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METHOD FOR APPLYI NG AUTODEPOSI TI ON COATI NG BACKGROUND 1.0 Fi el d of TR.cOPY

| nventi on: Thiis invention yrelates to processes for applying an 660%33-3 -
aut odeposi ti ng conpositiomin—the—form of a resinous coating on nmetallic

surfaces. More speci fpGa hi |nvent|on ref at r.gcesses_of .
applyi ng an aut odep05| hgeyHaStB ﬁB by a flj '%EE?A%&?HEETSy ofSG he
conposi tion onto netal 2 0 Discus sébtidRel A Art.

Aut odeposition is a pr an agueous r{;lb S cogg """ @nﬁ‘?@g‘i’trgn
ou

of | ow solids concent rat i on (usual ly less than 0%”599% hio)paperdd’.a
coating of high solids concentration (usually W(%)H@ﬁgmd tﬂ:%&i’3l$

wei ght) on a | Abs"a"f " : paged MO, o paged ...r..
METHOD_FOR APPLYING AUTODEPOSITION COATING
1.0 Field of The Invention:

This invention relates to' processes for applying an

5 autodepositing composition in the form of a resinous coating on
metallic surfaces. More specifically, this invention relatas to
processes of applying an autodepositing composition by a flowing

stream or spray of the composition onto metallic surraces.

2.0 Discussion of Related Art:

10 Autodeposition is a process whereby an aqueous resinous
coatinq composition of low solids concentration (ﬁsually less
than about 0% by we;ght) forms a coating of high solids
concentration (usually greater than about 10% by weight) on a
metallic surface. The surface_ is immersed in an autodeposition

3;5_ bath with the coating increasing in thicknass an&/ar welight tha
longer the time the métallic 'sur_:face is immersed in the

composition. _
Autodeposition is. sinilar to electrodeposition, but
doas not raquire the aid of external el:ectrical current to cause

20 the resin particles to deposit on the metal surface. In general,

| autodepositing compositions are agqueous acid solutions having
solid resin particles dispersed therein. . _

The autodeposition procass is= typically carried out in

the following manner. The metallic surface is precleaned and '

28 rinsed with water. The precleaned surface is then immersed in



metal lic surface. The surface is i mersed in an autodeposition bath with
the coating increasing in thickness and/or weight the |onger the tine the
netialdic surface is imgrsed in the conpositiog. Autodep05|t|on is simlar
to el ectrodeposition, but. does not require the aid of external electrical
current to cause the resin particles to deposit on the nmetal surface. In
general ‘aut odeposi ting conpositions are aqueous acid solutions having

l'id ' ticles d T t
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in
composition is typically agitated durmq the autodeposition

process and may be heated if heavier coatings are desired.

5 The px-'oé.ess of autodeposition by immersing the metallic
surface iﬁ the autodepositioﬁ bﬁth, while cqpmarqially viable,
is lesg than desirable for coating objects where only a portion
of the surface is to be coated, such as in the production of
shock absorbers. Those surfaces which are not to be coated must

10 be masked during autodeposition and the mask removed after the
. objact has eomarged from the bat.h. This procedure iz time
consuming and adds significantly to the cost of the

autodeposition process.
It would, therefore, be desirable to provide a method
i5 of applying an autodeposition coating to a metallic surface, or
portion thereof, without immersing the obj ect to ba coated in a

bath.

3.0 Brief Summary Of The Invention:
The present invention is generally directed to a
20 process of forming a resinous coating on a substrate having a
metallic surface using an autodepositing composition. Unlike

prior methods which have immersed the metallic substrate in a
stagnant bath comprised of the autodepositing composition, the

present invention performs the coating operation without
25 immersing the metallic surface in an autodeposition bath.
Instead, the metallic surface is contacted with a motile source

of thae autodepogsiting composition such as a stream or spray to
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t he autodepositing conposition for a period of tinme within the range o
about 30 seconds or |less to about 3 m nutes. The conposition is typically *
agitated during the autodeposition process and may beheated if heavier
coatings are desired. The process of autodeposition by imersing the

metallic surface in the autodepositi.on bathg3while commercially viable, is

| ess than desirable for coating objects where only a portion of the surface

is to be coated, such as in the production of shock absorbers, Those

surfaces whi phovidenfer ta qantdonous aeating of Sbe) reginays e itiThe
th k i :

o cetur o SpFeRent. invantion is particilariy sdited’ €6 tHE 23tSaepoditing

of a coating on objects whose surfaces are only to be partially

coated.

| The following dravings are for illustrative purposes
| only.and are not intended to limit the invention as encompassed
by the claims forming part of the application.

Fiéure 1 is a schematic view of apparatus used in
10 accor&ance with the present. invention to a:Lpp1y a continuous
stream of an autodepositing compositiori on a metallic surface

using a single conduit; |
Figures 2 is a pérspective view of an exit port of
another embodiment of the invention for generating a continuous
15 stream of an autodepositing composition using a single conduit;
Figures 3A~3D are respective perspective views of
apparatus used in accordance with the presént invention to apply
an intermittent stream of an autedepositing compositiozi on a

metallic surface:

20 Figure 4 is a schematic view of apparatus having

_ mltiple conduii:s used in accdi-dance with the present invention

to apply a stream of an autodepositing compo'sition on one or more
metallic surfaces; and

Figure § is a schematic view of apparatus used in

25 accordance with the present invention te apply a spray of an

autodepositing composition on a metallic surfaca.
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consumng and adds significantly to the cost of the autodeposition
process. It would, therefore, be desirable to provide a nethod of applying , *
an, aut odeposi tion coating—to a nmetallic surface, or portion thereof,

wi t hout inmmersing the object to be coated inga bath.- 3.0 Brief Summary O
ThezI nvention: The present invention is geneﬂally directed to a process of
forming a resinous coating on a substrate having a metallic surface using

an aut odepositing conp05|t|on U I|ke or or nethod whi ch have i mer sed

the netallic BuBstRetalle : A #QR% t he aut odeposi ting

composition, the pr esen&@i’r%] o%pog‘iﬁig{lgs whirl:?l £82h' it epclivdla WbhOoHys

of the type that can bhe employed in the present invention

generally comprise resin-containing acidic aqueous compositions.
5 Such cempositions attack and dissolve metal ions from a metallic
surface in an amount sufficient to direc’tly or indirectly cause
resin particles in the region of the metallic surface to deposit
thereoﬁ in a continuous fashion. The process is conducted in a
manner such that the amount of resin deposited on ﬁhe- surface
10 increases as the time the surface is: in contact with the
composition increéses. This deposition of the resin on the
metaili.c surface is achieved through chemical action of the |
coating composition on the mnetallic surface. The use of
electricity which is necessary for the operation of
15 electroccating methods is not regquired.

In accordance with the present invention an
autodeposited coating is obtained by treating a metallic surface
with a motile source of an autodepositing compositidn. As used
herein a "motile source of an autodepositing composition" shall

20 mean a stream, spray or other moving source of an autodepositing
composition as compared to a stagnant bath where the metallic
aurface is immersed within a bath contained within a fixed space.

