating
25 composition bath 1 in tank T4, for providing a signal Cl1 having
a level indicative of the conductivity of bath 1. A draw conduit
or pipe 7 has one end deeply immersed in the coating composition

bath 1, and another end connected to an input port 9 of an air
I HAS BEEN
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3,839,097, is incorporated herein by reference, to the extent that such——
t eachi ngs are not inconsistent with teachings herein. This Sheet AR Been R aced
application for Canadi an Patent Serial No. 2,017,026, pubI

17, 1991, for "METHOD FOR TREATMENT OF ELECTRODEPCSI TI ON B wmm T
Canadi an application teaches a nethod for continuously or

renovi ng a portion of an electrodep05|¥h0n bat h cont ai ned |n a tank 10,

and passing the renoved port ion through an ultrafilter 16. Filtered
resin, pignent, apd ot her gher nol ecul ar a@bﬂht conponents ,are returned
to the tmurPP?§RSQQFRP%Pt?éf|I@Pa?ér|9955§§§ AEHIAIM, RUPB, 18 PrefexTed

col um 22 tég{EFTvgeéLSQean €ﬁ§e£egﬁ %&ﬁgk L& qbw shear when pumping an

autophoretic bath. A stroke indicator assembly 11 is connected

to the pump P1 for providing a signal SIN1 (via a pressure switch

5 151) indicative of each stroke taken by the pump. By monitoring
the number of strokes taken by the pump during a given cycle of
operation, a measurement of the quantity of coating composition
passed through the pump can be obtained. In this example, each
stroke of pump Pl pumps 0.016 gallons. An output port 13 of pump

10 Pl is connected by a fluid line or conduit 15 to an inlet port
17 of a filter F1l. An outlet port 19 of filter Fl1l is connected

to one end of an automatic air operated valve AVl. Note that the

fluid line 15 is connected by a gage isolator 21 to a pressure

gauge PGl monitoring the pressure between pump Pl and filter F1.

15 Also, a pressure sensor PS1 is connected by gauge isolators 21
across filter Fl1. PS1 is, in this example, representative of a
normally open switch when filter Fl1 is clear causing a low
pressure to be developed across PS1l. When filter F1 becomes
clogged, a pressure is developed across PS1 causing it to respond

20 by closing an internal adjustable switch (not shown) to cause
signal PR1 to change state from zero volt to +5 volts, in this
example, indicating a clogged filter Fl. Accordingly, signal PR1

is indicative of the differential pressure between the inlet port

17 and the outlet port 19 of filter Fl exceeding a predetermined

25 level. Also, a gauge isolator 21 connects another pressure éauge
PG2 to fluid line 23, for providing a measurement of the pressure

between outlet 19 of filter Fl, and one port of automatic valve

AV1.
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The output port of valve AVl is coupled through a check
valve 25 via a fluid line or pipe 27 to an ion exchange column
(IEX) 29, and through another fluid path or pipe 31 commonly
connected at one end to pipe 27, to a common connection with a
fluid line or pipe 33 connected between fluid ports of automatic
valves AV4 and AV8. The other end or port of automatic valve AV4
is connected via fluid line 35 to one end of a throttle valve
TV4, the other end of the latter being connected to one port of
a Tee coupling 37, the other port of the latter being connected
via fluid conduit or pipe 39 to treatment apparatus (not shown).
A fluid conductivity transducer 41 is installed on the Tee 37 for
providing a signal €3 indicative of the conductivity of the fluid
being discharged or passed therethrough.

A conduit or fluid line 43 is connected at one end into
the fluid path 35 between valves AV4 and TV4, and at its other
end to one port of automatic valve AV3. The other end or port
of valve AV3 is connected via fluid 1line 45 to a common
connection between the ends of fluid lines 47, 49 and 32, for
connections via the other ends of fluid line 47 to a fluid port
of ion exchange column (IEX) 29, of fluid line 32 to one port of
an automatic valve AVé, and of fluid line 49 to one port of
automatic valve AV2. The other port of automatic valve AV6 is
connected via fluid line 34 to one port of throttle valve TV2.
The other port of throttle valve TV2 is connected via fluid line
36 through a check valve 38 in series with a rotometer 40 to an
outlet port 42 of a pump P3. Check valve 38 is oriented for
passing fluid from rotometer 40 to throttle valve TV2. Fluid

line 36 is also connected via fluid line 66 to one port of
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McVey 3,312,189,.. U..S. Patent-—No. -3, 312, 189, issued on April 4, 1967, shows
an apparatus for formng a chromate coating on a netal surface, such as
al um num An adt t epl ﬁ%rating sol uti on cont ai ni ng hexaval ent
chromum ions and || g anion conplexes is applied to the neta
surface. A fluid ystemis used for passing controlled
proportions of the treating solution th@iggh cation exchange resin, and

a

for returning the effluent therefromb to the treatnment or operating
solution. Conductivity sensors are used for neasuring the electrical

conduct i Vi tynSfnd P dd tidiva Wl V3 CRRAUBEhEK! YoPRASH ARSH SRRty

~a controller for 1ncreasing
via fluid line 65 to the other port of automatic valve AVS.

A stroke indicator 44 is connected to pump P3 for

providing a signal SIN2, via a pressure switch 153, indicative
5 of the number of strokes of pump P3 during a given cycle of
operation, for providing a measurement of the fluid being pumped
therethrough (0.016 gallons/stroke in this example). An inlet
porﬁ 65 of pump P3 is commonly connected via fluid lines 67 and
69 to fluid ports of automatic valves AV7 and AV5, respectively.
10 The other fluid port of automatic wvalve AVS is connected via
fluid line 78, which has an open end positioned near the bottom
of a tank T2 containing new regenerant acid 68 (HF in this
example). The other port of automatic valve AV7 is connected via
a fluid line 90 to a suction or draw pipe 79 having a free end
15 positioned within and near the bottom of a tank Tl containing
deionized (DI) water 81. The purpose of tank Tl is to allow for
an inventory of DI water to be stored, to permit operation of the
system in plants where the instantaneous flow rate of the in-
plant DI water is insufficient to supply the DI water

20 requirements of IEX 29.

A pump P2 has an inlet port 4 connected via a fluid
line 10 to a drum of fresh regenerant chemical or acid (not
shown). An outlet port 12 is connected via a fluid line 14 to
a feedpipe 91, for discharging new regenerant acid 68 into tank

25 T2 during a refill cycle.

An electrically operated solenoid valve SV11l has one

fluid port connected via a fluid line 93 to a pressurized source

of deionized (DI) water (not shown). The other fluid port of

THiy i
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t he proportion of solution passing through the cation exehange--—resin-in.
response to a decrease in the electrical conductivity of_t ef fl uent

bel ow a predeterm ned i ncrenental anmount higher than t he® t c pped
does not pass through the exchange resin. In or t m a
recogni zed need in the field of the present invention, th

I nventors concei ved and devel oped a sub4t-antially automated system for
periodically renoving contam nants from coating conposition baths used in
aut odeposi tion processing. In desjgning the present,é system the inventors

recogni zed YaEvacsill olgeannachehitas dpSinad fepg hiné 3, tfar discharging

aut odeposition bath qQr coatin congosLt'on be utilized |n .
from the latter D ater into tank T1l, during a refill cycle

therefor.

Another fluid port of automatic valve AV2 is connected
5 via a fluid line 97 to an inlet port of a filter F2. An outlet
port of filter F2 is connected via fluid line '99 to one port of
a throttle valve TV1. A gauge isolator 21 is used to connect
both a pressure gauge PG5 and a pressure switch PS2 to fluid line
99, as shown. PS2 is representative of a normally open switch
10 (not shown) with no applied pressure. When F2 is unclogéed, high
back pressure causes the associated signal PR2 to be at zero
volt. PS2 responds to a predetermined pressure drop caused by
clogging of F2, by opening an internal switch to cause signal PR2
to change state from +5 volts to zero volt, in this example. 1In
15 other words, pressure switch PS2 provides a signal PR2 indicative
of the pressure in fluid line 99 or at the outlet of filter F2
being below a predetermined value. The other port of throttle
valve TVl is coupled via fluid line 101 to an inlet end of a
check valve 103, the outlet port of the latter being connected
20 via a fluid line 105 to one port of a Tee coupling 107. A
conductivity transducer 109 is mounted on the Tee coupler 107,
for providing a conductivity signal €2 indicative of the
conductivity of the fluid passing through the Tee coupler 107.
The other end of the Tee coupler 107 is conne;ted to a feedpipe
25 111 for discharging treated coating composition 1 back into tank

T4, as will be described in detail below.
Another embodiment of the present inventive system

(shown in phantom) is considered optional, and includes a tank
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coating parts, conpared.to-prior systens which wasted costly quantities of
t he aut odepoSition baths due tq contamnation thereof after a period of
use forcing di sposedtHefB T . The present inventors further recogni zed

t he requirenent Bﬁiﬁ system whi ch substantially mnimzes the
producti on of MA

harnfgllsyp the environnent. By
designing a REPLACENMENT
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- 6- T3 for containing once used regenerant acid 113. This embodiment
further includes a fluid line 115 connected between the common
connection of fluid lines 67 and 69, and one port of automatic
valve AV9. The other port of automatic valve AV9 is connected

5 to one end of fluid line 117, the other end of which is located

within and near the bottom of tank T3. A fluid line 119 has one

end connected to the common connection of fluid lines 31 and 33,

and another end connected to one port of an automatic valve AV10.

The other fluid port of valve AV10 is connected via a fluid line

10 121 for discharging once used regenerant acid 113 into tank T3,
as will be described below.

A source of air (not shown) provides "shop air" of

controlled pressure via conduit or pipe 123 to an inlet port of

a filter F3, the outlet port of which is connected via air

15 ‘pressure line 125 to a plurality of solenocid operated valves SVi1

through SV10, and SVP1 through SVP3, respectively. These valves

are individually controlled by a controller 127 via electrical

control signals 50 through 62, respectively, generated by

controller 127 at appropriate times, as will be described in

20 detail below. When solencid valves SV1 through SV10 are

individual energized, in this example they open to provide air

pressure signals A,B,C,D,E,F,G,H,J, and K, respectively, which

air pressure signals are individually coupled to automatic air

operated valves AVl through AV10, respectively, for opening these

25 valves. Similarly, when solenocid valves SVP1l, SVP2, and SVP3,

are individually energized by controller 127, these valves open

to provide air pressure signals L,6M,N, respectively, for

THIS SHEET ‘A‘: BEEN
REPLACED




substantially automated system for autodeposition processing, . maximm. _..  __
econom cs are obtained through the use of substantially all of the costly
aut odeposition bath or coating conmposition material. This Sheet Hid Been Replaced

present inventors recognized that it is contrary to prior f{
pass a chem cal containing particulates, such as |atex and
I ncl uded i n autophoretic or autodepcesiléi-on baths through a

(IEX) colum. They conceived the present systemto acconplish this

operation, and overcane the problens in_the prior art_such as cl oggi ng of
| EX application to pumps Pl, P2, P3, respectively, for energizing

these air operated pumps, in this example.

A low level sensor 131 is positioned within and near
the bottom of tank T1l, for providing a signal 71 indicative of
5 the fluid level in tank T1 dropping to below a predetermined low
level. Also, a high level sensor 133 is located within tank T1
at a predetermined level below the top of the tank, for providing
a +5 volt level signal 70, in this example, indicative of the DI
water level reaching the position of level sensor 133. Note that
10 in this example, switches associated with level sensors 131 and
133, and others discussed below, are normally-open switches. All
such level sensors, as described herein, produce a level signal
of zero volt when liquid is below the level of the associated
level sensor, and a level signal +5 volts when liquid is at or

15 above the level of the associated level sensor, for example.
Tank T2 includes a low level sensor 135 located within
or near the bottom of the tank, for producing a low level signal
74 of zero volt indicative of the acid therein dropping to below
the level of the sensor 135; a mid level sensor 137 for producing
20 a signal 73 of zero volt, whenever the acid level drops to below
the level of this sensor; and a high level sensor 139 located
“near the top of tank T2, for producing a level signal 72 of +5
volts, in this example, indicative of the acid within the tank
attaining the level of sensor 139. 1In substantially the same
25 manner as tank T2, tank T3 includes a low level sensor 141 for
producing a low level signal 77, a mid level sensor 143 for
producing a mid level signal 76, and a high level sensor 145 for

producing a high level signal 75.

THIS SHELT HAS BEEN
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colums by aut ophoreti-c-baths. ... 3.0 Summary O The I nventi on:
An object of the invention is to provide an inproved systemfor

aut odeposition p H@Ekmﬂkmhmd Anot her object of the invention is to
provide an inpro autodeposition processes that maxi m zes the
usage of the auto h and m nimzes the production of harnfu

wast e products. anotheL eblect of the inventionis to

provide a substantially autonated system for stabilizing a chem cal bath
t hrough use of an ion exchange colum to renove netal ions from

During automatic control of the system of Fig. 1, the

controller 127 responds to the liquid level signals 70 through
‘77, valve status signals 80 through 89, pressure signals PR1 and
PR2, conductivity signals C, through C;, and stroke pulse signals
5 SIN1 and SIN2, for providing SV control signals S50 through 63,
when required for different modes of operation of the systen.
These modes of operation are described in detail below.
In an engineering prototype of the present system, the
controller 127 is provided by an Allen Bradley SLC-500 PLC
10 microprocessor (manufactured by Allen Bradley, Inc., Milwaukee,
WI). Throttle valve TVl is a diaphragm type throttle valve GF
type 314 (manufactured by Gedrge Fischer Ltd., Schaffhausen,
Switzerland), for passing fluid containing coating composition.
Throttle valves TV2 and TV4 are adjustable needle valves GF Type
15 522. Throttle valve TV-3 is an adjustable Y-globe valve GF Type
301. The level sensors 131, 133, 135, 137, 139, 141, 143, and
145, are Thomas float switch Model 4400 sensors (manufactured by
Thomas). Valves AVl through AV10 are GF type 220 with manual
override (manufactured by George Fischer, Schaffhausen,
20 Switzerland). Filter Fl is a Sethco bag filter (manufactured by
Met Pro Corporation, Sethco Division, Hauppauge, New York).
Filter F2 is a Sethco bag filter Fl1, Model No. DBG-1. Air
operated pumps Pl, P2, and P3, are provided by Marlow type
1/2A0DP pumps (manufactured by Marlow ITT Fluid Technology
25 Corporation, Mid Land Park, New Jersey).
The ion exchange column 29 is provided by a vinyl ester
tank about twelve inches in diameter, and 38 inches in length,

in this example. It has its 1longitudinal axis vertically

- .Ww;:“ - ]
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the bath on a periodic basis, and further through peFTbH“E“”cieansLng -and

regeneration of the ion exchange col um. h se and ot her
objects of the invention in mnd, the present |nvent| ﬂw Rhmnaa

substantial ly autonmated systen1progranned for periodi ng a
chem cal bath or an autodeposition bath by passing all of the
bat h - 18 - 28 NOvV 1997
- 7 -

oriented. The ion exchange column 29 is filled with an

appropriate ion exchange resin 30, in this example Amberlite®

IRC-718 (manufactured by Rohm & Haas Co., Pennsylvania). Other
examples of suitable IEX resins 30 include Miles/Bayer Lewatit
S TP-207, Purolite S-930, Sybron Ionac SR-5, Bio-Rid Chelex 20 or
Chelex 100, Mitsibushi Diaion CR1l1, and other similar
iminodiacetate based resins. This resin 30 permits ferric and
ferrous iron ions to be removed from coating composition 1 passed
through the ion exchange column 29, in this example. Other types
10 of resins are available for removing other metallic ions, such
as those of chromium or zinc, for example. In this example, the
regenerant acid 68 is hydrofluoric acid in greater than 1%
concentration.
Solenoid valves SV1 through SV10 are provided by
15 Burkett Type 470 valves (Ohio Components, Parma, Ohioc). The
solencid operated valve SV11 is an electrically operated solenoid
valve, controlled by electrical signal 63 from controller 127.
The other components used in the prototype system are typical
standard components which are readily available. Note further
20 that the actual components as previously indicated for a
prototype system are not meant to be limiting, and any suitable
substitute can be used.
Note that the automatic air actuated valves AVl through
AV10 each include pairs of output or valve status signals 80
25 through 89, respectively, for providing an active signal
indicative of the valve's present position, that is indicative
of either an open or a closed position. As shown, controller 127

senses the status of each valve through monltorlng of these pairs

11' E'n‘\ 21‘\
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through:a plurality of filters. and an ion exchange colum, for renoving

nmet al

ions and other contam nants fromthe bath that have accunul at ed

t herein over a pdhisShketHas BeeiBeplacedThe system further provides for

automatical ly punp
exchange col um f o t
C

st orage tank hol di

water from a supply tank through the ion
reated bath fromthe colum back to the

periodically provides for regenerating the ion exchange col um by passing
a regenerant acid through the ion exchange colum to renove netal ions

collected Ry 5EBgna2susd £RFFRGHBAUL A8CROBEEUDE dBBch signal monitoring,

10

15

20

25

the solenoid valve control signals 50 through 63 are outputted
by controcller 127 at appropriate times for conducting various
modes of operation of the present system. Also, controller 127
can test valves AVl through AV10 for proper operation through
monitoring of these signals.

In another embodiment of the invention, a visual alarm
system is provided. Controller 127 drives a relay bank 158, for
energizing associated relays to provide lamp signals Ll through
L18 at appropriate times. In Fig. 2, lamps 160 through 177 are
responsive to lamp signals or voltages L1 through L18,
respectively, for lighting to provide a visual indication of an
associated panel message indicating a particular component or
system operation, or showing a defaulting component or system
operation, as indicated by the respective legends shown. In this
example, lamps with an "R" designation are red in color, those
with a "G" designation are green, and those with a "y"
designation are yellow. However, any desired combination of
colors can be used for the lamps 160 through 177. In one
embodiment, the lamps 160 through 177, as shown in Fig. 2, are
individually associated with message displays 160' through 177!
of a backlit display panel 180. Alternatively, in another
embodiment, the lamps 160 through 177 are mounted on a display
panel each adjacent to an associated printed alarm or component
operation message 160' through 177', respectively, as shown for
the backlit panel 180. In the alternative embodiment, the lamps

160 through 177, respectively, are energized to light adjacent

' to their associated message display 160' through 177',

TS Sy s BenN |
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Thereafter, the colum is then automatically flushed out with deionized

water to renove the residual acid remaining in the ion  exchange col um,
thereby preparing the ion exchange colum for anotheg.cyclen.of..cheans ng
t he aut odeposition bath of metal ions and contam nant§; r and
waste regenerant acid is automatically dispensed from muuﬁa a
treatnent plant, in an environnental ly,safe manner.

of the invention, acid passed through %ie i on exchange colum nay be
collected in a reuse tank, for reuse in regenerating the ion exchange

col um, to tdergxt £Re1POSSi Phean’ EAGLAELLERg PESLSEypE Fot' OBHOC PYeRent

for exanple, I's programmed for controlling
system, the latter embodiment is used. Note that the alarms are

di ment

provided, in this example, for permitting a low skilled operator
to correct problems that may occur during operation of the
5 system.

In Fig. 3, seven switches SW1l through SW7 are shown
with connections to controller 127. 1In this example, switches
SW1 through SW3 and SWé are three position rotary switches.
Switch SW4 is a two position rotary switch. Switch SW5 is a

10 normally closed pushbutton switch, and switch SW7 is a normally
open pushbutton switch. These switches are typically located on
a control panel in the system. Contacts "a", "b", and "d" of
switches SW1l, SW2, SW3, and SWé are connected to controller 127,
as shown. Contacts "a" and "c" of switch SW4 are connected to

15 controller 127. Contacts "a" and "b" of each of switches SW5 and
SW7 are connected to controller 127,

The programming of controller 127 in response to
different positions of switches SWl1l through Sw7 ﬁill now be
described. Switch SWl is identified on a control panel (not

20 shown) as a "Regeneration/DI Water Pump Switch P3". When the
arm 182 of this switch is rotated to electrically connect
contacts "a" and "b", SWl1l is in an indicated "ON" position.
Controller 127 responds by energizing solenoid valve SVP3,
opening the valve to cause air pressure signal N to be applied

25 to pump P3, energizing this pump. However, such action will only

| occur if switch SW3, designated as the "SYSTEM CONTROL" is
operated by rotaﬁing its arm 186 for electrically connecting

either contacts "a" and "b", or contacts "a" and “d". If the arm

HAS BEEN
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val ving neans--..and.__punpi ng neans for circulating the _
aut odeposition or chemical bath, the deionized water, and regenerant acid,
t hrough the sysMhbd%HasB“eQ{’ﬁefb ljed manner. An air operated di aphragm punp

s used to punp c bath to provide | ow shear punping.
REPLACEMENT SHEE , 1,”", 2 8 NOV
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THE DRAW NGS

182 of switch SW1 is positioned for electrically interconnecting
its contacts "a" and "c", this is a designated "OFF" position,
in which pump P3 cannot be energized. When arm 182 is rotated
to electrically connect contacts "a" and "d", this position is
5 designated as the "AUTO" position, for programming pump P3 to be
energized at appropriate times during various programmed
sequences.

Switch SW2 is designated as the "PAINT PUMP P1" switch.
When its arm 184 is rotated to electrically connect associated
10 contacts "a" and "b", the switch is in a designated "ON®
position, provided that SYSTEM CONTROL switch SW3 is not in its
"OFF" position (arm 186 electrically connecting contacts "a" and
"c" thereof). When switch arm 184 is rotated to electrically
connect contact "a" to contact "c", this is designated as the
15 "OFF" position for SW2, in which pump Pl is prevented from being
energized. When switch arm 184 is rotated to electrically
connect associated contacts "a" and "d", this is designated as
the "AUTO" position, in which pump P1 is energizable at
appropriate programmed times during automatic operation of the

20 system, to be described below.
Switch SW3 is designated as a "SYSTEM CONTROL" switch.
When its arm 186 is positioned for electrically connecting
contacts "a" and "b" thereof, this is designated as the "AuTO"
position, and controller 127 in response thereto is programmed
25 to place the system in automatic operation. When switch SW3 has
its arm 186 rotated to electrically connect associated contacts
"a" and "c", the switch is in a aesignated WOFF" position,

preventing operation of the system. When arm 186 is rotated to

S 1
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Var.i ous.enbodi ments of the present invention are described below wth
reference to the drawings, in which like itens are identified by the sane
reference designation, and in which: Fi gS. ThisShévhHas BlenS QN

portions of a flow schematic diagramfor one enbodi ne ntlon
Fig. 2 is a partial electrical circuit schematic sho H H[ of
| anps and/or visual indicators providing, alarmindica

enbodi mrent of the invention; and Flg 3 shows a | ayout diagram
for a plurality of

electrically connect associated contacts "a" and "d", this is
designated as the "PB START" position. When switch SW3 is in

this position, controller 127 is programmed to respond to
activation of pushbutton switch SW7 by depression of pushbutton

5 contact 194 thereof, for interconnecting associated contacts "a"
and "b". Controller 127 is programmed to respond to the latter
switch operation by initiating one cycle of treatment of the
coating composition 1, as will be described in detail below.

With further reference to "SYSTEM CONTROL" switch SW3,

10 when this switch is placed in its "AUTO" position by moving its
arm 186 to electrically connect associated contacts "a" and "b",

the programmed treatment of the coating composition 1 will be
cyclically repeated at predetermined intervals of time. When
MSYSTEM CONTROL" switch SW3 has its arm 186 positioned for

15 electrically connecting associated contacts "a" and "c", in an
WOFF" position, the system is placed in a manual mode of
operation, and an operating cycle will be stopped. However,
controller 127 is programmed to respond thereto by first checking

to determine whether any paint or coating composition 1 remains

20 in the ion exchange column 29. If the answer is ‘"yes",
controller 127 is programmed to continue the portion of the
sequence for operation of the system for pumping coating
composition 1 through the ion exchange column 29. If controller

127 determines that for the operating cycle stopped when the

25 system switch SW3 was moved to its "OFF" position, the pumping
of coating composition 1 through the ion exchange column 29 had
previously been ierminated, controller 127 1is programmed to

initiate a cycle of operation for flushing out the ion exchange




swi-tches for one enbodi nent. of. the-i nvention. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON Wth reference to Fig. 1, a system

i's shown for progasfdeBsBedalRepicedl bath, particularly an autodeposition

conposition in thi , to separate therefrom nultivalent neta
Il ons through use om mﬂm' type ion exchange resin 30, and for
regenerating the c 30, ald3 n a periodic and substantially

aut omat ed nanner . As indicated above, a preferred process used in the
present system is illustrated and described in detail in co-pending
rel ated column 29 with deionized water 81, as described in detail below.

After this flushing cycle, the controller 127 is programmed to

initialize itself for resetting all parameters in the system to

prepare for responding to the "SYSTEM CONTROL" switch SW3 either

5 being operated by moving its associated arm 186 to electrically

connect associated contacts "a" and "d", thereby placing switch

SW3 in its designated "PB START" position, or being operated by

moving its associated arm 186 to electrically connect associated

contacts "a" and "b", thereby placing S3 in its designated "AuTO"

10 position. When "SYSTEM CONTROL" switch SW3 is moved to its "PB

START" position, as previously mentioned, controller 127 is

thereafter programmed to respond to energization of the "“START
CLEAN-UP SEQUENCE" pushbutton switch SW7, in this example.

Switch SW4 is designated as the "REGEN CHEMICAL PUMP

15 P2". In the "OFF" position of this switch, its arm 188 is

positioned for electrically connecting associated contacts "a"

and "b". In this "OFF" position, pump P2 cannot be energized,

and controller 127 is programmed to reset a refill cycle for

refilling tank T2 with new regenerant acid or chemical regenerant

20 68, as will be described in detail below. Switch SW4 is placed

in a designated "AUTO" position when its arm 188 is rotated to

electrically connect associated contacts "a" and "c". In this

position, pump P2 can be enérgized to refill tank T2 with new

regenerant chemical or acid under the control of controller 127,

25 which will de-energize pump P2 upon sensing the level of acid in

the tank reaching a predetermined filled level. In this example,

controller 127 is programmed to not in any event permit the pump

REPLACED



application Serial No. 07/847,543, filed on March 6, 1992, entitled
"Process For Separating Nhltlvalent Metal |ons From Autodep05|t|on'“““”
Conposi tions And Process For Regeneratlng Chel ating Ty ng han e
Resins Useful Therewith", which is incorporated hereln 9he
extent that teachings ,

SHEET - 24 - 2 8 NOV 1
-9- therein do not conflict with teachings relative to the present
system As indicated therein, aqueous resinous coating

P2 to be operated for more than a 30 minute period of time in a

given refill cycle.
Switch SW5 is designated as an "EMERGENCY STOP" switch.
When the pushbutton 190 of this switch is depressed, the
5 electrical connection between associated contacts "a" and "b" is
broken, and the switch SW5 mechanically maintains this position.
Controller 127 is programmed to respond to the operation of the
emergency stop switch SW5 by first checking to see if the switch
has been manually returned to its inoperative position by being
10 pulled outward, in which case if a treatment cycle had been
interrupted, that cycle will be resumed from where it was
previously interrupted. However, if controller 127 determines
that the "EMERGENCY STOP" switch SW5 remains activated, system
operation will be terminated, but the system will not be reset.
15 Next, all alarms (to be described in detail below) will be reset
except for outlet pressure low alarm 160, 160', high delta
pressure alarm 161, 161', no pump flow alarm 164, 164', and valve
failure alarm 163, 163'. Subsequently, if the YEMERGENCY STOP"
switch SWS is deactivated, controller 127 will then resume the
20 cycle of operation previously interrupted, as mentioned earlier.
Switch SWé is designated as a "DI MAKE-UP" switch. The
switch has three positions, one with arm 192 rotated to
electrically connect associated contacts "a" and "b", designated
as an "ON" position. An "OFF" position is provided with contact
25 arm 192 rotated to electrically connect associated contacts "a"
and "c". Lastly, an “AUTO" position is provided with arm 192
rotated to electrically connect associated contacts "a" and "d".

When this switch is in its "ON" position, controller 127 responds

THIS SHLEET HAS BEEN l
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conpositions are used-ir#-autodeposition systens for formng a coating of
relatively high sglids concentration on netallic surfaces imrersed

therein. The thic %m@ﬁsB&@R&m@g|ng applied to the netallic surface is
controll ed by varyi time the netallic workpiece is

I mersed in the co MW ion, and controlling the bath conposition
(e.g. HF, FeF[err], ncentLaggans for exanple).

Al t hough the descrlptlon of the present systemis illustrated herein

relative to a preferred autodeposition process, the systemis not limted
to use wit hbpubatpurtingorcomatdls sbgnal p6Bynter emserqi/zé ver. opehhesclyestodid

can be used to

operated valve SV11l, for permitting deionized water to begin
refilling tank T1, assuming it requires such refilling. If
switch SW6 is in its "OFF" position, controller 127 is programmed
5 to inhibit operation of valve SV11l. When switch SWé is placed
in its "AUTO" position, controller 127 is programmed to open
valve SV11 if tank Tl has a DI water level below the high or £ill
level sensed by 1level sensor 133. During such a refill
operation, in this example, controller 127 is programmed to turn
10 off valve SV11 upon sensing signal 70 indicative of tank T1 being

filled.

Switch SW7 is designated as a "START CLEAN-UP SEQUENCE"
pushbutton. When this momentary contact pushbutton switch is
depressed, controller 127 is programmed to respond to the

15 electrical connection of contacts "a" and "b"™ thereof via contact
pushbutton arm 194, by first checking to determine 1if the
"EMERGENCY STOP" pushbutton switch SW5 is pushed in or activated.
If the answer is "yes", controller 127 is programmed to activate
or turn on all panel lamps 160 through 177, for alerting the

20 operator that the emergency "STOP" pushbutton SWS is activated
in addition to serving as a lamp test signal for the controller.
However, if the emergency "STOP" pushbutton SW5 is not so
activated, controller 127 will then check to determine if the
SYSTEM CONTROL switch SW 3 is positioned in its "PB START"

25 position. If the answer is "yes", controller 127 will proceed
to initiate one entire cycle of treatment of the coating
composition 1, for removing metallic ions therefrom. However,

if the answer is "no", controller 127 is programmed to then check

© SHEET HAS BEEN |
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peri odi cal

ly renmove netal ions, that may build up over -time;— from—pany—-

types of chem cal baths. Typically, the autodeposition coating

gal vani zed netal for exanple. The coating conposition ty
| atex polymers processed to provide negatively charged pa

process is used for coating netallic workpi eces of ironth f@
in solution. The coating conposition ba&h=is maintained to be m

acidic for

,m “Ht ex

reacting with a submerged netal workpiece to cause aSSOCIated

metallic ions on the surface of the workpiece to becone positively

char ged.

As a result, the positively <charged netallic ions attract the

negatively charged | at ex

10

15

20

25

to determine if the system control switch is in its "OFF"
position. If the answer is "yes", controller 127 will run a
valve failure test. The air operated valves AV1 through AV10 are
each provided with an associated 1lamp (not Shown), that
controlier 127 is programmed to energize in a flashing or
blinking manner when any of the associated valves are tested to
be inoperative. Alternatively, if controller 127 senses that the
"SYSTEM CONTROL" switch SW3 is not in its "OFF" position, but in
its “AUTO" position, controller 127 will initiate repetitive or
periodic cycles of treatment of the coating composition 1.
Operation of the system will now be described. The
controller 127 includes a microprocessor that is progrémmed for
providing stabilization of the coating composition bath 1, by
periodically circulating a portion of the coating composition
from tank T4 through the ion exchange column 29 (in a downflow
direction as indicated by arrow 6) and back to tank T4 after
treatment. For setting the system into an automatic mode of
operation, an initialization process or mode of operation must
first be conducted. The steps for the initialization mode of
operation are as follows: |
1. Manually place the regeneration pump switch SW1 in its
"AUTO" position.
2. Manually place the paint pump switch SW2 in its "AUTO"
position.
3. Manually pull the emergency "STOP" switch SWS out to
its inactive position.
4. Manually place the regen chemical pump switch SW4 in

its “AUTO" position.
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particles fromsolution, causing the |atex particles to be deposited on
the surface of the metallic workpiece. The thickness of the coating is
very thin, ambis$hépiHasbdeyRGRRIG Ol 1 ed between 0.5 to 0.7 mil, in this

<o ST

| ar ge numbers of workpi eces.

