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[57] ‘ABSTRACT 
Dispersed electrodepositable coating binder and Other 

co-dispersed electrocoating components co 
depositable therewith can be recovered from one liq~ 
uid dispersion into another liquid dispersion. which 
may be more concentrated than the dispersion from 
which recovery is made. without transfer of liquid dis 

’ persing medium therebetwcen by supplying the two 
dispersions respectively to two compartments of an 
electrolytic cell, each compartment containing an 
electrode, where the compartments communicate 
through a.freely'and non~selectively permeable non 
conductive separator effective for arresting turbulent 
transmission of liquid dispersions therethrough in the 
absence of hydraulic pressure difference across the 
separator and charging the electrodes from an exter 
nal source of direct current emf to attract dispersed 
electrodepositable coating binder through the separa 
tor toward the electrode in the compartment contain 
ing the dispersion into which recovery of binder is de 
sired. Simultaneous transfer of Iliquiddispersing me 
dium from one dispersion into the other is prevented 
by controlling the hydraulic pressure difference across 
the porous'separator to be effectively negligible. Elec 
trodeposition of binder onto the electrode in the cell 
compartment containing the dispersion into which dis 
persed electrodepositable binder is recovered and to 
ward which that binder is attracted can be prevented, 
if desired, by sufficiently vigorous agitation of the dis 
persion in immediate contact with that electrode. 

10 Claims, 4 Drawing Figures, 
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ELECTROLYTIC CELL METHOD FOR TRANSFER 
OF DISPERSED SOLIDS FROM ONE LIQUID 

ELECTROLYTE TO ANOTHER WITI-I 
SUPPRESSION OF TRANSFER OF DISPERSING 

> LIQUID 

BACKGROUND OF THE INVENTION 

The present invention relates to recovery of electro 
depositable coating binder from a dilute liquid disper 
sion thereof (the term “dispersion” as used herein in 
cludes a solution) by treating such a dispersion in an 
electrolytic cell apparatus in which an electrical poten 
tial difference is established by an external source be 
tween the electrodes to electrically drive dispersed 
electrodepositable coating binder toward one of those 
electrodes. More particularly, this invention is related 
to my earlier invention of Process and Apparatus for 
Electric Cell Treatment of Liquor, described in US. 
Pat. No. 3,748,244 the teachings of which are incorpo 
rated herein by reference, which deals with apparatus 
and method for complete or partial electrolytic separa 
tion of electrodepositable components, such as resin 
ous or polymeric electrocoating binders, from other 
components of a liquid electrolyte while preventing an 
insulating accumulation of electrodeposited material 
on the electrode toward which the electrodepositable 
components are attracted by employing a porous elec 
trode and pumping the electrolyte rapidly there 
through, where thecell apparatus also incorporates a 
grossly porous non-conductive turbulence arrester to 
suppress turbulent inter-mixing of electrolyte from the 
vicinity of the electrode toward which electrodepos 
itable components are attracted with electrolyte from 
the vicinityof the other,‘i.e, counter, electrode. 
The present invention is also related to my earlier in 

vention of Process for Electrolytic Treatment of Li 
quors Using Pressure Cell With Porous Electrode 
Means, described in US. Pat. No. 3,679,565 the teach 
ings of which are incorporated herein by reference, 
which deals with complete or partial separation of elec 
trodepositable ‘components, such‘ as resinous or poly 
meric electrocoating binders, from other components 
of a liquid electrolyte by treatment in an electrolytic 
cell apparatus having at least one porous electrode, 
where the electrodepositable material tends to form a 
?uent electrodeposit upon one of the electrodes and 
that ?uent electrodeposit is‘prevented from accumulat 
ing on that electrode'to the extent of signi?cantly in 
creasing the internal electrical resistance of the cell by 
inducing sufficiently intense relative motion between 
the electrode upon which electrodeposition tends to 
occur and the electrolyte in the immediate vicinity 
thereof by such means as rapidly spinning that elec 

_ trode or employing as that electrode a porous conduc- ' 
tor and pumping electrolyte therethrough or by heating 7 
that electrode. 
The present invention is more remotely related to my 

earlier invention of Apparatus for the Treatment of Li 
quors Using Porous Deposition Electrodes, described 
in US. Pat. No. 3,798,150, which deals with pressure 
cell apparatus for the electrolytic treatment of conduc 
tive liquors containing electrodepositable material, 
where the electrodes to be polarized for attracting elec 
trodepositable material are tubular porous electrodes, 
it being contemplated therein that the liquor containing 
electrodepositable material would be fed to the interior 
of the tubular electrodes and the electrodepositable 
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2 
material electrophoretically attracted to and electrode 
posited upon such tubular electrodes would be flushed 
through the walls of the porous electrodes by the flow 
of a small portion of the liquor therethrough into a sur 
rounding collection zone by maintaining a small hydro 
static pressure head within the tubes. 

In this branch of the prior art, :recovered electrode 
positable material is collected in dispersed or solubi 
lized form, but at a greater concentration, in a portion 
of the same liquid medium from ‘which such recovery 
takes place. Thus, either a portion of that liquid me 
dium is used to wash through a porous electrode mate 
rial electrodeposited thereon and to resolubilize that 
material into a collection zone otherwise separated 
from the feed stream of liquor to be treated or else a 
substantial portion of the initial liquid medium in which 
the electrodepositable material to be recovered is ini 
tially'dispersed is removed from the cell in the vicinity 
of the counter electrode charged to opposite polarity 
from the. electrode toward which electrodepositable 
material is electrophoretically attracted and upon 
which it tends to electrodeposit and, since the liquor 
near the counter electrode will have been depleted of 
electrodepositable material by electrically induced mi 
gration thereof toward the deposition electrode, the re 
moval of such depleted liquor necessarily leaves behind 
a liquor enriched in electrodepositable material (so 
long as removal thereof by net electrodeposition or 
otherwise is substantially prevented) and this enriched 
liquor can be collected from any convenient location in 
the cell such as by withdrawal through a porous deposi 
tion electrode. The process of the present invention dif 
fers from this branch of the prior art in that electrode 
positable material is transferred under the influence of 
an electrical potential established between two elec 
trodes from one body of liquid in which it is dispersed 
to a second body of liquid, in which it also appears in 
dispersed form, without the necessity of any transfer of 
liquid medium between those two bodies of liquid dis 
persion and, in fact, with provision being made to 
largely prevent such transfer of more than an insigni? 
cant amount of liquid medium, as will be hereinafter 
more particularly described. 
A principal utility of the present invention is in con~ 