The autodeﬁositing composition is applied hy placing
the motile source of the canposition,:gypioally-in the form of

25 a continuous or intermittent stream or spray, in contact with a
mgtallic surtac:e which itself wmay be in motion or fixed. Tha
autodepositing composition is directed at the metallic surface

"in a mamner and in an amount sufricient to cover the entire
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i mer si ng the rretal lic surface in an autodeposition-bath. Instead, the
metallic surface is contacted with a notile source of the autodepositing *
CO[T‘pOSI tion such as a streamor spray to 3 provide for a continuous
coating of the resinous material. The present<invention is particularly
suifed to the autodepositing of a coating on%bj ects whose surfaces are
only to be partially coated. 4.0 Brief Description of The Dr awi ngs: The
follow ng drawings are for ill ustrative purposes ---
surface or only a desired portton of the metallic surface by
fominq a film thereon havmg a desired thickness.
Referrmg to Figura 1, t:here is shown an embodiment of
the invention where the autodepositmg composxtn.on is applied as
5 a cont.inuous strean along a netall.ic surface.
An autodepos:lting composition as describg_d.' hereinafter
is stored as an autodepositing bath. ‘2 in a vessel 4 made of a
material such as p_lastié (e.g. polyvinylchloride) ¢ rubber (e.q. |
Triflex made by B.F. Goodrich company) or any other inert
10 material which is i.nert with respact to the autodepositing
composition. Altcrnat:.vely, the veasel may be lined with a
. suitable inert material such as a rubber liner made of Triflex.
The object to be coated, typic#].:l.y a panel 6 having a metallic
surface 8, is positioned so as to be impinged by a stream 10 of
15 the autodepositing composition,
| The stream 10 is formed by passing the autodepositing
composition from the bath 2 through a =conduit‘_12 by the pressure
generated by a pump 14.. The autodepositi_ng conposition proceeds
through the conduit 16 and is evacuated oﬁt .of. an exit pc;rt 18.
20 The exit port 18 may be made of any material whiqh is inert to
the autodepositing composition .i.ncllixding PVC, rubber and the
.like. The thickness of the coating will depend principally on
the flow rate of the autodepositing composition, the length of
exposure to the autodépositinq composition, ahd whether the flow
25 is continuous or intermittent, as explained hereinafter.
| In general, the flow rate of the autodepositing

composition iec based on the ability of the composition ta wat a

designated area. The 1aigez the area to be ccated, the greater
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ng part of the application. Figure 1 is a schematic view of

ed in accordance with the present invention to apply a
tream of an aut odepositing conpog%tion-on a netallic surface
|l e conduit; Figures 2 is a perspective view of an exit port of
di ment of the invention for generating a contjnuous stream of

Eher 236H, B85r. 88 Rag uf FedHRd T M ton, 1R raffed g tn
BheCBahfe 8P abdift ;@tgﬂj W&ﬁnw%sam,@éﬂnpeu&aﬁsm's Y ou?
to 10 ml/cm?.

The flow rate of the autodepositing composition must
be sufficiént to cover the designated area with a sufficient
amount of the composition so that a layer of resin particlés can
form and build up over the time of exposure to the composition.
The flow rate is, tharefore, sslected on the basis of a unit area

per unit of time.

The thickness of the coating is also dependent on the

) 1enqth ©of the coating cycle. The thicknesa of the coating will

15

20

generally vary directly with the length of time of deposition.
The longer the- panel is exposed to the autodepositing
composition, the greater the thickness of the resulting coating.
If a greater amount of the autodepositing composition is applied
to the panel, a greater amount of the resin particles will be
available to form the coating. Conversely, reducing the length
of exposure to the autodepositing coaﬁimg will result in a
relatively thinner coat being formed on the panel. In accérdance
w.i'l:h the present invention, a 0.3 mil thick coating can be

obtained in about one second of exposure at a flow rate within

the range of 5 ml/cm? to 10 ml/cm?.

25

The thickness of the autodepoéiting céating is also
dependent on whether the coating is applied continuously or
intermittently. .It has been found that thicker coats can be
obtained when the autodepositing composition is appliéd
intermittently.
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Fi. gure 4 is a schematic view of apparatus having multiple conduits used in
accordance with the present invention to apply a stream of an

aut-odeposi ting conposition on one or nore netallic surfEicSheet HisdBebrd

is a schematic view of afpparatus used in accordance with uﬂﬂHm Qﬁlt
ic

surf ace. 4 5.0 Detailed Description of the Invention: atl

conposi tions which form aut odeposited coati ngs

i nvention to appl y a spray of an autodepositifg conposit
The term "intermittent® as used herein shall mean that

the spacings between the flows of the composition shall be long
enough so0 that the composition contacting the panel has
sufficient t‘iﬁé to adhere to the surface of the panel, yet is
5 short enough so that composition does not dry. .If drying does
occur prior to completion of the autodepositing process, the
subsequent flows of the composition will not be able to dissolve
the metallic surface bacause the liquid composition will not be
abla to penetrate the dried resin layer. On tha other hand, if
10  the composition is applied continuously to an uncoated panel, an
initial layer .of the reain layer is deposited. However, it is
difficult for a buildup of the resin particles to occur under a
continuous flow because the underlying layer can not interact
with the metal surface before being washed off by tile

15 autodeposilting. composition.
| The length of timé it takes to deposit a coatiné of the
composition in turn is dependent on the flow rate, the type of
flow, and the temperature of the autodepositing composition.
Deposition of the autodepositing éomposition depends c;n the
200 removal of metallic jons from the ‘metallic surface and the
depoéit of vresin particles thereon. In autodepositing
- colipositions containing an etching agent, such as hydrogen
fluoride, the rate of the removal "of metallic ijons varies
directly with the temperature of the autodepositing composition.
25 ‘The higher the temperature of the composition, the greater is the
rata of removal of metallic-ions and the greatar is the rate of
. deposit of resin particles on the metallic surface, It has been

found that the temperature of the autodepoaiting composition
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of the type that can be enployed I n the present invention generally
conpri.se resin-containing aC|d|c agueous conpositions. Such conpositions

attack and dissol ve ﬁ?lﬁi ed metal lic surface in an anount
K. : |
the nmetallic surface [I eon in & continuous fashion. The

sufficient to direct

process is conducted in a manner such that the anount of

“ the surface increases as the tinme trlie’lsurface i's tn cont act W|th

conposi ti on shRukddesa typimlglm

Sheorapge ekstrom A n%t%l#q oe°c

The motal |1 CEaT ARt aEadp Eii‘nsfa@ﬁda%ﬂe?ﬁyt “m#%a#ﬂﬂéf"ﬁ?aé #ﬁb%&

the operati on 2£jcel ect rocoatl ng methods is_not required..

10

15

20

25

Thicker coatinqs. are best achieved by intermittent
flows of the autodepositing composition. The short gaps in the
flow to the panel can be generated by delivering the flow from

a single source such as shown in Figure 1 in a series of short

pulses which typically last for less than one second. It is
preferred, _h.owever, ta generate an -intermittent flow of the
autodepositing composition through a modified exit port 18 having
a plurality of spaced apart _opar_xings. -In order to  best
understand the operation of both .continucus and intermittent
flow, reference is. again made to Figure 1 where it will be seen
that the conduit 16 provides a continuous flow of the
autodepositing composition out of the exit port 18.
The conduit is stationary vhile the panel is moved in
a conventional manner transverse to the stream in the direction
of the arrow. The speed at which the panel is moved will
determine the amount of the autodepositing composition‘ which
contacts a given area of the panel and the length of exposure
vhich in turn determines the thickness of the coating.
- Movement of the pénel can be accomplished by securing
the panel to a frame which itself is positioned on a track and
moving the frame along the track at a desired speed. Methods and

devices for moving the panel are well known and do not materially

‘contribute to the present invention.