28 NOV 1997
ng conposi gy an are used in the coating of

5. Manually place the DI MAKE-UP switch SWé in its "AuToO"
position.

6. Controller 127 checks the status of high level signal
70 to determine whether DI water level in tank T1 is

5 at high level. If not, controller 127 is programmed
to apply control signal 63 to valve §V11l, for
refilling tank T1 with DI water until level signal 70
is sensed, whereafter control signal 63 is terminated
and the next step pursued.

10 7. Controller 127 checks for the presence of level signal
74 to determine if the new regenerant acid in tank T2
is above a predetermined low level. If it is not,
controller 127 generates control signal 61, for
opening solenoid valve SVP2, to supply air signal M to

15 pump P2, for energizing that pump to refill acid into
tank T2. When controller 127 senses the presence of
level signal 72, control signal 61 is terminated,
closing valve SVP2, thereby turning off pump P2.

8. Manually set the system control switch SW3 to either

20 its YAUTO"™ or "PB START" positions, or leave the
switch SW3 in its "OFF" position.

9. If system control switch SW3 is in its "OFF" poéition,
the system is in a manual mode of operation, and
resets to the beginning of a treatment cycle for

25 coating composition 1.

10. If the system control switch SW3 is not in its "OFF"
position, is it in its "PB START" position? If the

TR

P SHEET HAS BEEN |




During the autodeposition coating of workpieces, netallic ions fromthe
wor kpi eces accunul-at-e--i-a-the-eoating conposition over tinme due to

di ssolution fromthe workpieces. As the concentration of the netallic ions
i ncreases i n th@ahis8ettHanBeegcBepbosi t i on bath, a | evel is reached where the

quality of the ed is negatively affected. Al so, the
concentration of Olmllmlm m may i nc28ase to a |level where the coating
conposition begins to coagulale and beconme unstable. Accordingly, before
such negative performance is reached, it is inportant to periodically

renove the accunul ated netal ions from the coating conposition bath.

answer is "yes", proceed to next step, if "no", switch
SW3 is "AUTO" position. Proceed to step 18.

11. Manually press the "START CLEAN-UP SEQUENCE" switch

SW7 to cause the system to run the following complete
5 process sequence once, then stop sequencing and return
system to "STAND BY"“.

12. Pumps P1l, P2, and P3 are de-energized, and stroke
counters 11 and 44 for Pl and P3, respectively, are
reset.

10 | 13. Valves AVl through AV8 are sequentially cycled to test
the operation thereof, and to reset all valve
operators to "closed" positions, before proceeding to
the next mode of operation for coating bath 1
circulation.

15 14. If the YSYSTEM CONTROL" switch SW3 is in its "“AuTO"
position, controller 127 is programmed to
automatically and periodically run the system through
a "FEED/REGEN SEQUENCE", with the sequence being
repeated a predetermined number of hours after each

20 such cycle of operation.

15. After a predetermined period of time, go to step 16,
perform steps 16 and 17, and proceed to the next mode,

Mode II of operation.

After the initialization mode I of operation,
25 controller 127 is programmed to proceed with Mode II of

operation, for circulating coating composition 1 in a downflow

RIS SHERT HAS BEEN
REPLACED




Wth further reference to Fig. 1, a systemfor renovi-ng--petallic_ions _from
an coating conposition bath includes a tank T4 containing the coating
conposi tion bath 1. For purposes of illustration, aSEuSRetHafbech G,

wor kpi eces bei ng passed through the coating conposit

and that the bath 1 includes hydrofluoric acid (HF) }ﬂ!ﬂﬁmiﬂﬂmﬂ
concentration. In an optional enbodi #e?8 - t he concen HF is
nonitored through use of a transducer 3 imrersed in the tank T4. A signal
line 5 fromtransducer 3 transmts an electrical signal having a voltage

| evel proportional to the concentration of HF. A conductivity transducer
129 is imersed in the coating

steel

direction (see arrow 6) through ion exchange column 29, via the
following steps:

1. To initiate the displacement of DI water from IEX
column 29, produce control signals 50 and 52 for

5 opening valves AVl and AV3, respectively.

2. Produce control signal 60 for opening SVP1l, to provide
air signal L for energizing pump Pl to pump a
predetermined number of gallons of coating composition
1 into IEX column 29, to displace DI water therefrom

10 (each stroke sensed by counting associated pulses of
signal SIN1 represents 0.016 gallons).

3. Pump Pl draws coating composition bath or paint 1 from
T4, and feeds through filter Fl1l, for removing
coagulated paint and debris from the paint 1, to

15 protect IEX column 29.

4. The voltage level of signal PRl is sensed to detect
any clogging of filter Fl.

5. Coating composition 1 passes through valve AVl1l, and
check valve 25, and therefrom enters IEX column 29 in

20 a downflow direction 6, displacing DI water as it
enters IEX column 29.

6. DI water being displaced, flows from IEX column 29,
through valve AV3, and throttle valve TV4 (latter
manually set for a predetermined flow rate).

25 7. .Discharge displaced DI water through Tee coupling 37
to waste treatment facility, or for collection for

waste treatment.

THIS SHEDT HAS BEEN l
REFLACED J




conposition bath.1 in tank T4, for providing a signal Cl having a |evel

I ndi cative of the conduct|V|ty ‘of bath 1. A draw conduit or pipe 7 has one
end deeply |nner5ﬁgm#ﬁa goating conposition bath 1, and another end
connected to an Patedan air
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- 11 - operate air opera®a di aphragm punp is preferred for

P1 because of the requirenment of | ow shear when punping an

8. Terminate control signal 52, for turning off svV3,
thereby terminating air control signal C, for closing
valve AV3, but keep valve AV1 open.

9. Initiate programming for providing steps for

5 circulating coating composition bath or paint 1
through IEX column 29, and returning the treated paint
1 back to tank T4.

10. Produce control signal 51 to open valve S8V2, for
providing air control signal B to open valve AV2.

10 11. Circulate coating composition 1 from tank T4, through
pump P1, through filter F1, valve AV1l, check valve 25,
downflow 6 through IEX célumn 29, through valve AV2,
filter F2, throttle valve TVl (set for a given flow
rate), through check valve 103, Tee coupling 107, for

15 discharge back into tank T4.

12. Monitor the voltage level of signal PR1 for clogging
of filter Fl, whereby if PR1 goes to +5 volts, for
example, activate alarm light L2 to inform operator to
replace filter F1, after this cycle is completed for

20 removing metal ions from coating composition 1.

13. Monitor the voltage level of pressure signal PR2,
whereby if signal goes to +5 volts, for example,
activate alarm light L1 to inform operator to replace
filter F2, after this treatment cycle is completed.

25 14. After counting a predetermined number of strokes for
pumnp Pl, indicative of a predetermined quantity of

coating composition 1 being passed through IEX column




aut-ophoretic bath. A stroke indicator assenbly 11 is connected to the punp
P1 for providing a signal SINL (via a pressure switch 151) indicative of-—

each stroke taken by the punp. By nonitoring the nunber gf def kes taken
by the punp during a given cycle of operation, a measure as56e0 Replaced
gquantity of coating conposition passed through the punp c

In this exanple, each stroke of punp PJ3 punps 0.016 gal | "Hm
port 13 of punmp Pl is connected by a t1%4id line or conduit 15 to an inl et

port 17 of a filter F1. An outlet port 19 of filter F1 is connected to
one end of an automatic air operated valve AV1. Note that the fluid |Iine
15 is connected by a gage isolator 21 to a pressure
29, terminate control signal 60 for turning off pump
Pl.
15. Reset counter (not shown) in software programming
which is incremented by stroke counter 11l.

5 16. Terminate control signal 50, for closing valve AV1,

17. Go to Mode III.

The next mode of operation, Mode 1III, includes
programming controller 127 to flush the IEX column 29 with
deionized water by use of the following steps:

10 1. To initiate the displacement of residual coating
composition 1 from IEX column 29, continue to generate
control signal 51 for Xkeeping valve AV2 open,
concurrent with generating control signals 56 and 57,
causing valves SV7 and SV8, respectively, to open,

15 producing air signals G and H, respectively, in turn
causing valves AV7 and AV8, respectively, to open.

2. Generate control signal 62 for opening valve SVP3,
producing air signal N, for energizing pump P3.
3. Draw DI water from tank T1, through valve AV7, pump

20 P3, rotometer 40, check valve 38, throttle valve TV3
set for a given flow rate, valve AV8, into IEX column
29 in a downflow direction 6, for forcing residual
coating composition therefrom through wvalve AvV2,
filter F2, throttle valve TV1l, check valve 103, and

25 Tee coupler 107, for discharge into tank T4.

4, During such circulation, monitor pressure signal PR2,

and if this signal changes state,.such as _going from
'HHSSH““YHASBEENJ

REPLACED




gauge PGL nonitoring the pressure between punp P1 and filter F1. Also, a
pressure sensor PSl1 is connected by gauge isolators 21 across filter Fl.-—-
PS1 is, in this exanple, representative of a nornmally open swtch when
filter F1 is clear causing a low pressure to be devel oped fgf §@§H§§%aﬂmﬂmmd

When filter F1 becones clogged, a pressure is devel oped acr
It to respond by closing an internal adgustable switch (not THIH
cause signal PRl to change state fromzero volt to +5 volts,
exanple, indicating a clogged filter F1. Accordingly, signal PRL is
i ndicative of the differential pressure between the inlet port 17 and the
outlet port 19 of filter F1 exceeding a predeterm ned

zero to +5 volts, for example, activate alarm light L1

to inform operator to replace filter F2, after

completing this cycle of operation.

S. Through monitoring of signal SIN2, count the number of

5 strokes of pump P3, for determining when to proceed to
step 6.

6. Terminate control signal S1 for turning off valve Av2,

while maintaining control signals 56 and 57 for
keeping valves AV7 and AVS8 turned on.

10 7. Initiate the next cycle for flushing out IEX column 29
with DI water, by first generating control signal 52,
for turning on valve SV3, for producing air control
signal ¢, for opening valve AV3.

8. Count the pulses of the associated stroke indicator

15 signal SIN2 while drawing DI water 2 from tank T1,
through valve AV7, pump P3, rotometer 40, check valve
38, throttle valve TV3, valve AV8, through IEX column
29 in a downflow direction 6, therefrom through valve
AV3, through throttle valve TV4, and Tee coupler 37,

20 for discharge out of the system for treatment.

9. After a given quantity of DI water 2 has been passed
through IEX column 29, terminate control signal 62 for
turning off P3.

10. Terminate control signals 52, 56, and 57, for turning

25 off valves AV3, AV7, and AVS, respectively.

11. Go to Mode IV if used, otherwise go to Mode V.




| evel .
fluid’line 23,

Al so, a gauge isolator 21 connects another pressure gauge PG& to

19 of filter F1,
REPLACENMENT SHEE
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valve 25 via a fI
and through another fluid path or pipe 31 commonly

10

15

20

25

“for providing a nmeasur ement -of the pressure between outl et

ngmgﬂﬁsggﬁkqumﬁutonatlc val ve AVl.

28 NOV 1997
“m“! mH‘BWOf valv@3 AV/1 is coupl ed through a check
e 27 to an ion exchange colum (IEX) 29,

In one embodiment of the invention, which is optiocnal,

a fourth mode of operation is next entered into for initiating

the regeneration of the resin 30 in IEX column 29 by first

circulating once used acid 113 from tank T3 through IEX column

29 in a downflow direction (see arrow 6). This optional Mode IV

comprises the following steps:

1.

Monitor level signals 75, 76, and 77, and if at any
time during this mode the level of used acid in tank
T3 drops below a predetermined low level as indicated
by level signal 77, terminate this mode of operation,
and transfer to Mode V.

Generate control signal 58 to open valve AV9.
Generate contrecl signal 57 for opening valve AVS8.
Generate control signal 52 for opening valve AV3.
Generate control signal 62 for energizing pump P3.
Monitor SIN2 for counting the number of strokes of
pump P3 for a predetermined number of strokes, for
permitting a predetermined quantity of used acid 113
to circulate from tank T3, through the flowpath
including in series succession valve AV9, pump P3,
rotometer 40, check valve 38,'throttle valve 17TV3,
valve AV8, IEX column 29 (downflow circulation 6
therethrough), valve AV3, valve TV4, and Tee coupling
37 from which the reused acid 113 is discharged from
the system for treatment.

Terminate control sfénal 62 with the occurrence of
either one of a predetermined number of strokes of

pump P3, or the level of used acid in tank T3 dropping

sHEET HAS BEEN
REPLACED




I

connected at one end to pipe 27, to a common connection_with a. fluid-line
or pi-pe 33 connected between fluid ports of automatic valves AV4 and AVS8.
The other end or port of automatic valve AV4 is conngstiRet Bt Bech Repidded | NE

35 to one end of a throttle valve TV4, the other end bei ng
connected to one port of a Tee coupld 8§ 87, the ot hermmuﬂﬁummalnatter
bei ng connected via fluid conduit or pipe 39 to treat (not
shown). A fluid conductivity transducer 41 is installed on the Tee 37 for
providing a signal C3 indicative of the conductivity of the fluid being

di scharged or passed therethrough. A conduit or fluid line 43 is
connected at one end tsta low level as indicated by level signal 77 going

from +5 volts to zeroc volt, in this example.
8. Terminate control signal 58 for closing valve AV9.
9. Terminate control signal 52 for closing valve AV3.
5 10. Continue to generate control signal 55, and

immediately proceed to Mode V.

Mode V provides for circulating new regenerant acid 68
from tank T2 through IEX column 29 (see arrow 6), for completing
the regeneration of the resin 30 contained in IEX column 29 by

10 removing metal ions from the resin 30. If the embodiment of the
invention for including a used acid tank T3, for using once used
acid 113 for the initial regeneration of the resin 30 in IEX
column 29 is not used, Mode V of operation is entered into
immediately after Mode III, and the regenerant acid 68 from tank

15 T2, after passing through IEX column 29: is discharged from the
system for treatment. The steps for Mode V of operation are as
follows:

1. Generate control signal 52 for opening valve AV3.

2. Generate control signal 54 for opening valve AVS.

20 3. Generate control signal 57 for opening valve AVS.

4. Generate control signal 62 for energizing pump P3, for
circulating fresh regenerant acid 68 from tank T2 through IEX
column 29 in a downflow direction (see arrow 6).

5. Monitor signal SIN2 for counting the number of strokes

25 of pump P3 for deﬁ?rmining when a predetermined

quantity of new regenerant acid 68 has been passed

through IEX column 29 and discharged from Tee coupling

o e




the fluid path 35 between val ves AV4 and TV4, and at its other—end-to-one-
port of automatic valve AV3. The other end or port of valve AV3 is
connected via fluid line 45 to a commbn connecti on bet wekhis ShéseHaBdéh Rep hmﬂ

fluid lines 47, 49 and 32, for connections via the other ﬁ! " ﬂ“m
' ' ine 49 10 ONe

line 47 to a fluid port of ion exchange colum (IEX) 29
to one port of an autonmatic valve AVG, gmnd of fluid |ine
automati c val ve AV2. The other port of automatic valve AV6 is connected
via fluid line 34 to one port of throttle valve TV2. The other port of
throttle valve TV2 is_connected via fluid line 36 through a check valve 38
in series wWith a rot onetfer Maste fxeatment at which time terminate control
signal 62 for turning off pump P3.
6. Reset stroke counter 44.
7. Terminate control signal 52 for closing valve AV3.
5 8. Terminate control signal 54 for closing valve AVS.
9. Continue to generate control signal 57 to keep valve

AV8 open.

Mode VI-A is provided via programming controller 127

for rinsing IEX column 29 in a downflow direction 6 with DI

10 water, and discharging the rinse water from the system for waste
treatment. If the embodiment of the invention for including a

used acid tank T3, and for using once used acid 113 for the
initial regeneration of the resin 30 in IEX column 29 is used,

the solution initially dischargéd from the IEX column is

15 circulated to tank T3 for refilling the used acid 113 in that

tank, whereafter any further rinse solution circulated through
IEX column 29 is discharged for waste treatment. Mode VI-A
includes the following steps:

1. Generate control signal 56 for opening valve AV7.

20 2. Go to step 11 if the embodiment including tank T3 for
permitting the use of once used acid 113 is not
employed, otherwise go to the next step.

3. Generate control signal 59 for opening valve AV10.
4. Generate control signal 62 for energizing pump P3.

25 5. Monitor signal SIN2 fér counting the number of strokeé

of pump P3, for monitoring the quantity of DI water

being pumped therethrough.

THIS SHIET HAS BEEN
REPLACED




outlet.port 42 of -a-pump—3.--Check valve 38 is oriented for passing fluid
fromrotoneter 40 to throttle valve TV2. Fluid line 36 is al so connect ed

V|afIU|dI|ne_66 aced
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- 13- anot her thr , the other port of which is connected
A

via fluid line 65 to the ot her port of_ agtomatic val ve AVS.
stroke indicator 44 is connected to punp P3 for

6. Monitor level signals 70 and 71 for sensing the level
of DI water 2 in tank T1.
7. If level signal 71 becomes not energized for at least
three minutes before a predetermined quantity of DI
5 water has passed through IEX column 29, terminate
control signal 62 for turning off pump P3, and
generate control signal 63 for turning on valve SV11l
for refilling tank T1 with DI water, until level
signal 70 goes "HIGH", whereafter control signal 63 is

10 terminated, and control signal 62 regenerated for
turning pump P3 back on for the remainder of the rinse
cycle.

8. Monitor liquid level signals 75, 76, and 77 for
tracking the level of used acid in tank T3.

15 - 9. Terminate control signal 62 for turning off pump P3
either upon detecting level control signal 75 becoming
energized, indicating tank T3 is full with once-used
acid 113, or upon counting a predetermined number of
strokes of pump P3 indicative of a predetermined

20 quantity of used regenerant acid having been passed
from IEX column 29 to tank T3.

10. When tank T3 has been refilled with used acid 113,
terminate control signal 59 for closing valve AV10.
11. Generate control signal 52 for opening valve AV3 to
25 change destination of solution to waste treatment.
12. Generate control si&nal 62 for energizing pump P3.
13. Continue to monitor stroke signal SIN2 for

accumulating additional stroke counts for pump P3.

THIS SHELT HAS BESN
REPLACED




provi ding a signal~SFrN2;-vira-a pressure switch 153, indicative of the
nunber of strokes e&s P3 during a given cycle of operation, for

u

provi di ng a neasure of His He A d bei ng punped therethrough (0.016

gal l ons/stroke in t%ﬂn ninlet port 65 of punp P3 is commonly
connected via fluid 69 to fluid ports of automatic val ves AVY
and AV5, respectively. The other fluid port of autonmatic valve AV5 is
connected via fluid line 78, which has7an open end positioned near the

bottom of a tank T2 containing new regenerant acid 68 (HF in this
exanple). The other port of automatic valve AV7 is connected via a fluid

line 90 to a sucflon, oL, frave Pligethi"®%13%ad T565° €09 pump 23 after a
predetermined quantity of DI water 2 has passed

through IEX column 29.
15. Terminate control signals $2 and 57 for closing valves

5 AV3 and AV8 to conclude downflow rinsing Mode VI-A.

Mcde VI-B is provided via controller 127 for rinsing
IEX column 29 in an upflow direction 8 with DI water, and
discharging the rinse water from the system for waste treatment.
This upflow flushing operation is performed at a predetermined
10 velocity for the flow of DI water to fluidize the ion exchange
resin 30 in the IEX column 29, for substantially removing foreign
particulate material from IEX column 29. In this manner,
plugging of the IEX column 29 by the buildup of the foreign
particulate material over a number of subsequent cycles of
15 operation is prevented. Note that in an engineering prototype
of the system, a top diffuser of IEX column 29 was modified to
have more porous and open, yet tortuous fluid paths, for insuring
that coagulated latex material passes through and out of the IEX
column 29, while.retaining ion exchange material 30 therein.
20 Mode VI-B includes the following programming steps:

1. Generate control signal 51 for opening valve AV2.

2. Generate control signal 53 for opening valve AV4.

3. Generate control signal 56 for opening valve AV7.

4. Generate control sig2a1 62 for energizing pump P3.
25 5. Monitor signal SIN2 fer counting the number of strokes

of pump P3, for wmonitoring the quantity of DI

water being pumped therethrough




(D) water 81. The purpose of tank Tl is to allom/fq&msggﬂgn%%n

or f Dl
water to be stored, to permt operation of the syste 20 & e the
i nstantaneous flow rate of the in- plant D water isrluﬁ m E+ to
supply the DI water requirenents of |EX 29. S an

inlet port 4 connected via a fluid line 10 to a drum of fresh regenerant
chem cal or acid (not shown). An outt @ port 12 is connected via a fluid

line 14 to a feedpipe 91, for discharging new regenerant acid 68 into tank
T2 during a refill cycle.

6. Monitor level signals 70 and 71 for sensing the level

of DI water 2 in tank T1.
7. If level signal 71 goes to zero volt, for example,
before a predetermined quantity of DI water has passed
s through IEX column 29, terminate control signal 62 for
turning off pump P3, and generate control éignal 63
for turning on valve SV1l for refilling tank T1 with
DI water, until level signal 70 goes to +5 volts
whereafter control signal 63 1is terminated, and
10 control signal 62 regenerated for turning pump P3 back
on for the remainder of the rinse cycle.
8. Terminate control signal 62 after a predetermined
quantity of DI water 2 has passed through IEX column
29.
15 9. Terminate control signals 51, 53, and 56, for turning

off valves AV2, AV4, and AV7.

The bath stabilization modes of operation, specifically

Modes I through VI, provide one complete cycle of treatment of

the coating composition 1 for removing metal ions therefrom, and

20 for regenerating the resin 30 in IEX column 29. Controller 127

can be programmed in an automatic mode of operation for

periodically repeating these Modes I through VI, for
stabilization of coating composition bath 1.

Note that in the Modg II programming for circulating

25 coating composition 1 through Ié} column 29 for removal of metal

ions therefrom, depending upon the particular system

ther pass a




An electrically operated sol enoid val ve SV11 has one fluid port connected
via a fluid line 93 to a pressurized source of deionized (D) water (not
shown). Theother fluid port of

REPLACENME E 2 8 NOV 1997

- 14 - Nﬁ“SISi BeenRe lacerﬁiect ed to a fluid feed line 95, for discharging
fromthelat nto tank T1, during a refill cycle therefor.
Anot her f1 UI rrat ic val ve “is connected

predetermined quantity of coating composition 1 through IEX
column 29, before proceeding to Mode III, or the programming can
be such to provide for the system circulating coating composition
1 through IEX column 29 until such time that the differential
5 between conductivity signals C1l and C2 reduces to a predetermined
level, whereafter Mode II is terminated and Mode III is then
initiated. Similarly, in the Mode VI operation, controller 127
can be programmed to either rinse IEX c¢olumn 29 with a
predetermined quantity of DI water 2, or to continue rinsing IEX
10 column 29 with DI water 2 until the conductivity signal c3
reduces to a predetermined minimum value, indicating that no
residual regenerant acid 68 or 113 remains in the IEX column 29.
It is particularly important to insure that IEX column 29 is
completely rinsed and cleared of all residual acid, in that high
15 concentrations of remaining acid therein will cause the coating
composition 1 to coagulate within IEX column 29, clogging the
systemn.
The controller 127 is also programmed to provide a mode
of operation for testing for multiple types of alarms. The test
20 programs will now be described in detail. Note that the
programming is such that the test programs can only be run if the
system control switch SW3 is in either its "AUTO" or "PB START"
position. There are eight different test modes, most of which
require manual operations in addition to automated operation.
25 Test Mode 1 provides for energizing lamp 160, and
lighting backlit panel displayi 160', if used, for indicating |
“"OUTLET PRESSURE LOW", As previously explained, this alarm

indicates that the pressure measured in the line between filter

. oo — '—"
¢ ot fmS rl'r N




via a fluid line 97 to an inlet port of a filter F2. An outlet port of
filter F2 is connected via fluid line 99 to one port of a throttle valve
TV1l. A gauge iﬂ@gﬁ&e@ﬂas%eﬂ@pyégd to connect both a pressure gauge PG5 and

a pressure swt line 99, as shown. PS2 is representative of
a normal |y openml}ﬂﬂmunuMsmEhown) with no applied pressure. VWen F2 is
uncl ogged, high causes the associated signal PR2 to be at
zero volt. PS2 responds to a predetertified pressure drop caused by

cl ogging of F2, by opening an internal switch to cause signal PR2 to
change state from+5 volts to zero volt, in this exanple. In other words,

pressure S%Ecgngs%"ﬂrlovi!sdelsowa, Snilganr?zj.ngpl?haig dti:t('fgt it‘\ﬁ‘t‘;er F2 is clogged and
must be changed. The alarm is energized through sensing by
controller 127 of the pressure signal PR2 changing state, such
as going from +5 volts to zero volt, for example, indicating a
5 low outlet pressure. The steps involved in this first test mode

are as follows:

1. If pump Pl is energized for more than 15 seconds, with
signal PR2 at a level of zero volt, in this example
indicative of a low outlet pressure, lamp signal L1 is

10 generated for energizing lamp 160, and display 160*' if
used. Note that lamp signal L10 is also generated at
this time for energizing lamp 169 and associated
display 169' (if used), the "ALARM LIGHT". Further
note that the latter is always energized whenever any

15 of the individual alarms in the system are activated.

2. If low outlet pressure is detected during a given
cycle of operation, complete the cycle of operation,
but do not initiate the next cycle until the problem
is corrected, or if no cycle of operation is béinq

20 conducted at the time, new cycles are inhibited from
being initiated until the problem is corrected.

3. If major maintenance is required, manually correct the
condition causing the alarm, and reset the system by
switching the "SYSTEM CONTROL" switch SW3 to its "OFF"

25 position, and then iback to its previous position,
either "“AUTO" or "PB STARTY. If the latter, press

pushbutton switch SW7 for restarting the cycle of

operation.

WS




of the pressure in fluid I'ine 99 or at the outlet of filter F2 being betow
a predeternined value. The other port of throttle valvemg§gﬂ;ﬁkéagﬁg dvia
fluid ine 101 to an inlet end of a check valve 103, th

the latter being connected via a fluid line 105 to one % ‘Tﬁ'
coupling 107. A conductivity transducer 109 is nounte

coupler 107, for providing a conductivity signal C2 indlcatlve of t he
conductivity of the fluid passing through-the Tee coupler 107. The ot her
end of the Tee coupler 107 is connected to a feedpipe 111 for discharging
treated coating conposition 1 back into tank T4, as will be described in

detail bel ow. 4. If major maintenance is not required, skip the

EL

immediately prior step, and manually push the
"EMERGENCY STOP" pushbutton switch SW5 into its
latching depressed position, for turning off all
5 system operations and functions.

5. Manually investigate the faulting condition, and
correct the same.

6. After correcting the problem, pull out the YEMERGENCY
STOP" switch SW5 for resuming operation of the system

10 in the interrupted cycle.

A second test mode, "Test Mode 2", provides for
detecting whether filter F1 has been clogged. This Test Mode
includes the following steps:

1. Monitor pressure signal PR1.

15 2. If PRl goes "HIGH" for more than 15 seconds during
energization of pump Pl, generate lamp signals L2 and
L10, for energizing lamp 161 and associated backlit
display 161' (if used), and lamp 169 and associated
display 169' (if used).

20 3. Complete present cycle of operation, and inhibit
execution of a new operating cycle, until the problem
is corrected.

4. If the problem cannot be easily corrected, correct the
same and manually reset the system through use of the

25 WSYSTEM CONTROL" s&itch SW3, first to its “OFF"

position, and then to the position it was in prior to

sensing a high delta pressure across filter Fl.

\ ) 11.1.) ST & ".‘- ‘3 ]
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Anot her enbodi ment of the present inventive system (shown in phanton) is
considered optional, and-ineludes a tank
REPLACEVENT  SHEfKheet 1as - 15 - 28 NOV 1997

T3 for contai ni fplagedener ant acid 113. Thi s enbodi nent
ment further |Hwﬂﬁmﬂ H d line 115 connected between the conmon
connection of f and 69, and ene port of automatic valve AV9.

The other port of automatic valve AV9 is connected

5. If the problem can be easily corrected, skip the
previous step, and manually depress "EMERGENCY STOP"
switch SWS for preventing operation of any portion of
the systen.

5 6. Change filter F1.

7. Pull out the pushbutton for "EMERGENCY STOP" switch
SWS.

8. Resume the cycle of operation interrupted during the

fault condition.

10 _ A third Test Mode, Test Mode 3, providing for testing
solution levels prior to starting a cycle of operation, involves
the following steps:

1. Monitor level signals 70 through 77.

2. If before starting any given cycle of operation, any

15 of the 1levels are incorrect for initiating an

associated cycle of operation, generate lamp signal L3
for energizing lamp 162, and the associated backlit
display 162!, if used.

- 3. If the levels are subsequently corrected, terminate

20 lamp signal L3.

4. If the system is not operating in one of Modes I
through VI for obtaining bath stabilization, and an
incorrect fluid level is detected in at least one of
tanks T1, T2, T3, generate 1lamp signal L3 for

25 energizing lamp 16%; and the associated backlit

display 162', if used.

THIS SHEELT HAS BEEN
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to one end of fluid line 117, the other end of which is |l.ocated--w-thin and
near the bottomof tank T3. A fluid line 119 has one end connected to the
common connection of fluid lines 31 and 33, and anot her Ths®heat HasReert Reglated

one port of an automatic valve AV10. The other fluid por

connected via a fluid line 121 for discharging once used

113 into tank T3, as will be described bel ow source

(not shown) provides "shop air" of contdotled pressure via conduit or plpe
123 to an inlet port of a filter F3, the outlet port of which is connected
via air pressure line 125 to a plurality of solenoid operated val ves SV1

5. If for three minutes or some other programmed
predetermined period of time, for example, level
signal 70 remains at zero volt, and/or level signal 74
remains at zero volt, and/or level signal 77 remains

5 at zero volt (assumes optional use of used acid in
tank T3), indicative that the DI water level, and/or
new regenerant acid level in tank T2, and/or used acid
level in tank T3, are incorrect for initiating
treatment of the coating composition bath 1, generate

10 lamp signal L3 for energizing lamp 162, and associated
backlit display 162', if used.

6. Inhibit start-up of system operation, if lamp signal
L3 is energized.

7. Manually depress the "EMERGENCY STOP" switch SW5 to

15 permit any required maintenance of the system to be
conducted in a safe manner.

8. Manually correct the liquid level problems in one or
more of the fluid levels in tanks T1, T2, and, if
used, tank T3.

20 9. Manually pull out the "EMERGENCY STOP" switch SWS for
permitting operation of the system.

10. Manually depress the "START CLEAN-UP SEQUENCE" switch
SW7, if it is desired to initiate a clean-up sequence.

11. Return to step.z.

¢
25 The next test mode, ,Test Mode 4 is for detecting and
providing a visual alarm if one of the air-actuated automatic

valves fails. As previously mentioned, each of the automatic

IR
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through SV10, and SVP1 through SVP3, respectively. These valves are
individually controlled by a controller 127 via electrical control signal s
50 through 62, This3aeRdsBedliR¢pla@@ner ated by controller 127 at appropriate

times, as wll ) n detail bel ow When sol enoid valves SV1
t hrough SV10 aﬂwnmﬂu HH energi zed, in this exanple they open to
provide air pr A BC D EF GHJ, and K, respectively, which

air pressure signals are individually té8pTed to automatic air operated
val ves AV1 through AV10, respectively, for opening these valves.
Simlarly, when sol enoid val ves SVP1, SVP2, and SVP3, are individually

energi zed by, a5 b1 & AlAL ih%@ﬁﬁeﬁabgfésQH?Qalve status lines 80 through

89, respectively. 1In this example, for each such pair of status

lines 80 through 89, one of the lines has a +5 volt signal, and
the other a zero volt signal when the associated valve is open,
5 and opposite voltage level signals when the associated valve is
closed. In this manner, controller 127 is able to monitor the
condition of a given one of valves AVl through AvV1i0, at all times
during the system operation. In other words, the given operation
of any one of valves AVl through AV10 results in a feedback
10 signal being sent back to controller 127 indicative of the valve
being in a present open or closed operating state, whereby
controller 127 determines whether the state is the required state
for the valve. The steps associated with this Test Mode 4 are
as follows:
15 1. Monitor the valve status line pairs 80 through 89.
2. Generate lamp signal L4 for energizing lamp 163, and
backlit display 163', if used, for indicating that any
of valves AVl through AV10 have failed to generate a
change in valve status signal within ten seconds, in
20 this example, of generating a control signal for
changing the condition of a particular one or more of
the valves.
3. Upon detecting and providing an alarm of a valve
failure, close all auto valves, and stop any systenm
25 operation that may be in progress.
4. Manually depress the:"EMERGENCY STOP" switch to permit
maintenance to be pursued for correcting the valve

failure.
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to provide air pressure signals L,MN, respectively, -for

REPLACEMENT SHEET 5 2 8 NOV 1997
- 16 - application to punps P1, P2, P3, respectlveﬂ?”smnﬂﬁeaemgquag
these air operated punps, in this exanple. w nsor
131 is positioned within and near the bottom of tank M| ng a
signal 71 indicative of the fluid |evel® rn tank T1 dropplng

predetermned low level. Also, a high level sensor 133 is | ocated: mnthln
tank T1

5. Manually rotate the "SYSTEM CONTROL" switch SW3 to its
"OFF" position.

6. Press in the pushbutton switch SW7 for "START CLEAN-UP
SEQUENCE" while "SYSTEM CONTROL" switch SW3 is in its

5 YOFF" position, to locate a failgd valve or valves AVl
- AV10.

7. The controller 127 will flash or blink a lamp at the
failed air solenoid valve to indicate failure of the
associated valve.

i0 8. Manually repair or replace the failed valve or valves
AV1 through AV10.