nection with the electrocoating art, in which a paint or 
other surface coating is applied to an electrically con~ 
ductive object temporarily'connected as an electrode 
in an electrolytic cell apparatus and immersed in a 
body of liqud electrocoating dispersion comprising a 
solvent or dispersing medium and electrodepositable 
coating binder dispersed therein, by electrically charg 
ing the object to be coated to a potential, relative to a 
counter electrode also in contact with the dispersion, 
such that dispersed binder will be electrically attracted 
toward and electrodeposited upon the object to form a 
coating less conductive than the dispersion from which 
.it was deposited. The electrocoated, object is typically 
removed from the liquid dispersion, disconnected from 
the source of electrical potential, allowed to drain a 
portion of the liquid dispersion mechanically entrained 
by not electrodeposited thereon back into the electro 
coating cell and rinsed to remove the remainder of the 
liquid dispersion mechnically entrained but not electro 
deposited thereon. The electrocoated object is ‘then 
usually subjected to additional coating and/or coating 
curing operations. 
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Liquid electrocoating dispersions often contain, in 
addition to electrodepositable coating binder, ionizing 
solubilizer for the binder, pigment, surfactant, curing 
accelerator, anti-foamer, fungicide and other compo 
nents commonly found in organic coatings and paints. 
Many of such additional components will electrode 
posit together with electrodepositing binder to form the 
insulating coating, but ordinarily not in proportion to 
their concentration in the dispersion. The solvent or 
dispersing medium is ordinarily water, but may be some 
other suitable medium. The dispersed coating binder is 
ordinarily an organicpolymer which ioniz'es sufficiently 
in the liquid solvent or dispersion medium, usually with 
the assistance of an ionizing solubilizer, to be reason 
ably stable against flocculation or precipitation and to 
be electrodepositable upon a suitably charged elec 
trode, but may be an ionizable low molecular weight 
material which will polymerize during or subsequent to 
electrodeposition to form an adherent binder polymer 
for the protective coating in its final form. The coating 
binder may be chosen from a broad range of polymer 
types on the basis of availability, cost, processability 
and the properties desired in the coating to be formed 
by the electrocoating process. A typical formulation for 
anodic deposition would have a maleinized linseed oil 
binder with a morpholine solubilizer in water. A typical 
formulation for cathodic deposition would have an or 
ganic polymer with tertiary amino groups as binder and 
lactic acid as solubilizer and be dispersed in water.' 

It is frequently desirable to recover electrodepos 
itable material, and particularly electrodepositable 
binder, from the rinse effluent of an electrocoating op 
eration so that the electrodepositable material can be 
recycled to the electrocoating cell and also so that the 
rinse water ‘can be either reused or discharged without 
contaminating the environment. A number of methods 
have been proposed and/or used for recovering electro 
depositable material from electrocoating rinse water. 
The most promising of these previously known meth 
ods appear to be ultra-filtration, reverse osmosis and 
electrolytic methods such as those described in my own 
patents referred to above. A drawback of the ultra 
filtration and reverse osmosis techniques is that a great 
quantity of water must ‘be forced out of the dilute rinse 
effluent by pressuring it through a ?lter membrane im 
permeable, or at least preferentially less permeable, to 
dispersed electrodepositable material and it is difficult 
to make such ?lters or membranes both strongly selec 
tive in permeability and highly permeable to water or 
other dispersing medium. In contrast, the process of the 
present invention involves the transfer of only a rela-' 
tively small amount of electrodepositable material con- 
tained in the dilute electrocoating rinse effluent into a 
more concentrated dispersion where it can be reused 
without inordinate (or even any) dilution of the elec 
trocoating bath dispersion. 
Another problem which arises in the electrocoating 

art is that as material is electrodeposited onto the ob 
ject being coated, and thereby removed from the-sys 
tem, solubilizer remains behind in the electrocoating 
bath dispersion. If it is not to build up to large excess 
concentrations therein, it must be either separately re 
moved, for example by absorption onto an ion ex 
change resin, or the electrodepositable material added 
to replenish the bath must be formulated with only so 
much solubilizer as will be incidentally lost from the 
electrocoating operation by evaporation, carry-out in 
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the rinse effluent, etc. Removing excess solubilizer 
from portions of electrocoating bath dispersion in 
volves an extra process step and may produce local in 
stability of dispersion, while employing solubilizer 
starved replenishment formulations may lead to diffi 
culty and non-uniformity in redispersion upon addition 
to the electrocoating bath. The process of the present 
invention can be used to transfer excess solubilizer out 
of the electrocoating bath dispersion into the rinse ef 
fluent at the same time and in the same apparatus that 
the electrode-positionable material is being transferred 
from the rinse ef?uent into the electrocating bath dis 
persion and without concurrently transferring more 
than insignificant amounts of solvent or dispersing me 
dium. . 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide appa- . 
ratus and method for transferring electrodepositable 
coating binder from one liquid dispersion thereof to a 
second liquid in which the transferred binder will re 
'main in dispersed and electrodepositable form until 
electrodeposited. 
Another object is to provide apparatus and method 

for such transfer of electrodepositable coating binder 
from a liquid dispersion in which it is relatively dilute 
into a liquid dispersion in which it is relatively concen 
trated. . 

Another object is to provide apparatus and method 
for such transfer where substantial transfer of solvent 
or dispersing medium from the dilute'liquid dispersion 
to the concentrated liquid dispersion is prevented. 
A particular object is to provide apparatus and 

method for such transfer of electrodepositable coating 
binder from electrocoating rinse ef?uent to a portion 
of electrocoating bath liquid electrolyte. 
A further particular object is to provide apparatus 

and method for such transfer of electrodepositable 
coating binder from electrocating rinse ef?uent into 
electrocoating bath liquid electrolyte while simulta 
neously transferring ionizing solubilizer for said binder 
from the electrocoating bath liquid electrolyte into the 
electrocoatingrinse effluent. 