Anothar amhodiment for ganerating a continuous flow is

_showri with reference to Figures 1 and 2. Figure 2 shows a

cause resin particles in the region of

resin deposited on



In accordance with the present invention an autodeposited coating is *
‘obtained by treating a netallic surface with a notile source of an

.dut odepositing conmposition. As used herein a "notile source of an

aut odepositing conposition” shall nean a stigam spray or other noving
source of an autodepositing conposition as npared to a stagnant bath
where the nmetallic surface is imersed within a bath contained within a

fixed spacemoliifiag adlropbit L8 ARFFIRY ta @mgaeaémbngdtba 81 Pei 70 tHough

motile source of the conposition, typically in the formof a contlnuous or

i nter m t t entwhitiche aMeoautpiapositimy iomositiions cohtabtisCthar pasel V6| Clrhe
itself may be in notion or fixed. The autodepositing conposition is

directed at )it 3@t providesrd zoatinueusstinin cmnta:m alﬂ the amtoddositainig t o
cover the erv::-.t:;mrpecsiﬂon which is transversed by t:he panel 6. The thickness
5 of the curtain is adjustable by changinq the width of the slit.
Intermittent flows of the autodepositing composition
are preferred for producing relat:.vely thick coatings.
Preferably, the :.nternittent fl.ows are generatad by a modified
exit port having a plurality of spaced—apart openings. The
10 autodeposition composition flows through each opening as a
separate stream. The size of the .épaninge and the distahce
- between ‘each opening are selected to insure that the resin'
particles of each stream will aﬁharg to the metallic surxface to
build up the coating. o
15 The siza of the openings is typically at least 0.1 cm
depending on the application. The maximim size of the opening
is govarnaed by the length of the exit port and the need to
maintain the holes in spaced apart relatiﬁnship. * The d:':stance
between each opeﬁing is up td ébbut 300 cm, preferably about one

20 to 15 cm.

Referring to I-'i.gure.s 3A=-3D, there are shﬁwn several
embodiments of exit ports with spaced épart openings adapted to
generate an intermittent flow of the autodepositing composition.
In Figure 3A, the conduit 16 feeds the autodepos.iting conmposition

25 into a distribution conduit 40 which runs perpendicular to the

| conduit 16. Extending from the conduit 40 are a plurality of

spaced apart openings 42 through 'whiéh the autodepositing
aomposition. is injected into the path of the panel.
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5 surface or only a desired portion of the netallic surface by formng a
fil mthereon having a desired thickness. Referring to Figure 1, there is
shown an enbodi nent of the invention mherékkre aut odeposi ti ng conposition
is applied as a continuous stream al ong a allic surface. An

aut odeposi ting conposition as described hereinafter is stored as an
autodep05|t|ng bath 2-in a vessel 4 nmade of "a material such as plastic
(e.g. polyvinylchlori ngureubbeahéesgan&n&temndhmBo! theodmivention

Oonrpany) o hi\nt):{n;t r;e rci.lrrc]:irltat distribution condui.t 44 with a plurality of
spaced apart openinqs'45 ‘arranged in a semicircular pattern.
Figure 3C shows still anothexr embodiment of the invention

5 employing an irregular shape.d conduit 48 having a pluraiity of
spaced apart openings 50. '

Figure 3D shows an embodiment of an exit port having

a series of uniform spaced apart openings 54 arranged in a single

TOW. The length of the distribution conduit 52 may bde

10 approximately 6 feet long with each of the 14 openings measuring
2" x 4%, The distance between each opening is approximately one
inch. The conduit 16 may be coﬁpriséd of a bifurcated pathway
56a, B6b to assist in delivering the autodepositing composition
to the entire distribution conduit 52.

15 ' The distance between the exit port 18 and the metallic
surface 8 of the panel 6 is seloctad based on the strength of the
wat f£ilm tormed on the surface. A continuous layar of the
autodepositing composition is requiréd to properly coat the panel
6. In this regard, the force of the autodepositing compositien

20 as it contacts the metallic surface must be less than the level
of force which will rupture, scrape, undercut or otherwise damage
the autodeposited layer. Depending on the application, the

" distance between the exit port 18 and the metallic surface 8 is
typically in the range of about close to 0 cm to 300 onm,

25  preferably from about one ¢i to 15 cm. The distance selected
within the desired range will depend at least in part on the size
of the area to be coated, For a givén shaped exit port 18, the
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material which is inert with respect to the autodepositing conposition.
Alternatively, the vessel may be lined with a suitable i'nert material such
as a rubber liner made of Triflex. The Obtﬁ t to be coated, typically a
panel 6 having a netallic surface 8, is p ioned so as to be inpinged by
a stream 10 of the autodepositing conposition. The stream 10 is forned by
passSi ng the aut odepositing conposition fromthe bath 2 through a conduit 12

E%EZEqEr?ﬁfﬁEéﬁe“E&i‘%ﬁd Y Rt TR 16 afaf, 208 "R NNdE COT drciter
;BEOSELESP?T#E§- ﬁ%%éeﬁﬁon |ncFu§8 terl?tbﬁQchnéstkgéﬁ;kg? %22 S
thickness of the coat 'ﬁ%%f&c&%p%dtﬁé' ﬁfbﬁéh{:}’iﬁ@ention may be modified
to provide multiple conduits for delivery of the autodepositing
5 composition to multiple panels. Referring to Figure 4, there is
shown an embodiment_of_phe inventién emplpying two conduits 16a
and 16b For delivering the autodepositing composition to
garrespondin§ panels 6a and 6b or to cover a qreatef area than
possible using a single conduit. The distance bestwean the panels
10 | is sufficient so as to insure that the strean from. exlt port 18a
contacts only panel 6a and the stream from efx:.t. port 3.ab contaocts
only the panel 6b. It will be undérsﬁood that multiple conduits
can be used in accordance with the present inventior; to provide
a continuous or intermittent flow of the autodepositing
15 composition to the metallic surface of ét'xe. object to be coated
in the same manner described above in connection with the
embodiments of Figures 1-3.
In another embodiment of the invention, the exit port
can be a nozzle which is adapted to eject an at.om.zed flow
20 containing discreet and fine droplets of the autodepositing
composition. Referring to Figure 5, the atpmized flow or spray
is generated by passing the autodepositinq'composition through
) the conduit 16 and out the small openings within the nozzle 20.
The nozzle employed in the presant invention may ba
25 selected from known devices used in the spray paint, perfume or
other industries where fine spfaya are deaired. The nozzle 20
nmust be capable of delivering a sufficient amount of the

composition to coat the metallic surface, but not encugh =so that
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the flow rate of theé 'autodepositing conposition, the | ength of exposure to
t he autodepositing conposition, and whether the flow is continuous or *
intermttent, as explained hereinafter. In general, the flowrate of the
aut odeposi ting conpositi-on is based on the ability of ‘the conposition to
wet a designated area. The |arger the areél be coated, the greater 6
the flowrate that nay be required. Typical flowrates are in the range of
about .001 [err] to 100 [err], preferably 5 [err] to 10 [err].

dripping begins to form on the surface. The nozzle 20 should
.-preferably deliver enough of the composition from a distance of
about 6" to 12" to form a 0.3 mil coating on the surface during

about one second of spray time. o
5 . The type of autodepositing compositions which may be
used in the present inventien are unlimited. ‘The basic
constituents of an autodepositinq'composition are water, resin
solids dispersed in the aqueous medium of ‘the composition and
activator. The activator serves to convert the water/reain
10 composition ‘into one which will form on a metallic surface a
resinous coating which increases in thickness or weight the
longer the surface is in contact with the composition. Various
types of activators or activating systems are known, for exawple,
as reported in U.S. Patent Nos. 3,592,699; 3,709,743; 4,103,049}
15 4,347,172; and 4,373,050, the disclosures of which ave

 incorporated herein by reference. |

The activating system generally comprises an
acid/oxidizing system, for example: hydrogen peroxide and HF:
HNO,;: and a ferric-containing compound and HF: and other éoluhle
20 metal-containing compounds (for example, silver fluoride, ferrous
' oxide, cupric sulfate, cobaltous nitrate, silver acetate, ferrous
- bﬁbaphata, chromium f£luoride, ocadmium fluoride, stannous
fluoride, lead dioxide, and silvexr nitrate in an amount between
about 0.025 and about 50 g/1) and an acld that can be used alone
25  or in combination with hydrofluoric acid, and including, for
example, sulfuric, hydrochloric, nitric, and phosphoric acid, and

‘an organic acid, including, for example, ascetic,‘chloracetic,

and trichloracetic. _—
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The flow rate of the autodepositing conmposition nust be sufficient to cover
the designated area with a sufficient amount of the conposition so that a

| ayer .of resin particles €an formand build up over the tinme of exposure to
the conposition. The flow rate is, thereforfgl?sel ected on the basis of a
unit area per unit of time. The thickness o he coating is al so dependent
on-the length of the coating cycle. The thickness of the coating wll

generally vary directly with the | ength of tlme of depositi.on. The er
the panel i s exposed t'é’"! HerefarRed, ATtV ing r‘l"mpﬁésﬁfe}t A’fﬂ%

e o coMEa iSOy PRI i T B e,
resin parti Cla&éo&”epox@ing composition comprises a soluble _f_erric-containing
compound in an amount equivalent to about 0._'025 to 3.5 g/l ferr_:ic
5 iron, mest preferably about 0.3 to 1_.6' 9/l of ferric iron, and
hydrofluoric acid in an amount sufficient to impart to the
composition a pH within the range of about 1.6_1.'.0 $.0. Examples
of the aforementicned ferric-containing compounds are ferric
nitrate, ferric chloride, ferric phosphate, ferric oxide, and
10 ferric fluoride, the last mentioned being preferred.