9. Manually rinse the IEX column 29 with DI water, and
discharge the rinse water to waste treatment.

10. Manually rotate the "SYSTEM CONTROL" switch SW3 to

15 either its "AUTO" or "PB START" position.

11. Manually pull out the "EMERGENCY STOP" switch SWS
pushbutton.

12. Manually depress the "START CLEAN-UP SEQUENCE"
pushbutton switch SW7 for restarting a process

20 sequence from the first step of that sequence.

The next testing sequence is Test Mode 5 for detecting
and providing an alarm lamp 1lighting if pump P1 becomes
inoperative during a sequence requiring energization of that

pump. The steps for this Test Mode are as follows:

25 1. Monitor SIN1 for courfting pump strokes of pump Pl.
-
2, Generate control signal 60 whenever pump Pl is to be
energized.

THIS SHEET HAS BEEN
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at a p(edeternined Ievel below the top of the tank, for providing a +5
volt | evel signal in this exanple, indicative of the DI water |eve
reachi ng the pnﬁsIShbeOHas(BfeerﬂI&yl@dedsenSOI’ 133. Note that in this exanple,

sSw t ches associ | sensors 131 and 133, and others di scussed
bel ow, are nor Iwuwu ummches. Al'l  such | evel sensors, as described
herein, produce | of zero,yolt when liquid is belowthe |evel
of the associated |evel sensor, and a level signal +5 volts when liquid is
at or above the level of the associated | evel sensor, for exanple.

Tank T2 includes a |ow | evel sensor 135 located within or near the bottom

of the tank, for3prodirnexate | bamp evkgnal gl for energizing lamp 168, and
backlit display 168' (if wused), for indicating
energization of pump Pl, responsive to receipt of
pulse signals SIN1.
5 4. If within 15 seconds, or some other predetermined time
of generating control signal 60 for energizing pump
Pl, less than a predetermined number of stroke signals
SIN1l are detected, generate 1lamp signal L5 for
energizing alarm lamp 164, and backlit display 164°'
10 (if used), for providing an alarm of a fault condition
in pump P1 (typically a blocked discharge line).

5. If the stroke rate of pump Pl exceeds five strokes per
second, or some other preprogrammed rate indicating
pump Pl is pumping air instead of liquid, generate

15 lamp signal LS for energizing lamp 164, and backlit
display 164' (if used). 1In this default condition,
lamp 162 is continuously energized, indicating a
blocked suction line..

6. Terminate any system processes that are in operatiocn,

20 and close all auto valves.

7. Push in the "EMERGENCY STOP" pushbutton switch SWs.

8. Manually perform maintenance to correct the
malfunction of pump P1.

9. Manually pull out the "EMERGENCY STOP" pushbutton SWS

25 for resuming operation of the system.

i
3
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74 of zero volt indicative of the acid therein dropping to below thetevel
of the sensor 135; a md |level sensor 137 for producing Tﬁisée al. 73 of
zero volt, whenever the acid |l evel drops to below the le as(SpeReplaced
sensor; and a high |l evel sensor 139 |ocated near the topr L,ﬂor
producing a level signal 72 of +5 wvolts, in this exanpl el f
the acid within the tank attaining the hgwel of sensor 139. In
substantially the same manner as tank T2, tank T3 includes a | ow | evel
sensor 141 for producing a |low |level signal 77, a md |level sensor 143 for

producing a md level signal 76, and a high |evel sensor 145 for producing
a high level signal 75Alarm Test Mode 6 provides programming of controller

127 for monitoring the operation of pump P3. The associated
steps are as follows:

1. Monitor stroke indicator signal SIN2.

s 2. Generate control signal 62 for energizing pump P3 as
required.

3. If a predetermined number of stroke signals SIN2 are
not received within 15 seconds, or some other
preprogrammed time of energizing pump P3, generate

10 lamp signal L5 in a pulsed manner for blinking or
flashing lamp 164, and if used associated backlit
display 164', for providing an alarm indicative of a
default in the operation of pump P3.

4. If signal SIN2 indicates a stroke rate for pump P3 in

15 excess of five strokes per second or some other
preprogrammed rate, indicative of pump P3 pumping air
instead of liquid, generate an alarm as indicated in
the previous step.

5. Stop all system processing.

20 6. Manually push in or depress the "EMERGENCY STOP"
pushbutton SWS.

7. Perform maintenance for correcting the malfunction in
pump P3.

8. Pull out the pushbutton of the "EMERGENCY STOP" switch

25 SW5 for resuming system operation.
’
-
The next mode of testing is "Test Mode 7". This test

mode is used for providing an alarm if the level of acid 68 in
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-17- ‘During- autonatic control of the systemof Fig. 1, the
controller 127 reaRands, & 0 q qU|d | evel signals 70 through 77, valve
status signals 80 ssure signals PRL and PR2, conductivity
signals C[err] thU |? Iﬁ;nd stroke pul se signals SIN[err] and SI N2,
for providing SV s 50 through 63, when required for

di fferent nodes of operation of the sys

the new regenerant acid tank T2 drops below a predetermined
level. The steps for Test Mode 7 are as follows:
1. If the level of acid 68 in the regenerant acid tank T2
drops below a predetermined low level as indicated by
5 level signal 74 going from +5 volts to zero volt, for
example, for greater than five seconds or some other
preprogrammed period of time, generate lamp signal L6
for energizing lamp 165, and associated backlit
display 165°', if used.
10 2. Stop all system processing.
3. Manually depress the "EMERGENCY STOP" pushbutton SW5
for pursuing maintenance.
4. Manually correct the level of acid in regenerant acid
tank T2.
15 5. Pull out the "EMERGENCY STOP" pushbutton switch SW5,

for resuming operation of the interrupted system

process.

Another test mode, Test Mode 8 1is provided for
monitoring the new regenerant acid level 68 in tank T2, to
20 provide an alarm if the level of acid exceeds a predetermined
level. Test Mode 8 includes the following steps:
1. Monitor level signal 72.
2. If level signal 72 goes from zero volt to +5 volts,
for example, for greater than five seconds or some
25 other preprogrammed :period of time, generate lamp

signal L7 for energizing lamp 166, and backlit display




These nodes of operation are described in detail bel ow __In an
engi neering prototype of the present system the controller 12777s

Allen Bradley, Inc., MIwaukee, W). Throttle valve T
type throttle valve G- type 314 (nmanufactured by Geor

provi ded by an Allen Bradl ey SLG500 PLC n1croproces%myméaﬂmukaﬂkﬁ h&d by
Schaf f hausen, Switzerland), for passing fluid contain

I

conposition. Throttle valves TV2 and T4 are adjustable needle valves G-
Type 522. Throttle valve TV-3 is an adjustable Y-globe valve G- Type 301.

The | evel

sensors 131, 133, 135, 137, 139, 141, 143, and 145, are Thonmmas

fl oat sw tch Model 4400 sensors (nanufactured by

10

15

20

25

166', if used; also terminate signal 61 to turn-off
pump P2.
3. Continue processing without interruption.
4. Manually inspect regenerant acid tank T2 to insure

safe conditions prevail.

In certain applications, level sensors may be included
in tank T4, and monitored, for detecting the level of the coating
composition bath 1 at given times. However, in typical
autodeposition systems, because of the very thin coatings applied
of the coating composition 1 to workpieces passed through the
coating composition bath 1, there is very little change in the
level of the coating compoéition bath 1 over long periods of use.
Also, the coating composition material is very expensive, and
typical users of such an autodeposition process take special
precautions to insure that maximum use is made of the coating
composition 1. As a result, only manual control of the level of
the coating composition bath 1 is utilized.

In the engineering prototype system for the present
invention, tank Tl is 90 gallons, tank T2 is 140 gallons, tank
T3 is 30 gallons, and tank T4 is capable of containing at least
27,000 pounds of coating composition 1, requiring at least a
3,000 gallon tank. The size of tank T4 is also partly dictated
by the size of the workpieces to be coated with coating
composition 1, and the proiyction rate desired in actual
practice. In the prototype system, steel workpieces are immersed
in the coating composition bath 1 for given periods of time to

coat the workpieces. As a result, after a period of use, iron
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Thomas). Val ves AV1 through AV10 are G- type 220 with manual override
(manuf act ured - by GEorge “Fischer, Schaf f hausen, Switzerland). Filter

F1 is a Sethc er yfactured by Met Pro Corporation, Sethco
Di vi si on, p Filter F2 is a Sethco bag filter F1, Model
No. DBG 1. H nps P1, P2, and P3, are provided by Nhrlow

u

type 1/2ACDP red by Nhrbom/ITT Fl ui d Technol ogy

Cor por at i on, M d Land Park, New Jersey). ~The ion exchange col um
29 is provided by a vinyl ester tank about twel ve inches in diameter, and
38 inches in length, in this exanple. It has its longitudinal axis

vertically pegins to build up in the coating composition, causing excess

metal ions therein.
Manual titration measurements of the coating
composition bath 1 may be periodically made in order to determine
5 when to initiate the treatment cycle of the coating compound for
removing a porticen of the metal ions. When the titration
measurement reaches a predetermined level associated with the
particular coating composition used, and the metal ions involved,
such as iron, zinc, or chromium, for example, the treatment cycle
10 is initiated. Also, in certain applications titration
measurements may not be required. In such applications, the
starting point for initiating a treatment cycle may be determined
on a time basis relative to the extent of use of the coating
composition bath 1 for coating a given quantity of a particular

15 metal.

As previously mentioned, each of the valves AVl through
AV10 have pairs of valve status signal lines 80 through 89,
respectively, for permitting controller 127 to monitor the
operation of the valves. Each of these valves includes two
20 monitoring proximity switches (not shown), one for sending a
signal along one of the associated valve status signal lines
indicative of an open valve, the other switch being for sending
a signal along the other associated valve status signal line
indicative of the valve being in a closed position. In another
25 embodiment of the invention, in the bath stabilization flow
process, controller 127 is prégrammed prior to initiating bath
stabilization Mode II sequencing, to sequentially cycle all of

the valves AVl through AV10 from closed to open to closed
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REPLACED




REPLACEMENT SHEET | MHZSWKKNtIgg7wmmmm__
ori ent ed. The ion exchange colum 29 is filled Wﬂthmﬁ!mmﬁﬂﬁﬁaﬂk

i on exchange resin 30, in this exanple Anberlite |RC 718
Rohm & Haas Co., Pennsylvania). O her exanples of suitabl
i nclude M| es/Bayer Lewatit TP-207, Purolite S-930, Sybro

Bio-Rid Chelex 20 or Chelex 100, M t&j%g&hi Di ai on CR11, and other S|n1Iar
i m nodi acetate based resins. This resin 30 pernmits ferric and

positions in a sequential manner, with all pumps in an "OFF"
state, for testing the valves for proper operation prior to
initiating an actual sequence of steps for circulating coating
composition bath 1 through the system for treatment.

5 Note further that each one of the solenoid valves SV1
through SV10 includes a built-in lamp to indicate proper
operation of the associated air operated valve AVl through AVi0,
respectively. If a failure occurs in any of valves AVl through
AV10, controller 127 is programmed to cause the lamp on the

10 associated valve to flash or blink, as previously indicated.

Note that as indicated above, for resetting visual
alarms provided in the system, as discussed above, alarms
associated with ;iquid levels of tanks T1, T2, and T3, if used,
are automatically reset upon restoration of the level of liquid

15 in the associated tank. However, pressure alarms are reset by
first inactivation, followed by activation of the "“EMERGENCY
STOP" switch SW5. Also, the valve alarms can only be reset by
placing the system in its inactive state, and servicing the
valves, as indicated in the word flowcharts given above.

20 In the preferred embodiment of the invention, the
choice of resin 30 for use in IEX column 29 is particularly
critical. The resin 30 chosen as indicated above permits the
system to handle a latex-based coating composition which is
normally prone to cocagulate and clog known systems. The present

25 system is able to pass the entire composition plus anolyte
through IEX column 29 for'remOVEng metal ions, with substantially

minimal coagulation of the latex compounds in the coating

composition 1.




ferrous iron ions to be removed from coating conposition 1 passed through
the ion exchanggsmétMeZ@ReplaEdthi s exanple. Oher types of resins are

avail able for r tallic ions, such as those of chrom um or
zinc, for exarrpﬂgum nple, the regenerant acid 68 is hydrofluoric
acid in greater o concentration. Sol enoi d val ves SV1

t hrough SV10 are provided by Burkett Type 470 val ves (Ohi o Conponents,
Parma, Chio). The sol enoid operated-vs2 ve SV11 is an electrically
operated solenoid valve, controlled by electrical signal 63 from

controller 127. The other conponents used in the prototype systemare

typi cal In the treatment process for removing metal ions from

the coating composition bath, the system releases hydrofluoric
acid back into the coating composition 1, thereby helping to
maintain a more constant level of HF in the coating composition
5 bath 1. The measurement of HF in the coating composition bath
1 is for maintenance of the bath itself by an operator, and is
not involved for indicating when the coating composition bath 1

must be treated for iron removal, for example.
With further reference to lamps 160 through 177, lamps
10 168, 176, 177, and 175, are green for indicating if one of the
pumps'Pl, P2, P3 is energized, or if the system is in a standby
mode of operation, respectively. Lamps 170 through 174 are
yellow colored for indicating what step of a given cycle of
| operation is currently being conducted after the associated cycle
15 has been initiated. Also, in the prototype system, lamp 169 is
colored red, and made substantially larger than lamps 160 through
167. As previously described, lamp 169 indicates that the system
has a fault condition. The particular fault condition at the
time is indicated by the illumination of one or more of lamps 160
20 through 167, and if used, backlit displays 160' through 167°'.
This color coding is not meant to be limiting, and other color

schemes may be used.

An example of typical operation of the present system
will now be described. The "REGENERATION PUMP" switch SW1 is
25 rotated to the "AUTO" position, the "PAINT PUMP" switch SW2 is
rotated to its "AuTO" positioé; the "SYSTEM CONTROL" switch SW3
is rotated to its "PB START" position, the "REGEN CHEMICAL PUMP"

switch SW4 is placed in its "AUTO" position, and the "DI MAKE-UP"
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standard conponents which are readily available. Notefurther —that the
actual conponents as previously indicated for a progotynenssednRepiaes not

nmeant to be limting, and any suitable substitute ca
Note that the automatic air actuated val ves AVl throué‘l i‘ %ﬂll ncl ude
pairs of output or valve status signals 80 through 8 i for

providing an active signal indicative of the valve's present position,
that is indicative of either an open-@& & closed position. As shown,
control ler 127 senses the status of each valve through nonitoring of these
pairs
switch SW6é is rotated to its "“AUTO" position. During'this
example of operation of the system, the regenerant acid tank T2
is refilled.
When the system is operating normally, all of the red
5 alarm lights are "OFF", as are the associated backlit displays,
if used. These include lamps 160 through 167, lamp 169, and
backlit displays 160' through 167', and 169°'. If an alarm
condition occurs, causing one of these lamps to be energized or
lit, corrective action as described above for various alarm or
10 test conditions should be taken to remove all such alarm
conditions before initiating a next cycle of operation, or
completing an interrupted cycle of operation.
The coating composition bath 1 is, in this example,
maintained at a particular HF concentration. The concentration
15 is monitored manually through use of a Linequard 101 Meter
(Manufactured by Henkel Corporation, Parker+Amchem, Madison
Heights, Michigan). As previously mentioned, to determine when
to initiate a cycle of bath stabilization for removing metal ions
from the coating composition bath 1, periodic testing of the bath
20 by taking titration measurements can be conducted.
Alternatively, an analysis can be made in a repetitive production
facility, to obtain the area of workpieces coated on a daily
basis, the length of time the workpieces are kept in the coating
composition bath 1, and so forth, for determining the rate at
25 which iron (in this example) 0f other metallic ions enter the
paint or coating composition bath 1. In the example given for
the prototype system of the present invention, each cycle of

operation for removing metal ions from the coating composition
s e e D e
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-19- of si gfia ShedBBastBq 89 As a result of such si gnal nonitoring,
t he sol enoid vjmm% Lgnal s 50 through 63 are outputted by

127

controller

operation of t

times for conducting various nodes of

t hrough AV10 for proper operation through. nonitoring of these signals.

| n anot her

10

15

20

25

enbodi nent of the invention, a visual alarm

bath typically removes between one and one and a half pounds of
iron.

For the previously described system switch settings,
when a bath stabilization cycle is to be initiated, an operator
merely pushes the "START CLEAN-UP SEQUENCE" switch SW7 to begin
Mcde II operation, as described above. Also, as previously
indicated, the system can be placed into a completely automatic
mode of operation, for automatically entering into a bath
stabilization cycle on a desired periodic schedule. Note that
as the paint or coating composition 1 is circulated through the
IEX column 29, the pH of the liquid discharging from IEX column

29 is typically slightly lower than the pH of the liquid entering

IEX column 29. As a result, this reaction balances the acidity

lost due to metal dissolution and metal oxidation in the coating
composition bath 1 during use.

Note that during Mode II of operation, cocating
composition 1 flows downward through IEX column 29 as indicated
by arrow 6. Typically the resin material 30 in the IEX exchange
column 29 is in the form of beads, for providing a maximum
surface area for the coating composition 1 to contact as it flows
downward through the resin material 30. In the present example
for coating steel workpieces, the metallic ions that must be
removed are Fe'>. These ions are exchanged in the ion exchange
column 29 via the resin 30 for H', and the Fe depleted coating
composition 1 is directly returned to tank T4, as indicated
above. When the resin 30 in IE* column 29 is exhausted, Mode III
is initiated for rinsing IEX? column 29 with DI water, for

displacing any coating composition bath 1 left in IEX column 29.

THIS SHEET HAS BEEN
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systemis provided. Controller 127 drives a relay bank 158 f n Z4 ng
associ ated relays to provide |lanp signals L1 through eet B“nﬁ&%k
times. In Fig. 2, lanps 160 through 177 are respon5|ve t
vol tages L1 through L18, respectively, for lighting to
I ndi cati on of an associ ated panel nessage indicating a partlcular
conponent or system operation, or showi ng a defaulting conponent or system
operation, as indicated by the respectgge- | egends shown. In this exanple,
lamps with an "R" designation are red in color, those wth a "G
designation are green, and those with a "Y' designation are yellow.
However, any desired conbination of
In this example, IEX column 29 is next regenerated in at least
Mode V, and in some applications via Modes IV and V. The resin
30 is regenerated with approximately 2% HF acid.
The present system prevents metal ions, such as iron
5 in this example, from increasing in concentration in the coating
composition bath 1 to a level negatively affecting the coatings
applied to workpieces, and/or causing the latex of the coating
composition 1 to coagulate. Through use of the present
invention, the metal ions such as iron, for example, are

10 separated from the latex using immobilized chelants, as
represented by the example of resin 30 used in TEX column 29.
Through use of the present invention, latex 1losses are
substantially eliminated relative to prior coating deposition
systens.

15 As indicated above, one method for determining when
bath stabilization must be instituted, is to manually take a
titration test of the coating composition bath 1. The titration
test provides an indication of the relative amount of dissolved
metal ions in the coating composition bath 1. The measurement

20 is taken through use of a standard conductivity meter, which
typically provides a measure or readout of conductivity in micro
siemens. In the example given, the bath conductivity varies with
the iron level or other metal ion level, which increases with
continued production, and is decreased through use of bath

25 stabilization cycles. ;

Although various embodiments of the present invention

are shown and described herein, they are not meant to be

limiting. Those of skill in the art may recognize modifications

."I'E-}.ES SHEET HAS BEEN i
ROPLACED




colors can be used for the |anps 160 through 177. I n one enbodinent, the
| anps 160 through 177, as shown in Fig. 2, are individually associated
wi t h nmessage Tis SipbtaasBekh Repldedtr ough 177'  of a backlit display panel 180.

Al ternatively, enbodi ment, the lanps 160 through 177 are
nounted on a d n E each adjacent to an associated printed al arm or
conponent ope 160" through 177", respectively, as shown for
the backlit panel 180. In the alternatiyg -enbodi nent, the [anps 160
through 177, respectively, are energized to light adjacent to their

associ ated nessage display 160" through 177",

to these embodiments, which modifications are meant to be covered
by the spirit and scope of the appended claims. For example, as
indicated above, the present system is not limited to use with
autodeposition processes involving polymer, but can be used to
5 remove metal ions from many types of chemical baths. Also,
although Mode VI-B is preferred for use when chemical bath 1 is
an autodeposition bath containing latex and polymers, this mode
may not be required when other types of chemical baths are

treated.

-
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-20 ‘respectively. In an engineering prototype for the p

the latter enbodinent is.used. Note that the alarns are provided, in £hi §
exanple, for permtting a low skilled operator to correct problens t hat
may occur during operation of the system In Fig. 3, seven
switches SW through SW are shown with connections to controller 127. In
this exanple, swtches - 57 - o
This Sheet Has Been Rep
o 15 cameED 1o e
1. A system automated for providing at least periodic

removal of metal ions and contaminants from a chemical bath, said
system comprising:
5 a first tank containing said chemical bath:
an ion exchange (IEX) column containing ion exchangel
material for removing metal ion contaminants from said chemical
bath;
first circulating means responsive to first control
10 signals for drawing chemical bath from said first tank, passing
it through said IEX column, and returning treated chemical bath
from said IEX column back to said first tank:
first conductivity measurement means positioned in said
chemical bath in said first tank, for providing a first
15 conductivity signal indicative of the conductivity of said
chemical bath;
second conductivity measurement means immersed in said
chemical bath being returned from treatment in said IEX column
to said first tank, for providing a second conductivity signal
20 indicative of the conductivity of treated chemical bath; and
controller means programmed in a first state of
operation for producing said first control signals, and during
the resultant circulation of said chemical bath, sensing the
differential between said firsE and second conductivity signals
25 reducing to a predetermined mirimum value, for terminating said

first control signals to turn off said first circulating means.
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SWL through SW8 and SW6 are three position rotary SWtCheﬁlHﬂEﬁ'l;ﬂﬂ“ﬂ lut
a two position rotary switch. Switch SWo is a normally

switch, and switch SW is a nornmally open pushbutton switth. These
switches are typically located on a control panel in the system ---Cont.acts.
"a", "b", and "d" of switches SW, SW2, SWB, and SW are cgnnected to

controller 127, as shown. Contacts "a" and "c" of swt enmwh“d
connected to controller 127. Contactsgga- and "b" of ea SWb
and SW are connected to controller 127. The

controller 127 in response to different positions of swtches SV& t hr ough
SW will now be . . \
2. The system of claim 1, further including:

a second tank containing deionized water (DI water);

second circulating means responsive to second control

signals for pumping a predetermined quantity of DI water into

5 said IEX columﬁ, for displacing residual chemical bath, and
returning the displaced chemical bath to said first tank; and

said controller means being programmed in a second

state of operation following said first state, for producing said

second control signals for a requisite period of time.

10 3. The system of claim 2, further including:
a waste port for discharging waste products from said
system for treatment:
third circulation means responsive to third control
signals, for pumping DI water from said second tank, through said
15 IEX column in one direction for rinsing the latter, and therefrom
discharging the DI water from said waste port; and
said controller means being programmed in a third state
of operation following said second state; for producing'said

third control signals for a requisite period of time.

20 4. The system of claim 3, further including:
a third tank containing chemical regenerant;
fourth circulation means responsive to fourth control

signals, for pumping chemical regenerant from said third tank,
]

through said IEX column, and therefrom discharging the chemical
25 regenerant from said waste port, thereby removing metal ions from

said ion exchange material, for regenerating the same; ?nd
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described. Switch SW is identified on a control panel (n
"Regeneration/ D Water Punp Switch P3". Wen the arm 18#@”' ﬂ “ﬁﬂmmml
is rotated to electrically connect contacts "a" and "b",
indicated "ON' position. Controller 127 responds by energizrng soien01d
val ve SVP3, opening the valve to cause air pressure sign
to punp P3, energizing this punp. However, such action w a
switch SWB, designated as the " SYSTEM-CBRTROL" i s operate u lll I
arm 186 for electrically connecting either contacts
contacts "a" and "d". If the arm
said controller means being programmed in a fourth
state of operation following said third state, for producing said

fourth control signals for a requisite period of time.

5. The system of claim 4, further including:

5 third conductivity means positioned within said waste
port, for providing a third conductivity signal indicative of the
conductivity of fluids being discharged through said waste port;
and

said controller means being programmed in a £ifth state

10 of operation following said fourth state, for both producing said
third control signals to initiate a second rinse cycle for said

IEX column, and sensing said third conductivity signal reducing

to a predetermined value for terminating said third control

signals.

15 6. The system of claim 4, further including said
controller means being programmed in a fifth state.of operation
following said fourth state, for producing said third control
signals for at least a predetermined period of time necessary for
rinsing said IEX column with DI water in one direction, to remove

20 residual chemical regenerant therefrom.

7. The system of claim 6, further including:
fifth circulation means responsive to fifth control
signals, for pumping DI water ff%m said second tank, through said
IEX column in an opposite direction, to insure substantially all

25 foreign particulates are removed therefrom; -

luh .‘31 ‘L T HAS BEEN |
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Sgs:\lﬂ\/oﬁzgn or electrically interconnect | ﬁé -i th(Z:ogI az}tMst ummul“l“““m lm

is a designated "OFF" position, in which punp P3 cannot. be endrgitzell.
arm182 is rotated to electrically connect contacts "a" and "d", this

position is designated as the "AUTO' position, for prqgggmghﬁ@B&umﬁmaaito

be energized at appropriate tinmes during various programm““mfmrﬂm“s.
- 60 -

said controller means being programmed in a sixth state
of operation following said fifth state of operation, for
producing said fifth control signals for a requisite period of

time.

5 8. The system of claim 1, wherein said chemical bath
consists of a latex based coating composition for use in an

autodeposition process.

9. The system of claim 1, wherein said first circulating
means further includes:
10 first filter means between said first tank and an input
port of said IEX column, for removing scolid particulates from
said chemical bath for substantially reducing clogging of said

IEX column.

10. The system of claim 9, wherein said first circulating
15 means further includes:
second filter means between an output port of said IEX
column and said first tank, for removing ion exchange material
and other solid particulates from treated said chemical bath

before it is returned to said first tank.

20 11. The system of claim 3, further including:
a third tank containipg fresh chemical regenerant;
a fourth tank.containi;g once used chemical regenerant;
fourth circulation means responsive to fourth control

signals, for pumping a predetermined quantity of once used

THIS SHERT HAS BEEN .I
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Switch SW2 is designated as the "PAINT PUMP P1" switch. V‘“GH!M!H‘M”JHHM ’"’

is rotated to electrically connect associated contacts a"

switch is in a designated "ON' position, provided that SYSTEM CONTRO.. .. _
switch SWB is not inits "OFF" position (arm 186 electrically connecting
contacts "a" and "c" thereof). \WWen switch arm 184 is r qhi@bee: Ha®Been Replaced

electrically connect contact "a" to gog act "c", thisis he
"OFF" position for SW2, in which punp PI"is prevented from
energi zed. When switch arm 184 is rotated to el ectrical

associ ated contacts "a" and "d", this is designated as the "AUTO
posi tion, i rchénidalpumrpgéierantndrpmzadd id afourth tank, through said IEX

column, and therefrom discharging the regenerant from said waste
port, thereby at least partially regenerating said ion exchange
material;

5 fifth circulation means responsive to fifth control
signals, for pumping fresh chemical regenerant from said third
tank, through said IEX column, and therefrom discharging the once
used chemical regenerant from said waste port;

sixth circulation means responsive to sixth control

10 signals, for pumping DI water from said second tank, into said
IEX column in said one direction, for displacing once used
chemical regenerant therefrom into said fourth tank:

said controller means being programmed in a fourth
state of operation for producing said fourth control signals, for

15 a requisite period of time;

said controller means being programmed in a fifth state
of operation for producing said fifth control signals, for a
period of time necessary for completing the regeneration of said
ion exchange material;

20 said controller means being programmed in a sixth state
of operation for producing said sixth control signals, for a
period of time necessary for either filling or passing a
predetermined quantity of once used regenerant chemical into said
fourth tank: and

25 said controller means being programmed in a seventh
state of operation, for producipg said third control signals for
a requisite period of time for rinsing said IEX column in said

one direction with a predetermined quantity of DI water.

ey
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appropriate programmed tines during autonatic operation of the ~system to —

be descri bed bel ow. Switch SWB is designhated a muﬁm
CONTROL" switch. Wen its arm 186 is positioned for elect ”I'I”l!l'
connecting contacts "a" and "b" thereof, this is designated ds the*" AUl

position, and controller 127 in response thereto is programmed to place
the systemin automatic operation. Wen swtch Sv8 has Iﬂﬁxsaie&l}ihﬁﬁeeﬁnéry

to electrically connect associated comté&ts "a" and ' m“ m'mH

a designated "OFF" position, preventing operation of the
seventh circulation means responsive to seventh control

186 is rotated to
12. The system of claim 11, further including:

signals, for pumping DI water from said second tank, through said

IEX column in an opposite direction, to insure substantially all

5 foreign particulates are removed, and therefrom discharging the
DI water from said waste port:; and

said controller means being programmed in an eighth

state of operation for producing said seventh control signals for

a period of time necessary for passing sufficient DI water

10 through said IEX column in said opposite direction for

substantially removing residual chemical regenerant therefrom.

13. The system of claim 12, further including:
first level sensing means in said fourth tank, for
producing signals indicative of the level of once used regenerant
15 chemical in said fourth tank: and
said controller means being further programmed in said
fourth state of operation, for responding to said signals from
said first level sensing means, both for terminating said fourth
control signals when the level of once used chemical regenerant
20 reduces to a predetémined minimum level, and for initiating said

fifth state of operation.

14. The system of claim 13, further including:
second level sensing means in said third tank, for
¢
producing signals indicative of,the level of said fresh chemical

25 regenerant in said third tank; and

THIS SHEET HAS BERN i
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o (i
- 22- electrically connect associated contacts "a" and 1““ I '
desi gnated as the "PB START" position. Wien switch SW8 is i*n Sthts " °*

position, <controller 127 is programmed to respond to &activation-of--- —
pushbutton switch SW by depression of pushbutton contac&mlgﬁ hereof, for

I nt erconnecti ng associ ated contacts "a" and "b". Controll d a3 Been Replaced
programmed to respond to the latter swbBBch operation by iauw ,
cycle of treatnent of the
said controller means further being programmed in said
fifth state of operation for terminating or inhibiting the
production of said fifth control signals, in response to said
level signals from said second level sensing means indicating the

5 level of fresh regenerant chemical in said third tank reduces to

a predetermined minimum level.

15. The system of claim 14, further including:
first pumping means responsive to a first pump control
signal for pumping fresh chemical regenerant from a supply
10 thereof into said third tank; and
said controller means further being programmed for both
applying said first pump control signal to said first pumping
means, in response to said level signals from said second level
sensing means being indicative of the level of fresh regenerant
15 chemical in said third tank reducing to said predetermined
minimum level, and for terminating said first pump control signal
in response to the level signals from said second level sensing
means being indicative of the level of fresh regenerant chemical

in said third tank increasing to a predetermined maximum level.