In all of these objects it is contemplated that electro 
depositable material in addition to the electrodepos 

' itable coating binder, such as pigment, etc., may be 
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present and recovered simultaneously with the electro 
depositable coating binder. . 
These object are achieved according to the present 

invention by employing an electrolytic cell divided in 
two half-cell compartments, each containing a half-cell 
electrode, by a separator which is electrically non 
conductive, freely and non-selectively permable 
through at least a portion of its. area to liquid disper 
sions containing electrodepositable coating binder, and 
effective for arresting turbulent transmission of liquid 
contents of either of the half-cell compartments to the 
other of the half-cell compartments in the'substantial 
absence of hydraulic pressure difference across the 
permeable portion of the separator while permitting 
hydraulic and electrical communication of respective 
liquid contents of the two half-cell compartments 
through the separatonA liquid dispersion of electrode 
positable coating binder from which binder is to be re 
covered is supplied to one of the half-cell compart 
ments so as to make contact with the half-cell electrode 
thereof and with the permeable portion of the separa 
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tor. A liquid into which binder _is to be recovered is sup 
plied to the other of the half-cell compartments so as 
to make contact with the half-cell electrode thereof 
and with the permable portion of the separator. An 
electrical potential difference of polarity and magni 
tude effective to drive electrodepositable coating 
binder from the liquid dispersion from which it is to be 
recovered through the permeable portion of the sepa 
rator into the liquid into which it is to be recovered is 
impressed upon the half-cell electrodes, thereby de 
pleting the liquid dispersion from which binder is to be 
recovered and enriching the liquid into which the said 
binder is to be recovered with respect to electrodepos 
itable coating binder concentration. Where it is desir 
able to prevent the transfer of any substantial amount 
of solvent or dispersing medium from one liquid to the 
other, approximate hydraulic equilibrium is established 
between the two liquids ' where they communicate 
through the permeable portion of the separator to sub 
stantially prevent hydraulic flow ofliquid therethrough. 

In a particularly useful embodiment of the method of 
the present invention, the liquid dispersion from which 
binder is to be recovered is relatively dilute in binder 

, concentration and ‘the liquid dispersion into which 
binder is to be recovered is relatively concentrated in 
binder of substantially the same composition as the 
binder to be recovered. In another particularly useful 
method embodiment, the dilute dispersion from which 
binder is to be recovered is rinse effluent from an elec 
trocoating process and the liquid into which binder is 
to be recovered is a portion of the electrocoating bath 
liquid electrolyte. 

In any of its embodiments, it is contemplated that the 
method of this invention may involve the simultaneous 
recovery of other electrodepositable coating compo~> 
nents simultaneously with recovery of the binder and 
also that other ‘non-electrodepositable components 
may be present in the liquids supplied to the half-cell 
compartments. Where continuous operation is desired, 
liquid inlet and outlet means are incorporated in each 
half-cell compartment. Where it is‘ desired to substan 
tially prevent transfer of solvent or dispersingmedium 
through the separator, means for establishing and 
maintaining approximate hydraulic equilibrium across 
the permeable portion of the separator are incorpo 
rated in the apparatus and used in the process to pre 
vent such transfer. 
An additional particular embodiment involves appa 

ratus and method generally as described above, but 
wherein the half-cell compartment into which binder is 
to be recovered is itself an electrocoating cell in which 
the electrodepositable coating binder may be electro 
deposited upon a removable object comprising the 
half-cell electrode thereof. Ordinarily in this embodi 
ment a counter-electrode would also be present in this 
half-cell compartment in addition to the counter 
electrode in the other half-cell compartment from 
which binder is to be recovered. In this embodiment, 
no measures would be taken to prevent an insulating 
accumulation of electrodeposited coating binder upon 
the half-cell electrode of the half-cell compartment 
into which binder is to be recovered. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a simple, open-top electrolytic cell suit 
able for practicing the method of the present invention 
wherein hydraulic pressure difference across theper 
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6 
m‘eable separator is controlled by over?ow of liquid 
through weir outlets and wherein agitation, if desired, 
is induced by a motor-driven stirrer. - 
FIG. 2 shows a closed-top electrolytic cell adapted 

for continuous operation wherein agitation of the liquid 
contents can be induced by rapid recirculation of those 
liquid contents though a venetian-blind electrode and 
wherein hydraulic pressure difference across the po 
rous separator can be controlled by adjusting the rela 
tive rates at- which liquid is supplied, recirculated, and 
withdrawn. 
FIG. 3 shows an elevation cross-section of a cell in 

which recovery of electrodepositable binder is directly 
into an electrocoating tank wherein electrodeposition 
of binder onto electrode workpieces is simultaneously 
occurring and where the hydraulic pressure difference 
across the porous separator is controlled by means of 
an overflow weir outlet on one side of the separator ' 
floating on liquid on the other side of the separator. 
FIG. 4 shows a plan cross-section of the cell of FIG. 

3. 