The types of autodeposited coatings that particularly
lend themselv'es to being employed in the present invention are
those comprising resing which fully develop their coating
prof:erties at elevated temperatures, such as temperatures up to

15 212°F in the case of water and steam at atmosphexic pressure, and
higher temperatures in case of supér heated steam, and which are
not degraded at such temperatures. For many applications, such
autodeposited coatings can be "eured® or heated to such a degree
Ehat those proper{:ies wvhich depend upon proper bake sch'edule.,

20 such ﬁs, for example, corrosion resistance, adhesion, and
lfardness, can be readily achieved, even on massive parts, as well

~as. relatively thin-wall parts, by the ginple expedient of
treating the freshly coated part iri.th hot water oxr steam. Resins
which have a minimum tilm iemperature (MFT) or glass transition

25 temperature (Tg) of no greater than about 140°F, preferably no
greater than about 100"F, and most preferably no greater than

about 85'F, are preferred for use in the present invention.

Resins having such characteristics and appropriate for use .in
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avail able to formthe coating. Conversely, reducing the | ength of exposure
to the autodepositing coating will result in a relatively thinner coat

bei-ng forned on the panel. In accordance with the present invention, a 0.3
ml| thick coating can be obtained in about one second of exposure at a flow
rate within the range of 5 [err] to 10 [err]lql'he-thickness of the
autodepositing coating is al so dependent on Whether the coating is applied

continuously or intermttently. It has been found that thi _Cker coats can
be obt ai ned gAefadgis Al e Ridkigds1¢ 16AEP Okl ORnbbmapRinded arel eravailamiley.
| commercially.

Examples of resins that can be used in autoedepositing
compositions to form cdatinqé .according to the present invention
5 include vinyl-basad resing, for -example, acrylic and alkyle
substituted acrylic resins and resins prepared from other
ethylenically unsaturated monomeric compounds. Examples of such
resin are described in aforementioned U.S. Patent Nos. 3,709,743
and 4,313,861, the disdlosures of which are incorporated herein
10 by reference. Resins of the aformehtioned- '861 patent can be
used to form autodeposited coatings that have particularly good
corrosion resistant properties_ when treated with an aqueous
solution of chromium compounds and comprise a preferred class of
resins for use in the present invention. Such resins, which can
15  be prepared in the form of a latex, are the emulsion polymerized
product of: (A) about 1 to 20% by weight, preferably about 4 to
14% by weight, of methacrylic aci@ or about 1 to 12% by weight,
preferably about 4 to 10% by weight, of aérylic;acid:- (B) about
75 to 99% by weight of at least one other pelymerizable
20 ethylenically moncunsaturated monomaer; (C) about 0 to 20% by
weight, of a different hydroxy group containing polymerizable
. vinylenically monounsaturated monomer; and (D) about 0 to 1.5%.
by weight, prererably no greater than about 1.25% by weight of

a polymerizable vinylenically polyunsaturated monomer.
25 Preferred resins of the aforementioned type have a
particle size of less than about 0.3 micron and more preferably
‘a particle size of 0.15 micron or less. Preferred resins are

characterized also as havi.tiq & (Tg) of about 35°'F to 120°F, more

This Sheet Has Been Reﬂlaced
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7 The term"intermttent” as used herein shall nean that the spacings
between the fl ows of the conposition shall be |ong enough so that the N
conposi tion contacting the panel has sufficient tinme to adhere to the
surface of the panel, yet “is short enough so that conposition does not dry.

| f drying does occur prior to conpletion of 1t5e aut odeposi ti ng process, the
subSequent flows of the conposition will not-Ye able to dissolve the
nmetallic surface because the |'iquid corrp05|t|on will not be able to

Lot Ca Cony BEUHEATE k8 7Rt be b0 ehetnid it peeparea
| ayer is dep%&r@%&bﬂmingt mofomers: as component (B) above, styrene,
| nethyl methacrylate, butyl acrylate, ethy:L acrylate. " or
acrylonitr:.le. as component (C) above, hydroxyethyl acrylate: and

5 as component (§)] above. trimet.hylol propane tr:.acrylate.
Particularly preferred classes of resins for use in
forming autodepos:.tad coatings in the present invention compr:.se
externally stabilized vinylideno chlorida copolymers and
internally stabilized vinylidene chloridfa copolyiners centaining
10 in excess of about 50% .by weight vinylidene chloride.
Autodepositing compositions including such resins are described
in U.S. Patent Application Ser. No. 06/723,677 filed April 16,
1985 and entitled “Vinylidene Chloride Resin in Autodeposition®,
the disclosure of which is incorporated herein by reference. Of
15 these two classes of resins, the internally stapilized copolymers
are preferred. Most preferably each of the aforementioned resin
classes is crystalline in nature. Autodeposited coatings
prepared from vinylidene chlorideécontaining copolymers can have
extremely high resistance to corrosion without being treat;sd with
20 an aqueous solution of chromium compppnds or other post-treatment
steps designed to improve the corrosidn resistance of

. attodeposited coatings.

Internally stabilized polymers or resins, as mentioned
above, include_ as part of their chemical structure a surfactant
25 group which functions to paintain polymer particles or resin
solids in a dispersed state in an agqueocus medjum, this being the’

function also performed by an "external surfactant", that is, by

a matexrial which has surface-active properties and which is

This Sheet Has Been Reilaced
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fl ow because the underlying |l ayer can not interact with the netal surface

before bei ng washed of f by the autodepositing conposition. The | ength of

time it takes to deposit a coating of the gogposition in turn i s dependent
e

on the flowrate, the type of flow, and th

nperature of the

autodepositing conposition. Deposition of the autodepositing conposition
depends on the renoval of netallic ions fromthe netallic surface and the

deposi t

of al86kBedPdis | Ehes surllac@owf resin! molddspdameh tasmgthose in

conpositions containing an etching agent, such as hydrogen fluoride, the

rate of the ecolloidadidispersion. | Assisakineundithe presence ofcancextemmak o

of the autodepositing conposition.

10

15

20

25

surfactant tends to increase the water sensitivity of coatings
formed from agueous resin'dispersions contﬁining the same and to
adversaly affect desired properties af the coatings.