20 16. The system of claim 10, further including:
first pressure sensing means connected across inlet and
outlet ports of said first filter means, for producing a first

clog signal if the pressure across said first filter exceeds a
.

predetermined value; and 3

25 said controller means further being programmed to

respond to said first clog signal by permitting the first state

THIS SHEET HAS BEEN
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coating conposition 1, as will be described in detail belo

IR £ e S S S

connect associ ated contacts "a" and "b", the progranmed treatnwentof-the--—_

coating conposition 1 wll be cycllcally repeated at predgfes Ayl
intervals of tine. Wen "SYSTEM CONTROL" switch SWB has i m

Replaced
positioned for electrically connectingsassoci ated contacts ﬂ i n
an "OFF" position, the systemis placed in a nmanual node o
and an operating cycle will be stopped. However, controller 127 is

progranmed L@ pgapRedchNehehe O¥mbldsla CNERd Oereatter inhibiting further

operation of said system until said first filter is replaced.

17. The system of claim 16, further including:
second pressure sensing means connected to an outlet
5 port of said second filter means, for producing a second clog
signal if the outlet pressure of said second filter means
decreases to a predetermined minimum value; and
said controller means further being programmed to
respond to said second clog signal by permitting the first state
10 of operation to be completed, and thereafter inhibiting further

operation of said system until said first filter is replaced.

18. The system of claim 2, further including:
level sensing means mounted in said second tank, for
producing DI water liquid 1levels signals indicative of
15 predetermined minimum and maximum levels, respectively:
automatic valve means connected between a pressurized
'source of DI water and said second tank responsive to a valve
operating signal for turning on to permit DI water to flow into
said second tank; and
20 said controller means further being programmed to
respond to a DI water level signal of minimum level, for
producing said valve operating signal, and subsequently to
respond to a DI water level signal of maximum level, for

¢
terminating said valve operating signal.

THIS SHEET HAS BEEN
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to determ ne whether any paint or coating conp05|t|on 1 re

i on exchange colum 29. If the answer is "yes" contro Lﬂ !”ﬂ“@ !lll”"l
programmed to continue the portion of the sequence for oper

system for punping coating conposition 1 through the ion exchange colunn

29. If controller

coating conposition 1 through the ion egghange colum 29 ha

been termnated, «controller 127 is programmed to initiate HMH/H"H
operation for flushlng out the ion exchange

10

15

20

19. The system of claim 1, wherein said ion exchange

material consists of an iminodiacetate ion exchange resin.

20. The system of claim 5, further including:

fifth circulation means responsive to fifth control
signals for pumping a predetermined quantity of said chemical
bath from said first tank into said IEX column, for displacing
therefrom residual DI water, and discharging the latter from said
waste port. and

said controller means being programmed in a sixth state
of operation following said fifth state, for producing said fifth
control signals for a requisite period of time, in preparation

for said first state of operation.

21. The system of claim 7, further including:

sixth circulation means responsive to sixth control
signals for pumping a predetermined quantity of said chemical
bath from said first tank into said IEX column, for displacing
therefrom residual DI water, and discharging the latter from said
waste port; and

said controller means being programmed in a seventh
state of operation following said sixth state, for producing said
sixth control signals for a requisite period of time, in
preparation for said first sta%e of operation.

o

22. The system of claim 12, further including:

A1Vt st st o108
arsoen

r
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127 deternines that for the operating cycle stopped when —
the systemswitch SWB was noved to its "OFF" position, themﬂ%&ﬁﬁ%huﬁi



RE?ITLACENEEIITU%-EE; wth deionized water 81, as described i n, uﬂll”MﬁﬂW’”“l

After this flushing cycle, the controller 127 is programed to init'i afi ze

itself for resetting all paraneters in the systemto prepare for
responding to the "SYSTEM CONTROL" switch SWB either beiig spefiatsch Kplaced

noving its associated arm 186 to electrjgcally connect ass
"a" and "d", thereby placing switch SWi'n its designated Illmn m’mmr
position, or being operated by

eighth circulation means responsive-to eighth control
'signals for pumping a predetermined quantity of said chemical
bath from said first tank into said IEX column, for displacing
therefrom residual DI water, and discharging the latter from said

5 waste port; and

said controller means being programmed in a ninth state
of operation following said eighth state, for producing said
eighth control signals for a requisite period of time, in

preparation for said first state of operation.

10 23. A system automated for providing stabilization of a
chemical bath, including at least periodic removal of metal ions
and contaminants from the chemical bath, said system comprising:

a first tank containing deionized water (DI water):;
a second tank containing chemical regenerant:
15 a third tank containing said chemical bath:
an ion exchange (IEX) column containing ion exchange
resin for removing metal ion contaminants from said chemical bath
passed therethrough;
a waste port for discharging waste products from said

20 system for treatment;

first pump means energizable by a first pump control
signal; |

second pump means energizable by a second pump control
signal;

25 first valve means co&?ected in series with said first

pump means, and said IEX column, between said third tank and said

waste port; i
T T HAS BEEN
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anrng its associated arm 186 to el ectrically connect ass ﬂlﬂ'

‘a" and "b", thereby placing S3 inits deS|gnated "AUTO' ﬂﬂ%”ﬂﬂuﬂtﬁﬂn

" SYSTEM CONTROL" switch SVB is moved to its "PB p09|tronL

previ ously nmentioned, controller 127 is thereafter progranned to respond““‘
to energization of the "START CLEAN- UP SEQUENCE" pushbu h SW, in
this exanpl e. Switch SW is deS|gnated as the ' C“i

PUWVP P2". In the "OFF" position of tiH §7switch, its arm
for electrically connecting associated contacts "a" and
"OFF" position, punp P2 cannot be energized, and controller 127 is
progranmed to reset aseephd|vaine aefams connected in series with said first
pump means and said IEX column, from said third tank and
returning to said third tank;
third valve means connected in sefies with said second
5 pump meens and said IEX column, between said first tank and said
third tank:;
fourth valve means connected in series with said second
pump means.and said IEX column, between said first tank and said
waste port, for providing a fluid path for DI water to flow
10 through said IEX column in one direction:
fifth valve means connected in series with said second
pump means and said IEX column, between said second tank and said
waste port; and
controller means programmed to provide an automatic
15 process control sequence for successive states of operation
including:

a first state for removing residual DI water
from said IEX column, and discharging from said waste
port the DI water removed, said first state

20 programming including:
means for producing and applying operating
signals to said first valve means for opening the
same; and

means for producing and applying said first

25 pump control signal to said first pump means for
pumping a predetermi%?d quantity of said chemical

bath into said IEX column, for displacing excess

,‘V]




refilling tank T2 with new regenerant acid or chem cal e,mm”mzlmﬁﬂ“(ﬂm
W Il be described in detail below. Switch SW is placed '
"AUTO' position when its arm188 is rotated to electricatly-‘cofnellt S *___

associ ated contacts "a" and "c". In this position, punp P2 can be
energized to refill tank T2 with new regenerant chem caIThGlShat:HasBmdteplacE&Ie

control of controller 127, which wl | -dgg energi ze punp P2 the
level of acid in the tank reaching a predeternined fiIIed

exanple, controller 127 is programed to not in any event perm
REPLACEMENT SHEET DI water therefrom, and discharging the excess DI

water from said waste port; and

a second state for feeding said chemical

bath through said IEX column, for removing metal ions

5 from said chemical bath, said second state programming
including:

means for producing and applying operating

signals to said second valve means for opening

the same; and

10 means for producing and applying said first
pump control signal to said first pump means for
pumping a predetermined quantity of said chemical
bath through said IEX column for treatment, and

therefrom back to said third tank.

15 24. The system of claim 23, further including programming
said controller means for a third state for removing residual
chemical bath from said IEX column, and returning the residual
chemical bath to said third tank, said third state programming
including:

20 means for producing and applying operating signals to

said third valve means for opening the same; and

means for producing and applying said second pump

control signal to said second pump means for pumping a
predetermined quantity of DI water into said IEX column, for

25 displacing residual chemical b:th, forcing the latter to return

to said third tank.

? THES SHEET HAS BEEN
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28 NOV 1997 - 24 - P2 to be operated fo
than a 30 mnute period of time ina given refill cycle. ll“g"llu)uﬁﬂﬁtl I“|
SW is designated as an "EMERGENCY STOP" switch. \When the p

of this smﬁfch“”is depressed the electrical connection between

associ at ed copt "a" and "b" is broken, and the switch SW nechanically
mai ntains this enR ﬁ#roller 127 is programred to respond to the
operation of t top switch 66 by first checking to see if the
switch has be urned to its inoperative position by being

25. The systeﬁ of claim 24, further including programming
said controller means for a fourth state for a first rinsing of
said IEX column with DI water, and discharging the DI water from
said waste port, said fourth state programming including:

5 means for producing and applying operating signals to
said fourth valve means for opening the same; and

means for producing and applying said second pump

control signal to said second pump means for pumping a first

predetermined quantity of DI water through said IEX column in one

10 direction, and therefrom to said waste port.

26. The system of claim 25, further including programming
said controller means for a fifth state for flushing said IEX
column with said chemical regenerant, for regenerating resin
material in said IEX column, said fifth state programming

15 including:
means for producing and applying operating signals to
said fifth valve means for opening the same:; and
means for producing and applying said second pump
control signal to said second pump means for pumping e
20 predetermined quantity of chemical regenerant through said IEX

column, and therefrom to said waste port.

27. The system of claim 26, further including programming

said controller means for a sixth state for a second rinsing of
[

said IEX column with DI watey after completion of said fifth

25 state of operation, said sixth state programming including:

i THIS Qw ET HAS BEEN
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pul | ed outward, in which case if a treatment cycle had been“l“mm“mmm“‘lll
that cycle will be resuned fromwhere it was previously in

However, if controller 127 deternines that the "EMERGENCY StoP* smntch swh
remai ns activated, system operation will be terninated, but the system

will not be reset. Next, all alarms (to be described in dgtal. REREWRhdeh
be reset except for outlet pressure |ow alarm 160, 160 g "ﬂﬂ'
[

pressure alarm 161, 161', no punp flow @ arm 164, 164', andlﬂ I
deactivated, controller 127 will then resune the  cycle of operation

alarm 163, 163'. Subsequently, if the "EMERGENCY STOP" swit
previ ously interrupt B@angs ERENPFede@ing and rapplying operating signals to

said fourth valve means for opening the same; and
means for producing and applying said second pump
control signal to said second pump means for pumping a second
5 predetermined quantity of DI water through said IEX column in one

direction, and therefrom to said waste port.

28. The system of claim 27, further including:
sixth valve means connected in series with said second
punp means and said IEX column, between said first tank and said
10 waste port, for providing a fluid path for DI water to flow
through said IEX column in an opposite direction relative to said
one direction, for insuring substantially all foreign

particulates are removed from said IEX column.

29. The system of claim 27, further including:

15 first filter means connected between said third tank
and said IEX column in the series fluid circuits also including
said first valve means and said second valve means, respectively,
for filtering said chemical bath before it passes into said IEX

colunn.

20 30. The system of claim 29, further including:
second filter means connected between said third tank
and said IEX column in the series fluid circuit also including
said first valve means, for fifgering said chemical bath after

treatment through said IEX column, and before it returns to said

25 third tank.

Pl aesaae,
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Switch SWs is designated as a "Dl MAKE-UP" switch. The ”mmml”ummm“l
positions, one with arm 192 rotated to electrlcally connec

contacts "a" and "b", designated as an "ON' position. An " o ==l p05|t|on i S
provided with contact arm 192 rotated to electrically connect associ ated
contacts "a" and "c". Lastly, an "AUFMlposition is provided with arm 192
rotated to electrically connect associated contacts "a" and "d". Wen this
switchis inits "ON' position, controlder 127 responds

REPLACEMENT SHEET31. The system of cla%m 30, further including:
first and second pressure sensing means connected to
said first and second filters, respectively, for producing
respective pressure signals indicati?a of the operating condition
5 of said first and second filters, respectively;

said controller means being responsive to said pressure
signals from said first and second pressure sensing means, for
generating a first clogging signal if the differential pressure
across said first filter increases above a predetermined
10 magnitude, and a second clogging signal if outlet pressure at
said second filter decreases to below a predetermined magnituée:
alarm means responsive to said first and second
clogging signals, for both generating individual alarms
indicative of clogging of said first and second filters,

15 respectively; and
said controller means being further responsive to said
pressure signals, for completing either of said first and second
states of operation that may be in progress, and for thereafter
inhibiting further operation of said system until said first and

20 second filters are both operative.

32. The system of claim 30, further including:
first sensing means connected across said first filter
means, for producing a first pressure signal if the differential
pressure across said first pressure means increases above a
25 predetermined value;
said controller means being responsive to said first

pressure signal, for generating a first alarm signal, and

This Sheet Has Been Replaced
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2 8 NOV 1997 by outputting control signal 63 to energ

sol enoid operated valve SV11, for pernitting deionized ﬂmwarm&"ﬂwm
refilling tank T1, assuming it requires such refilling.

inits "OFF" position, controller 127 is programred to ifhibit-—operation
of valve SVI1l. When switch SWs is placed inits "AUTO' position,

controller 127 is programed to open valve SV11 if tank This Bimet Has Blen Repl

| evel below the high or fill level senrged by |evel senS”mI ﬂm””lg"”"

During such a refill operation, in this exanple, control
completing said first or second states of operation, if either

programmed to turn

is operative, and inhibiting further states of operation until
the differential pressure problem is corrected; and

- first alarm means responsive to said first alarm
5 signal, for producing an alarm indicative of the pressure problem

to alert an operator to take necessary corrective action.

33. The autodeposition system of <claim 32, further
including:
second pressure sensing means connected to an outlet
10 of said second filter, for producing a second pressure signal if
the outlet pressure reduces to below a predetermined magnitude:
said controller means being responsive to said second
pressure signal for generating a second alarm signal, completing
said first or second states of operation, if either is operative,
15 and inhibiting further states of operation until proper pressure
is restored;.and
second alarm means responsive to said second alarm
signal, for producing an alarm indicative of the undesirable

reduction in outlet pressure.

20 - 34. The system of claim 27, further including:
first stroke means connected to said first pump means,
for producing first stroke signals indicative of each stroke of
said first pump means; and .
said controller means being programmed for counting

25 said first stroke signals, for determining the amount of said

chemical bath pumped by said first pump over a period of time.
IS SHEET HAS BEEN
REPLACED




of f valve SV11 upon sensing signal 70 indicative of tank T1 ' '
Switch SW is designated as a "START CLEAN- UP SEQUENCE" puH Imullu r"n
this nmonmentary contact pushbutton switch is depressed, controlden ES *

programmed to respond to the electrical connection of contacts "a" and "b"
t hereof via contact pushbutton arm 194, by first checkinqh& e i

QAR ERINE L Ly
the "EMERGENCY STOP" pushbutton switch SWs is pushed in Or}miﬁ: Eﬂle}’i"?

the answer is "yes", controller 127 is_ppogramed to activa “

all panel lanps 160 through 177, for alerting the operator
second stroke means connected to said second pump

energency "STOP" pushbutton SWs is activated
35. The system of claim 34, further including:

means, for producing second stroke signals indicative of each
stroke of said second pump means; and

5 said controller means being programmed for counting
said second stroke signals, for determining the amount of fluid
being pumped by said second pump in pumping either DI water or

chemical regenerant over a period of time.

36. The system of claim 27, further including:
10 alarm means connected to said first through fifth valve
means, for both sensing faulty operation thereof, and producing
an alarm signal indicative of such faulty operation of at least

one of said first through fifth valve means.

37. The system of claim 36, wherein said alarm means
15 further includes means for producing individual alarm signals
indicative of each defaulting valve included in said first

through fifth valve means, respectively.

38. The system of claim 36, wherein said controller means
further includes means responsive to said alarm signal, for
20 terminating operation of said system until after the malfunction
is corrected.
.
39. A method for removing:metal ions and contaminants from
a bath of coating composition used in an autodeposition system,

said autodeposition including a ‘first tank for containing

UOTHIS SHERT HAS BEEN
REPLACED
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in addition to serving as a lanp test signal for the cont“" Y
I f the enmergency "STOP'" pushbutton SWb is not so activat i I” "ﬁlﬂiﬂ?
will then check to determne if the SYSTEM CONTROL switc s s

positioned in its "PB START" position. |If the answer i35 "yes*—¢controller.
127 will proceed to initiate one entire cycle of treatnent of the coating
conposition 1, for renoving netallic ions therefrom §heetHasBeeTaneplaced

answer is "no", controller 127 is progrd#med to then chec
REPLACEMENT SHEET m

deionized water (DI water), a second tank for containing
regenerant chemical, a third tank for containing once used
regenerant chemical, a fourth tank for containing said coating
composition, and an ion exchange (IEX) column containing ion
5 exchange material, said method comprising the steps of:
determining when the metal ion concentration in said
coating composition increases to a predetermined level;
circulating said coating composition from said fourth
tank, through said IEX column, and back to said fourth tank after
10 treatment;
determining when a sufficient quantity of said coating
composition has been treated for removal of metal ions to
decrease the concentration of metal ions to an acceptable level
in said coating composition in said fourth tank; and
15 terminating the circulation of said coating composition

through said IEX colunn.

40. The methed of claim 39, wherein said metal ion
concentration determining step consists of manually taking a

titration reading of said coating composition.

20 41. The method of claim 39, wherein said step of
determining when a sufficient quantity of coating composition has
been treated includes the steps of:

measuring the conductivity of said coating composition
remaining in the fourth tank: ;,,

25 measuring the conductivity of said coating composition

being returned to said fourth tank from said IEX column;

P P -q‘"" g
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- 26 -
posi tion.

to determine if the systemcontrol switch is |n”“‘“”“lﬂﬂl""lll“‘“l

|f the answer is "yes", controller 127 will run & ¥alve " ai®l ufe

test. The air operated valves AVl through AV10 are each provided with an

associated lanmp (not shown), that «controller 127 is progFahﬁéd"Tﬁ“énETg#ze“-

in a flashing or blinking manner when any of the associat alves are

tested to

be i noperative. Alternatively, if controller epladed
" SYSTEM CONTRCL" switch SWB is not in its "OFF" position I
"AUTO' position, controller 127 will imi7biate repetitive or

i0

15

20

computing the differential between the conductivity of
the coating composition in said fourth tank, and the coating
composition being returned to said fourth tank:; and

establishing a differential level for triggering said

terminating step.

42. The method of claim 39, further including the step of:
passing said coating composition through a first

filter, before it enters said IEX column to remove coagulated
portions of said coating composition, and other particulate

material.

43. The method of claim 42, further including the step of:
passing said coating composition through a second

filter, after it exits said IEX column but before return to said
fourth tank, for removing particles of ion exchange material and

other particulates.

44. The method of claim 43 further including the steps of:
sensing when said first filter is clogged:
generating an alarm when said first filter becomes

clogged; and
inhibiting further operation after completing treatment

of said coating composition, until said first filter is replaced.

»

¢
45. The method of claim 431 further including the steps of:

sensing when said second filter is clogged;

i HAS BEEN




periodic cycles of treatnment of the coating conposition I:

Operation of the systemw ||l now be described. The cont

i ncludes a m croprocessor that is programred for providi gﬂﬂ

of the coating conposition bath 1, by periodically C|rculhtwn

of the coating conposition fromtank T4 t hrough the ion exchange colunn 29
(in a dowmflow direction as indicated by arrow 6) and back to tank T4
after treatnent. For setting the systeminto an automatic node of
operation, an initialization process grqogmde of operation nust first be
conducted. The steps for the |n|t|aI|zat|on node of operation are as
fol | ows:

generating an alarm when said second filter becomes
clogged; and
inhibiting further operation after completing treatment

of said coating composition until said second filter is replaced.

5 46. The method of claim 43, further including the steps of:
sensing when either one or both of said first and
second filters are clogged:
generating alarms individually indicative of clogging
of said first and second filters, respectively:; and
10 inhibiting further operation after completing treatment
of said coating composition until said first and second filters

are free of clogging.

47. The method of claim 39, further including after

completing treatment of said coating composition, the steps of:

15 circulating a sufficient amount of said DI water into
said IEX column, for displacing residual ceating composition

therefrom; and

passing a portion of the displaced coating composition

into said fourth tank.

20 48. The method of claim 47, further including the steps of:

preventing any further flow of liquid from said IEX

column to said fourth tank: ‘¢
-

circulagigg_up;” water W;qm_pne direction through IEX

column;
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1. Manually place the regeneration punp switch SW in its

"AUTO' position. 2. Manually place the paint punp switch SW2-in-its

" AUTO' posi tion. 3. Mnually pull the ,mlmﬂmmﬂﬁnﬁm

swtch SWo out to its inactive position. | HR ! |

pl ace the regen chem cal punp switch SW in i t's "AUTO'™ poSi t4 on
- 77 -

directing the flow of DI water from said IEX column to
discharge out of a waste port; and

terminating the circulation of DI water through said
IEX column after the latter has been substantially rinsed free

5 of coating composition.

49. The method of claim 48, further including the steps of
circulating chemical regenerant from said second tank,

through said IEX column, and out of said discharge port;
sensing when a predetermined quantity of chemical
10 regenerant has passed through said IEX column for regenerating

said ion exchange material; and

terminating the flow of regenerant chemical through

said IEX column.

50. The method of claim 49, further including the steps of;
15 circulating DI water from said first tank, through said
IEX column in one direction, and out of said discharge port;
circulating DI water from said first tank through said
IEX column in an opposité direction to insure substantially all
foreign particulates are removed therefrom, and out of said
20 discharge port:
sensing when a predetermined quantity of DI water has
passed through said IEX column to rinse it; and

terminating the circmlation of DI water through said
' 2
IEX column.
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REPLACEMENT SHEET - 27 - . Manual ty-pl-ace the

DI MAKE-UP switch SW6 in its "AUTO' posi ti on. ?mlnmm -
checks the status of high |evel signal 70 to determ g’ﬂ I"I

water level in tank Tl is at high level. If not, controFl ek
pr ogr ammed to apply control signal 63 to valve SV11, for
refilling tank T1 with DI water until |evel signal 70 I s sensed,

whereafter control signal 63 is term nated

- 78 =

51. The method of claim 48, further including the steps of:
circulating once used chemical regenerant from said
third tank, through said IEX column, and out of said discharge
port;
5 sensing when a predetermined quantity of once-used
chemical regenerant has passed through said IEX column;
terminating the circulation of once used chemical
regenerant;
circulating chemical regenerant from said second tank,
10 through said IEX column, and out of said waste port:
sensing when a predetermined quantity of fresh
regenerant chemical, necessary in addition to the previous flow
of once used regenerant chemical, has passed through said IEX
column, for substantially regeneratir;g said ion exchange'material
15 in said IEX column;
circulating DI water from said first tank into said IEX
column for displacing once used regenerant chemical for discharge
into said third tank; and
terminating the flow of once used regenerant chemical
20 from said IEX column to said third tank when either the level
therein reaches a predetermined level, or upon a predetermined
quantity of once used regenerant chemical being discharged

therein.

52. The method of claim 5%, further including the steps of:
2
25 bidirectionally circulating DI water from said first

tank, through said IEX column, and out of sald discharge

[i5S SHEET HAS BEEN
 REPLACED
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and the next step pursued. 7. Cbntroll s for the presence of
| evel signal 74 to determ ne | IIHH&* lﬂ“ﬂ] W! ant acid in tank T2

i s above a predeterm ned | ow | evel . controller 127
generates control signal 61, for openlng solen0|d valve SVP2, to
supply air signal Mto punp P2, for energizing t hat punp to ref|I
acid into tank T2. Wien controller 127 senses thelﬂﬁgﬁggﬁ

| evel signal 72, control signal 61 is term nated,
thereby turning off punp P2. 8. Manualf8y- set t he SySteMﬁﬁH’"H
SWB to either

sensing when a predetermined quantity of DI water has
passed through said IEX column to rinse it substantially free of
regenerant chemical and foreign particulate material; and

terminating the circulation of DI water through said

S IEX column.

53. The method of claim 50, further including the steps of:

preparatory to the step of initiating circulation of

said coating composition through said IEX column, circulate a

predetermined amount of said coating composition from said fourth

10 tank into said IEX column, for displacing residual DI water
therefrom; and

discharge the displaced DI water out of said discharge

port.

54. An autodeposition system automated for providing at
15 least periodic removal of metal ions and contaminants from a bath
of coating composition, said system comprising:
a first tank containing coating composition;
an ion exchange (IEX) column containing ion exchange
material for removing metal ion contaminants from said coating
20 composition passed therethrough:;
a second tank containing deionized water (DI water) for
rinsing said IEX column;
a waste port for disgharging waste products from said

system for treatment: <

25 first circulating means responsive to first control

signals for drawing a first predetermlned quantlty of coating

THiS SHEST HAS BEEN
REPLACED |




|ts "AUTO' or "PB START" p05|t|ons or | eave the switch SWB in its
"OFF" position. 9. |If system ch IIJ m’m'[uﬁm isinits "OFF" position,
the systemis in a nanual node o resets to the

begi nning of a treatnent cycle for ‘e dat i*ng” conposition 1. 10. If the
systemcontrol switch SWB is not in its "OFF" position, is it in’its
"PB START" position? If the

REPLACEVENT SHEET This Sheet Has Been Replaced
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composition from said first tank, and passing the coating

composition into said IEX column for displacing residual DI rinse
water therein, and circulating the latter to discharge from said
waste port: |

S second circulating means responsive to second control
signals for drawing additional coating composition from said
first tank and circulating it through said IEX column, and
returning all but a residual portion of said coating composition
from said IEX column back to said first tank; and

10 controller means programmed in a first state of
operation for producing said first control signals for a
requisite period of time, and in a second state of operation, for
producing said second control signals for at least a requisite
period of time for reducing the metal ion concentration of said

15 bath of coating composition to a predetermined concentration.

55. The autodeposition system of claim 54, further
including:
first conductivity measurement means positioned in said
coating composition bath in said first tank, for providing a
20 first conductivity signal indicative of the conductivity of said
coating composition bath;
second condﬁctivity measurement means immersed in
coating composition being returned from treatment in said IEX
column to said first tank, fom providing a second conductivity
25 signal indicative of the cg;ductivity of treated coating
composition; and

. et

L THIS SHEST HAS BEEN
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- 28- 28 NOV 1997 answer is "yes", proceed to
next step, if "no", switch SWB is "AUTO p05|t|on "Proceed-to -

step 18. 11. Manual ly press the "START CLEAN- UP ﬁimmﬂﬁ" l) "
SW to cause the systemto run the follow ng conplete nﬂ E u
sequence once, then stop sequencing and return sys efitd "STAND

BY". 12. Punps P1, P2, and P3 are de-energi zed, and stroke
counters 11 and 44 for P1 and P3, resp%ﬁFLvely, are

said controller means being further programmed in its
second state of operation for sensing the differential between
said first and second conductivity signals reducing to a
predetermined minimum value, for terminating said second control

5 signals to turn off said second circulating means.

56. The autodeposition system of claim 55, further

including:
third circulating means responsive to third control
signals for pumping a predetermined quantity of DI water into
10 said IEX column, for displacing residual coating composition, and
returning the displaced coating composition to said first tank:

and

said controller means being programmed in a third state
of operation following said second state, for producing said

15 third control signals for a requisite period of time.

7. The autodeposition system of claim 56, further
including:
fourth circulation means responsive to fourth control
signals, for pumping DI water from said second tank, through said
20 IEX column in one direction for rinsing the latter, and therefrom
discharging the DI water from said waste port; and
said controller means being prograﬁmed in a fourth
state of operation following sa%d third state, for producing said

fourth control signals for a réﬁuisité period of time.
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reset. 13. Valves AVl through AV8 are sequentially éyéfed f&ntest

the operation thereof, and to reset all valve o]

"cl osed" positions, before proceeding to t he neﬂmmmuﬂmﬂuu “ l“l
operation for ceating bath 1 ci rcul ati on. 14. ff thd "SyYStEM
CONTROL" swi t ch SV i Sprl Belnplacd/TO position, controller 127

S programed utonatically‘and periodically run the
syst em t hr ough l m\u!““ﬂ‘m REGEN &QUENCE", with the sequence being

repeated a predet

10

15

20

25

of hours after each

58. The autodeposition system of claim 57, further
including:

a third tank containing chemical regenerant:;

fifth circulation means responsive to fifth control
signals, for pumping chemical regenerant from said third tank,
through said IEX column, and therefrom discharging the chemical
regenerant from said waste port, thereby removing metal ions from
said ion exchange material, for regenerating the same; and

said controller means being programmed in a £ifth state
of operation following said fourth state, for producing said

fifth control signals for a requisite period of time.

59. The autodeposition system of claim 58, further
including:
third conductivity means positioned within said waste
port, for providing a third conductivity signal indicative of the
conductivity of fluids being discharged through said waste port;
and
said controller means being programmed in a sixth state
of operation following said fifth state, for both producing said
fourth control signals to initiate a second rinse cycle for said
IEX column, and sensing said third conductivity signal reducing
to a predetermined value for terminating said fourth control

signals.

L]
60. The autodeposition jsystem of claim 58, further
including said controller means being programmed in a sixth state
of operation following said fourth state, for producing said

THIS § T HAS BEEN
REPLLACED




such cycl e of operation. 15 Adter a“predeterm ned period . of tine, go

to step 16, perforn1 and proceed to the next
node, Mode |1 of ope ! After the initialtzati-on—
node | of operation, controll dto proceed mnth Mode |

of operation, for circulating coatlng conp05|t|on 1in en Replaced
T

fourth control signals for at least a predetermined period of

time necessary for rinsing said IEX column with DI water, to

remove residual chemical regenerant therefrom.

61. The autodeposition system of claim 60, further
5 including:

sixth circulation means responsive to sixth control
signals for pumping DI water from said second tank, through said
IEX column in an opposite direction for rinsing the latter to
substantially remove foreign particulates therefrom, and

10 therefrom discharging the DI water from said waste port; and
third conductivity means positioned within said waste
port, for providing a third conductivity signal indicative of the
conductivity of fluids being discharged through said waste port;
said controller means being programmed in a seventh
15 state of operation following said sixth state for producing said
fourth control signals for a predetermined periocd of time to
initiate a second rinse cycle for said IEX column, followed by
producing said sixth control signals for continuing the second
rinse cycle, concurrent with sensing said third conductivity
20 signal reducing to a predetermined value for terminating said

sixth control signals.

62. The autodeposition system of claim 58, further
including:
sixth circulation means responsive to sixth control
25 signals, for pumping DI water f;om said second tank, through said

IEX column in an opposite direction for rinsing the 1latter

Y e
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28 NOV 1997 direction (see arrom16) through.ion

exchange colum 29, via the follow ng steps:
di spl acenent of DI water from | EX col um 29 I @g#ﬂy ﬂ@ ﬁ! l
signals 50 and 52 for openi ng val ves AVl an

2. Produce control signal 60 for opening SVP1, to prOV|de a|r

si gnal

L for energizing punp P1 to punp a predet er m ned nunber

of gallons of coating conposition

10

- 84 -

substantially free of foreign particulate material, and therefrom
discharging the DI water from said waste port: and

said controller means being programmed in a sixth state
of operation following said fifth state, for producing said
fourth control signals for a predetermined period of time, and
after terminating said fourth control signals producing said
sixth control signals for a predetermined period of time to

complete the rinsing of chemical regenerant from said IEX column.