DETAILED DESCRIPTION OF THE INVENTION 

In FIG. 1, the shell or body I of the cell holds the two 
bodies of liquid which are to be treated in the cell. The 
cell is divided by a non-selectively permeable separator 
2 into two half-cell compartments 3 and 4, each of 
which contains a half-cell electrode, respectively 5 and 
6. The liquid dispersion from which electrodepositable 
coating binder is to be recovered. is supplied to com 
partment 3 and the liquid into which binder is to be re 
covered is supplied to compartment 4. Hydraulic pres 
sure difference across the separator can be substan 
tially eliminated by supplying additional amounts of the 
appropriate liquid to these respective half-cell com 
partments 3 and d so as to maintain the liquid levels 
therein at the height of the respective overflow weirs 7 
and 8, which are fixed at equal height. The weirs dis 
charge over?owed liquids through outlets 9 and 10, re 
spectively. When it is desired to prevent insulating ac~ 
cumulation of electrodeposited material on electrode 
6, this may be accomplished by agitation of the liquid 
in half-cell compartment 4 by means of the stirrer 100 
driven by a motor 101, ‘the intensity of agitation re~ 
quired for this purpose being greater, the greater is the 
electrical potential gradient in the immediate vicinity 
of electrode 6. Electrode 6 is indicated as positively 
charged with respect to electrode 5, which would adapt 
this cell for recovery of anodic electrocoating material 
from dispersion in the liquid introduced into half‘cell 
compartment 3 through separator 2 into the liquid in 
troduced into half-cell compartment 4. It should be un 
derstood that reversing the polarity of the electrodes so 
as to make electrode 6 negative with respect to elec 
trode 5 would adapt the cell for corresponding recov 
ery of cathodic electrocoating material. Whichever po~ 
larity is required may be produced by connecting the 
electrodes to a conventional external source of direct 
current. , I 

FIG. 2 shows a vertical cross-section of a closed cell 
particularly adapted for continuous operation. The 
body 11 is divided by non-selectively permeable sepa 
rator 12 into two half-cell compartments l3 and I4 and 
electrodes 15 and I6 are'located respectively within 
those compartments. Electrode 115 is a porous elec 
trode constructed from metal turnings con?ned be 
tween two spaced metal screens or perforated metal 
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plates such that-liquid dispersions of electrocoating 
compositions can move freely therethrough without 
mechanical entrapment. Porous electrode 15 is sealed 
around its periphery to the body 11 of the cell, or alter 
natively to an inward extension of liquid outlet 20, so 
that a liquid dispersion of electrodepositable coating 
binder supplied to half-cell compartment 13 through 
liquid inlet 19 must ?ow through porous electrode 15 
in order to reach liquid outlet 20. Electrode 16 in half 
cell compartment 14 is a venetian-blind style electrode 
comprising a spaced series of electrically intercon 
nected metal slats such that dispersed electrocoating 
material will pass freely through the spaces between the 
slatsv thereof. Liquid into which electrodepositable 
coating binder is to be recovered is introduced into 
half-cell compartment 14 between electrode 16 and 
separator 12 by introducing it through liquid inlet 21, 
valve 22, and connecting inlet 23. Pump 25 causes liq 
uid to be withdrawn from compartment 14 through 
electrode 16 and into liquid outlet 24 where it passes 
through pump 25 and a portion is recirculated to com 
partment 14 by way of inlet 23 and a portion is re 
moved through valve 26 and liquid outlet 27 therefrom. 
The rate of liquid flow through electrode 16 is made 
sufficiently high to prevent an insulating accumulation 
of electrodeposited material thereon by adjusting the 
rate of recirculation of liquid through outlet 24, pump 
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25 and inlet 23. Ordinarily this recirculating flow will . 
be much greater than the input and output flows 
through inlet 21 and outlet 27, respectively. Open 
tubes 17 and 18 set into the top of the cell in compart 
ment 13 and 14, respectively, serve to vent any gases 
generated during operation of the cell and to detect any 
substantial hydraulic pressure difference across the po 
rous separator '12. If these tubes are transparent, the 
pressure difference across the separator can be visually 
observed as a difference in the height of rise of liquid 
in the two tubes and corrective action to equalize those 
pressures by adjusting the setting of outlet valves 26 to 
affect the back pressure in half-cell compartment 14 or 
by adjusting the setting of a similar’outlet valve (not 
shown) in the outlet lines 20 to affect the back pressure 
in half-cell compartment 13. Automatic control could 
be provided by instrumented optical detection of the 
liquid levels in tubes 17 and 18 or by detection of those 
heights by providing suitable conventional electrical 
circuits to be closed or opened by virtue of the electri 
cal conductivity of the liquid dispersions as they re 
spectively rise to touch or fall to break contact with 
suitable electrical contacts exposed within those tubes. 
The signal from any such automatic pressure difference 
detector can be utilized to automatically actuate ad 
justment of outlet valves 26 and/or a similar outlet 
valve in-outlet lines -20 from compartment 13, if such 
valves are provided-with conventional solenoid or other 
actuators. Again, the electrode 16 is shown as an anode 
and electrode 15 as a cathode, renderring the cell suit 
able for recovery of anodic electrocoating binder from 
dispersion in the liquid introduced into half-cell com 
partment 13 by electrical migration through porous 
separator 12 into the liquid introduced into half-cell 
compartment 14; reversal of this polarity would render 
this cell suitable for correspondingly recovering ca 
thodic electrocoating binder. Direct current of the ap 
propriate polarity is supplied by connecting the elec 
trodes to a conventional external emf source. 
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8 
FIG. 3 is a cross-section elevation and FIG. 4 a cross 