‘The presence of ‘undue amounts of surfactant in
autodepositing compositions can lead to problems, as described
in u.s. Patent No, 4,191,676; -the disclosure of which is
incorporated herein by reference. The presence of an undue
amount of surfactant in autodepositing compositions can deter the
build-up of resin particles on the metallic surface being coated.
In addition, the presence of an undue amount of surfactant can
also adversely affect desired coating properties, for example,
corrosion resistant properties. -An advantage of internally
stabilized vinylidene chloride-containing polymers is that stable
aqueous dispersions, including acidic aqueous dispersions of the
type comprising autodepositing compositions, can be prepared
without utilizing extérnal surfactants, (It is noted tha'g there
is a tendenoy in the literature to use interchangeably the
following tenﬁs in connection with ,descriding surface active

materials which are _us_ed in polymerization processes for

_ preparing polymers of the type to which the présent invention

relates: surfactant, wetting agent, emulsirier or emulsifying
agent and dispersing agent. As used herein, the "surfactant” is
intended to be synonymous with the- aforementioned.) Various
types of internally stabilized vinyiidene chloride-containing

polymers are known and species thereof are available

commercially.,

This Sheet Has Been RT
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The hi gher the tenperature of the conposition, the greater is the rate of
renoval of netallic ions and the greater is the rate of deposit of resin
particles on the netallic surface. It has been found that the tenperature

of - t he aut odepositing cosmposition 8 shoul d be typi-cally within the range

of fromabout [err] to [err] for nost autogﬁspsiting appl i cations,

preferably fromabout [err] to [err]. Thic coatings are best achieved by
intermttent flows of the autodepositing conposition. The short gaps in the

Various surfactants which function to  maintain
polymeric particlés in dispersed state in aqueous medium include
organic compounds which contain ionizable groups in which the
anionic group is bound to the principal organic moiety of the

s compound, with the cationic group being a constituent such as,
for example, hydrogen, an alkali metal, and ammonium, Speaking
generally, oxemplary anionic groups of widely used surfactants
contain sulfur or phosphorous, for example, in the form of
gulfates, thiosulfates, sulfonates, sulfinates, sulfaminates,

10 phosphates, pyrophosphates and phosphonates.  Such surfactants
comprise inorganic ionizable groups linked to an organic moiety.

Although various ways may be used to introduce into the
molecular structure of the vinylidene chloride resin such
jonizable groups, it is believed that the nost: widely used method

18 for preparing such resins w:i.'ll involve reacting vinylidene
chloride with a monomeric surfactant and optionally one or more
other monomers. In such reaction, the monomeric surfactant
comprises a material which is polymerizable with nonomeric
vinylidene chloride or with a monomeric material 'which is

20 polymerizable with monomeric vinylidene chloride and which is
ionizable in the reaction mixture and in the acidic adqueous
wediunm comprising autodepositing compositions.

With respect to particular resins that can be used in
the practice of the present invention, a preferred class can ba

25 prepared by copolymerizing (A) vinylidene chloride monomer with
(B) monomers such as nethacrylic acid, msth}l methacrylate,
acrylonitrile, and vinyl chloride and (C) a water soluble ionic
material such as sodium_sultoethy1:methacrylate. Although the

This Sheet Has Been RTlaoed
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flLow t.o the panel can be generated. by delivering the flow froma single
source such as shown in Figure 1 in a series of short pulses which
typically last for |less than one second. It is preferred,. however, to
generate an intermttent! fl ow of the autodepositing conmposition through a

nodified exit port 18 having a plurality of

ced apart openings. I n

a
order to best understand the operation of béfg continuous and intermttent
reference is again made to Figure 1 where it will be seen that the

flow,

conduit 16 prestigtstumnte conprising dvhefakiave-desitedoresimfan Nary ovVer aut

of the exit port 18. The conduit is stationary while the panel is qnved in
4

a conventi onateXeively reide arange,o imgenexainthe mesin wadl COMpr

arr ow.

10

15

20

25

ge the

The speed at which the panel is noved wl|l
polymerized constituents in the following amounts:

(1)

(@)

(3)

about 45 to 99% By weight of vinylidene chloride

monomef“habed ot the total weight of monomers used;

* apout 0.5 to 30% by'weiéht based the tota) weight of

(1) and (2) of a second relatively more hydrophilic

‘ethylenically unsaturated monomerxic material wherein

such monomeric material has a solubllity in both the
water phase and the oil phase of the polymer latex of
at least 1% by weight at the - temperature of
polymerization: aﬁd

from about 0.1 to about 5¥ by weight based on the
total weight of other monomers of an ionic
significantly water-soluble material which |is
copolymerizable with (2) and is selected from the
group of sulfonic acids and their salts having the

formula:

R—2Z—Q— (50;)"M

Examples of resins prepared from such nmonomers are disclosed in

U.S. Patent No. 3,617,368 incorporated herein by reference. The

_ radical "R" is selacted from the group’ consisting of vinyl and

substituted'vinyl, for example, alkyl-substituted vinyl; the

symbol "2" represents a difunctional linking group which will

activate the double bond in the ninyl group: —Q— is a divalent

hydrocarbon having its valence bonds on different carbon atoms;

and the symbol "M'" represents a cation.

This Sheet Has Been Reﬂlaced
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-det erm ne the amount of the aut odeposi ti ng conposition which contacts a
gi ven area of the panel and the |ength of exposure which in turn determ nes
the thickness of the coating. Movenent of the panel can be acconplished by
securing the panel to a,frame which itself is positiorned on a track and
novi ng the franme al ong the track at a de5|q§ speed. Met hods and devi ces
for noving the panel are well known and do“hot nmaterially contribute to the
present invention. Another enbodi nent for generating a continuous flowis

shown with ref.erence Fenpd4bGS of Preferrdd Hydrepiiides donomexs of (2)

above, particularly wheni ‘used” in conjhnction with monomeric

.

vinylidene chloride are: ' methacrylic acid and methyl
methacrylate, Other wmonomers which: m‘a'y pe - advantageously

5 employed - include the hydroxyethyl and propyl ac!‘YIates,
hydroxyethyl-methacrylate, ethyl hexylacrylate, acrylic acid,
acrylo.ni!:ri.le, wethacrylonitrile, acryiaﬁide', and the lower alkyl
and dialkylacrylamides, acrolein, methylvinyl ketone, and vinyl
acetate. | ’

10 Example-s of the difunctional linking roup (2) which
will activate the double bond present in the vinyl group include

groups of the structure:

(u) i‘) : (I.‘l) 9 alkyl
15 ~=, C¢O0-, O-C~, C-N—~ or H

and the like. The alkyl group is preferably alkyl of 1 to &
carbon atoms, especially methy), ethyl or propyl. Examples of
the aforementioned divalent hydrocarbon having its valence bonds
on different carbon atoms include alkylene and arylene divalent
20 hydrocarbon radicals. Although the alkylene (CH,) group can
contain up to ah;'mt 20 carbon atoms, it will generally have 1l teo

about 8 carbon atoms.
-~ The solubility of the defined copolymerizable ionig
material as described herein is strongly influenced by the cation
25 ¥M*. Exemplary cations are the free acids, alkali metal salts,
ammonium and amine salts and sulfonium and quaternary ammonium
salts. Preferred are the free acidé, alkali metal salts,

~ particularly sodium and potassium, and ammonium salts.
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9.nodi.fied exit port 18 having a single elongated slit 30 through which the
aut odeposi ting conposition contacts the panel 6. The sl iThis3besyH ced
continuous thin curtain.of the autodepositing conposition H
transversed by the panel 6. The thickness oﬁzphe curtain i y
changing the wwdth of the slit. Intermttent flows of the autodepositing
conposition are preferred for producing relatively thick coatings.