63. The autodeposition system of claim 54, wherein said
coating composition consists of a latex based coating

composition.
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1 into IEX colum 29, to displace DI water therefrom (each

stroke sensed by counting associ ated pul ses of signal SINL
represents 0.016 gal |l ons) . ‘3. Punp P1 draws coating conposition bath
or paint 1 from T4, and feeds through filter tHsskQH.dmOPYdA%q
coagul ated paint and debris fromthe paint 1, to

col um 29. 4. The voltage level of signal PRl is si"m&ﬂlﬂm’ﬂ

any clogging of filter F1. 5. Coating conposition h .
val ve AVl, and check val ve g%,- and therefromenters | EX col um
29 in

APPARATUS FOR MAINTAINING A STABLE BATH FOR AN AUTODEPOSITION
COMPOSITION BY PERIODICALLY SEPARATING PARTICULAR METAL IONS
FROM THE COMPOSITION

BST OF T NVENTION

A system automated for providing at least periodic
removal of metal ions and contaminants from a chemical bath,
consists of a microprocessor programmed for controlling fluid

5 circuits of pumps and valves, for in one state of operation
circulating a first predetermined quantity of the chemical bath
from a first tank, through an ion exchange column, and back to
the first tank; for in a second state of operation circulating
deionized water from a second tank into the IEX column for

10 displacing residual chemical bath therefrom for return to the
first tank; for in a third state of operation circulating
deionized water through the IEX column, and discharging the rinse
water from a waste port:; for in a fourth state of operation
circulating regenerant acid through the ion exchange column, and

15 discharging the used acid from a waste port; for in a fifth state
of operation circulating deionized water through the IEX colunn
for rinsing acid regenerant therefrom and discharging the same
out of a waste port; and for in a sixth state of operation
circulating chemical bath into the IEX column for displacing

20 residual rinse water therefrom, and discharging the same out of

the waste port, in preparation for a cycle of treatment of the

chemical bath.
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__enters |EX
flows from Il EX colum 29,

This Shewnuaieénmeﬂeifed

to waste treatnent faci

wast e treat hént

as it
Di scharge di spla

di spl acing DI wat er
6. DI water being displaced,
, and throttle valve TV4 (latter
for a predetermned flow rate). 7.
t hrough Tee coupling 37

a downfl ow direction 6,
coll ection for

col um 29.
t hrough val ve AV3
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- 30- 2 8 NOV 1997 8. Term nate contr ol S|gnal 52, for

turning off SV3, thereby term nating air control signal C for

cl osi ng val ve AV3, but keep valve AVl open. 9. Inl'Ifh eétHaW*Bet‘»nReplaced
pr ogr anm ng for provi ding steps for circulati ng

conposition bath or paint 1 t hrough I EX colum 29, an

treated paint 1 back to tank T4.2/410. Produce control si gna

open valve SV2, for

psif~ PR

PG1 21
e Sate
F1 23
\45 é

PG4 6§ (B8 _ PG3 AVI~2 g0

TO

83 | TREATMENT
c3

35
5 39
\66 T% Av8 — 33 AV4 TV4 41
37
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renoving netal ions fromcoating conposition 1. 13. Monitor the voltage

| evel of pressure signal PR2, whereby if signal goes to +5 volts, for
exanpl e, activate alarmlight L1 to informoperator to replace
filter F2, after this treatnent cycle is conpleted. 14. tiifdnedt HEsBeed Replgced

predet er mi ned nunber of strokes for punp P1, indicati
predeterm ned quantity of coating conposition 1 beinéﬂ h
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"28. NQV 1997 - 31- 29, term ng‘t%“sab"l

control signal 60 for turning off punp P1. 15. Reset coﬁﬁ&er
«(‘not..skiown) -1 % sof-t ware progranmi ng whi ch i ‘“b.c. —
stroke counter 11. - 16. Term nate <€ant¢rol signal I\EMI YEIRVY
AV1. 17. Go to Mode I11.

' 28 NOV 1997

APPARATUS FOR MAINTAINING A STABLE BATH FOR AN
AUTODEPOSITION COMPOSITION BY PERIODICALLY SEPARATING
PARTICULAR METAL IONS FROM THE COMPOSITION

RELATED INVENTION

The invention of the present application is related to
the commonly assigned invention of co-pending application Serial
No. 07/847,543, filed on March 6, 1992, for "PROCESS FOR
SEPARATING  MULTIVALENT METAL IONS FROM AUTODEPOSITION
COMPOSITIONS AND PROCESS FOR REGENERATING CHELATING TYPE ION
EXCHANGE RESINS USEFUL THEREWITH". The teachings of this co-
pending application are incorporated into this present
applicaﬁion in their entirety by reference, provided any such

teaphings are not inconsistent with any teaching herein.
BACKGROUND

1.0 Field Of The Invention:

The field of the present invention relates generally
to chemical baths in which metal ions build up over a period'of
time and must be periodically removed, aﬁd more particularly to
such systems' providing for coating materials, such as metals
includihg steel, with a paint coating via a chemical reaction,
in which systems an autodeposition composition bath is

periodically stabilized by removing therefrom dissolved and/or



The next .node of .operation, Mdde I1l, includes " pro MMM Smr 127

to flush the 1 EX colum 29 with delonlzed wat er by jude of the foll dwjng
st eps: "4 To initiate the displacenent off |re9BNEV 19%Foatli fg
conposition 1 from | EX colum 29, continue to generaté€ coit rjol
signal 51 for keeping valve AV2 open, - concjur et W tITgener 4t i ng
control signals 56 and 57, cau'sizn'g'g val ves |SV7 and SV8,
respectively, to open, producing air signals G and H,

respectively, 'd} dpérded multival&w%&q1vabngsaéwmﬂmieavg,ve&e%pg@&w@Iaf
to open. Generate control signal 62 for opening val ve SVP3

operation.

2.0 Discussion Of Related Art:

Autophoresis and electrophoresis are two known
processes for coating objects, particularly thosé fabricated from
metallic material, with a <coating composition. The
electrophoresis effect provides for electrodeposition through the
use of an .electric field to control the movement of ;harged
organic molecules to a workpiece serving as one electrode of a
typicaily two-electrode system. The magnitude of electrical
current and time of application is controlled for coating the
workpiece to a desired thickness. The autophoresis effect
permits an autodeposition coating process to be carried out via
control of the de-stabilization and deposition of high-molecular-
weight negative or neutrally-charged latex polymer particles, for
example, onto a workpiece having a metallic surface that is
chemically treated to produce positively charged ipns at the
surface of the workpiece which attract the oppositely or
neutrally charged particles of coating composition. The parts
to be coated are typically dipped into a coating bath containing
the desired coating composition. Workpieces of iron, steel,
galvanized metal coated with zinc, and so forth, at least about
the outer surfaces of the workpiece, can typically be coated via
an autodeposition coating process. |

A problem in systems carrying out an autodeposition
coating précess is that over a period of time metal ions having

a valence of two or higher (multivalent ions), dissolve and/or
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produci ng air signal N, for energizing punp P3. Do wat er
fromtank T1, through valve AV7, punp R check
valve 38, throttle valve TV3 set for |a gl%gﬁs@f%?ra e val ve
AV8, into | EX col umm 29 in -azdownfl oW direction 6 forcing
resi dual coating conposition therefr n1through valve A/2
filter F2, throttle valve TV1l, check valve 103, " Je& coupler
107, for disdhspgesentdntank the bath gor Dentederasit isin cutenpasitionni t or
pressure signal PR2, and if this,signal changes state, such as

goi ng from increasingly reducinq the effectlveness of the autodeposition
coating process. As the metal ions increase in concentration in
the autodeposition composition, the quality of the coatings
produced on the workpieces diminishes to the point where the
coating composition or autodeposition bath must be replaced, or
a portion of the bath must be removed and new uncontaminated
coating composition added, to reduce the concentration of the
metal ions, for permitting the autodeposition coating process to
continoe. A number of attempts have been made in the prior art
to periodically remove the metal ions from the autodeposition
'bath or coating composition, for providing more economic use of
the coating composition bath, and avoiding the necessity of
disposing of contaminated bath, with all of the environmental
hazards associated therewith.
Hall et al., U.S. Paoent No. 3,839,097, issued on
October 1, 1974, teaches the stabilization of acidic aqueous
coating compositions by removing metal ions through use of an ion
exchange material, such as an ion exchange resin. The ion
exchange material is regenerated periodically to restore its ion
exchange capacity. To accomplish such regeneration in the ion
exchange material, the metal ions therein are displaced, and
replaced with cations which are replaceable by metal ions to be
removed from_the coating composition. In one example given, an
ion exchange column packed with beads of ion exchange material
was first rinsed with water to reclaim residual coating
composition in the column. Deionized water is thereafter run

through the column to completely rinse it out. 1In the example
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zero to +5 volts, for exanple, activate alarmlighf L1 to |nform
operator to replace filter F2, after conpl ¢t § nd? 8 NOV 19921 €] o
operation. 5. Through nonitoring of signal SIN2}] count the nu r of
strokes of punp P3, for determning whén“t o procged to Step 6.

given, the beads of 1ion exchange material are thereéfter
regenerated with an aqueous solution of a strong acid, in
applications where the ion exchange material includes a
:replaceable hydrogen ion. Although the process for stabilizing
a coating composition bath is taught in this reference, and also
a further process for removing metal ions from beads of ion
exchange material in an ion exchange column, and then
regenerating the ion exchange resin, no system is shown or
described fcr carrying out the process. For purposes of this
application, the specification of Hall et al., U.S. Patent No.
3,839,097, is incorporated herein by reference, té the extent
that such teachings are not inconsistent with teachings herein.

An application for Canadian Patent Serial No.
2,017,026, published on April 17, 1991, for "METHOD FOR TREATMENT
OF ELECTRODEPOSITION BATH". The Canadian application teaches a
method for continuously or intermittently removing a portion of
an electrodeposition bath contained in a tank 10, and passing the
removed portion through an ultrafilter 16. Filtered resin,
pigment, and other higher molecular weight components are
returned to the bath. Only the ultrafiltrate is passed through
an ion exchange column 22 to remove iron and other materials from
the ultrafiltrate. The filtrate from the ion exchange column 22
is feturned to the electrodeposition bath, and waste products are
removed from the ion exchange column 22 and disposed of. The ion
exchange column 22 is regenerated by passing sulfuric acid
through the column. A system for accomplishing this is taught

only in a very elementary manner.
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on a metal surface, such as aluminum. An aqueous acidic
operating solution containing hexavalent chromium ions and

contaminating anion complexes is applied to the metal surface.

A fluid flow control system is used for passing controlled

proportions of the treating solution through cation exchange
resin, and for returning the effluent therefrom back to the
treatment or operating solution. Conductivity sensors are used
for measuring the electrical conductivity of the effluent, which
conductivity'measurements are used by a controller for increasing
the proportion of solution passing through the cation exchange
resin in response to a decrease in the electrical conductivity'
of the effluent below a predetermined increméntal amount higher
than the solution which does not pass through the exchange resin.

In order to satisfy a recognized need in the field of
the present invention, the present inventors conceived and
developed a substantially automated system for periodically
removing contaminants from coating composition baths used in
autodeposition processing. In designing the present system, the
inventors recognized the need to provide that substantially all
of the autodeposition bath or coating composition be utilized in
coating parts, compared to prior systems which wasted costly
quantities of the autodeposition baths due to contamination
thereof after a period of use forcing disposal of the same. The
present inventors further recognized the requirement to provide
a system which substantially minimizes the production of waste

products harmful to the environment. By designing a
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substantially automated system for autodeposition procéssing,
maximum economics are obtained through the use of substantially
all of the costly autodeposition bath or coating composition
material.

The present inventors recognized that it is contrary
to prior teachings to pass a chemical containing particulates,
such as latex and pigment included in autophoretic or
autodeposition baths through an ion exchange (IEX) column. They
conceived the present system to accomplish this operation, and
overcame the problems in the prior art such as clogging of IEX

columns by autophoretic baths.

3.0 Summary Of The Invention:

An object of the invention is to provide an improved
system for autodeposition processes.

Another object of the invention is to provide an
improved system for autodeposition processes that maximizeé the
usage of the autodeposition bath, and minimizes the production
of harmful waste products.

Yet another object of the invention is to provide a
substantially automated system for stabilizing a chemical bath
through use of an ion exchange column to remove metal ions from
the bath on a periodic basis, and further throuéh periodic
cleansing and regeneration of the ion exchange column.

With these and other objects of the invention in mind,
the present invention provides for a substantially automated
system programmed for periodically stabiliiing a chemical bath

or an autodeposition bath by passing all or a portion of the bath



-083 .-, o 7 28 NOV 1997 I n
i-nvention, which is optional, a fourth node of

into for initiating the regeneration of the res)

first circulating once used acid 113, fromtank
in a downflow direction (see arrow 6)._This opti

REPEACEMENT-SHEET t he

t |ent ered
ufm 29 by
olfumm 29
)IMyri ses the

foll ow ng steps: 1. Mnitor |evel signals

&75, 76, and 77, and i f at

any

through a plurality of filters and an ion exchange column, for
removing metal ions and other contaminants from the bath that
have accumulated therein over a period of time. The system
further provides for automatically pumping deionized water from
a supply tank through the ion exchange column for returning
treated bath from the column back to the storage tank holding the
chemical or autodeposition bath. The system periodically
provides fer regenerating the ion exchange column by passing a
regenerant acid through the ion exchange column to remove metal
ions collected by the column from the autodeposition bath.
Thereafter, the column is then automatically flushed out with
deionized water to remove the residual acid remaining in the ion
exchange column, thereby preparing the ion exchange column for
another cycle of cleansing the autodeposition bath of metal ions
and contaminants. Waste water and waste regenerant acid is
automatically dispensed from the system to a treatment plant, in
an environmentally safe manner. In another embodiment of the
invention, acid passed through the ion exchange column may be -
collected in a reuse tank, for reuse in regenerating the ion
exchange column, to the extent possible. A controller, such as
a microprocessor, for example, is programmed for controlling
valving means and pumping means for circulating the
autodeposition or chemical bath, the deionized water, and
regenerant acid, through the system in a controlled manner. An
air operated diaphragm pump is used to pump the autophoretic bath

to provide low shear pumping.
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Various embodiments of the present invention are
described below with reference to the drawings, in which like
items are identified by the same reference designation, and in
which:

Figs. 1A and 1B show portions of a flow schematic
diagram for one embodiment of the inventioﬁ:

Fig. 2 is a partial electrical circuit schematic
showiné a plurality of lamps and/or visual indicators providing
alarm indications for one embodiment of the invention; and

Fig. 3 shows a layout diagram for a plurality ;>f

switches for one embodiment of the invention.

ET, ESCR ION OF NVENTION

With reference to Fig. 1, a system is shown for
processing a chemical bath, particularly an autodeposition
composition in this illustration, to separate therefrom
multivalent metal ions through use of a chelating type ion
exchange resin 30, and for regenerating the chelating resin 30,
all in a periodic and substantially automated manner. As
indicated above, a preferred process used in the present system
is illustrated and described in detail in co-pending related
application Serial No. 07/847,543, filed on March 6, 1992,
entitled "Process For Separating Multivalen£ Metal Ions From
Autodeposition Compositions And Process For Regenerating
Chelating Type Ion Exchange Resins Useful Therewith", which is

incorporated herein by reference to the extent that teachings
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system. As indicated therein, aqueous resinous coating
compositions are used in autodeposit__ion systems for forming a
coating of relatively high solids concentration on metallic
surfaces immersed therein. The thickness of the coating applied
to the inetallic surface is controlled by varying the length of
time the metallic workpiece is immersed in the coating
composit:.lon,' and controlling the bath composition (e.g. HF, FeF;,
and latex concentrations, for example). .

Although the description of the present system is
jllustrated herein relative to a preferred autodeposition
process, the system is not limited to use with autodeposition
baths where polymer is involved. The system can be used to
periodically remove metal ions, that may buiid up over time, from
many types of chemical baths.

Typically, the autodeposition coating process is used
for coating metallic workpieces of iron, steel, and/or galvanized
metal for example. The coating composition typically includes
latex polymers processed to provide negatively charged particles
of latex in solution. The coating composition bath is maintained
to be mildly acidic for reacting with a submerged metal workpiece
to cause associated metallic ions on the surface of the workpiece
to become positively charged. As a result, the positively
charged metallic ions attract the negatively charged latex
particles from solution, causing the latex particles to be
deposited on the surface of the metallic workpiece. The
thickness of the coating is very thin, and typically controlled
between 0.5 to 0.7 mil,

in this example, whereby very small
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large numbers of workpieces.

During the autodeposition coating of workpigces,
metallic ions from the workpieces accumulate in the coating
composition over time due to dissolution from the workpieces.
As the concentration of the metallic ions increases in the
coating composition bath, a level is reached where the quality
of the coatings obtained is negatively affected. Also, the
concentration of metallic ions may increase to a level where the
coating composition begins to coagulate and become unstable.
Accordingly, before such negative performance is reached, it is
important to periodically remove the accumulated metal ions from
the coating composition bath.

With further reference to Fig. 1, a system for removing
metallic ions from an coating composition bath includes a tank
T4 containing the coating composition bath 1. For purposes of
illustration, assume that the workpieces being passed through the
coating composition bath 1 are steel, and that the bath 1
includes hydrofluoric acid (HF) of a given concentration. In an
optional embodiment, the concentration of the HF is monitored
through use of a transducer 3 immersed in the tank T4. A signal
line 5 from transducer 3 transmits an electrical signal having
a voltage level proportional to the concentration of HF. A
conductivity transducer 129 is immersed in the coating
composition bath 1 in tank T4, for providing a signal Cl having
a level indicative of the conductivity of bath 1. A draw conduit
or pipe 7 has one end deeply immersed in the coating composition

bath 1, and another end connected toc an input port 9 of an air
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autophoretic bath. A_stroke indicator assembly 11 is connected
to the pump Pl for providing a signal SINl1 (via a pressure switch
151) indicative of each stroke taken by the pump. By monitoring
the number of strokes taken by the pump during a given cycle of
operation, a measurement of the quantity of coating composition
passed through the pump can be obtained. In this example, each
stroke of pump Pl pumps 0.016 gallons. An output port 13 of pump
P1 is connected by a fluid line or conduit 15 to an inlet port
17 of a filter F1l. An outlet port 19 of filter Fl1 is connected
to one end of an automatic air operated valve AVl. Note that the
fluid line 15 is connected by a gage isolator 21 to a pressure
gauge PGl monitoring the pressure between pump Pl and filter Fi1.
Also, a pressure sensor PS1 is connected by gauge isolators 21
across filter Fl. PS1 is, in this example, representative of a
normally open switch when filter Fl1 is clear causing a low
pressure to be developed across PS1l. When filter Fl1 becomes
clogged, a pressure is developed across PS1 causing it to respond
by closing an internal adjustable switch (not shown) to cause
signal PRl to change state from zero volt to +5 volts, in this
example, indicating a clogged filter F1. Accordingly, signal PR1
is indicative of the differential pressure between the inlet port
17 and the outlet port 19 of filter F1l exceeding a predetermined
level. Also, a gauge isolator 21 connects another pressure gauge
PG2 to fluid line 23, for providing a measurement of the pressure
between outlet.19 of filter F1, and one port of automatic valve

AVl.
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valve 25 via a uid line or pipe 27 to an ion exchange column

(IEX) 29, and through another fluid path or pipe 31 commonly
connected at one end to pipe 27, to a common connection with a
fluid line or pipe 33 connected between f£luid ports of automatic
valves AV4 and AV8. The other end or port of automatic valve AV4
is connected via fluid line 35 to one end of a throttle valve
V4, the-other end of the latter being connected to one port of
a Tee coupling 37, the other port of the latter being connected
via fluid conduit or pipe 39 to treatment apparatus (not shown).
A fluid conductivity transducer 41 is installed on the Tee 37 for
providing a signal €3 indicative of the conductivity of the fluid
being discharged or passed therethrough.

A conduit or fluid line 43 is connected at one end into
the fluid path 35 between valves AV4 and TV4, and at its other
end to one port of automatic valve AV3. The other end or port
of valve AV3 1is connected via fluid 1line 45 to a common
connection between the ends of fluid lines 47, 49 and 32, for
connections via the other ends of fluid line 47 to a fluid port
of ion exchange column (IEX) 29, of fluid line 32 to one port of
an automatic valve AV6, and of fluid line 49 to one port of
automatic valve AV2. The other port of automatic valve AVé is
connécted via fluid line 34 to one port of throttle valve TV2.
The other port of throttle valve TV2 is connected via fluid line
36 through a check valve 38 in series with a rotometer 40 to an
outlet port 42 of a pump P3. Check valve 38 is oriented for
passing fluid from rotometer 40 to throttle valve TV2. Fluid

line 36 is also connected via fluid line 66 to one port of
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another throttle valve TV3, the other port of which is connected
via fluid line 65 to the other port of automatic valve AVS.

A stroke indicator 44 is connected to pump P3 for
providing a signal SIN2, via a pressure switch 153, indicative
of the number of strokes of pump P3 during a given cycle of
operation, for providing a measurement of the fluid being pumped
therethrough (0.016 gallons/stroke in this example). an inlet
port 65 of pump P3 is commonly connected via fluid lines 67 and
69 to fluid ports of automatic valves AV7 and AV5, respectively.
The other fluid port of automatic valve AV5 is connected via
fluid line 78, which has an open end positioned near the bottom
of a tank T2 containing new regenerant acid 68 (HF in this
examplé). The other port of automatic valve AV7 is connected via
a fluid line 90 to a suction or draw pipe 79 having a free end
positioned within and near the bottom of a tank Tl containing
deionized (DI) water 81. The purpose of tank Tl is to allow for
an inventory of DI water to be stored, to permit operation of the
system in plants where the instantaneous flow rate of the in-
plant DI water is insufficient to supply the DI water
requirements of IEX 29.

A pump P2 has an inlet port 4 connected via a fluid
line 10 to a drum of fresh regenerant chemical or acid (not
shown). An outlet port 12 is connected via a fluid line 14 to
a feedpipe 91, for discharging ﬁew regenerant acid 68 into tank
T2 during a refill cycle.

An electrically operated solenoid valve SV1l has one
fluid port connected via a fluid line 93 to a pressurized source

of deionized (DI) water (not shown). The other fluid port of
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Another flpid port of automatic valve AV2 is connected
via a fluid line 97 to an inlet port of a filter F2. An outlet
port of filter F2 is connected via fluid line '99 to one port of
a throttle valve TV1l. A gauge isolator 21 is used to connect
both a pressure gauge PG5 and a pressure switch PS2 to fluid line
99, as shown. PS2 is representative of a normally open switch
(not shown) with no applied pressure. When F2 is unclogged, hiéh
back pressure causes the associated signal PR2 to be at zero
volt. PS2 responds to a predetermined pressure drop caused by
clogging of F2, by opening an internal switch to cause signal PR2
to change state from +5 volts to zero volt, in this example. 1In
other words, pressure switch PS2 provides a signal PR2 indicative
of the pressure in fluid line 99 or at the outlet of filter F2
being below a predetermined value. The other port of throttle
valve TVl is coupled via fluid line 101 to an inlet end of a
check valve 103, the outlet port of the latter being connected
via a fluid line 105 to one port of a Tee coupling 107. A
conductivity transducer 109 is mounted on the Tee coupler 107,
for providing a conductivity signal €2 indicative of the
conductivity of the fluid passing through the Tee coupler 107.
The other end of the Tee coupler 107 is connected to a feedpipe
111 for discharging treated coating composition 1 back into tank
T4, as will be described in detail below.

Another embodiment of the present inventive system

(shown in phantom) is considered optional, and includes a tank

127

in
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further includes a fluid line 115 connected between the common

connection of fluid lines 67 and 69, and one port of automatic
valve AVS. The other port of automatic valve AV9 is connected
to one end of fluid line 117, the other end of which is located
within and near the bottom of tank T3. A fluid line 119 has one
end connected to the common connection of fluid lines 31 and 33,
and anothér end connected to one port of an automatic valve AV10.
The other fluid port of valve AV10 is connected via a fluid line
121 for discharging once used regenerant acid 113 into tank T3,
as will be described below.

A source of air (not shown) provides "shop air" of
controlled pressure via conduit or pipe 123 to an inlet port of
a filter F3, the outlet port of which is connected via air
pressure line 125 to a plurality of solenoid operated valves SV1
through SV10, and SVP1l through SVP3, respectively. These valves
are individually controlled by a controller 127 via electrical
control signals 50 through 62, respectively, generated by
controller 127 at appropriate times, as will be described in
detail below. When solenoid valves SV1 through SV10 are
individual energized, in this example they open to provide air
pressure signals A,B,C,D,E,F,G,H,J, and'K; respectively, which
air pressure signals are individually coupled to automatic air
operated valves AVl through AV10, respectively, .for opening these
valves. Similarly, when solenoid valves SVP1, SVP2, and SVP3,
are individually energized by controller 127, these valves open

to provide air pressure signals L,6M,N, respectively, for
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application to pumps P1, P2, P3, respectively, for energizing
these air operated pumps, in this example.

A low level sensor 131 is positioned within and near
the bottom of tank T1, for providing a signal 71 indicative of
the fluid level in tank Tl dropping to below a predetermined low
level. Also, a high level sensor 133 is located within tank T1
at a predetermined level below the top of the tank, for providing
a +5 volt level signal 70, in this example, indicative of the DI
water level reaching the position of level sensor 133. Note that

. in this example, switches associated with level sensors 131 and
133, and others discussed below, are normally-open switches. All

- such level sensors, as. described herein, produce a level signal
of zero volt when liquid is below the levei of the associated
level sensor, and a level signal +5 volts when liquid is at or
above the level of the associated level sensor, for example.

Tank T2 includes a low level sensor 135 located within
or near the bottom of the tank, for producing a low level signal
74 of zero volt indicative of the acid therein dropping to below
the level of the sensor 135; a mid level sensor 137 for producing
a signal 73 of zero volt, whenever the acid level drops to below
the level of this sensor; and a high level sensor 139 located
near the top of tank T2, for producing a level signal 72 of +5
volts, in this example, indicative of the acid within the tank
attaining the level of sensor 139. In‘substantially the same
manner as tank T2, tank T3 includes a low level sensor 141 for
producing a low level signal 77, a mid level sensor 143 for
producing a mid level signal 76, and a high level sensor 145 for

producing a high level signal 75.

7.
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controller 127 responds to the liquid level signals 70 through

77, valve status signals 80 through 89, pressure signals PR1 and
PR2, conductivity signals C, through Cy, and stroke pulse signals
SIN1 and SIN2, for providing SV control signals 50 through 63,
when required for different modes of operation of the system.
These modes of operation are described in detail belbw.

In an engineering prototype of the present system, the
controller 127 is provided by an Allen Bradley SILC-500 PLC
microprocessor (manufactured by Allen Bradley, Inc., Milwaukee,
WI). Throttle valve TVl is a diaphragm type throttle valve GF
type 314 (manufactured by George Fischer Ltd., Schaffhausen,
Switzerland), for passing fluid containing coating composition.
Throttle valves TV2 and TV4 are adjustable needle valves GF Type
522. Throttle valve TV-3 is an adjustable Y-globe valve GF Type
301. The level sensors 131, 133, 135, 137, 139, 141, 143, and
145, are Thomas float switch Model 4400 sensors (manufactured by
Thomas). Valves AV1 through AV10 are GF type 220 with manual
override (manufactured by George Fischer, Schaffhausen,
Switzerland). Filter Fl1 is a Sethco bag filter (manufactured by
Met Pro Corporation, Sethco Division, Hauppauge, New York).
Filter F2 is a Sethco bag filter F1, Model No. DBG~1l. Air
operated pumps Pl, P2, and P3, are provided by Marlow type
1/2A0DP pumps (manufactured by Marlow ITT Fluid Technology
Corporation, Mid Land Park, New Jersey).

The ion exchange column 29 is provided by a vinyl ester
tank about twelve inches in diameter, and 38 inches in length,

in this example. It has its 1longitudinal axis vertically
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appropriate ion exchange resin 30, in this example Amberlite®

IRC-718 (manufactured by Rohm & Haas Co., Pennsylvania). Other
examples of suitable IEX resins 30 include Miles/Bayer Lewatit
TP~207, Purolite S$-930, Sybron Ionac SR-5, Bio-Rid Chelex 20 or
Chelex 100, Mitsibushi Diaion CR11, and other siﬁilar
iminodiacetate based resins. This resin 30 permits ferric and
ferrous iron ions to be removed from coating composition 1 passed
throughlthe ion exchange column 29, in this example. other-types
of resins are available for removing other metallic ions, such
as those 6f chromium or zinc, for example. In this example, the
regenerant acid 68 1is hydrofluoric acid in greater than 1%
concentration.

Solenoid valves 8SV1 through SV10 are provided by
Burkett Type 470 valves (Ohioc Components, Parma, Ohio). The
solenoid operated valve SV11 is an electrically operated solenoid
valve, controlled by electrical signal 63 from controller 127.
The other components used in the prototype.system are typical
standard components which are readily available. Note further
that the actual components as previously indicated for a
prototype systen aré not meant to be limiting, and any suitable
substitute can be used.

Note that the autormatic air actuated valves AVl through
AV10 each include pairs of oﬁtput or valve status signals 80
through 89, respectively, for providing an active signal
iﬁdicative of the valve's present position, that is indicative
of either an open or a cloéed'position. As shown, controller 127

senses the status of each valve through monitoring of these pairs
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of signals 80 through 89. As a result of such signal monitéring,
the solenoid valve control signals 50 through 63 are outputted
by controller 127 at appropriate times for conducting various
modes of operation of the present system. Also, controller 127
can test valves AVl through AV10 for proper operation through
monitoring of these signals.

In another embodiment of the invention, a visual alarm
system is provided. Controller 127 drives a relay bank 158, for
energizing associated relays to provide lamp signals L1 through
L18 at appropriate times. In Fig. 2, lamps 160 through 177 are
responsive to 1lamp signals or voltages Ll through L18,
respectively, for lighting to provide a visual indication of an
associated panel message indicating a particular qomponént or
system operation, or showing a defaulting component or system
operation, as indicated by the respective legends shown. In this
example, lamps with an "R" designation are red in color, those
with a "G" designation are green, and those with a "y®
designation are yellow. However, any.desired combination of
colors can be used for the lamps 160 through 177. In one
embodiment, the lamps 160 through 177, as shown in Fig. 2, are
individually associated with message displays 160' through 177
of a backlit display panel 180. Alternatively, in another
embodiment, the lamps 160 through 177 are ﬁéunted on a display
panel each adjacent to an associated printed alarm or component
operation message 160' through 177', respectively, as shown for
the backlit panel 180. In the alternative embodiment, the lamps
160 through 177, respectively, are energized to light adjacent

' to their associated message display 160' through 177°,
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provided, in this example, for permitting a low skilled operator
to correct problems that may occur during operation of the
systemn. |

In Fig. 3, seven switches SWl through SW7 are shown
with connections to controller 127. In this example, switches
SW1 through SW3 and SWé are three position rotary switches.
Switch SW4 is a two position rotary switch. Switch SW5 is a
normally closed pushbutton switch, and switch SW7 is a normally
open pushbutton switch. These switches are typically located on
a control panel in the system. Contacts "a", "b", and "d" of
switches SW1, SW2, SW3, and SW6 are connected to controller 127,
as shown. Contacts "a" and "c" of switch SW4 are connected to
controller 127. Contacts "a'" and "b" of each of switches SW5 and
SW7 are éonnected to controller 127.

The programming of controller 127 in response to
different positions of switches SW1l through SW7 will now be
described. Switch SW1 is identified on a control panel (not
shown) as a "Regeneration/DI Water Pump Switch P3". When the
arm 182 of this switch is rotated to electrically connect
contacts "a" and "b", SWl1 is in an indicated "ON" position.
Controller 127 responds by energizing solenoid valve SVP3,
opening the valve to cause air pressure signal N to be applied
to pump P3, energizing this pump. However, such action will only
occur if switch SW3, designated as the "SYSTEM CONTROL" is
operated by rotating its arm 186 for electrically connecting

either contacts "a" and "b", or contacts "a" and "d". If the arm
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in which pump P3 cannot be energized. When arm 182 is rotated
to electrically connect contacts "a" and "d", this position is
designated as the "AUTO" position, for programming pump P3 to be
energized at appropriate times during various programméd
sequences.

Switch SW2 is designated as the "PAINT PUMP P1" switch.
When its arm 184 is rotated to elecfrically connect associated
contacts "a" and "b", the switch is in a designated "ON"
position, provided that SYSTEM CONTROL switch SW3 is not in its
"OFF" position (arm 186 electrically. connecting contacts "a" and
"c" thereof). When switch arm 184 is rotated to electrically
connect contact "a" to contact "c", this is designated as the
"OFF" position for SW2, in which pump Pl is prevented from being
energized. When switch arm 184 is rotated to electrically
connect associated contacts "a" and "d", this is designated as
the "AUTO" position, in which pump Pl is energizable at
appropriate programmed times during automatic operation of the
system, to be described below.
Switch SW3 is designated as a "SYSTEM CONTROL" switch.

When its arm 186 is positioned for electrically connecting
contacts ﬁa" and "b" thereof, this is deéignated as the "AUTOY
position, and controller 127 in response thereto is programmed
to place the system in automatic operation. When switch SW3 has
its arm 186 rotated to electrically connect associated contacts
"a" and "c", the switch is in a designated "OFF" position,

preventing operation of the system. When arm 186 is rotated to



‘REPLACEMENT SHEET
-siignals 70 and 71 for sensing the |evel

"7

REPLACEMENT,SHEER

hi tor | evel

of DI water P |n tank T1.
I f level signal 71 goes to zero volt, for &x3np)gNoOV 1997 before a
predeterm ned quantity of DI water has passed t hrough | EX. col um

29,

termnate control signal 62 for _ 99 .

electrically connect associated contacts "a" and "d", this is
designated as the "PB START" position. When switch SW3 is in
this position, controller 127 is programmed to respond to
activation of pushbuttoﬁ switch SW7 by depression of pushbutton
contact 194 thereof, for interconnecting associated contacts "a"
and "b". Controller 127 is programmed to respond to the latter
switch operation by initiating one cycle of treatment of the
coating Eomﬁosition 1, as will be described in detail below.