section plan view ofa cell adapted for recovering elec 
trodepositable binder from a liquid dispersion thereof 
directly into an electrocoating bath liquid electrolyte 
dispersion in a cell where electrocoating of an object is 
proceeding simultaneously with the recovery of binder. 
The view of FIG. 3 corresponds to section BB’ of FIG. 
4 and the view of FIG. 4 corresponds to section AA’ 
FIG. 3. A liquid containing dispersed electrodepos 
itable coating binder is introduced intovhalf-cell com‘ 
partment 33 of cell ‘31 through liquid inlet 40. Half-cell 
compartment 33 is divided from the reminder of this 
cell, identified as half-cell compartment 34, by a verti 
cal cylindrical separator 32, a lower portion of which 
is non-selectively permeable to passage of dispersed 
electrocoating material. Compartment 33 also contains 
a solid electrode 35 approximately concentric with the 
separator 32. Half-cell compartment 34 is filled to a 
suitable level with a liquid electrolyte dispersion of an 
electrodepositable coating binder and workpiece elec 
trode 36 supported by a conventional supporting mem 
ber 41 and connected to an external source of direct 
current emf either through the supporting member 41 
or by separate attachment of an electrical lead is im 
mersed therein. The half-cell electrode 35 and optional 
additional counterelectrodes 42 are charged to oppo 
site polarity from electrode 36 by connection to the ex 
ternal emf source. The polarities indicated, namely, the 
workpiece electrode 36 as anode relative to the half 
cell electrode 35, and optional additional counterelec 
trodes 42, as cathode is suitable for use with anodic 
electrocoating compositions. It should be understood, 
however, that by reversing the polarity of the elec 
trodes, cathodic electrocoating compositions can be 
treated in the present invention. In‘ continuous opera 
tion, liquid in compartment 33 from which electrode 
positable coating binder has been recovered by electri 
cal migration from dispersion therein through the per 
meable portion of the separator 32 into the electro 
coating bath liquid electrolyte dispersion in half-cell 
compartment 34 by over?ow into the floating weir lo 
cated in the upper region of compartment 33. From the 
weir, liquid drains through vertically extensible liquid 
outlet 39. The overflow height of weir 37 is maintained 
equal to the liquid level of the contents of half-cell 
compartment 34 by attachment of the weir to ?otation 
devices 38, such as hollow metal spheres, which will 
float on the surface of the liquid in compartment 34, 
thereby insuring that substantial hydraulic pressure dif 
ference across the porous portion of the separator 32 
will not occur. Means conventional in the electrocoat 
ing art for replenishing, ?ltering, cooling, agitating to 
maintain uniformity and for moving workpieces into 
and out of the liquid dispersion in cell compartment 34 
would normally be provided, but are not shown. 
The freely andnon-selectively permeable separator 

which divides the cell into two half-cell compartments 
must be constructed of non-conductive material in 
order to avoid electrodeposition thereon. In one partic 
ularly simple and readily available form, the separator 
may comprise a woven screen or cloth of glass or plas~ 
tic thread of about 1 millimeter in diameter having ap 
ertures in the weave of about 0.2 to 0.4 millimeter. Sev 
eral such screens can be placed in series, either in 
contact with each other or spaced apart, to form the 
porous separator. In another form the separator may 
comprise a rigid plastic sheet perforated by a plurality 
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of holes of about 0.2 to 0.4 millimeters in diameter or 
a parallel series of such perforated rigid plastic sheets 
spaced slightly apart from each other. It is important 
that the perforations or apertures in the separator be 
sufficiently large so that the largest components of the 
electrocoating composition to be treated can pass 
freely therethrough. For typical electrocoating compo 
sitions, apertures of 0.2 millimeters will be adequately 
large, but the treatment of dispersions of many electro~ 
coating compositions, andv especially those containing 
no pigments, considerably smaller apertures will suf 
fice. Permeable separators having perforations or aper 
tures considerably larger than 0.2 millimeters, and even 
considerably larger than 0.4 millimeters, may be em 
ployed in the practice of the present invention so long 
as two conditions are satisfied. . 

The first condition is that the separator must substan 
tially arrest turbulent transmission of the liquid- con 
tents of either half-cell compartment through the sepa 
rator into the other half-cell compartment in the ab 
sence of substantial hydraulic pressure difference 
across the separator. For any given intensity of agita 
tion of liquid cell'contents, more layers and/or greater 
thickness must be provided in the separator structure 
if large apertures therein are adopted. Similarly, if liq 
uid cell contents are to be more intensely agitated, then 
either the maximum satisfactory aperture size will be 
reduced or the minimum satisfactory number of layers 
or thickness of the permeable separator will be in 
creased. The second condition to be met in considering 
the maximum size of apertures in the permeable sepa 
rator is that although the apertures must be large 
enough to freely pass the largest dispersed component 
of the electrocoating composition to be treated, none‘ 
theless, there must be sufficient resistance to flow 
therethrough to permit detection of hydrauylic pres 
sure difference across the separator in order that cor 
rective action may be taken to substantially eliminate 
that pressure difference and thereby to substantially 
prevent the hydraulic flow of liquid through the separa 
tor which would necessarily take place if such hydrau 
lic pressure difference were not otherwise relieved. The 
more sensitive is the pressure difference detecting 
means adopted, the smaller will be the required resis 
tance to hydraulic ?ow through the porous separator 
that is required to activate it. Where a batchwise opera 
tion or a closed loop recirculating operation is in 
volved, no such resistance to ?ow at all is required, 
since in such cases liquid ?ow through the barrier can 
be readily detected by directly observing the volumes 
of the respective liquids present in the system on oppo- I 
site sides of the separator. But in the more typical situa 
tions contemplated, that is continuous operation with 
continuous or intermittent additions and withdrawals ' 
of materials from the system, some means for detecting 
the occurrence of hydraulic flow through the separator 
by observing the hydraulic pressure difference which 
produces that ?ow will be required in order to relieve 
that pressure difference and eliminate the correspond 
ing liquid ?ow through the permeable separator. 

Suitable means for detecting hydraulic pressure dif 
ference across the porous separator include, in appro 
priate contexts, provision for over?ow ofv liquids from 
the two half-cell compartments at equal fixed heights 
or for the overflow of liquid from one half-cell com 
partment at a height automatically adjusted to equal 
the height of liquid in the other half-cell compartment 
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by ?otation thereon or otherwise, instrumented detec 
tion of the absolute or relative heights of liquid in the 
two half-cell compartments by means of optical de 
vices, mechanical flotation devices or by detection of 
the presence or absence of electrical conductivity as - 
the electrically conductive dispersions rise or fall re 
spectively through the level of the detection zone, but 
any other means for detecting hydraulic pressure dif 
ference across the separator or for detecting the liquid 
flow through the separator resulting from such hydrau 
lic pressure difference may be employed. Suitable 
means for preventing such liquid flow through the po 
rous separator as a result of hydraulic pressure differ 
ence across the porous separator include, in appropri 
ate contexts, manually controlled addition or with 
drawal of appropriate liquid dispersion in one or both 
half-cell compartments so as to reequalize the liquid 
levels therein, manual or automatic adjustment of inlet 
and/or outlet valves controlling the inflow and/or out 
?ow ofliquid dispersion from either or both ofthe half 
cell compartments so as to equalize the back pressure 
in the two half-cell compartments; or direct overflow 
removal of excess liquid dispersion from either or both 
of the half-cell compartments, where the over?ow lev 
els are either fixed or automatically adjusted so as to 
provide equal liquid heights in both half-cell compart 
ments as the appropriate liquid dispersion or disper 
sions are supplied to keep the corresponding liquid 
level or levels at the over?ow height. Other means for 
accomplishing the same function may of course may be 
employed. 
The intensity of liquid agitation required to prevent 