Preferably; the | nter iy Ygiebbags AbCed el el oflerBe Ehecions taiwd,

having a plurality of ed-apart epenings.:- The autodeposition

conposi tion h PESY T and 2, SRR isvlebiliegnof tH@acronemf
t he openi ngs;‘g%ﬁ*%?‘gt gﬁggaﬁgt-men each” Bp'e'n'i ng are selected to insure
that the resjépends on Q. As indicated, this group can be either aliphatic

L

or aromatic and its size will  determine  the

5 hydrophilic/hydrophob:i_c_ balance in the Ii;ol_e‘_c_ulg, ‘that is, if Q
is relati;ely émall, tﬁé nonomer is water soluble, but as Q
hecones pr_ogxessive_l_y larger the _su_:_._-_face ;ctiyi;y of such monomer
increases wuntil it becomes a soap and ultimately a water
insolul;i; wax. It is to h;‘:.ﬁﬁé§fet§pd; however, that the

10 limiting size of Q depends on R, 2 and y?. As exemplary of the
| above, it has bgen'found thét ségiun sultoalky; methacrylate of

the formula:

i

185 CH,—~C I
{

R

(CH,) 80y Na®
|l

. _I=°

Q
wherein n is 2, is a highly acceptable copolymerizaﬁle ionic

20 material for use in the present invention. |

Further, the selection of R and 2 is governed by the
reactivity needed and the selection of Q is usually determined
by the reaction ﬁsed to attach the sulfonic acid to the base

. monomer (or vice versa). '

25 Processes fbr preparing latexes containing resins of
the aforementioned type are known, such latexes bheing
commercially available and being raferred to herein as "self-
stabilizing latexes", that is, latexes, the polymeric particles

| of which contain in the polymer molesule functional groups that

30 are effective in maintaining the polymeric particles dispersed
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particles of each streamw || adhere to the netallic surface to build up
the coating. The size of the openings is typically at least 0.1 cm
dependl ng on the application. The maxi num size of the opening is governed
by the length of the exit port and the need to maintain the holes in spaced
apart relationship. The distance between €dh opening is up to about 300
cm- preferably about one to 15 cm Referring to Figures 3A-3D, there are
shown several enbodi ments of exit ports with spaced apart openi hgs adapted
to generate dm itheraquaons ptlase off tthe alﬂtﬁ&poshlngn%-‘wmﬁl abevie, | guch
Figure 3A, the conduit 16 feeds t he aut odepositin osi t.ion |nt(i):
di stri buti on lakexes: daonek iraguines permrm gB rnal surfactant to.

maintain the particles in their digpersed state. Latexes of this

el

type generally have a surface tension very close to that of water

5 (about 72 dynes/cm). It has heen observed that autodepositing
conpositions cantaining' such latexes foxrm coatings which build
up at a relatively fast rate,

A preferred autodepositing composition comprises the
use of vinylidene cﬁloride-contai.ning latexes in which a. watex

10 soluble ionic material such as, for example, sodium sulfoethyl
methacrylate is copolymerized with the commonomers comprising the
copolymer. Sodium sulfoeth&l methacrylate is particularly
aeffective for use with monomeric vinylidene chloride and the
relatively hydrophilic monomers ¢ methyl methacrylate or

15 methacrylic acid when used in the amounts and in the manner
described above, '

Particularly preferred latexes for use in this |
invention are latexes with about 35 to 60% by weight of solids
comprising a polymeric composition prepared by em;nlsion

20 polymerization of vinylidene chloride with one or more comonomers
selected from vinyl chloride, acrylic acid, a lower alkyl

i} agrylate (such as methyl acrylate, ethyl acrylate, butyl
acrylate), methacrylic acid, methyl methacrylate, .acrylonitrila,
methacrylonitrile, acrylamide, and methacrylanide and stabilized

25 with sulfonic acid or sulfonic acid salt of the formulas

R—3—(CH,) ;—(505) H*

This Sheet Has Been Re; ﬂ
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condui.t 16. Extending fromthe conduit 40 are a plurality of spaced apart
openi ngs 42 through which the autodepositing conposition is injected into
the path of the panel. .. 10 Figure 33 shows another enbodi ment of the
i nvention having a crrcular distribution conduit 44 with a plurality of
spaced apart openings 46 arranged in a seni @2cul ar pattern. Figure 3C
shaws still another enbodi ment of the invention enploying an irregular

shaped conduit 48 having a plurality of spaced apart openi n%
wherein R represents vinyl or lower alkyl-substi uted vinyl, 2

represents one of the functional groups: .

o O - @ O alkyl
. . I i1
5 - -¢-, ~C-0~, —0~C~, —C-N- or.H

n is an integer from 1 to 20 (preferably 1 to 6) and M' is
hydrogen or an alkali metal cation, preferably sodium or
potassium.

A subgroup of preferred polymers are those having at

10 least about 50% by weight of vinylidene chloride, but less than

about 70% by weight, and about $ to 35% by weight vinyl chloride,

and about 5 to 20% by weight of a vinyl compound selected from

the group consisting of acrylic acid, methyl acrylate, ethyl .

acrylate, butyl acrylate, methgcrylic acid, methyl methacrylate,

15 acrylonitrile, methacrylonitrile, acrylamide and methacrylamide,

and combinations thereof, and about 1 to 3% by weight of
sulfoethyl methacrylate. | .

A particularly preferred group of latexes, however, are

latexes conﬁaining about 30 to 70 % by weight of solids formed

20 by emulsion polymerization of about 50 to 99% by weight of

| vinylidene chloride based on the total waight of the polymer and

about 0.1 to 5% by weight of gulfoethyl methacrylate, with

optionally othnr comonomers solected froﬁ the group consisting

of wvinyl chloride, acrylic and methacrylic monomers such as

a5 ~acrylonitriles, acrylamides, methacrylamnides and mixtures thereot

in amounts between about 5 and 50% by weight, and substantially

free of unpolymerized surfactant or protective colloid.
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Fi-gure-3D shows an enbodi nent of an exit port having a series of uniform
spaced.apart openings 54 arranged in a single row The length of "the
distribution conduit 52-—may be approxinmately 6 feet long with each of
the 14 openings neasuring 2" x 4". The diﬁgg?ce bet ween each opening is
approxi mately one inch. The conduit 16 may conprised of a bifurcated
pat hway 56a, 56b to assist in delivering the autodepositing conposition to
the entire distribution conduit 52. The distance between the exi ort

and the metal lic surfachmengfothar prefierreds subflasees Rk Keeih (Ipr Nsed h

of the wet fi'l mformed op the suy.face. . nti nyous Ia¥§r of th

aut odeposi t | nhdsnin¥ention are 31fﬁép$gp%99 YGRS 2B} Ig%.t? PO
this regard, {he [oIEE Pingltachd' SHlEBREAS, Wbcu¥TBo8b I by weignt of butyl

acrylate and optionally about 1 to 2% by weight of sulfoethyl

5 methacrylate based on the total weight of polymer. Another

preferred sﬁbclasé of polymers are the latexes of vinylidene

chloride-containing polymex?é internally. stabilized with

sulfoethyl methacrylata and free of surfactant, and including
optionally vinyl chloride and one or more acrylic comononers.

10 _ another preferred _vix_xylidene-_. chloride~containing

copolymer is one comprising about 15 to 20% by weight of vinyl

chloride, about 2 to 5% by weight of butyl acrylate, about 3 to

about 10% by weight of acrylonitrile, and optionally about 1 to

2% by weight of sulfoethyl methacrylate. This particular

15 copolymer will have less than 70% by weight vinylidene chloride

copolymer based upon the total weight of comonomers (including

the sulfoethyl niethacrylaté) used in the emulsion polymerization.