With further reference to "SYSTEM CONTROL" switch SW3,
when this switch is placed in its "AUTO" position by moving its
arm 186 to electrically connect associated contacts "a" and "b",
the programmed treatment of the coating composition 1 will be
cyclically repeated at predetermined intervals of time. Whén
“SYSTEM CONTROL" switch SW3 has its arm 186 positioned for
electrically connecting associated contacts "a" and "c", in an
YOFF" position, the system is placed in a manual mode of
operation, and an operating cycle will be stopped. However,
controller 127 is programmed to respond thereto by first checking
to determine whether any paint or coating composition 1 remains
in the ion exchange column 29. If the answer is "yes",
controller 127 is programmed to continue the portion of the
sequence for operation of the system for pumping coating
composition 1 through the ion exchange column 29. If controller
127 determines that for the operating cycle stopped when the
system switch SW3 was moved to its "OFF" position, the pumping
of coating composition 1 through the ion exchange column 29 had

previously been terminated, controller 127 is programmed to

initiate a cycle of operation for flushing out the ion exchange
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After this flushing cycle, the controller 127 is programmed to
initialize itself for resetting all parameters in the system to
prepare for responding to the "SYSTEM CONTROL" switch SW3 either
being operated by moving its associated arm 186 to electrically
connect associated contacts "a' and "d", thereby placing switch
SW3 in its designated "PB START" position, or being operated by
moving its associated arm 186 to electrically connect associated
contacts "a" and "b", thereby placing S3 in its designated "AuTO"
position. When "SYSTEM CONTROL" switch SW3 is moved to its "PB
START" position, as previously mentioned, controller 127 is
thereafter programmed to respond to energization of the "START
CLEAN-UP SEQUENCE" pushbutton switch SW7, in this example.
Switch SW4 is designated as the "REGEN CHEMICAL PUMP
P2". In the "OFF" position of this switch, its arm 188 is
positioned for electrically connecting associated contacts "a®
and “b". In this "OFF" position, pump P2 cannot be energized,
and controller 127 is programmed to reset a refill cycle for
refilling tank T2 with new regenerant acid or chemical regenerant
68, as will be described in detail below. Switch SW4 is placed
in a designated "AUTO" position when its arm 188 is rotated to
electrically connect associated contacts "a" and "c". In this
position, pump P2 can be energized to refill tank T2 with new
regenerant chemical or acid under the control of controllér 127,
which will de-energize pump P2 upon sensing the level of acid in
the tank reaching a predetermined filled level. In this example,

controller 127 is programmed to not in any event permit the pump
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Switch SW5 is designated as an "EMERGENCY STOP" switch.
When the pushbutton 190 of this switch is depressed, the
electrical connection between associated contacts "a" and "b" is
broken, and the switch SW5 mechanically maintains this position.
Controller 127 is programmed to respond to the operation of the
emergency stop switch SW5 by first checking to see if the switch
has been manually returned to its inoperative position by being
pulled outward, in which case if a treatment cycle had been
interrupted, that cycle will be resumed from where it was
previously interrupted. However, if controller 127 determines
that the "EMERGENCY STOP" switch SW5 remains activated, system
operation will be terminated, but the system will not be reset.
Next, all alarms (to be described in detail below) will be reset
except for outlet pressure low alarm 160, 160', high delta
pressure alarm 161, 161', no pump flow alarm 164, 164', and valve
failure alarm 163, 163'. Subsequently, if the "EMERGENCY STOP"
switch SWS is deactivated, controller 127 will then resume the
cycle of operation previously interrupted, as mentioned earlier.

Switch SW6 is designated as a "DI MAKE-UP" switch. The
switch has three positions, one with arm 192 rotated to
eiectrically connect associated contacts "a" and "b", designated
as an “"ON" position. An "OFF" position is provided with contact
arm 192 rotated to electrically connect associated contacts "a"
Lastly, an Y"AUTO" position is provided with arm 192

rotated to electrically connect associated contacts "a" and "d".

When this switch is in its "ON" position, controller 127 responds

1

for
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operated valve SV1l1, for permitting deionized water to begin
refilling tank T1, assuming it requires such refilling. If
switch SWé is in its "OFF" position, controller 127 is programmed
to inhibit operation of valve SV1l. When switch SWé is placed
in its "AUTO" position, controller 127 is programmed to open
valve SV11l if tank Tl has a DI water level below the high or fill
level sénséd by level sensor 133. During such a refill
oﬁeration, in this example, controller 127 is programmed to turn
off valve SV11 upon sensing signal 70 indicative of tank Tl being
filled. _

Switch SW7 is designaﬁed as a "START CLEAN-UP SEQUENCE"
pushbutton. When this momentary contact pushbutton switch is
depressed, controller 127 is programmed to respond to the
electrical connection of contacts "a" and "b" thereof via contact
pushbutton arm 194, by first checking to determine if the
"EMERGENCY STOP" pushbutton switch SWS is pushed in or activated.
If the answer is "yes", controller 127 is programmed to activate
or turn on all panel lamps 160 through 17?; for alerting the
operator that the emergency "STOP" pushbutton SWS is activated
in addition to serving as a lamp test signal for the controller.
However, 1if the emergency "STOP" pushbutton SW5 is not so
activated, controller.127 will then check to determine if the
SYSTEM CONTROL switch SW 3 is positioned in its "“PB START"
position. If the answer is "yes", controller 127 will proceed
to initiate one entire cycle of treatment of the coating
composition 1, for removing metallic ions therefrom. Howevef,

if the answer is "no", controller 127 is programmed to then check
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position. If the answer is "yes", . controller 127 will run a
valve failure test. The air operated valves AVl through AV10 are
each provided with an associated lamp (not shown), that
controller 127 is programmed to energize in a flashing or
blinking manner when any of the associated valves are tested to
be inopefative. Alternatively, if controller 127 senses that the
"SYSTEM CONTROL" switch swsiis not in its "OFF" position, but in
its "AUTO" position, controller 127 will initiate repetitive or
periodic cycles of treatment of the coating composition 1.
Operation of the system will now be described. The
controller 127 includes a microprocessor that is programmed for
providing stabilization of the coating composition bath 1, by -
periodically circulating a portion of the coating composition
from tank T4 through the ion exchange column 29 (in a downflow
direction as indicated by arrow 6) and back to tank T4 éfter
treatment. For setting the system into an automatic mode of
operation, an initialization process or mode of operation must
first be conducted. The steps for the initialization mode of
operation are as follows:
1. Manually place the regeneration pump switch SW1l in its
"AUTO" position.
2. Manually place the paint pump switch SW2 in its "AuTo®
position.
3. Manually pull the emergency "STOP" switch SW5 out to
its inactive poéition.
4, Manually place the regen chemical pump switch SW4 in

its "AUTO" position.
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6. Controller 127 checks the status of high level signal
70 to determine whether DI water level in tank T1 is
at high level. If not, controller 127 is programmed
to apply control signal 63 to valve §V11l, for

.refilling tank Tl with DI water until level signal 70
is sensed, whereafter control signal 63 is terminated
and the next step pursued.

7. Controller 127 checks for the presence of level signal
74 to determine if the new regenerant acid in tank T2
is above a predetermined low level. If it is not,
controller 127 generates control signal 61, for
opening solenoid valve SVP2, to supply air signal M to
pump P2, for energizing that pump to refill acid into
tank T2. When controller 127 senses the presence of
level signal 72, control signal 61 is terminated,
closing valve SVP2, thereby turning off pump P2.

8. Manually set the system control switch SW3 to either
its "AUTO" or "PB START" positions, or leave the
switch SW3 in its "OFF" position.

9. If system control switch SW3 is in its "OFF" position,
the system is in a manual mode of operation, and
resets to the beginning of a treatment cycle for
coating composition 1.

10. If the system control switch SW3 is not in its "OFF"

position, is it in its "PB START" position? If the
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answer is "yes", proceed to next step, if "no", switch
SW3 is "AUTO" position. Proceed to step 18.
Manually press the "START CLEAN-UP SEQUENCE" switch

SW7 to cause the system to run the following complete

' process sequence once, then stop sequencing and return

~ system to “STAND BY".

Pumps Pl, P2, and P3 are de-energized, and stroke
counters 11 and 44 for Pl and P3, respectively, are
reset.

Valves AV1 through AV8 are seéuentially cycled to test
the operation thereof, and to reset all valve
operators to "closed" positions, before proceeding to
the next mode of operation for coating bath 1
circulation,

If the "SYSTEM CONTROL" switch SW3 is in its "auTo¥
position, controller 127 is programmed to
automatically and periodically run the system through
a "“FEED/REGEN SEQUENCE", with the sequence being
repeated a predetermined number of hours after each
such cycle of operation.

After a predetermined period of time, go to step 16,
perform steps 16 and 17, and proceed to the next mode,

Mode II of operation.

After the initialization mode I of operation,

controller 127 is programmed to proceed with Mode II of

operation,

for circulating coating composition 1 in a downflow
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direction (see arrow 6) through ion exchange column 29, via the
following steps: '

1. To initiate the displacement of DI water from IEX
column 29, produce control signals S0 and 52 for
opening valves AVl and AV3, respectively.

2.  Produce control signal 60 for opening SVP1, to provide
air signal L for energizing pump Pl to pump a
predetermined number of gallons of coating composition
1 into IEX column 29, to displace DI water therefrom
(each stroke sensed by counting associated pulses of
signal SIN1 represents 0.016 gallons).

3. Pump Pl draws coating composition bath or paint 1 from
T4, and feeds through filter Fl, for removing
coagulated paint and debris from the paint 1, to
protect IEX column 29.

4, The voltage level of signal PR1 is sensed to detect
any clogging of filter F1.

5. Coating composition 1 passes through valve AV1l, and
check valve 25, and therefrom enters IEX column 29 in
a downflow direction 6, displacing DI water as it
enters IEX column 29.

6. DI water being displaced, flows from IEX column 29,
through valve AV3, and throttle valve TV4 (latter
manually set for a predetermined flow rate).

7. Discharge.displacéd DI water through Tee coupling 37
to waste treatment facility, or for collection for

waste treatment.
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thereby terminating air control signal C, for closing
valve AV3, but keep valve AV1 open.

Initiate programming for providing steps for
circulating coating conmposition bath or paint 1
through IEX column 29, and returning the treated paiht
1 back to tank T4.

Produce control signal 51 to open valve 8V2, for
providing air_control signal B to open valve AV2,
Circulate coating composition 1 from tank T4, through
pump Pl, through filter F1, valve AV1l, check valve 25,
downflow 6 through IEX column 29, through valve AvV2,
filter F2, throttle valve TVl (set for a given flow
rate), through check valve 103, Tee coupling 107, for
discharge back into tank T4.

Monitor the voltage level of signal PR1 for clogging
of filter Fl1l, whereby if PR1 goes to +5 volts, for
example, activate alarm light L2 to inform operator to
replace filter F1, after this cycle is completed for
removing metal ions from coating composition 1.
Monitor the voltaée level of pressure signal PR2,
whereby if signal goes to +5 volts, for example,
activate alarm light Ll to inform operator to replace

filter F2, after this treatment cycle is completed.

After counting a predetermined number of strokes for

pump Pl, indicative of a predetermined quantity of

coating composition 1 being passed through IEX column
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29, terminate control signal 60 for turning off pump
P1.

Reset counter (not shown) in software programming
which is incremented by stroke counter 11.

Terminate control signal 50, for closing valve AV1.

Go to Mode III.

The next mode of operation, Mode III, includes

programming controller 127 to flush the IEX column 29 with

deionized water by use of the following steps:

1.

To initiate the displacement of residual coating

composition 1 from IEX column 29, continue to generate
control signal 51 for keeping valve AV2 open,
concurrent with generating control signals 56 and 57,
causing valves SV7 and SV8, respectively, to open,
producing air signals G anle, respectively, in turn
causing valves AV7 and AV8, respectively, to open.
Generate control signal 62 for opening valve SVP3,
producing air signal N, for energizing pump P3.

Draw DI water from tank Tl, through valve AV7, pump
P3, rotometer 40, check valve 38, throttle valve TV3
set for a given flow rate, valve AV8, into IEX column
29 in a downflow direction 6, for forcing residual
coating composition therefrom through valve AV2,
filter F2, throttle valve TV1l, check valve 103, and
Tee coupler 107, for discharge into tank T4.

During such circulation, monitor pressure signal PR2,

and if this signal changes state, such as going from

"PR START". If the latter, press pushbut t on
restarting the cycl e of ofET gt
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latchi.ng depressed position, for turning off all system

operations and functions. 5. Manually investigate the faulting
condi tion, and correct the sane. P &HERT| ng the
probl em pull out the "EMERGENCY STOP" 5 equni ng
operation of the system in the interrupte cyc&§.1 _ A
second test node, "Test Mdde 2", proviﬂé% Tor detpcti ¥tﬂ%ﬁ fli ljter FI
has been clogged. This Test Mbde includes the fo]lpw ng steps:

zero to +5 volts, for example, activate alarm light L1
to inform operator to replace filter F2, after
completing this cycle of operation.

5. Through monitoring of signal SIN2, count the number of
strokes of punp P3, for determining when to proceed to
step 6.

6. Terminate control signal 51 for turning off valve AV2,
while maintaining ‘control signals 56 and 57 for
keeping valves AV7 and AV8 turned on.

7. Initiate the next cycle for flushing out IEX column 29
with DI water, by first generating control signal 52,
for turning on valve SV3, for producing air control
signal C, for opening valve AV3.

8. Count the pulses of the associated stroke indicator
signal SIN2 while drawing DI water 2 from tank T1,
through valve AV7, pump P3, rotometer 40, check valve
38, throttle valve TV3, valve AV8, through IEX column
29 in a downflow direction 6, therefrom through valve
AV3, through throttle Valve_TV4, and Tee coupler 37,
for discharge out of the system for treatment.

9. After a given quantity of DI water 2 has been passed
through IEX column 29, terminate control signal 62 for
turning off P3.

10. Terminate control signals 52, 56, and 57, for turning
off valves AV3, AV7, and AV8, respectively.

11. Go to Mode IV if used, otherwise go to Mode V.
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In one embodiment of the invention, which is optional,

a fourth mode of operation is next entered into for initiating
the regeneration of the resin 30 in IEX column 29 by first
circulating once used aéid 113 from tank T3 through IEX column
29 in a downflow direction (see arrow 6). This optional Mode IV
comprises the following steps:

1. = Monitor level signals 55, 76, and 77, and if at any
time during this mode the level of used acid in tank
T3 drops below a predetermined low level as indicated
by level signal 77, terminate this mode of operation,
and transfer to Mode V.

2. Generate control signal 58 to open valve AVS.

3. Generate control signal 57 for opening valve AVS8.

4. Generate control signal 52 for opening valve AV3.

5. Generate control signal 62 for energizing pump P3.

6. Monitor SIN2 for counting the number of strokes of
pump P3 for a predetermined number of strokes, for
permitting a predetermined quantity of used acid 113
to circulate from tank T3, through the flowpath
including in series succession valve AV9, pump P3,
rotometer 40, check valve 38, throttle valve TV3,
valve AV8, IEX column 29 (downflow circulation 6
therethrough), valve AV3, valve TV4, and Tee coupling
37 from which the reused acid 113 is discharged from
the system for treatment. |

7. Terminate control signal 62 with the occurrence of
either one of a predetermined number of strokes of

pump P3, or the level of used acid in tank T3 dropping
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to a low level as indicated by level signal 77 going
from +5 volts to zero volt, in this example.
8. Terminate control signal 58 for closing valve AV9.
9. Terminate control signal 52 for closing valve AV3,
10. Continue to generate <control signal 55, and

immediately proceed to Mode V.

Mode V provides for circulating new regenerant acid 68
from tank T2 through IEX column 29 (see arrow 6), for completing
the regeneration of the resin 30 contained in IEX column 29 by
removing metal ions from the resin 30. If the embodiment of the
invention for including a used acid tank T3, for using once used
acid 113 for the initial regeneration of the resin 30 in IEX
column 29 is not used, Mode V of operation is entered into
immediately after Mode III, and the regenerant acid 68 from tank
T2, after passing through IEX column 29: is discharged from the

system for treatment. The steps for Mode V of operation are as

follows:
1. Generate control signal 52 for opening valve AV3.
2. Generate control signal 54 for opening valve AVS.

3. Generate control signal 57 for opening valve AVS.

4. Generate control signal 62 for energizing pump P3, for
circulating fresh regenerant acid 68 from tank T2 through IEX
column 29 in a downflow direction (see arrow 6).

5. Monitor signal SIN2 for counting the number of strokes

of pump P3 for deéermining when a predetermined
quantity of new regenerant acid 68 has been passed

through IEX column 29 and discharged from Tee coupling
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37 for waste treatment at which time terminate control
signal 62 for turning off pump P3.

6. Reset stroke counter 44.

7. Terminate control signal S2 for closing valve AV3.

8. Terminate control signal 54 for closing valQe AVS.

9. Continue to generate control signal 57 to keep valve

Mode VI-A is provided via programming controller 127
for rinsing IEX column 29 in a downflow direction 6 with DI
water, and discharging the rinse water from the system for waste
treatment. If the embodiment of the invention for including a
used acid tank T3, and for using once used acid 113 for the
initial regeneration of the resin 30 in IEX column 29 is used,
the solution 'initially discharged from the IEX column is
circulated to tank T3 for refilling the used acid 113 in that
tank, whereafter any further rinse solution circulated through
IEX column 29 is discharged for waste treatment. Mode VI-A
includes the following steps:

1. Generate control signal 56 for opening valve AV7.

2. Go to step 11 if the embodiment including tank T3 for
permitting the use of once used acid 113 is not
employed, otherwise go to the next step.

3. Generate control signal 59 for opening valve AV10.

4. Generate control signal 62 for energizing pump P3.

5. Monitor signal SIN2 for counting the number of strokes
of pump P3, for monitoring the quantity of DI water

being pumped therethrough.

system

d Test
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and an incorrect fluid level is detected
6. Monitor level signals 70 and 71 for sensing the level

of DI water 2 in tank T1.

7. If level signal 71 becomes not energized for at least
three minutes before a predetermined quantity of DI
water has passed through IEX column 29, terminate
control signal 62 for turning off pump P3, and
generate control signal 63 for turning on valve SV11
for refilling tank T1 with DI water, until level
signal 70 goes "HIGH", whereafter control signal 63 is
terminated, and control signal 62 regenerated for
turning pump P3 back on.for the remainder of the rinse
cycle. .

8. Monitor 1liquid 1level signals 75, 76, and 77 for
tracking the level of used acid in tank T3.

S. Terminate control signal 62 for turning off pump P3
either upon detecting level control signal 75 becoming
energized, indicating tank T3 is full with once-used
acid 113, or upon counting a predetermined number of
strokes of pump P3 indicative of a predetermined
quantity of used regenerant acid having been passed
from IEX column 29 to tank T3.

10. When tank T3 has been refilled with used acid 113,
terminate control signal 59 for closing valve Avio.

11. Generate control signal 52 for opening valve AV3 to

- '.change destination of solution to waste treatment.

12. Generate control signal 62 for energizing pump P3.

13. Continue | to monitor stroke signal SIN2 for

'accumulating additional stroke counts for pump P3.
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14. Terminate control signal 62 to pump P3 after a
predetermined quantity of DI water 2 has passed
through IEX column 29.

15. Terminate control signals 52 and 57 for closing valves

AV3 and AV8 to conclude downflow rinsing Mode VI-A.

' Mode VI-B is provided via controller 127 for rinsing
IEX column 29 in an upflow direction 8 with DI water, and
discharging the rinse water from the system for waste treatment.
This upflow flushing operation is performed at a predetermined
velocity for the flow of DI water to fluidize the ion exchange
resin 30 in the IEX column 29, for substantially removing foreign
particulate material from IEX column 29. In this manner,
plugging of the IEX column 29 by the buildup of the foreign
particulate material over a number of subsequent cycles of
operation is prevented. Note that in an engineering prototype
of the syétem, a top diffuser of IEX column 29 was modified to
have more porous and open, yet tortuous fluid paths, for insuring
that coagulated latex material passes through and out of the IEX
column 29, while retaining ion exchange material 30 therein.
Mode VI-B includes the following programming steps:
1. Generate control signal 51 for opening valve AV2.
2. Generate control signal 53 for opening valve AV4.
3. Generate control signal 56 for opening valve AV7.
4. Generate control signal 62 for energizing pump P3.
5. Monitor signal SIN2 for counting the number of strokes
of pump P3, for monitoring the quantity of DI

water being pumped therethrough
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of DI water 2 in tank Ti.

.o 7. If level signal 71 goes to zero volt, for example,
before a predetermined quantity of DI water has passed
through IEX column 29, terminate control signal 62 for
turning off pump P3, and generate control signal 63
for turning on valve SV11 for refilling tank T1 with
DI water, until level signal 70 goes to +5 volts
whereafter control signal 63 1is terminated, and
control signal 62 regenerated for turning pump P3 back
on for the remainder of the rinse cycle.

8. Terminate control signal 62 after a predetermined
quantity of DI water 2 has passed through IEX column
29.

9. Terminate control signals 51, 53, and 56, for turning

off valves AV2, AV4, and AV7.

The bath stabilization modes of operation, specifically
Modes I through VI, provide one complete cycle of treatment of
the coating composition 1 for removing metal ions therefrom, and
for regenerating the resin 30 in IEX column 29. Controller 127
can be programmed in an automatic mode of operation for
periodically repeating these Modes I through VI, for
stabilization of coating composition bath 1.

Note that in the Mode II programming for circulating
coating composition 1 through IEX column 29 for removal of metal
ions therefrom, depending upon the particular system

requirements, controller 127 can be programmed to either pass a
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predetermined quantity of coating composition 1 through IEX
column 29, before proceeding to Mode III, or the programming can
be such to provide for the system circulating coating composition
1 through IEX column 29 until such time that the differential
between conductivity signals Cl and C2 reduces to a predetermined
level, whereafter Mode II is terminated and Mode III is then
initiated. ‘Similarly, in the Mode VI operation, controller 127
can be programmed to either rinse IEX column 29 with a
predetermined quantity of DI water 2, or to continue rinsing IEX
column 29 with DI water 2 until the conductivity signal cC3
reduces to a predetermined minimuﬁ value, indicating that no
residual regenerant acid 68 or 113 remains in the IEX column 29.
It is particularly important to insure that IEX column 29 is
completely rinsed and cleared of all residual acid, in that high
concentra£ions of remaining acid therein will cause the coating
composition 1 to coagulate within IEX column 29, clogging the
systen.

The controller 127 is also programmed to provide a mode
of operation for testing for multiple types of alarms. The test
programs will now be described in detail. Note that the
programming is such that the test programs can only be run if the
system control switch SW3 is in either its "AUTO" or "PB START"
position. There are eight different test modes, most of which
require manual operations in addition to automated operation.

Test Mode 1 provides for energizing lamp 160, and
lighting backlit panel display 160', if used, for indicating
YOUTLET PRESSURE LOWY, As previously explained, this alarm

indicates that the pressure measured in the line between filter



iThe, next. test node, Test Mdde 4 is for detecting and providing a visual
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89, respectively. In this exanple, farggach such gaijr of status

F2 and TV-1 is low, meaning that the filter F2 is clogged and
must be changed. The alarm is energized through sensing by
controller 127 of the pressure signal PR2 changing state, such
as going from +5 volts to zero volt, for example, indicating a
low outlet pressure. The steps involved in this first test mode
are as follows:

1. | If pump Pl is energized for more than 15 seconds, with
signal PR2 at a level of zero volt, in this example
indicative of a low outlet pressure, lamp signal L1 is
generated for energizing lamp 160, and display 160" if
used. Note that lamp signal L10 is also generated at
this time for energizing lamp 169 and associated
display 169' (if used), the "ALARM LIGHT". Further
note that the latter is always energized whenever any
of the individual alarms in the system are activated.

2. If low outlet pressure is detected during a given
cycle of operation, complete the cycle of operation,
but do not initiate the next cycle until the problem
is corrected, or if no cycle of operation is being
conducted at the time, new cycles are inhibited from
being initiated until the problem is corrected.

3. If major maintenance is required, manually correct the
condition causing the alarm, and reset the systeﬁ by
switching the "SYSTEM CONTROL" switch SW3 to its "OFF"
position, and then back to its previous position,
either “AUTO" or "PB START". If the latter, press
pushbutton switch SW7 for restarting the cycle of

operation.
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&' zero volt signal when the associated valve is operBFP RdE S “EToItage
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controller 127 is able to nonitor the condition of |ajgiven one of Yalves
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words, the given operation of any one gf -val ves AVl tlhrough AV10 re¢sylts
in a feedback signal being sent back to controller {12/ indicative of {the
valve being in a present open or closed operating dtate_  whereby

controller 127 determ nes whether the state is the required state for the
val ve. The steps éSSodgitéﬁjﬁfthm?+ﬁ§F“ﬁE9F Mb¥le MPtyr #€quired, skip the

immediately prior step, and manually push the

“"EMERGENCY STOP" pushbutton switch SW5 into its
latching depressed position, for turning off all
system operations and functions.

5. Manually investigate the faulting condition, and
cérrect the same.

6. After correcting the problem, pull out the "EMERGENCY
STOP" switch SW5 for resuming operation of the system

in the interrupted cycle.

A second test mode, "Test Mode 2", provides for
detecting whether filter F1 has been clogged. This Test Mode
includes the following steps:

1. Monitor pressure signal PR1.

2. If PRl goes "HIGH" for more than 15 seconds during
energization of pump P1, generate lamp signals L2 and
110, for energizing lamp 161 and associated backlit
display 161' (if usedf, and lamp 169 and associated
display 169' (if used).

3. Complete present cycle of operation, and inhibit
execution of a new operating cycle, until the problem
is corrected.

4. If the problem cannot be easily corrected, correct the
same and manually reset the system through use of the
"SYSTEM CONTROL" sﬁitch SW3, first to its "OFF"
position, and then to the position it was in prior to

sensing a high delta pressure across filter F1.
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-as-fol | ows: 1. Monitor the valve status | pre—pa-5—80—th+orgh 89.
2., ‘Generate lanp signal L4 for energizing |anp [REPLAGEMENT SHEET| backl it
display 163", if used, for indicating that any or_val je§ AVl

t hrough AV10 have failed to generate a cpamge b e ve Status
signal within ten seconds, in this exapp|e” o?l generatfing a
control signal for changing'tﬁk‘condit ol el ar one or
nor e of t he val ves. 3. Upon deteclting and providing an al arm
of a valve failure, close all auto val ves;—amgd—stop_any system

operation that ney, be 1fn iPJpe6Slem can be easily corrected, skip the

previous step, and manually depress "EMERGENCY STOP"
switch SW5 for preventing operation of any portion of
the systen.

Change filter F1.

Pull out the pushbutton for “EMERGENCY STOP" switch
SW5.

Resume the cycle of operation interrupted during the

fault condition.

A third Test Mode, Test Mode 3, providing for testing

solution levels prior to starting a cycle of operation, involves

the following steps:

1.

2.

Monitor level signals 70 through 77.

If before starting any given cycle of operation, any
of the 1levels are incorrect for initiating an
associated cycle of operation, generate lamp signal L3
for energizing lamp 162, and the associated backlit
display 162', if used.

If the levels are subsequently corrected, terminate
lamp signal L3.

If the system is not operating in one of Modes I
through VI for obtaining bath stabilization, and an
incorrect fluid level is detected in at least one of
tanks T1, T2, T3, generate 1lamp signal L3 for
energizing lamp 162, and the associated backlit

display 162', if used.
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5. If for three minutes or some other programmed

predetermined period of time, for example, level
signal 70 remains at zero volt, and/or level signal 74
remains at zero volt, and/or level signal 77 remains
at zero volt (assumes optional use of used acid in
tank T3), indicative that the DI water level, and/or
ﬁew regenerant acid level in tank T2, and/or used acid
level in tank T3, are incorrect for initiating
treatment of the coating composition bath 1, generate
lamp signal L3 for energizing lamp 162, and associated

backlit display 162', if used.

6. Inhibit start-up of system operation, if lamp signal
L3 is energized.

7. Manually depress the "“EMERGENCY STOP" switch SW5 to
permit any required maintenance of the system to be
conducted in a safe manner.

8. Manually correct the liquid level problems in one or
more of the fluid levels in tanks T1, T2, ahd, if
used, tank T3.

9. Manually pull out the "EMERGENCY STOP" switch SWS for
permitting operation of the system.

10. Manually depress the "START CLEAN-UP SEQUENCE" switch
SW7, if it is desired to initiate a clean-up sequence.

11. Return to step 2.

The next test mode, Test Mode 4 is for detecting and

providing a visual alarm if one of the air-actuated automatic

valves fails. As previously mentioned, each of the automatic
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SEQUENCE" whi | e "SYSTEM CONTROL" switch SW8 is i (REPEACEMENT SHEEDFF
position, to locate a failed valve or val ves AVl —AvLY. 7.
The controller 127 will flash or innkaIarrpatte9 v afled air
solenoid valve to indicate failure of the agy(%lgtggd ya| ve.

8. Mnually repair or replace the fail&H-val ve ¢r AV1

t hrough AV10. 9. Manually rinse the I EX coljum 29 with DI wajer, and
di scharge the rinse water to waste treatnent.

valves AVl - AV10 includes pairs of valve status lines 80 through

89, respectively. In this example, for each such pair of status
lines 80 through 89, one of the lines has a +5 volt signal, and
the other a zero volt signal when the associated valve is open,
and opposite voltage level signals when the associated valve is
élosed. In this manner, controller 127 is able to monitor the
condition of a given one of valves AVl through AV10, at all times
during the system operation. In other words, the given operation
of any one of valves AVl through AV10 results in a feedback
signal being sent back to controller 127 indicative of the valve
being in a present open or closed operating state, whereby
controller 127 determines whether the state is the required state
for the valve. The steps associated with this Test Mode 4 are
as follows:

1. Monitor the valve status line pairs 80 through 89.

2. Generate lamp signal L4 for energizing lamp 163, and
backlit display 163', if used, for indicating that any
of valves AVl through AV10 have failed to generate a
change in valve status signal within ten seconds, in
this example, of generating a control signal for
changing the condition of a particular one or more of
the valves.

3. Upon detecting and providing an alarm of a valve
failure, close all auto valves, and stop any system
operation that may be in progress.

4. Manually depress the."EMERGENCY STOP" switch to permit
maintenance to be pursued for correcting the valve

failure.
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during a sequende

S. Manually rotate the "SYSTEM CONTROL" switch SW3 to its
"OFF" position.

6. Press in the pushbutton switch SW7 for "START CLEAN-UP
SEQUENCE" while "SYSTEM CONTROL" switch SW3 is in its
“OFF" position, to locate a failed valve or valves AVl
- AV10.

7. . The controller 127 will flash or blink a lamp at the
failed air solenoid valve to indicate failure of the
associated valve..

.8. Manually repair or replace the failed valve or valves
AVl through AV1o0.

9. Manually rinse the IEX column 239 with DI water, and
discharge the rinse water to waste treatment.

10. Manually rotate the "“SYSTEM CONTROL" switch SW3 to
either its "AUTO" or "PB STARTY position.

11. Manually pull out the "“EMERGENCY STOP" switch SWS
pushbutton.

12. Manually depress the "START CLEAN-UP SEQUENCE"
pushbutton switch SW7 for restarting a process

sequence from the first step of that sequence.

The next testing sequence is Test Mode 5 for detecting
and providing an alarm lamp lighting if pump Pl becomes
inoperative during a sequence requiring energization of that
pump. The steps for this Test Mode are as follows:

1. Monitor SIN1 for counting pump strokes of pump P1.
2. Generate control signal 60 whenever pump Pl is to be

energized.



punp, . The steps for this Test Mdde are as foll ows: _LEeh| SI N1
far: counting punp strokes of punp P1. 2. GErBEgLéCE N g‘é al 60
whenever punp Pl is to be ener gi zed.
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46 3. Cenerate lanp signal L9 for energizing |arp {168, and acklit
display 168 (if wused), for indicattfmy

Generate lamp signal L9 for energizing lamp 168, and
backlit display 168! (if wused), for indicating
energization of pump Pl, responsive to receipt of
pulse signals SIN1.