an insulating accumulation of electrodeposited mate 
rial on the electrode toward which electrodepositable 
material is electrically driven will. increase as the rate 
at which such electrodeposition would take place in the 
absence of agitation is increased. Thus, for any given 
compositions of the two liquid dispersions to be treated 
in a given cell, the intensity of agitation required to pre 
vent insulating accumulation of electrodeposited mate 
rial on the attracting electrode will increase as the elec 
trical potential difference between the two half-cell 
electrodes is increased, but will decrease as the temper 
ature in the immediate vicinity of the attracting elec 
trode is raised. A certain-amount of electrodeposition‘ 
on the attracting electrode typically occurs as the oper 
ation of a cell for the practice of the method of the 
present invention is commenced, but unless the net ac 
cumulation of such electrodepositable material is ter 
minated before such insulating accumulation has pro 
ceeded to the extent that it significantly increases the 
electrical resistance of that electrode, the process will 
become increasingly inef?cient. If the potential differ 
ence across the half-cell electrode is maintained inde? 
nitely, further net accumulation of electrodeposited 
binder upon the attracting electrode will ultimately ter 
minate even in the absence of liquid agitation, but only 
when the electrode resistance has substantially in 
creased to the point where the rate of deposition has 
been reduced to equal the rate of resolubilization and 
the current ?ow in the cell has been correspondingly 
reduced. Where the cell. is to be operated for recovery 
of electrodepositable coating binder directly into an 
electrocoating bath liquid electrolyte dispersion 
wherein electrocoating of workpiece electrodes is si 
multaneously proceeding, the accumulation of electro 
deposited material on the workpiece electrode ordi 
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narily does continue to a condition'of substantial, but 
nottotal electrical insulation thereof, but efficient con 
tinued operation of the cell is permitted by removal of 
such insulated workpiece electrodes and replacement 
thereof by fresh uninsulated workpiece electrodes. By 
an “insulating accumulation” of electrodeposited ma 
terial is meant a deposit which appreciably increase the 
effective resistance of the electrode upon which it is de 
posited. _ ' 

The magnitude of the direct current electrical poten 
tial difference to be impressed across the half-cell elec 
trodes can vary over a considerable range depending 
somewhat upon the composition-of the dispersions to 
be treated, the shape and distance of separation of the 
half-cell electrodes, the intensity of fluid agitation that 
is available,-the rate of gas production at the half-cell 
electrodes‘that can be tolerated, the temperature, and 
other factors. Generally, potential differences across 
the half~cell electrodes which will produce current flow 
in the cell in the ‘range from about 0.025 to aboutiLO 
amp/(decimeter)2 atthe surface. of the electrode to 
ward which dispersed electrodepositable coating 
binder is attracted will be found most satisfactory. At 
significantly lower current densitiesthe rate of recov 
cry of binder would ordinarily be regarded as undesir 
ably slow. At significantly higher'current densities the 
rate of heating of the liquid dispersion in the cell and 
the rate of gas evolution from the electrodes would or 
dinarily be regarded as presenting serious problems, 
but where efficient cooling means for the liquid cell 
contents are available and where a high rate of gas evo 
‘lution can be tolerated, then an electrical potential 
which will, produce current densities substantially 

, greater than 1.0 amp./(decimeter)2 may be used in the 
practice of the present invention. Where the process is 
being carried ' out by recovering electrodepositable 
binder directly into an electrocoating bath liquid elec 
trolyte dispersion by electrical attraction toward work 
piece electrodes being simultaneously electrocoated 
therefrom, the maximum‘tolerable current density will 
ordinarily be limited by the adverse effects'of'too high 
current density upon the quality of coating being elec 
trodeposited - upon those workpiece electrodes. Fur 
thermore, it is usually found that there isa threshold 
potential difference across the half-cell electrodes of a 
few volts magnitude, below which no recovery of elec 
trodepositable binders occurs and above which the rate 
of recovery of such binder increases continuously as 
the potential differences is increased. The polarity of 
increases potential difference is, of course, to be ‘se 
,lected according to'the type of electrodepositable coat 
ing binder to be recovered, the attracting electrode 
being positively charged for recovery of anodic electro 

- coating binders and negatively charged for recovery of 
cathodic electrocoating binders. 
The shell or body of the cell should be constructed 

of non-conductive material, such as rigid plastic, vulca 
nized rubber, glass or ceramic. It may also be con 
structed of metal if a non-conductive lining of plastic, 
paint or other electrically insulating material is pro 
vided. Use of a non-conductive material of construc 
tion for the body of the cell is important for otherwise 
binder may electrodeposit in substantial quantities 
upon the inner surface of the cell body and the electri 
cal migration of dispersed binder will be correspond 
ingly shortcircuited. 
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The'process of this invention may be used with liquid 
dispersion containing electrodepositable coating 
binder of any composition so long as it will migrate in 
the liquid dispersion in response to an electrical poten 
tial gradient impressed therein. A great many such 
electrodepositable coating binders are known in the 
electrocoating art. Typical of binders suitable for depo 
sition upon an anode is a maleinized linseed oil resin 
containing ionizable carboxylic acid groups. Typical of 
binders suitable for electrodeposition upon a cathode 
is an organic polymer containing tertiary amine groups, 
ionizable to form quaternary ammonium' groups. Usu 
ally such electrodepositable coating binders are dis 
persed in water, but other suitable liquid dispersing 
media can be used, and usually also an ionizing solubi 
lizer is included to obtain and stabilize dispersion, in 
cluding solution, of a greater- concentration of binder 
than would otherwise be possible. Many such solubiliz 
ers are well-known in the electrocoating art. Water sol 
uble hydroxy amines are typical of ionizing solubilizers 
used with anodic depositing electrocoa'tingresins and 
soluble acids such lactic acid are typical of ionizing sol 
ubilizers used with cathodic depositing electrocoating 
resins. Such soluble ionizing solubilizers, if present in 
the dispersions used in the process of the present inven 
tion, will migrate in the opposite direction from the dis 
persed electrodepositable binder in response to the 
electric field produced by charging the electrodes. Pig 
ments, extenders, fillers, curing agents,fungicides, lev 
eling agents, etc., which comprise part of an electro 
coating composition intended to be deposited with the 
binder during electrocoating will also tend to be recov 
ered together with the electrodepositable coating 
binder in the process of the present invention. While it 
would be possible to operate this process so as to re 
cover electrodepositable material from a more concen 
trated liquid dispersion thereof into a less concentrated 
dispersion liquid dispersion, this process will find its 
chief utility in recovering such material from dilute dis 
persion into concentrated dispersion, and most particu 
larly in recovering electrodepositable coating binders 
from dilute rinse effluent from an electrocoating opera 
tion in to a portion of the electrocoating bath liquid 
elecyrolyte dispersion. ' 