In its most preferred form, the present inveﬁtion

comprises  the curing of coatings formed fronm intérnally

20 stabilized vinylidene chloride-containing resins of the type used
in Example 1 reported hereinbelow. Such resins are of relatively
high crystallinify. Exemplary crystalline resins are described

in U.S. Patent No. 3,922,481, incorporated herein by reference,

and' aforementioned U.S. Patent No. 3,617,368. Generally

-2_5 gpeaking, crystalline vinylidene chloride-containing resins

' comprise a relatively high proportién of vinylidene chloride, for
exanple, at least about 80% by weight thereof.
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as it .contacts the netallic surface nust be |ess than the |evel of force
which will rupture, scrape, undercut or otherw se damage the autodeposited

| ayer. Dependi ng on the application, the distance between the exit port
18-and‘the netallic surface 8 is typically in the range of about close to O
cmto 300 cm preferably from about one c aéa 15 cm The distance sel ected

w t-hin the desired range will depend at in part on the size of the

area to be coated. For a given shaped eX|t port 18, the further the exit

port 18 is away from thpiianPedpect® td CraterPeda’ ERtehMI LA MANRIRG
vinylidene chloride-containinq resing, they contain a high
proportion of vinylidene chloride, that is, in éxcess of 50% by
weight. The amount of vinylidene chloride comprising the resin
5 should be less than 100% by weight for the reason that the pure
homopolymer of vinylidene chloride is thermally unstable,
Examples of monomers that can ba c¢opolymarized with vinylidene
c'hloride to form a thermally stable copolymer include one or more
of vwvinyl  <chloride, acrylic acid, methacrylic acid,

10 methylacrylate, nethyl methacrylate, ethylacrylate,
butylacrylate, acrylonitrile, methacrylonitrile, acrylamide and
methacrylamide. A few examples of externally stahjlized
vinylidene chloride polymers that can be used in the practice of
the present invention are the following: ({A) about 50 to 90% by
15 | weight of vinylidene chloride, about 5 to 20% hy weight of

acrylonitrile and about 5 to 20% by weight of butyl acrylate;
(B) about 60 to 76% by weight of vinylidene.Chlor'ide, about ¢ to
10% by weight of ethylhexyl acrylate or methacrylate, and about
1 to 4% by weight of acrylic acid; and (C) 66% by weight of
20 vinylidene chloride and 34% by weight of vinyl chlorida. | In
preferred form, the externally stabilized vinylidéne chloride-

' . containing resin is crystalline in nature. |

_ Externally stabilized resins of the above type are
pbepared typically by qmu:.sion polymerization wutilizing a
25 sufficient amount of surfactant te maintain the resulting resins
particles in a dispered state in the aqueous medium of the.'
reaction mixture. The nature of this resin type is that the
structure of the polymer molecule requires that surfactant be

This Sheet Has Been Re‘ilaced
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The pr.ocess of the present invention nay be nodified to provide nultiple
conduits for delivery of the autodepositing conposition to multiple panels.
Referring to Figure 4, there is shown an enbodi nent of the invention®
enpl oyl ng two conduits 16a and 16b for delivering the autodepositing
conposition to correspondi ng panel s 6a and gf or to cover a greater area
than possible uping a single conduit. The dg ance between the panels is
sufficient so as to insure that the streamfromexit port 18a contacts only
panel 6a and bbasaimeem hagntein t tiper colBiidadntdizpersion wfe thenatesititing
wi |l be understood that nultiple conduits can be used in accordance with
the present i batejothe syrfactantbeing iadsoxbedr onrthe murfase of Whefragin

aut odeposi ting corrp05| tion to the netallic surface of the object to be
coat ed : parncles.

-

Exawples of surfactants (emulsifiers) that can be used

5 to prepare such latexes are: sodium dodecylbenzene sulfonate,
alkyl sul fates, sodium "' dioctyl sul fosuccinate,
alkylphenolicethoxylate, sulfonates, sodium dodecyldiphenyl oxide
disulfonate, sodium oleoyl isopropanolamide sulfosuccinate, and
sodium lauryl sulfate. These surfactants or emulsifiers are

10 exenmplary only: accordingly, it should ke understood that the
practice of applying the autodepositing composition in accordance

with this invention is not limited to latexes containing the
aforementioned surfactants. For example, there can be used any
anionic surfactant which will lower the interfacial tension

15 between the monomeric reactants and water sufficiently to result
in the formation of stable colloidal dispersions of the monomers

in the water and, in addition, is stable in autodepositing
compositions formulated therefrom. It is noted further that the
activating system (for example, acid_ and oxidizer) éf the

- 20 autodepositing conposition fundtiqns to dissolve positively
charged cations from the metallic substrate which cause the
negatively charged latex polymer particles to autedeposit on the

metallic surface. The anionic surfactant should be & material

which functions accoxdingly. ' Mistures of t.wo or moxre suitable

25 ‘anionic surfactants may be used. |
For reasons mentioned above, and as explainea in
aforementioned U.S. Patent No. 4,191,676, the surfactant

concentration of externally stabllized latexes should be

Thls Sheet Has Been Re; ﬂ
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I N the same manner described above in connection with the enbodi nents of
Figures 1-3. In another enbodi nent of the invention, the exit port can be a
nozzle which is adapted t@ eject an atom zed fIOW/contalnlng di screet and
fine dropl ets of the aut odeposi ting conposition. Referring to Figure 5, the
atom zed flow or spray is generated by passi@§the aut odeposi ting
conposition through the conduit 16 and out the snmall openings mﬁthln t he

:‘:ngr: Efniﬁn 525«28@%8&%”%3@8 é%é?e b astaes, BB PLoERR: 2WHA0EPOPLELng
9 |
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not enough Somticetlle concentration  and -preferably below the surxfactant

B

concentration which corresponds to the inflection joint on a
8 graph of surface tension versus the logarithm of .surfactant
' concentration in the composition, as referred to in the
aforementioned '676 patent. Accordingly, it ia preferred that
the latex'coptaining the externally stabilized resin be prepared
by emulsion polymerization with a very low concentration ot
10 surfactant. This is best achieved by seed polymerization or
' semicontinuous polymerization as opposed to batch emulsion
polymerization. In the seed polymerization ﬁfocess or
semicontinuous ﬁolymerization, the amount of surfactant can be
limited by adding surfactant and moncmer in such a manner that
15 the monomer continues to polymerize with part:icies alreadj :
present rather than forming new particles. This gives greater
uniformity of particle size distribution and also gives.good.
contrcl of the total amount of sﬁrfactant in the latex. The
stability of the colloidal latex can be partially attributed to
20 charged polymer end groups whose provenance is the polymerization

initiator. |
- ' In general, such latexes will have a relatively high
surface tension; that iz, at least about 40 dynes/cm. Such
latexas can be used in the practice of the present invention, and

25 preferably, there are used such latexes'that have a surface
tension of about 55 to 70 dynes/cm. In particular, such latexes

in which there is no protective collold are prefexred class for

use in the present invention.

heet Has Been Reﬁaoed

A



2-i8-56 10:11 ; WATERMARK 6138188010; 734/ 40
12 dri ppi ng begins to formon the surface. The nozzle 20 shoul d preferably
deli ver enough of the conposition froma distance of about 6" to 12" to
forma 0.3m | coating on the surface during about one second of spray tinme.
The type of aut odeposi ting conpositions which nay be uSed in the present
I nvention are unlimted. The basic constituents of an autodepositing
composition are water, resin solids dispersEﬁ?in t he aqueous nedi um of the
cornposi tion and_activator. The activator serves to convert the water/resin

Polymers- having a vinylidene chloride content of

ar

between about 50 to 90% by weight or higher, based upon the total
weight of polymer, can be used. When vihyl chloride is employed
- as one of the comonohers, the vinylidene chloride content can be
5 less than about 70% by waight. The total chlor;de content,
however, is preferably at least 50% by weight ‘or more based on
total polymer weight. CGenerally speaking, the internally
stabilized latexes which are the preferred class of latexes
according to this invention can ba used at aven lower chloride
10 contents, thereby enabling the inclusion of other copolymers to
enhance theldesira£1e polyner characteristics such as hardness,
gloss, solvent resistance and the like, in addition to corrosion

resistance attributable to reduced vapor permeability.
latexes for use in the practlce of the present
15 1nvention are available commerclally. Examples of such latexes
are the Saran latexes such as,. for example, Saran 143 and Sarén
112 available from Dow Chemical c¢o., the Serfene 1latexes
available fronm Kgrton chemical, and the Ha_;.oflex'latexes sgoh as,
for example Haiéflex' 202 available from Imperial Chemicals