If within 15 seconds, or some other predetermined time
of generating control signal 60 for energizing pump
Pl, less than a predetermined number of stroke signals
SIN1 are detected, generate lamp signal L5 for
energizing alarm lamp 164, and backlit display 164' .
(if used), for providing an alarm of a fault condition
in pump P1 (typically a blocked discharge line).

If the stroke rate of pump Pl exceeds five strokes per
second, or some other preprogrammed rate indicating
pump Pl is pumping air instead of liquid, generate
lamp signal LS for energizing lamp 164, and backlit
display 164' (if used). In this défault condition,
lamp 162 is continuously energized, indicating a
blocked suction line..

Terminate any system processes that are in operation,
and close all auto valves.

Push in the "EMERGENCY STOP" pushbutton switch SWS.
Manually perform maintenance to correct the
malfunction of pump P1.

Manually pull out the “EMERGENCY STOP" pushbutton SW5

for resuming operation of the system.
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generating control signal 60 for energizing punp P1, less tharn a
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| anp signal L5 for energi zi ng algr91lanp 164, jnd backlit di|jsgl ay
164 (if used), for providing an dfarm of a fauTT ConartTon _ I n
punp P1 (typically a blocked discharge line). 5. LLf the stroke ratle of
punp Pl exceeds five strokes per second, or sone ot her preprogramed
rate indicating Alarm Test Mode 6 provides programming of controller

127 for monitoring the operation of pump P3. The associated
steps are as follows: |

1. Monitor stroke indicator signal SIN2.

2. Generate control signal 62 for energizing pump P3 as
required.

3. - If a predetérmined number of stroke signals SIN2 are
not received within 15 seconds, or some other
preprogrammed time of energizing pump P3, g.enerate
lamp signal L5 in a pulsed manner for blinking or
flashing lamp 164, and if used associated backlit
display 164'; for providing an alarm indicative of a
default in the operation of pump P3.

4, If signal SIN2 indicates a stroke rate for pump P3 in
excess of five strokes per second or some other
preprogrammed rate, indicative of pump P3 pumping air
instead of liquid, generate an alarm as indicated in
the previous step.

5. Stop all system processing.

6. Manually push in or depress the "“EMERGENCY STOP"
pushbutton SWS.

7. Perform maintenance for correcting the malfunction in
pump P3. |

8. Pull out the pushbutton of the "EMERGENCY STOP" switch

SW5 for resuming system operation.

The next mode of testing is "Test Mode 7". This test

mode is used for providing an alarm if the level of acid 68 in



.punp Pl is punping air instead of |iquid, generats s L5 for

;energizing |anp 164, and backlit di splay 164R EPLA(iiiﬁﬁl‘SﬁEETthiS
“default condition, | anp 162 is continuously {erfe aging a
bl ocked suction line.. 6. Termnate any systen1ﬁrcce§§qﬁ“;R§REar in
operati on, and close all auto valves. 7. PyshH SENCY
STOP" pushbutton switch SWe. 8. Manuagly perfqrn p to
correct t he mal functi on of punp P1. 9. inual Iy pul | out the

"EMERGENCY STOP" pushbutton SW
the new regenerant acid tank T2 drops below a predetermlned

level. The steps for Test Mode 7 are as follows:

L 1. If the level of acid 68 in the regenerant acid tank T2
drops below a predetermined low level as indicated by
level signal 74 going from +5 volts to zero volt, for
example, for greater than five seconds or some other
preprogrammed period of time, generate lamp signal L6
for energizing lamp 165, and associated backlit
display.lés', if used.

2. Stop all system processing.

3. Manually depress the "EMERGENCY STOP" pushbutton SWS
for pursuing maintenance.

4. Manuaily correct the level of acid in regenerant acid
tank T2.

5. Pull out the "EMERGENCY STOP" pushbutton switch SW5,
for resuming operation of the interrupted system

process.

Another test mode, Test Mode 8 is provided for
monitoring the new regenerant acid level 68 in tank T2, to
provide an alarm if the level of acid exceeds a predetermined
level. Test Mode 8 includes the following steps:

1. Monitor level signal 72. |

2. If level signal 72 goes from zero volt to +5 volts,
for example, for greater than five seconds or some
other preprogrammed period of time, dgenerate lamp

signal L7 for energizing lamp 166, and backlit display
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166','if used; also terminate signal 61 to turn-off
pump P2.

3. Continue processing without interruption.

4. Manually inspect regenerant acid tank T2 to insure

safe conditions prevail.

In certain applications, level sensors may be included
in tank T4, and monitored, for detecting the level of the coating
composition bath 1 "at given tinmes. However, in typical
autédepésition systems, because of the very thin coatings applied
of the coating composition 1 to workpieces passed throdgh the
coating composition bath 1, there is very little change in the
level of the coating compogition bath 1 over long periods of use.
Also, the coating composition material is very expensive, and
typical users of such an autodeposition process take special
precautions to insure that maximum use is made of the coating
composition 1. As a result, only manual control of the level of
the coating composition bath 1 is utilized.

In the engineering prototype system for the present
invention, tank T1 is 90 gallons, tank T2 is 140 gallons, tank
T3 is 30 gallons, and tank T4 is capable of containing at least
27,000 pounds of coating composition 1, requiring at least a
3,000 gallon tank. The size of tank T4 is also partly dictated
by the size of the workpieces to be coated with coating
composition 1, and the production rate desired in actual
practice. In the prototype systiem, steel workpieces are immersed
in the coating composition bath 1 for given pefiods of time to

coat the workpieces. As a result, after a period of use, iron



2. Generate control signal 62 for energizing punp P3 as

Frra

begins to build up in the coating composition, -causing excess
metal ions therein.

Manual titration measurements of the coating
composition bath 1 may be periodically made in order to determine
when to initiate the treatment cycle of the coating compound for
removing a portion of the metal ions. When the titration
measurement reaches a predetermined level associated with the
particular coating composition used, and the metal ions involved,
such as iron, zinc, or chromium, for example, the treatment cycle
is initiated. Also, in certain applications titration
measurements may not be required. In such applications, the
starting point for initiating a treatment cycle may be determined
on a time basis relative toc the extent of use qf the coating
composition bath 1 for coating a given quantity of a particular
metal. .

As previously mentioned, each of the valves AVl through
AV10 have pairs of valve status signal lines 80 through 89,
respectively, for permitting controller 127 to monitor the
operation of the valves. Each of these valves includes two
monitoring proximity switches (not shown), one for sending a
signal along one of the associated valve status signal lines
indicative of an open valve, the other switch being for sending
a signal along the other associated valve status signal line
indicative of the valve being in a closed position. In another
embodiment of the invention, in the bath stabilization flow
process, controller 127 is programmed prior to initiating bath
stabilization Mode II sequencing, to sequentially cycle all of

the valves AVl through AV10 from closed to open to closed

‘required. 3. 'If a predeterm ned nunber of str@g B SI A Mtadr e

not received within 15 seconds, or sone other iﬁﬂﬁfqﬂﬁgﬁrgg 5 time

of energi zing punp P3, generate | anp signaj] L5 in a pul sed ranner
for blinking or ‘flashing lanp 164, and if psedzassoci.at.ed ibgckl it
display 164', for providing an alarmindicative of a defaul t{ in .
t he operation of punp P3. 4. {fsosi gnal SIN2 i pdrcares a 3sTroke jrate

for punp P3 in excess of five strokes per pecond or sone ot her



preprogranmred rate, indicative of punp P3 punping air I nstead of
‘liquid, generate an - alarmas indicated in ' 1 REDP) oM BuE 8

5. Stop all system processing. 6. Mnual ly pug E?ﬂieré‘ﬁ?“-‘*&b"rrgﬁgﬁﬁe
"EMERGENCY STOP" | pushbutton SWVb. 7. |Pgrform mai nt enpnge
for correcting the mal function in punp P3. z2 8uvPakd olt| t he
pushbutton of the "EMERGENCY STOP" switch $Wb for resum ng] system
operati on. - 51 -

tn

positions in a sequential manner, with all pumps in an "OFF"
state, for testing the vglves for proper operation prior to
initiating an actual sequence of steps for circulating coating
composition bath 1 through the system for treatment.

Note further that each one of the solenoid valves SV1
through SV10 includes a built-in lamp to indicate proper
operation of the associated air operated valve AVl through AV10,
respectively. If a failure occurs in any of valves AVl through
AV10, controller 127 is programmed to cause the lamp on the
associated valve to flash or blink, as previously indicated.

Note that as indicated above, for resetting wvisual
alarms provided in the system, as discussed above, alarms
associated with }iquid levels of tanks T1, T2, and T3, if used,
are automatically reset upon restoration of the level of liquid
in the associated tank. However, pressure alarms are reset by
first inactivation, followed by activation of the "“EMERGENCY
STOP" switch SW5. Also, the valve alarms can only be reset by
placing the system in its inactive state, and servicing the
valves, as indicated in the word flowcharts given above.

In the preferred embodiment of the invention, the
choice of resin 30 for use in IEX column 29 is éarticularly
critical. The resin 30 chosen as indicated above permits the
system to handle a latex-based coating composition which is
normally prone to coagulate and clog known systems. The present
system is able to pass the entire composition plus anolyte
through IEX column 29 for removing metal ions, with substantially

minimal coagulation of the latex compounds in the coating

composition 1.
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The steps for Test Mbde 7 are as foll ows: 1. |Iff t 1" of |agi d 68
in the regenerant acid tank T2 - 52 drops bel oWy 4 ) ow

| evel as indicated by

In the treatment process for removing metal ions from
the coating composition bath, the system releases hydrofluoric
acid back into the coating composition 1, thereby helping to
maintain a more constant level of HF in the coating composition
bath 1. The measurement of HF in the coating composition bath
1 is for maintenance of the bath itself by an operator, and is
not involved for indicating when the coating composition bath 1
must be treated for iron removal, for example.

With further reference to lamps 160 through 177, lamps
168, 176, 177, and 175, are green for indicating if one of the
pumps P1, P2, P3 is energiéed, or if the system is in a standby
mode of operation, respectively. Lamps 170 through 174 are
yellow colored for indicating what step of a given cycle of
operation is currently being conducted after the associated cycle
has been initiated. Also, in the prototype system, lamp 169 is
colored red, and made substantially larger than lamps 160 through
167. As previously described, lamp 169 indicates that the system
has a fault condition. The particular fault condition at the
time is indicated by the illumination of one or more of lamps 160
through 167, and if used, backlit displays 160' through 167°'.
This color coding is nét meant to be limiting, and other color
schemes may be used.

An example of typical operation of the present system
will now be described. The "REGENERATION PUMP" switch SW1l is
rotated to the "AUTO" position, the "PAINT PUMP!" switch swW2 is
rotated to its "AUTO" position. the "SYSTEM CONTROL" switch SW3
is rotated to its "PB START" position, the "REGEN CHEMICAL PUMP"

switch SW4 is placed in its "AUTO" position, and the "DI MAKE-UP"



level signal 74 going from+5 volts to zero volt, for exanpl e,
“for greater than five seconds or some other peri od
of tinme, generate |lanp signal L6 for eneBEPLBGENEQELS , | and
associ ated backlit display 165', if useq. . Stop Al

syst em processi ng. 3. Manually depress the "EAEQ@&NQYA9§7CP
pushbutton SW for pursui rgsaTai nt enancs. 4. Mantially
correct the level of acid in regenerant acid tank T2. - 5.

Pul | out the "EMERGENCY STOP"' pushbutton switch SW&
' switch SW6 is rotated to its "AUTO" position. During this

example of operation of the system, the regenerant acid tank T2
is refilled.

When the system is operating normally, all of the red
alarm lights are “OFF", as are the associated backlit displays,
if used. These include lamps 160 through 167, lamp 169, and
backlit displays 156' through 167', and 169°'. If an alarm
condition occurs, causing one of these lamps to be energized or
1it, corrective action as described above for various alarm or
test conditions should be taken to remove all such alarm
conditions before initiating a next cycle of operation, or
completing an interrupted cycle of operation.

The coating composition bath 1 is, in this example,
maintained at a particular HF concentration. The concentration
is monitored manually through use of a Lineguard 101 Meter
(Manufactured by Henkel Corporation, Parker+Amchem, Madison
Heights, Michigan). As previously mentioned, to determine when
to initiate a cycle of bath stabilization for removing metal ions
from the coating composition bath 1, periodic testing of the bath
by taking titration measurements can be conducted.
Alternatively, an analysis can be made in a repetitive production
facility, to obtain the area of workpieces coated on a daily
basis, the length of time the workpieces are kept in the coating
composition bath 1, and so forth, for determining the rate at
which iron (in this example) or other metallic ions enter the
paint or coating composition bath 1. 1In the example given for
the prototype system of the present invention, each cycle of

operation for removing metal ions from the coating composition
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~resum ng operation of the interrupted system

s Anot her test npde, Test Mode 8 is provided for
‘regenerant acid level 68 in tank T2, to provide
acid exceeds a predetermined |evel. Test Mdde 8

nlalarmif the ljegyel of
cl ug@sNO®aI%l ljovi ng

st eps: 1. Monitor |evel signal, ;%h 2. f level signgl |72 goes
fromzero volt to +5 volts, or exanpl e arn| five
seconds or sone ~other preprogramred perjod of tine__ gendrate

| anp

bath typically removes between one and one and a half pounds of
iron.

For the previously described system switch settings,
when a bath stabilization cycle is to be initiated, an operator
merely pushes the "START CLEAN-UP SEQUENCE" switch SW7 to begin
Mode II.operation, as described above. Also, as previously
indicated, the system can be placed into a completely automatic
mode of operation, for automatically entering into a bath
stabilization cycle on a desired periodic schedule. Note that
as the paint or coating coﬁposition 1 is circulated through the
IEX column 29, the pH of the liquid discharging from IEX column
29 is typically slightly lower than the pH of the liquid entering
iEX column 29. As a result, this reaction balances the acidity
lost due to metal dissolution and metal oxidation in the coating
composition bath 1 during use.

Note that during Mode II of operation, coating
cbmposition 1 flows downward through IEX column 29 as indicated
by arrow 6. Typically the resin material 30 in the IEX exchange
column 29 is in the form of beads, for providing a maximum
surface area for the coating composition 1 to contact as it flows
downward through the resin material 30. In the present example
for coating steel workpieces, the metallic ions that must be
removed are Fe™. These ions are exchanged in the ion exchange
column 29 via the resin 30 for H', and the Fe depleted coating
composition 1 is directly returned to tank T4, as indicated
above. When the resin 30 in IEX column 29 is exhausted, Mode IIIX
is initiated for rinsing IEX column 29 with DI waﬁer, for

displacing any coating composition bath 1 left in IEX column 29.
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punmp P2. 3. Continue processing wthout interquption. 4
Manual |y i nspect regenerant acid tank T2 to insure 2 8 NOw 1992
conditions prevail. - §5 - '

In this example, IEX column 29 is next regenerated in at least
Mode V, and in some applications via Modes IV and V. The resin
30 is regenerated with approximately 2% HF acid.

The present system prevents metal ions, such as iron
in this example, from increasing in concentration in the coating
composition bath 1 to a level negatively affecting the coatings
applied to workpieces, and/or causing the latex of the coating
composition 1 to coagulate. Through use of the present
invention, the metal ions such as iron, for example, are
separated from the 1latex using immobilized chelants, as
represented by the example of resin 30 used in IEX column 29.
Through use of the present invention, 1latex losses are
substantially eliminated relative to prior coating deposition
systems.

As indicated above, one method for determining when
bath stabilization must be instituted, is to manually take a
titration test of the coating composition bath 1. The titration
test provides an indication of the relative amount of dissolved
metal ions in the coating composition bath 1. The measurement
is taken through use of a standard conductivity meter, which
typically provides a measure or readout of conductivity in micro
sieméns. In the example given, the bath conductivity varies with
the iron level or other metal ion level, which increases with
continued production, and is decreased through use of bath
stabilization cycles.

Although various embodiments of the present invention
are shown and described herein, they are not meant to be

limiting. Those of skill in the art may recognize modifications

1997



Ln"certai.n applications, |evel sensors may be incl and
.moni t or ed, fgf detecting the | evel of the coating &ﬁﬂ%ﬁ&ﬂﬂﬂENﬂ'ﬂﬁﬂﬂT 1 at
given tinmnes. However, |ndtyp}caL aut odeposi tifo : LE<e OL
the very thin coatings applie of the coating conpos|i nkpi eces
passed ¥hrough the coating conposition bath 1, thegr qug$V%¥nMD lle {change
inthe level of the coating conpositioghath 1 over X of |use.

Al so, the coating conposition nmaterial I's very expgnsive, and typicdl
users of such an autodep03|t|on process take speci I nsure

t hat nBX|nun1use mge of the coating

these embodiments, which modifications are meant to be covered
by the spirit and scope of the appended claims. For example, as
indicated above, the present system is not limited to use with
autodeposition processes involving polymer, but can be used to
remove metal ions from many types of chemical baths. Also,
although Mode VI-B is preferred for use when chemical bath 1 is
an autbdéposition bath containing latex and polymers, this mode

may not be required when other types of chemical baths are

treated.



- composition 1. As a result, only manual control -of the level of the
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the size of the workpieces to be coated with coatin

the production rate desired in actual practice. In]the—pLatatype <ysten1

steel workpieces are imersed in the coating conpo ition bath 1 for 0
peri ods of tWHAF {§ CLAIMED IS: -

1. A system automated for providing at least periodic
removal of metal ions and contaminants from a chemical bath, said
system comprising:

a first tank containing said chemical bath:;

an ion exchange (IEX) column containing ion exchange
material for removing metal ion contaminants from said chemical
bath;

first circulating,means responsive to first control
signals for drawing chemical bath from said first tank, passing
it through said IEX column, and returning treated chemical bath
from said IEX column back to said first tank;

first conductivity measurement means positioned in said
chemical bath in said first tank, for providing a first
conductivity signal indicative of the conductivity of said
chenical bath;

second conductivity measurement means immersed in said
chemical bath being returned from treatment in said IEX colunmn
to said first tank, for providing a second conductivity signal
indicative of the conductivity of treated chemical bath: and

controller means programmed in a first state of
operation for producing said first control signals, and during
the resultant circulation of said chemical bath, sensing the
differential between said first and second conductivity signals
reducing to a predetermined mirmlmum value, for terminating said

first control signals to turn off said first circulating means.
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.coat .the workpieces. As a result,aftefr a period of

T S AR o o SR

Manual titration measure = coating {cp ath {1 may
be periodically nade in order to determ ne "RAS NDVBsP

- 58 =~

\

2. The system of claim 1, further including:

a second tank containing deionized water (DI water);

second circulating means responsive to second control
signals for pumping a predetermined quantity of DI water into
said IEX column, for displacing residual chemical bath, and
returning the displaced chemical bath to said ﬁirst tank; and

said controller means being programmed in a second
state of operation following said first state, for producing said

second control signals for a requisite period of time.

3. The system of claim 2, further including:
a waste port for discharging waste products from said
system for treatment;
third circulation means responsive to third control
signals, for pumping DI water from said second tank, through said
IEX column in one direction for rinsing the latter, and therefrom
discharging the DI water from said waste port; and
said controller means being programmed in a third state
of operation following said second state, for producing said

third control signals for a requisite period of time.

4. The system of claim 3, further including:
a third tank containing chémicaiureggnerant:
fourth circulation means responéive to fourth control
signals, for pumping chemical regenerant from said third tank,
through said IEX column, and therefrom discharging the chemical
regenerant from said waste port, thereby removing metal ions from

said ion exchange material, for regenerating the same; and

THIS SHEET HAS BEEN
LACED
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state of operation follow1ng said third state, for producing said
fourth control signals for a requisite period of time.
5. The system of claim 4, further including:

third conductivity means positioned within said waste
port, for providing a third conductivity signal indicative of the
conductivity of fluids being discharged through said waste port;
and

said controller means being programmed in a £ifth state
of operation following said fourth state, for both producing said
third control signals to initiate a second rinse cycle for said
IEX column, and sensing said third conductivity signal reducing
to a predetermined value for terminating said third control
signals.
The ‘system of c¢laim 4, further said

6. including

controller means being programmed in a fifth.state of operation

following said fourth state, for producing said third control
signals for at least a predetermined period of time necessary for
rinsing said IEX column with DI water ih one direction, to remove
residual chemical regenerant therefrom.

7. The éystem of claim 6, further including:
fifth circulation means responsive to fifth control
signals, for pumping DI water from said second tank, through said

IEX column in an opposite direction, to insure substantially all

foreign particulates are removed therefrom;
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[As previously nentioned, each of the valves AVl through AV10 have pairs of

val ve status signal lines 8 h 89 respe Pﬁmﬂ1ﬁHEPT ting
“controller 127 to nonitor tﬁ“lﬂHﬁﬁmlIUﬂ H t he BE?’EAQE C hese
val ves includes two nonito LOAT, tches$ (not shown),{one for
sending a signal along one of the associated vl Ye 28 NOY¥s1997 gnhil | I i nes
I ndi cative of an open valve, the otherggw tch b¢i ng for sendi ng si gnal
al ong the other associated valve status signal fine 1 ndicative of the
val ve being in a closed position. In another e | _ | i on,
n the bath stabilizat]pp Jheyo; PLOGRIRs SO BEbGTartiel LR LEORERTEREEPT I OF
to initiating bath
' of operation following said fifth state of operation, for

producing said fifth control signals for a requisite period of

time.

8. The system of claim 1, wherein said chemical bath
consists of a latex based coating composition for use in an

autodeposition process.

9. The system of claim 1, wherein said first circulating
means further includes: |

first filter means between said first tank and an input

port of said IEX column, for removing solid particulates from

said chemical bath for substantially reducing clogging of said

IEX column.

10. The system of claim 9, wherein said first circulating
means further includes:

second filter means between an output port of said IEX

column and said first tank, for removing ion exchange material

and other solid particulates from treated said chemical bath

before it is returned to said first tank.

11. The system of claim 3, further including:
a third tank containing fresh chemical regenerant;
a fourth tank containing once used chemical regenerént:
fourth circulation means responsive to fourth control

signals, for pumping a predetermined quantity of once used
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chemical regenerant from said fourth tank, through said IEX
column, and therefrom discharging the regenerant from said waste
port, thereby at least partially regenerating said ion.exchange
material;

fifth circulation means responsive to fifth control
signals, for pumping fresh chemical regenerant from said third
tank, through said IEX column, and therefrom discharging the once
used chemical regenerant from said waste port;

sixth circulation means responsive to sixth control
signals, for pumping DI water from said second tank, into said
IEX column in said one direction, for displacing once used
chemical regenerant therefrom into said fourfh tank;

said controller means being programmed in a fourth
state of operation for producing said fourth control signals, for
a requisite period of time;

said controller means being programmed in a fifth state
of operation for producing said fifth control signals, for a
period of time necessary for completing the regeneration of said
ion exchange material;

said controller means being programmed in a sixth state
of operation for producing said sixth control signals, for a
period of time necessary for either filling or passing a
predetermined quantity of once used regenerant chemical into said
fourth tank; and

said controller means being programmed in a seventh
state of operation, for prqducing said third control signals for
a requisite period of time for rinsing said IEX column in said

one direction with a predetermined quantity of DI water.
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seventh circulation means responsive to seventh control
signals, for pumping DI water from said second tank, through said
IEX column in an opposite direction, to insure substantially all
foreign particulates are removed, and therefrom discharging the
DI water from said waste port; and
said controller means being programmed in an eighth
state of operation for producing said seventh control signals for
a period of time necessary for passing sufficient DI water
said IEX column in said direction for

through opposite_

substantially removing residual chemical regenerant therefrom.
13. The system of claim 12, further including:

first level sensing means in said fourth tank, for
producing signals indicative of the level of once used regenerant
chemical in said fourth tank; and

said controller means being further programmed in said
fourth state of operation, for responding to said signals from
said first level sensing means, both for terminating said fourth
control signals when the level of once used chemical regenerant
reduces to a predetermined minimum level, and for initiating said
fifth state of operation.
The system 6f claim 13,

14. further including:

second level sensing means in said third tank, for
producing signals indicative of the level of said fresh chemical

regenerant in said third tank; and
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are automatically reset upon resto the lewel of liquid in the
‘associ ated tank. However, . F@aﬂw e res |Sm vation,
fol l owed by activation of t OP" swi the valve
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fifth state of operation for terminating or inhibiting the
production of said fifth control signalg, in response to said
level signals from said second level sensing means indicating the
level of fresh regenerant chemical in said third tank reduces to

a predetermined minimum level.

15. The system of claim 14, further including:

first éumping means responsive to a first pump control
signal for pumping fresh chemical regenerant from a supply
thereof into said third tank:; and

said controller means further being programmed for both
applying said first pump control signal to said first pumping
means, in response to said level signals from said second level
sensing means being indicative of the level of fresh regenerant
chemical in said third tank reducing to said predetermined
minimum level, and for terminating said first pump control signal
in response to the level signals from said second level sensing
means being indicative of the level of fresh regenerant chemical

in said third tank increasing to a predetermined maximum level.

16. The system of claim 10, further including:
first pressure sensing means connected across inlet and
outlet ports of said first filter means, for producing a first

clog signal if the pressure across said first filter exceeds a

%
predetermined value; and

«

said controller means further being programmed to

respond to said first clog signal by permitting the first state
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of operation to be completed, and thereafter inhibiting further

operation of said system until said first filter is replaced.

17. The system of claim 16, further including:

second pressure sensing means connected to an outlet
port of said second filter means, for producing a second clog
signal if the outlet pressure of said second filter means
decreases to a predetermined minimum value; and

said controller means further being programmed to
respond to said second clog signal by permitting the first state
of operation to be completed, and thereafter inhibiting further

operation of said system until said first filter is replaced.

18. The system of claim 2, further including:

level sensing means mounted in said second tank, for
producing DI water 1liquid 1levels signals indicative of
predetermined minimum and maximum levels, respectively;

automatic valve means connected between a pressurized
source of DI water and said second tank responsive to a valve
operating signal for turning on to permit DI water to flow into
said second tank; and

said controller means further being programmed to
respond to a DI water level signal of minimum 1level, for
producing said valve operating signal, and subsequently to
respond to a DI water level signal of maximum level, for

terminating said valve operating signal.
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material consists of an iminodiacetate ion exchange resin.

20. The system of claim 5, further including:

fifth circulation means responsive to fifth control

signals fdr punping a predetermined quantity of said chemical

bath from said first tank into said IEX column, for displacing

therefrom residual DI water, and discharging the latter from said

waste port; and

said controller means being programmed in a sixth state

of operation following said fifth state, for producing said fifth

control signals for a requisite period of time, in preparation

for said first state of operation.

21. The system of claim 7, further including:

sixth circulation means responsive to sixth control

signals for pumping a predetermined quantity of said chemical

bath from said first tank into said IEX column, for displacing

therefrom residual DI water, and discharging the latter from said

waste port:; and

said controller means being programmed in a seventh

state of operation following said sixth state, for producing said

sixth control signals for a requisite period of time, in

preparation for said first state of operation.

22. The system of claim 12, further including:
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signals for pumping a predetermined quantity of said chemical
bath from said first tank into said IEx:column, for displacing
therefrom residual DI water, and discharging the latter from said
waste port; and

said controller means being programmed in a ninth state
of operation following said eighth state, for producing said
eighth control signals for a requisite period of time, in

preparatioh for said first state of operation.

23. A system automated for providing stabilization of a
chemical bath, including at leasﬁ periodic removal of metal ions
and contaminants from the chemical bath, said system comprising:

a first tank containing deionized water (DI water):

a second tank containing chemical regenerant;

a third tank containing said chemical bath;

an ion exchange (IEX) column containing ion exchange
resin for removing metal ion contaminants from said chemical bath
passed therethrough;

a waste port for discharging waste products from said
system for treatment;

first pump means energizable by a first pump control
signal;

second pump means energizable by a second pump control
signal;

first valve means connected in series with said first
pump means, and said IEX column, between said third tank and said

waste port;
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second valve means connected in series with said first
pump means and said IEX column, from said third tank and
returning to said third tank;

third valve means connected in series with said second
pump means and said IEX column, between said first tank and said
third tank;

fourth valve means connected in series with said second
pump means and said IEX column, between said first tank and said
waste port, for providing a fluid path for DI water to flow
through said IEX column in one direction;

fifth valve means connected in series with said second
pump means and said IEX column, between said second tank and said
waste port; and

controller means programmed to provide an automatic
process control sequence for successive states of operation
including:

a first state for removing residual DI water
from said IEX column, and discharging from said waste
port the DI water removed, said first state

programming including:
means for producing and applying operating
signals to said first valve means for opening the
same; and
means for producing and applying said first
pump control signal to said first pump means for
pumping a predetermined quantity of said chemical

bath into said IEX column, for displacing excess
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water from said waste port; and

a second state for feeding said chemical
bath through said IEX column, for removing metal ions
from said chemical bath, said second state programming
inc}uding:

means fo; producing and applying operating

signals to said second valve means for opening
the same; and

means for producing and applying said first

pump control signal to said first pump means for
pumping a predetermined quantity of said chemical
bath through said IEX column for treatment, and

therefrom back to said third tank.

24. The system of claim 23, further including programming
said controller means for a third state for removing residual
.chemical bath from said IEX column, and returning the residual
chemical bath to said third tank, said third state programming
including:

means for producing and applying operating signals to
said third valve means for opening the same; and

means for producing and applying said second pump
control signal to said second pump means for pumping a
predetermined quantity of DI water into said IEX column, for
displacing residual chemical bath, forcing the latter to return

to said third tank.

This Sheet Has Been Replaced THIS SHEET HAS BELEN

AUy




conpleting an interrupt ed f operat i on.
.conposition bath 1 is, |n ’M

The ¢

| nt ai
concentration. The concent ,%m!‘e red n
Li neguard 101 Meter ( Manuf actured nkel Cor
Madi son Heights, Mchigan). As previously menti
initiate a cycle of bath stabilization §pr- renov

coating conposition bath 1, periodic testing of {he bath by taki

titration nmeasur enent s ‘can be conduct ed.

TACRENT SHET- 1=

DO
DNne
n

+Hhrougirijude of a

SoEoyB e

nEtaI ions

ALt ot

u\.l‘vCI _y,

anal ysi s can be npge ifnha dy@reh BfV@lé%PQ‘ACt e @Pthd@Ginkh by ing Grdyramiihge

area of workpi eces coated on a dail

said controller means for a fourth state for a first rinsing of
said IEX column with DI water, and discharging the DI water from
said waste port, said fourth state programming including:

means for producing and applying operating signals to
said fourth valve means for opening the same; and

means for producing and applying said second pump
control signal to said second pump means for pumping a first
prédetermined quantity of DI water through said IEX column in one

direction, and therefrom to said waste port.

26. The system of claim 25, further including programming
said controller means for a fifth state for flushing said IEX
column with said chemical regenerant, for regenerating resin
material in said IEX column, said fifth state programming
including:

means for producing and applying operating signals to
said fifth valve means for opening the same; and

means for producing and applying said second punmp
control signal to said second pump means for pumping a
predetermined quantity of chemical regenerant through said IEX

column, and therefrom to said waste port.

27. The system of claim 26, further including programming
said controller means for a sixth state for a second rinsing of
said IEX column with DI water after completion of said fifth

state of operation, said sixth state programming including:

THIS SHEET HAS BEER
Thlss AS BEEN
heet Has Been R Replaced REPLACED

LT




basi s,

.0 the length of tine th ke -t ot
Jconposition bath 1, and so fﬁ!m nmlE@Ehm REPLA Hml ch iron
(in this exanple) or other r th par ni or codti{ng

conposition bath 1.
pr esent

means for producing and applying operating signals to
said fourth valve means for opening the same; and

means for producing and applying said second pump
control signal to said second pump means for pumping a second
predetermined quantity of DI water through said IEX column in one

direction, and therefrom to said waste port.

'28. The system of claim 27, further including:
sixth valve means connected in series with said second
pump.means and said IEX column, between said first tank and said
waste port, for providing a fluid path for DI water to flow
through said IEX column in an opposite direction relative to said
one direction, for insuring substantially all- foreign

particulates are removed from said IEX column.

29. The system of claim 27, further including:
first filter means connected between said third tank
and said IEX column in the series fluid circuits also including
said first valve means and said second valve means, respectively,
for filtering said chemical bath before it passes into said IEX

colunmn.

30. The system of claim 29, further including:
second filter means connected between said third tank
and said IEX column in the series fluid circuit also including
said first valve means, for filtering said chemical bath after
treatment through said IEX column, and before it returns to said

third tank.