EXAMPLE 
A closed electrolytic cell of the general type shown 

in FIG. 2 was constructed of polymethylmethacrylate 
sheets using neoprene gaskets to seal the joints. The 
anode consisted of seven stainless steel plates 4 inches 
X 1 inch spaced about 5% inch part in a tilted venetian 
blind arrangement and located in a 3 inches X 4 inches 
anode compartment approximately l ‘k inches thick, 
and having a total volume of 300 cc. The cathode con 
sisted of 10 grams of stainless steel wool mat con?ned 
between two stainless steel screens 3 % inches X2 Va 
inches spaced ‘if; inch apart and located in a cathode 
compartment which tapered from 3 inches X 4 inches 
in cross-section to 2 1A inches X 3 a in cross-section 
from the face of the porous separator to the face of the 
cathode. The opposite face of the cathode opened into 
a liquid collection region about 2 54; inches X 3 Vi 
inches in cross-section by % inch thick. The cell was di 
vided into anode compartment and cathode compart 
ment by a porous separator consisting of 8 layers of 20 
mesh per inch polypropylene screen and three layers 
80 mesh per inch cotton gauze. The combined total 
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volume of cathode compartment and cathode collec 
tion region was approximately 100 cc. The cathode 
anode separation was approximately 1 116 inches. Inlet, 
outlet, and vent tube connections were provided for 
each half-cell as shown in FIG. 2. 
A 20 percent resin solids solution was prepared from 

a phenolic modified maleinized linseed oil electrode~ 
posi-table resin of the sort described in Examplel of my 
U.S. Pat. No. 3,230,162, incorporated herein by refer 
ence, having the following composition: 

Resin 600. grams 
Triethylaminc 7.5 grams 
Diisopropanolamine 128. grams 
Butyl glycol 60. grams 
Deionized water 2204.5 grams 

This solution had a p_I-I_of 8.0 and a resistivity of ' 
325 ohm cm. A portion of this solution was diluted with 
deionized water to 8.9 percent resin solids to form the 
concentrated dispersion to be supplied to the anode 
compartment. Another portion the 20 percent resin so 
lution wasdiluted to 1.06 percent resin solids for sup 
ply to the cathode compartment. A total of 1200 cc. of 
the dilute (1.06 percent) dispersion were placed in a 
reservoir connected by plastic tubing through a pump 
to the inlet of the cathode compartment and plastic 
tubing was connected from the cathode compartment 
‘outlet back to this reservoir. Similarly, 1290 cc. of the 
concentrated (8.9 percent) dispersion was placed in a 
reservoir connected by plastic tubing through a pump 
to the inlet of the anode compartment of the cell and 
plastic tubing was connected from the outlet of the 
‘anode compartment back to this reservoir. A coil of 
copper tubing through which cooling water was circu 
lated was immersed in the liquid in this anode reservoir. 
The pumps were adjusted to circulate 100 cc. per min 
ute of the dilute dispersion through the cathode com 
partment and 1100 cc‘. per minute of the concentrated 
vdispersion through the anode compartment. The elec~ 
trodes were connected to a conventional direct current 
source of 400 volts and the cell was run for 47 minutes 
to stabilize its operation. The current flow was initially 
about 0.4 amps, but after about 7 minutes stabilized at 

I approximately 1.0 amps, the decrease in the resistance 
indicating that some intermixing of the two dispersions 
had occurred while the cell was initially being filled. A 
light deposit was observed to form on the anode plates, 
but this deposit did not continue to build up with time. 
After 47 minutes operation the dispersion circulating 
through the cathode compartment was analyzed to 
contain 1.8 percent resin solids and the dispersion cir 
culating through the anode compartment was analyzed 
to contain 7.0 percent resin solids. At this time a new 
cathode reservoir containing 560 cc. of the dilute (1.06 
percent) dispersion was connected to the cell, replac 
ing the orginal cathode reservoir, without interrupting 
the circulation of dilute dispersion to the cathode com-_ 
partment or the current ?ow in the cell, which contin 
ued at approximately 1 amp. After another 20 minutes 
of operation, the dilute dispersion circulating through 
the cathode compartment was found to contain only 
0.6 percent resin solids and the cathode resservoir and 
its fluid contents were again replaced-with a new reser 
voir containing 500 cc. of, the dilute (1.06 percent) 
resin dispersion. Operation continued for another 20 
minutes with approximately 1 amp current ?owing in 
the cell. At this time both the cathode and anode reser 
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voirs containing the dilute and concentrated disper 
sions of resin solids respectively were disconnected 
from the cell and the flow of current was terminated. 
The liquid in the cathode reservoir was analyzed to 
contain 0.3 percent resin solids and that in the anode 
reservoir 6.8 percent solids. Assuming that the contents 
of the small half-cell compartments in this experiment 
were of the same concentration as the dispersions in 
the corresponding reservoirs being circulated through 
those compartments at any given time, a cumulative 
total of 7.5 grams of resin solids was found to have been 
transferred out of the two portions of the dilute (1.06 
percent) dispersion circulated through the cathode 
chamber during the final two twenty minutes periods of 
operation. During the same time, a cummulative total 
of 15 cc. of total liquid volume was transferred from 
the dilute dispersions circulated through the cathode 
compartment into the concentrated dispersion circu 
lated through the anode compartment. The final analy 
sis of the dispersion which had been circulated through 
the anode compartment showed 6.8 percent resin 
solids, with only a 15 cc. increase in total volume. 
While the direct analyses do not appear to positively 
show that the 7.5 grams of resin solids transferred out 
of the dilute dispersions circulated through the cathode 
compartment were transferred into dispersion in the 
concentrated solution which was circulated through 
the anode compartment, nonetheless this must have oc 
cured since no additional deposit on the anode was ob 
served nor was any separation of solids from any of the 
solutions noted. More importantly, no significant de 
crease in the‘ current flow in the cell had occurred, 
thereby negating any possibility that more than a trivial 
portion of the 7.5 gram of resin solids transferred out 
of the solution circulated through the cathode com 
partment had electrodeposited upon the anode. The 
lack of direct detection of the transferred resin solids 
in the anode compartment liquid dispersion is within 
the expected error limit of those determinations, which 
were made by evaporation to constant weight of 30 cc. 
aliquots in a 350° F. oven. Back pressure in the two 
half-cell compartments was equalized by equalizing the 
height of liquid rise in the two vent tubes by adjusting 
the discharge height of the flexible plastic outlet tubes 
from the respective half-cell compartment. 
What is claimed is: ‘ - 

1. In a process for recovering electrodepositable 
coating binder from a dilute liquid dispersion thereof 
utilzing an electrolytic cell apparatus divided into two 
half-cell compartments, each containing a half-cell 
electrode, by a separator which is electrically non 
conductive, freely and non-selectively permeable 
through at least a portion of its area to liquid disper 
sions containing electrodepositable coating binder, and 
effective for arresting turbulent transmission of liquid 
contents of either of the half-cell compartments to the 
other of the half-cell compartments in the substantial 
absence of hydraulic pressure difference across the 
permeable portion of the separator while permitting 
hydraulic and electrical communication of respective 
liquid contents of the two half-cell compartment 
through the separator, the improvement which com 
prises:- ' 

a. supplying to one of the half-cell compartments, to 
make contact with the half-cell electrode thereof 
and with the permeable portion of the separator, 
the dilute liquid dispersion of electrodepositable 
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coating binder from which binder is to be recov 
ered; 

b. supplying to the other of the half-cell compart 
ments; to make contact with the half-cell electrode 
thereof and with the permeable portion of the sepa 
rator, a concentrated liquid dispersion containing 
dispersed electrodepositable coating binder of sub 

, stantially the same composition as the binder to be 
recovered and at a concentration greater than the 
binder concentration in the dilute liquid dispersion; 

c. establishing substantially hydraulic pressure equil 
brium between the dilute and concentrated disper 
sions in the respective half-cell compartments 
where those dispersions communicate through the 
separator to substantially prevent hydraulic flow 
through the separator; and 

d. impressing upon the half-cell electrodes in the re 
spective half-‘cell compartments, from an external 
emf source, an electrical potential difference of po 
larity and magnitude effective to drive electrode 
positable coating binder from the dilute liquidldis 
persion through the separator into the concen 
trated liquid dispersion, thereby depleting the di 
luteliquid dispersion in electrodepositable coating 
binder. 

2. The process of claim 1 wherein the dilute and con 
centrated liquid dispersions of electrodepositable coat 
ing binder to be treated are continuously supplied to 
and corresponding depleted dilute dispersion and en 
riched concentrated dispersion produced thereby are 
continuously withdrawn from the respective half-cell 
compartments‘. 

3. The process of claim 2 wherein the dilute liquid 
dispersion of electrodepositable coating binder is ob 
tained from rinsing freshly electrocoated objects. 

v4. The process of claim 3 wherein the concentrated 
liquid dispersion comprises a portion of the liquid elec 
trolyte contents of an electrodeposition cell for electro 
coating articles. I 

5. The process of claim 4 wherein the half-cell com 
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the electrodepositable coating binder on a removable 
object comprising the half-cell electrode thereof. 

6. The process of claim 5 wherein the half-cell com 
partment to which the concentrated liquid dispersion is 
supplied additionally contains a counter electrode in 
contact with the concentrated liquid dispersion sup 
plied thereto and charged from an external emf source 
to an electrical potential, relative to that impressed 
upon the half-cell electrodes, such that electrodepos 
itable coating binder is repelled from the counter elec 
trode toward the half-cell electrode of the half-cell 
compartment to which the concentrated liquid disper 
sion is supplied. 

7. The process of claim 2 wherein the dilute and con 
centrated liquid dispersions of electrodepositable coat 
ing binder also each contain ionizing solubilizer for that 
binder. 

8. The process of claim 7 wherein the ionizing solubi 
lizer in the concentrated liquid dispersion is driven by 
the electrical potential difference impressed upon the 
half-cell electrodes from the concentrated liquid dis 
persion through the separator into the dilute liquid dis 
persion, thereby depleting the concentrated liquid dis 
persion and enriching the dilute liquid dispersion in the 
ionizing solubilizer. 

9. The process of claim 1 wherein an insulating accu 
mulation of electrodeposited product of the electrode 
positable coating binder upon the half-cell electrode of 
the half-cell compartment to which the concentrated 
liquid dispersion is supplied is substantially prevented 
and the coating binder -is substantially retained in dis 
persed and electrodepositable condition in the en 
riched concentrated dispersion thereby produced. 

10. The process of claim 9_ wherein an insulating ac 
cumulation of electrodeposited product of the electro 
depositable coating binder upon the half-cell electrode 
of the half-cell compartment to which the concentrated 
liquid dispersion is supplied is substantially prevented 
by inducing vigorous relative motion between the con 
centrated liquid dispersion in that half-cell compart 
ment and the half-cell electrode thereof. 

* * * * * 