In the exanpl e given for pra@pﬁqu9¢yster1of t he
I nvention, each cycle of opergglon for epovi ng netal ijorjs from

the coating conposition
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said first and second filters, respectively, for producing
respective pressure signals indicative of the operating condition
of said first and second filters, respectively;

said controller means being responsive to said pressure
signals from said first and second pressure sensing means, for
generating a first clogging signal if the differential pressure
across said first filter increases above a -predetermined
magnitude, and a second clogging signal if outlet pressurelat
said second filter decreases to below a predetermined magnitude;

alarm means responsive to said first and second
clogging signals, for both generating individual alarms
indicative of clogging of said first and second filters,
respectively; and

said controller means being further responéive to said
pressure signals, for completing either of said first and second
states of operation that may be in progress, and for thereafter
inhibiting further operation of said system until said first and

second filters are both operative.

32. The system of claim 30, further including:
first sensing means connected across said first filter
means, for producing a first pressure signal if the differential
pressure across said first pressure means increases above a
predetermined value;
said controller means being responsive to said first

pressure signal, for generating a first alarm signal, and
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is operative, and inhibiting further states of operation until
the differential pressure problem is corrected; and
- first alarm means responsive to said first alarm

signal, for producing an alarm indicative of the pressure problem

to alert an operator to take necessary corrective action.

33. The autodeposition system of claim 32, further
including:
second pressure sensing means connected to an outlet
of said second filter, for producing a second pressure signal if
the outlet pressure reduces to below a predetermined magnitude;
said controller means being responsive to said second
pressure signal for generating a second alarm signal, completing
said first or second states of operation, if either is operative,
and inhibiting further states of operation until proper pressure
is restored; and
second alarm means responsive to said second alarm
signal, for producing an alarm indicative of the undesirable

reduction in outlet pressure.

34. The system of claim 27, further including:
first stroke means connected to said first pump means,
for producing first stroke signals indicative of each stroke of
said first pump means; and |
said controller means being programmed for counting
said first stroke signals, for determining the amount of said

chemical bath pumped by said first pump over a period of time.
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35. The system of claim 34, further including:

second stroke means connected to said second pump .

means, for producing second stroke signals indicative of each
stroke of said second pump means; and

said controller means being programmed for counting
said second stroke signals, for determining the amount of fluid
being pumped by said second pump in pumping either DI water or

chemical regenerant over a period of time.

36. The system of claim 27, further including:
alarm means connected to said first through fifth valve
means, for both sensing faulty operation thereof, and producing
an alarm signal indicative of such faulty operation of at least

one of said first through fifth valve means.

37. The system of claim 36, wherein said alarm means
further includes means for producing individual alarm signals
indicative of each defaulting valve included in said first

through fifth valve means, respectively.

38. The system of claim 36, wherein said controller means
further includes means responsive to said alarm signal, for
terminating operation of said system until after the malfunction

is corrected.

39. A method for removing metal ions and contaminants from
a bath of coating composition used in an autodeposition system,

said autodeposition including a ‘first tank for containing
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in IEX COlungeégherant chemical, a third tank for containing once used

regenerant chemical, a fourth tank for containing said coating
composition, and an ion exchange (IEX) column containing ion
exchange material, said method comprising the éteps of:
determining when the metal ion concentration in said
coating composition increases to a predetermined level:
circulating said coating composition from said fourth
tank, through said IEX column, and back to said fourth tank after
treatment;
determining when a sufficient quantity of said coating
composition has been treated for removal of metal ions to
decrease the concentration of metal ions to an acceptable level
in said coating composition in said fourth tank; and
terminating the circulation of said coating composition

through said IEX column.

40. The method of claim 39, wherein said metal ion
concentration determining step consists of manually taking a

titration reading of said coating composition.

41. The method of claim 39, wherein said step of
determining when a sufficient quantity of coating composition has
been treated inclgdes the steps of:

measuring the conductivity of said coating composition
remaining in the fourth tank;
measuring the conductivity of said coating composition

being returned to said fourth tank from said IEX column;
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sienmens. In the exanple given, the bath conductivity varies with
computing the differential between the conductivity of

the coating composition in said fourth ténk, and the coating
composition being returned to said fourth tank; and
establishing a differential level for triggering said

terminating step.

42.. The method of claim 39, further including the step of:
passing said coating composition through a first
filter,'before it enters said IEX column to remove coagulated
portions of said coating composition, and other particulate

material.

43, The method of claim 42, further including the step of:
passing said coating composition through a second

filter, after it exits said IEX column but before return to said
fourth tank, for removing particles of ion exchange material and

other particulates.

44. The method of claim 43 further including the steps of:
sensing when said first filter is clogged;
generating an alarm when said first filter becomes
clogged; and
inhibiting further operation after completing treatment

of said éoating composition, until said first filter is replaced.

45. The method of claim 43, further including the steps of:

sensing when said second filter is clogged:
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generating an alarm when said second filter becomes
clogged; and
inhibiting further operation after completing treatment

of said coating composition until said second filter is replaced.

46. The method of claim 43, further including the steps of:
sensing when either one or both of said first and
second filters are clogged;
generating alarms individually indicative of clogging
of said first and second filters, respectively; and
inhibiting further operation after completing treatment
of said coating composition until said first and second filters

are free of clogging.

47. The method of claim 39, further including after

completing treatment of said coating composition, the steps of:

circulating a sufficient amount of said DI water into

said IEX column, for displacing residual coating composition
therefrom; and

passing a portion of the displaced coating composition

into said fourth tank.

. 48. The method of claim 47, further including the steps of:
preventing any further flow of liquid from said IEX

column to said fourth tank;
circulating DI water in one direcfion through IEX

colunn;

This Sheet Has Been Replaced ' rTI{ IS SHEXT HAS REEN

AT s




~to-.these enbodi nents, which nodj ant to be covered by the
spifit and scope of the append MB l@ ﬂkﬂ{lj aCEAnove,
the present systemis not |n1t i\
i nvol ving pol yner, but can be used to renove netal
chem ca
chem cal
t hi s node
treat ed.

ddHEds

utod
i ons from many tlyges of

bat hs. Al so, although Mode VI-B is preferr
bath 1 is an autodeposition bath containin
may not be required when othgy _types of che

n
| at ex and pol yngr s,
' e

directing the flow of DI water from said IEX column to
discharge out of a waste port; and

terminating the circulation of DI water through said
IEX column after the latter has been substantially rinsed free

of coating composition.

49. The method of claim 48, further including the steps of
circulating chemical regenerant from said second tank,
through said IEX colﬁmn, and out of said discharge port:
sensing when a predetermined quantity of chenical
regenerant has passed through said IEX column for regenerating
sald ion exchange material; and
terminating the flow of regenerant chemical through

said IEX colunn.

50. The method of claim 49, further including the steps of;

circulating DI water from said first tank, through said
IEX column in one direction, and out of said discharge port:;

circulating DI water from said first tank through said
IEX column in an opposite direction to insure substantially all
foreign particulates are removed therefrom, and out of said
discharge port;

sensing when a predetermined quantity of DI water has
passed through said IEX column to rinse it; and

terminating the circulation of DI water through said

IEX column.

This Sheet Has Been Replaced

HEET HAS BEEN
REPLACED




| —————

VWHAT. | S CLAI MED | S: 1. A system automat’ed for prow di ng at | east

_periodic r enoval lmmuﬂ lu“ mu}uu‘r and
contam nants froma chem cal caI RE@tAtEWﬁﬁ$FB,' a | at ex
sol ution containing |atex partiéles ahd ° ifng an aci dijc pH
to form a coating by autodep05|t|on, sab@ pOvnged ljatiex
particles tending to coagul at e when subj ecf e to hi gh shegr

circul ation, sai d system conprisi ng: p frrst—tank cont i ni ng
sai d chenical bath; an ion exchandg (I EX) Col unmm cont ai ni ng_i on

exchange material conprising an imnodiacetate ion exchange resin, for
renmovi ng netal ion contam nants from said chem cal,6 bat hs

circul ati on

first
means é‘?ﬁoq‘%trl\%l of £lyim 48, UTAPEE including the steps of:

circulating once used chemical reqenerant from said
third tahk, through said IEX column, and out of said discharge
port;

sensing when a . predetermined quantity of once-used
chemical regenerant has passed through said IEX column;

terminating the circulation of once used chemical
regenerant; |

circulating chemical regenerant from said second tank,
through said IEX column, and out of said waste port:;

sensing when a predetermined .quantity of fresh
regenerant chemical, necessary in addition to the previous flow
of once used regenerant chemical, has passed through said IEX
column, for substantially regenerating said ion exchange material
in said IEX column;

circulating DI water from said first tank into said IEX
column for displacing once used regenerant chemical for discharge
into said third tank; and

terminating the flow of once used regenerant chemical
from said IEX column to said third tank when either the level
therein reaches a predetermined level, or upon a predgtermined
quantity of once used regenerant chemical being discharged

therein.

52. The method of claim S{, further including the steps of:
bidirectionally circulating DI water from said first

tank, through said IEX column, and out of said discharge port;
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signals reducing to a predetermned m ninumvalue, for termnating said

first controgXstaquans to turn off said first circul ation nmeans.

53.- The method of claim 50, further including the steps of:

preparatory to the step of initiating circulation of

said coating composition through said IEX column, circulate a

predetermined amount of said coating composition from said fourth

tank into said IEX column, for displacing residual DI water
therefrom; and

discharge the displaced DI water out of said discharge

port.

54. An autodeposition system automated for providing at
least periodic removal of metal ions and contaminants from a bath
of coating composition, said system comprising:

a first tank containing coating composition;

an ion exchange (IEX) column containing ion exchange
material for removing metal ion contaminants from said coating
composition passed therethrough;

a second tank.conﬁaining deionized water (DI water) for
rinsing said IEX column;

a waste port for discharging waste products from said
system for treatment:

first circulating means responsive to first control

signals for draw@ggmq_g;rst predetermined quantity of coating
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composition from said first tank, and ﬁassing the coating
composition into said IEX column for displacing residual DI rinse
water therein, and circulating the latter to discharge from said
waste port;

second circulating means responsive to second control
signals for drawing additional coating composition from said
first tank and circulating it through said IEX column, and
returning all but a residual portion of said coating composition
from said IEX column back to said first tank; and

controller means programmed in a first state of
operation for producing said first control signals for a
requisite period of timé, and in a second state of operation, for
producing said second control signals for at least a requisite
period of time for reducing the metal ion concentration of said

bath of coating composition to a predetermined concentration.

55. The autodeposition system of claim 54, further
including:

first conductivity measurement means positioned in said

~coating composition bath in said first tank, for providing a

first conductivity signal indicative of the conductivity of said
coating composition bath;

second conductivity measurement means immersed in

coating composition being returned from treatment in said IEX

column to said first tank, for providing a second conductivity

signal indicative of the conductivity of treated coating

‘composition; and
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di scharging the DI water, fromsaid waste ort; and

said controller means elng further programmed in its
second state of operation for sensing the differential between
said first and second conductivity signals reducing to a
predetermined minimum value, for terminating said second control

signals to turn off said second circulating means.

56. The autodeposition system of claim 55, further
including:
third circulating means responsive to third control
signals for pumping a predetermined quantity of DI water into
said IEX column, for displacing residual coating composition, and
returning the displacea coating composition to said first tank;
and
said controller means being programmed in a third state
of operation following said second state, for producing said

third control signals for a requisite period of time.

57. The autodeposition system of claim 56, further
including:
fourth circulation means responsive to fourth control
signals, for pumping DI water from said second tank, through said
IEX column in one direction for rinsing the latter, and therefrom
discharging the DI water from said waste port; and
said controller means being programmed in a fourth
state of operation following said third state, for producing said

fourth control signals for a requisite period of time.
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..said.controll er neans being programmed in a third[$ERt £ : f
operation follow ng said second state, for produc ﬂMLEMENT SHEET third
control signals for a requisite period of tine. The
system of claim 3, further including: 28 NOVA99hi rid | ank
cont ai ni ng chem cal regenerant; fourth circu I on
nmeans responsive to fourth control - 82 - si gpal's; puipi ng chem ca
regenerant fromsaid third tank, through said | EX colunnl and
t herefrom di schargi ng the chem cal regenerant from said waste

port, thereby reggyi ngh8eidodepRsitiOM system of cl&&h 57 OFugxhBange
material, for regenerating the sane; andy
including:
a third tank containing chemical regenerant:
fifth circulation means responsive to fifth control
signals, for pumping chemical regenerant from said third tank,
through said IEX column, and therefrom discharging the chemical
regenerant from said waste port, thereby removing metal ions from
said ion exchange material, for regenerating the same; and
said controller means being programmed in a fifth state

of operation following said fourth state, for producing said

fifth control signals for a requisite period of time.

59. The autodeposition system of claim 58, further
including:
third conductivity means positioned within said waste
port; for providing a third conductivity signal indicative of the
conductivity of fluids being discharged through said waste port;
and
said controller means being programmed in a sixth state
of operation following said fifth state, for both producing said
fourth control signals to initiate a second rinse cféle for said
IEX column, and sensing said third conductivity signal reducing
to a predetermined value for terminating said fourth control

signals.

60. The autodeposition system of claim 58, further
including said controller means being programmed in a sixth state

of operation following said fourth state, for producing said

heet Has Been Replaced f"",‘;'--i 15 S
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sai:d controller neans being programmed in a fourth RﬁPLAgEN hgg§ (

, n
following said third state, for producing said fourtth control signalis
a requisite period of tine. 5. The systemlof| cR8iNOWI9Fur tiher
I ncl udi ng: - 83 -

fourth control signals for at least a predetermined period of
time necessary for rinsing said IEX column with DI water, to

remove residual chemical regenerant therefrom.

61. The autodeposition system of claim 60, further
including:

. sixth circulation means responsive to sixth controi
signals for pumping DI water from said second tank, through said
IEX column in an opposite direction for rinsing the latter to
substantially remove foreign particulates therefrom, and
therefrom discharging the DI water from said waste port; and

third conductivity means positioned within said waste
port, for providing a third conductivity signal indicative of the
conductivity of fluids being discharged through said waste port;

said controller means being programmed in a seventh
state of operation following said sixth state for producing said
fourth control signals for a predetermined period of time to
initiate a second rinse cycle for said IEX column, followed by
producing said sixth control signals for continuing the second
rinse cycle, concurrent with sensing said third conductivity
signal reducing to a predetermined value for terminating said

sixth control signals.

62. The autodeposition system of <claim 58, further
including:
sixth circulation means responsive to sixth control
=

signals, for pumping DI water from said second tank, through said

IEX column in an opposite direction for rinsing the latter

This Sheet Has Been R,
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thi.rd conductivity neans positioned within said waste port, .for providing

a third conductivity signal indicative of the con LA' CEl E$ being
di scharged through said waste port; and I o ans
being programred in a fifth state of operation foljl g sald fou t

state, for both producing said third control signgls tﬁ iNOV 1%/e 4 §econd
rinse cycle for said |EX columm, and sensing said |third conducti vijt

signal reducing to a predeterm ned valgge-for termjnating said third
control signals. -

substantially free of foreign particulate material, and therefrom
discharging the DI water from said waste-port: and

said controller means being programmed in a sixth state
of operation following said fifth state, for producing said
fourth control signals for a predetermined period of time, and
after terminating said fourth control signals producing said
sixth control signals for a predetermined period of time to

complete the rinsing of chemical regenerant from said IEX column.

63. The autodeposition system of claim 54, wherein said
coating composition consists of a latex based coating

composition.
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belng programmed in a fifth state of operation follow ngijs
_ for producing said third control signals for, at ljegst P V 199
predeternined period of tinme necessary for rinsing said I|E c% é% ?h [
in one direction, to renove residual chem cal regerjer
The system of claim-6, further including: flifth C|rculat|on
means responsive to fifth control S|g#§
second tank,apbHaPYE R MAUNTAL ADRGCAISHABLE] marroapmmumswbsrmmwi on,
subst anti al |qoM@dSITION BY PERIODICALLY SEPARATING PARTICULAR METAL IONS

system of «claim 4, further including said R@ELAGENERH%SHEET

ra rourthn

X

FROM THE COMPOSITION
ABSTRACT OF THE INVENTION

A system automated for providing at least periodic
reméval of metal ions and contaminants from a chemical bath,
conéists_of a microprocessor programmed for controlling fluid
circuits of pumps and valves, for in one state of operation

circulating a first predetermined quantity of the chemical bath

from a first tank, through an ion exchange column, and back to

the first tank; for in a second state of operation circulating
deionized water from a second tank into the IEX column for
displacing residual chemical bath therefrom for return to the
first tank; for in a third state of operation circulating
deionized water through the IEX column, and discharging the rinse
water from a waste port:; for in a fourth state of operation
circulating regenerant acid through the ion exchange column, and
discharging the used acid from a waste port; for in a fifth state
of operation circulating deionized water through the IEX column
for rinsing acid regenerant therefrom and discharging the same
out of a waste port; and for in a sixth state of operation
circulating chemical bath into the IEX column for displacing
residual rinse water therefrom, and discharging the same out of
the waste port, in preparation for a cycle of treatment of the

chemical bath.

Most illustrative drawjng - Figure ta.
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8. The system of claiml,

bei ng programred in a sixth state of operation followi ng s
for producing said fifthi/dontro

of operation,
consists of a | atex based coating conposition for

foreign particul ates are renoved therefrom
process.
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9. The systemof claim8, wherein said first circulating neans further

i ncl udes:
colum and said first tank,

said first tank

a third tank containing fresh chem cal

solid particul ates fromtreated said chygqri cal bat h beforje 'S returned
[ [ . 10. The systemof claim3, furt ej QB- ) 1997
' I ni ' regener ant; alfolrth tank

i ni ' regener ant ; fourth cijr '

cont ai ni ng once used chem cal

second filter means between an out put port ,
for rempving ion exchange REPLACWWIEET

of

responsive to fourth control ‘'signals, for punping a predeterm ned quantit
of once used chemcal re e'nerant _ 1fFﬁERI1d fourth tank, through said | EX
col um, and therefromBGs® gl g _e_q;e P@At from sald wast e port,
t her eby at Ieast partiall 7 rﬂ =g safe—i9dh exchange naterial ;
fifth circul at Eans 1 e§pans v“k--. ontroll signals, for purrpi ng
fresh chem cal regenerant from sa n@l Fn1|r1tank t hiough said | EX col um,
and therefromdi schargi ng the dicge wsed chem cal r¢gener ant fromsaid waste
port; sixth circulation neans -.;- ponsi ve 10 h _control signals,
| 43
TO
TREATMENT
3562 | 39
L6  Tv3 AV8 — 33 AV4 T4 41
37
125
123\ [FS /
50 62 54 _VY 58 111
51+ 53 | 99:~57 | 59
siop | 515 | *P5p Y | L |
AR [STSTSTS[S[S]s[s]s]s 352
AVIVIVIVIVIVIVIVVLY
1| 2)3]4]5]6|7] 8] ofio|CTPUIPY P35
Py o,y v Tt
ABCDEFGHJK L MN
LiQ. VALVE
LEY. STATUS PR1
7077 8089 PR2
FIG. 1b HF— PROGRAMMABLE :g;
CONTROLLER «C3
127 < SIN1
— <+ SIN2
63 RELAY BANK
S0 v E A i
SV _CONTROL 158

SIGNALS

L1+>L18



pminto

ijon for

ifme;

in said

ACEMENT

-6i-

19

or

r

SH

=

i od of

rd L EX col um
t A& NGV 1892

REPIAC

[

X

into

for displacing once used chem ca

said fourth tank;

SHEET

signals, for a requfsl

26 FEB 1999

said controller means being progranmeds; n a fourth $
means programmed in a fifth state] of operation
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operation for producing said sixth control

*necessary for either filling or.
- used regenerant cheni cal

means being programmed in a seventh state o
signals for a requisite perio

third contro

in the said fourth tank;
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signal s,

for a period of tine
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colum in said one direction with a predetermn ned quan

.11. The system of claim 10,

nmeans responsive to seventh control
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further including:
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12. The system of ¢laim 11, furt her i ncl udi ng:
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nmeans being further programmed in sai d°fourth state
respondi MHAD ISaiCdAIMERal8:from said fourth control

2N on)

of once chem cal regenerant reduces to a predetermnjned m ni mum | evel

{o
he

1t NQpog
10f once

bl | er

| evel
and

for initiating said fifth state of operation.

1. A system automated for providing at least periodic
removal of metal ions from a metal complex énd
contaminants from a chemical bath, said chemical bath
being a latex solution containing latex particles and
having an acidic pH to form a coating Dby
autodeposition, said charged latex particles tending to
coagulate when subjected to high shear circulation,
said system comprising:

a first tank containing said chemical bath;

an ion exchange (IEX) Column containing ion exchange

material comprising an iminodiacetate ion exchange resin, for
removing metal ion contaminants from said chemical baths;
first circulétion means responsive to first control
signals for drawing chemical bath from said first tank, passing
it through said IEX column at a low velocity and returning
treated chemical baths from said IEX column back to said first
tank, said first circulation means including means for low
shear circulation of said chemical bath to substantially
prevent coagulation of said latex particles;
first conductivity measurement means positioned in said
chemical bath in said tank, for peoviding a first conductivity
signal indicative of the conductivity of said chemical bath;

second conductivity measurement means immersed in said
chemical bath being returned from treatment in said IEX column
to said first tank, for providing a second conductivity signal
indicative of the conductivity of treated chemical bath; and
controller means programmed in a first state of operations for
automatically initiating the production of said first control
signals in a cyclic manner, and during the resultant
circulation of said chemical bath, sensing the differential
between said first and second conductivity signals reducing to
a predetermined minimum value, for terminating said first

control signals to turn off said first circulation means.
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ﬁhe system of —¢cl-ai-m 12, further including: 5 Y
i ,

snmeans in said third I ng signals i

said fresh chem cal \!ﬁ%lﬂ!@ﬁ!ﬂjﬁ“ﬂmﬁl d third tank;j gnd

means further being isn said fifth statd df 2&REB 9% qo
signals, in response to said level signals fromsgi d second | evel {s¢nsing
means indicating the | evel of fresh regéngrant chdgmical Tn sard thi
reduces to a predeterm ned m ni num | evel. 14 __The system of d
13, further including: first punping nmeans responsive to a first punp
control signal for puenpinghéresteahen €adin egenerardr inobudisuppl y t her eof
into said third tank; and Said controller neans further being
progranmmed for both appl yansesmidd thhk storpuipicgmreignigedned text d DEavate iy st
punpi ng nmeans, in response to said |level signals fromsaid second |evel
sendi ng reans bei ng i ndi c&eFWE GRrenkatingereans fReSPRNE bR e SAECRRSANEEICL n

said third tank reduci n% to said rJoredeterm' ned nj ni mum, - .
signals Tor pumplng a predetermined quantity of DI water into

said IEX column, for displacing residual chemical bath, and

returning the displaced chemical bath to said first tank; and
said controllef means being programmed in a second

state of operation following said first state, for producing said

second control signals for a requisite period of time.

3. The system of claim 2, further including:
a waste port for discharging waste products from said
system for treatment;
third circulation means responsive to third control
signals, for pumping DI water from said second tank, through said
IEX éolumn in one direction for rinsing the latter, and therefrom
dischargiﬁg'the DI water from said waste port; and
said controller means being programmed in a third state

-

of! bperation following said second state, for producing said

1
third control signals for a requisite period of time.

4. .The system of claim 3, further including:
a third tank containing chemical regenerant:
fourth circulation means responsive to fourth control
signals, for pumping chemical regenerant from said third tank,
through said IEX column, and therefrom discharging the chemical
regenerant from said waste port, thereby removing metal ions from

said ion exchange material, for regenerating the same; and



~level, and for .term nating said first punp controf™ onse to
% the level signals | evel sensing frepns being indijcgtive of
"the level of fr mmmﬂmem cal in said th KEBr99eadi g to a
predetern1ned 15. The system of claim9, fjurlther

i ncl udi ng: - 59 - -63-- i rist
pressure sensing means connected across inlet andloutlet ports of daid

filter means, for producing a first clog S|gnal if the pressure across

first filter exceeds a.ggggeggg rofdervanl\euans %emg programmed in a fourth

state of operation following said third state, for producing said

fourth control signals for a requisite period of time.

5. The system of claim 4, further including:

~ third conductivity means positioned within said waste

port, for providing a third conductivity signal indicative of the

conductivity of fluids being discharged through said waste port;
and

said controller means being programmed in a fifth state

of operation following said fourth state, for both producing said

third control signals to initiate a second rinse cycle for said

IEX column, and sensing said third conductivity signal reducing

to a predetermined value for terminating said third control

signals.

6.. The system of claim 4, further including said
controller méans being programmed in a fifth state of operation
following s;id fourth state, for producing said third control
signals for, at least a predetermined period of time necessary for
rinsinq said IEX column with DI water in one direction, to remove

residual chemical regenerant therefrom.

7. The system of claim 6, further including:
fifth circulation means responsive to fifth contrql
signals, for pumping DI water from said second tank, through said
IEX column in an opposite direction, to insure substantially all

5 foreign particulates are removed therefrom;



said control |l er—nmeans further being progranmed to AQQMBNESHEETl rst
clog signal by p o 1ol st state of operdtifon to be conplefed, and
fthereafter-i nhi bﬂ'm&wllﬂmemm!gration of said sysfem@mREE 1goprsy filter

i s repl aced. * L syswem of claim 15, fdrgher including

second pressure sensing nmeans connect ed 10 an out et~ port—of—sard¢ kecond
filter means, for producing a second clog signal Lf_the outlet prespure of
sai g secondI }‘i | ter means decreases to a predeterm ned.m ni num value; and

said controller nmeans further bein ogrammed to respond t | 0

cl og signal bySget nFeREFRL ke IF*??%?Q )E Ja‘? ?o%]baé%et(fo{n)nt% bsnggg dﬁtsatet%dngfand
thereaf t §to H\{l&i tf@:gléwﬁdwegapdpef@ftpn sehtaaiof Syisdmnilet, i Ifdmepsaducmq st

filter is replaced . The_system of c¢laim 2, $ i ncl udi ng:
| evel semldlgfhﬁe‘ms:%@ﬁtleélgﬁa‘s%u%Prsé’cdﬁ?@utléﬁﬁe ?‘B?l?) 0?3{1 Jﬁrbe DI wat er

liquid | evel s signals indicative of predeterm ned m ni num and nmaxi num

| evel s, respectively; automati c val ve means .connect ed b% V\ﬁ
pressurlzed s®urBee system of claim 1, wherein said chemical con51sts

of a latex based coating composition for use in an autodeposition

process.

9. The system of claim 8, wherein said first circulating means
further includes:

second filter means between an output port of said IEX column
and said first tank, for removing ion exchange material and other
solid particulates from treated said chemical bath before it 1is

returned to said first tank.

10. The system of claim 3, further including:

a third tank containing fresh chemical regenerant;

a fourth tank containing once used chemical regenerant;

fourth circulation means responsive to fourth control signals,
for pumping a predetermined quantity of once wused chemical
regenerant from said fourth tank, through said IEX column, and
therefrom discharging the regenerant from said waste port, thereby
at least partially regenerating said ion exchange material;

fifth circulation means responsive to fifth control signals,
for pumping fresh chemical regenerant from said third tank, through
said IEX column, and therefrom discharging the once used chemical
regenerant from said waste port;

sixth circulation means responsive to sixth control signals,
for pumping DI water from said second tank, into said IEX column in
said one direction, for displacing once used chemical regenerant

therefrom into said fourth tank;
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18. The system of clain15,
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said controller means being programmed in a fourth state of
operation for producing said fourth control signals, for a
requisite period of time;

said controller means programmed in a fifth state of operation
for producing said fifth control signals, for a period of time
necessary for completing the regenaration of said ion exchange
material;

said controller means being programmed in a sixth state of
operation for producing said sixth control signals, for a period of
time necessary for either filling or passing a predetermined
quantity of once used regenerant chemical in the said fourth tank;
and

said controller means being programmed in a seventh state of
operation, for producing said third control signals for a requisite
period of time for rinsing said IEX column in said one direction

with a predetermined quantity of DI water.

11. The system of claim 10, further including:

seventh circulation means responsive to seventh control
signals, for pumping DI water from said second tank, through said
IEX column in an opposite direction, to ensure substantially all
foreign particulates are removed , and therefrom discharging the DI
water from said waste port; and

said controller means being programmed in an eighth state of
operation for producing said seventh control signals for a period
of time necessary for passing sufficient DI water through said IEX
column in said opposite direction for substantially removing

residual chemical regenerant therefrom.

12. The system of claim 11, further including:
first level sensing means in said fourth, for producing
signals indicative of the level of once used regenerant chemical in

said fourth tank; and
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state of operation.

13. The system of claim 12, further including:

second level sensing means in said third tank, for producing
signals indicative of the level of said fresh chemical regenerant
in said third tank; and

said controller means further being programmed in said fifth
state of said fifth control signals, in response to said level
signals from said second level sensing means indicating the level
of fresh regenerant chemical in said third tank reduces to a

predetermined minimum level.

14. The system of claim 13, further including:

first pumping means responsive to a first pump control signal
for pumping fresh chemical regenerant from a supply thereof into
said third tank; and

Said controller means further being programmed for both
applying said first pump control signals to said first pumping
means, in response to said level signals from said second level
sending means being indicative of the level of fresh regenerant
chemical in said third tank reducing to said predetermined minimum
level, and for terminating said £first pump control signal in
response to the level signals from said second level sensing means
being indicative of the level of fresh regenerant chemical in said

third tank increasing to a predetermined maximum level.

15. The system of claim 9, further including:



control signals for re

first state of operd!'m!ﬁluyiiljﬁlliem o_cli_hgf S;,S[rgm i)' @LWN?S mfai d

i ncl udi ng: ei g ans responsi n‘glléﬁth cort rfol
signals for punping a predete?n1%ed quan%gty of sfai ﬁb# AP9%at|h [f r om
said first tank into said | EX col um di spl acj t herefrom rdsijdual Dl
wat er, and discharging the latter fromsaid waste port; and sgid -

controll er means being programmed in a seventh st ol I 'owi ng

said ninth state, for producing said elghth contr S r dreﬂ%i kte
period of tinElrfh PFREPHIER iSY T5PR fFPEFng%.e?QﬁééfpéP&Fi i
ports of said filter means, for producing a first clog s1gnal if
the pressure across first filter exceeds a predetermined value; and
said controller means further being programmed to respond to
said first clog signal by permitting the first state of operation
to be completed, and thereafter-inhibiting further operation of

said system until first filter is replaced.

16. The system of claim 15, further including:

second pressure sensing means connected to an outlet port of
said second filter means, for producing a second clog signal if
the outlet pressure of said second filter means decreases to a
predetermined minimum value; and

said controller means further being programmed to respond to
said second clog signal by permitting the first state of operation
to be completed, and thereafter inhibiting further operation of

said system until the said first filter is replaced.

17. The system of claim 2, further including:

level sensing means mounted in said second tank, for producing
DI water liquid levels signals indicative of predetermined minimum
and maximum levels, respectively;

automatic wvalve means connected between a pressurized source
of DI water and said second tank responsive to a valve operating
signal for turning on to permit DI water flow into said second
tank; and

said controller means further being programmed to respond to
DI water level signal of minimum level, for producing said wvalve
operating signal, and subsequently to respond to a DI water level
signal of maximum level, for terminating said wvalve operating

signal.

18. The system of claim 5, further including:
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fifth circulation means responsive to fifth control signals
for pumping a predetermined quantity of said chemical bath from
said first tank into said IEX column, for displacing therefrom
residual DI water, and discharging the latter from said waste port;
and

said controller means being programmed in a sixth state of
operation following said fifth state, for producing said fifth
control signals for a requisite.period of time, in preparation for

said first state of operation.

19. The system of claim 7, further including:

sixth circulation means responsive to sixth control signals
for pumping a predetermined quantity of said chemical bath from
said first tank into said IEX column, for displacing therefrom
residual DI water, and discharging the latter from said waste port;
and

said controller means being programmed in a seventh state of
operation following said sixth state, for producing said sixth
control signals for a requisite period of time, in preparation for

said first state of operation.

20. The system of claim 11, further including:

eighth circulation means.responsive to eighth control signals
for pumping a predetermined quantity of said chemical bath from
said first tank into said IEX column, for displacing therefrom
residual DI water, and discharging the latter from said waste port;
and

said controller means being programmed in a seventh state of
operation following said ninth state, for producing said eighth
control signals for a requisite period of time, in preparation for

said first state of operation.