20  Industries. |

If desired, the autodepositing composition can be
prepared from two or more latexes containing different resine.
Such a conmposition will comprise a bland of" the vinylideng
chloride-contiiﬁing polymers dascribed above, typically in an
25 amount of about 50 to 95% by weight of the total resin solids,
and one or wmore other latexes including, ror example, styrene-

butadiene resins, poly(vinyl chlorides), adrylic resins and the
like. '
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. Z-4b—30 ifild § WAL SRMARK : tlooldalivimroas =
conposition into one which will formon a netallic surface a resinous
coating which increases in thickness or weight the |onger the surface is in
contact with the conposition. Various types of activators or activating
systens are known, for exanple, as reported in U S. Patent Nos. 3,592, 699;
3,709, 743; 4,103,049; 4,347,172; and 4,373,092 the disclosures of which
are-incorporated herein by reference. The activating system generally
conprises an acid/oxidizing system for exanple: hydrogen peroxide and HF;
[err]; and a ferric-conphenamguintoigfothd zesinicomprising: theoaubbdepositing
met al - cont ai ni ng conpounds (for exanple, silver fluoride, ferrous oxide,
cupric sul f at epmpobitionsfart practicing dihenpresent dovestionheaphyary over
chromum fluoride, cadmum fluoride, stannous .

a wide range. The lower concentration limit of the resin

N

particles in the composition is dictated b'y the anount of resin
5 needed’£5 provide sutticient material to form a resinous coating.
The upper limit is dictated by the amount of resin particles
which can be dispersed in the acidic aqueous composition. In "
general, the higher the. amount éf resin particles in the
;.zampoaition, the heavier the coating formed. Although coating
10 compositions can be formulated with a range of about § to 550 g/1
of resin solids, the amount' of the resin solids will tend t.o' vary
depending on the other ingredients comprising the composition and
also on the specifid latex or resin used., For many applications,
good results cém be achieved utilizing about 50 to 100 g/1 of
15 resin solids in the composition. '
0ptibna.1 ingredients can be added to the composigion
as desired. For example, it is believed that the present
invention will be used mbst widely in curing pig'.mented
autodeposited coatings. For this purpose, suitable pigments can
20 be included in the composition. Examples of pigments that can
be used are carbon black, phthalocyanine blue, phthalocyanine
. green, quinacridone red; banzidene yellow and titanium dioxide.
The pigment should be added to the compasition in an amount which
imparte to the coating the desired colgr and/or the desired depth
‘25 | or degree of hue . Tt should be understood that the specific
' amount used will be governed by the specific pigment used and the
color of coating desired. EXcellent results have been achieved

by using an agueous dispersion in an amount such that the

AT
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fluoride, |ead dioxide, and silver nitrate in an anount between about 0.025
and apout 50 g/1) and an acid that can be used alone or in combination with
hydr,of l uori c acid, and including, for exanple, sulfuric, hydrochloric,
nitric, and phosphoric acid, and.an organi ¢ acid, including, for exanple,
ascetic, chloracetic, ~ 13 The preferred act%gating system conpri ses a
ferric- contai.ning 9anound and hydrofluoric id. Thus, a preferred
aut odeposi ting conposition conprises a soluble ferric-containing conpound

in an amount eq@wmpﬂaihipnocanb&inix&hﬂﬂq<9-3.$°gﬁlgfefrﬂu;nace black/100 g of
. “resin selids. e -

o Many ‘pigments are: available in aqueous dispefsions
| which may include’'surfactants or dispersing agents for
5 maintaining the pigment particles in dispersed state. -When

utilizing such pigment dispersions in the composition, they

should be selected so that the surfactant conééntration in the
aqueocus phase of the composition is below the CMC, preferably
balow the sgurfactant concentration which corresponds to the
10 inflection point on a graph of surface tension versus the
logarithm of surfactant concentration in the composition. The
surfactant should preferably be selected from those indicated
abovée with respect to the preparation of the externally
stabilized latexes. Suitable pigmented compositions are
15 illustrated in examples herein.

Colored coatings can also be cured in accordance with
the pi-esent invention. They can be formed from compositions
which include a-dye, examples of which include rhodamine derived
dyes, metﬁyl violet, safranine, anthraguinone derived dyes,

20 nigrosine, and alizarin cyanine green. These are but a téw
examples of dyes that can be used.

- Examples of other additives that may be used in the

autodepasiting composition are those generally known to be used

in fomulating mpaiui: compositions, for example, UV stabilizers,
25 - viseosity mokifiers, etc.

If a surfactant is added to the cmposi£ion, either as

a compénent of the latex, or with a pigment dispersion, or with

other ingredients or additives, the total amount of surfactant
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I ron, nost preferably about 0.3 to 1.6 g/l of ferric iron, and hydrofluoric
acid in an anount sufficient to inpart to the conposition a pHwthin the
range of about 1.6 to 5.0.. Exanples of the aforenentioned
ferric-containing compounds are ferric nitrate, ferric chloride, ferric
phosphate, ferric oxide, and ferric fluori @d) the Iast nentioned bei ng
preferred. The types of autodeposited coatings that particularly |end
thensel ves to being enployed in the present invention are those conprisi g
resi ns whi ch inl thedamiepus: plase: .ﬁgepﬁmﬁﬁﬂé@rhtsml&ﬂatm maintaine
tenperatures, such as tenperatures Uf _ err] in tqggfase wat er anpd

%

steam at at rm?ﬂ?ﬁ@?"l\':h‘b r@reﬁﬁﬂah Q AAEPRE ¢ ofc §S~ sempegition

heated steam ang i C not de d.,at . such tenperatures For many

b ]

‘In case a surfactant is utilized, the preferred

5 surfactants are the anionic surfactants., Examples of suitable

anionic surfactants are the alkyl, alkyl/ aryl or naphthalene

sulfonates, for example, sodium dioctylsulfosuceinate and sodium
dodecylbenzene sulfonate.

In preparing the autodeﬁbsitiﬁg“ cbﬁposition, the

10 constituents thereof can be admixed in any suitable way, for

| example, as .desoribed in aforementioned v.S., Ppatent No,

4,191,676,

The autocdepositing composition may be cured by contact

with an aqueous curing medium which way include a solute such as

15 aniphoteric and cationic surfactants as disclosed in U.S. éatent

No. 4,647,480, incorporated herein by reference. The presence

of a solute in the aqueous curing medium eliminates the film of

water between the coating.and the substrate by drawing the water

through the coating by osmosis where the water then evapo;ates.

20 A particularly preferred autodepositing composition has

a high degree of solvent and corrosion resistance and includes

~ an acrylic-based, nitrile-containing resin having a Tg of at

least szc and which is prepared from a esoluble ferric ion-

containing compound and hydrofluoric acid, and which includes

25 also, in emulsified form, a fugitfive plasticizer con't.ainihg

2,2,4-trimathylpentanediol—-1,3-monoisobutyrate, the emulsitying

agent associated with said plasticizer being an anionic
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aut odeposi ted coatings can be "cured" or heated to such a degree . that those
properties which depend upon proper bake schedul e, such as, for exanpl €,
cor.rosi on resistance, adhesion, and hardness, can be readlly achi eved, even
on nmassive parts, as well as relatlvely thg wal | parts, by the S|nple
expedient of treating the freshly coated p®rt with hot water or steam
Resins which have a mnimumfilmtenperature (M-T) or glass transition

t t T f ter than ,abqut f bl
about [err], (a%%n%sg?"pgéﬁ%eﬁ | pondigeageen” dn Hoo aane O PAIEHE: 61

for use in th resent ven R I ng such characteristics and
appropri ate f SPCRER USRS T

The feollowing examples ara for illustrative purposes
enly and are not intended to limit the“invéntion'aS'encompassed

5 by the claims forming part of the application.

- Example 1 -

A panel of cold rolled steel maasuring 3" x 4" was
immersed in an industrial cleanar containing an inorgar;ic builder
and surfactant (Ridoline 72 manufactured by the Parker & Amchem

10 Division of Henkel Corp. of Madison Heights, Michigan) for 2
minutes at 160°F. The panel was then rinsed under a steady
.stream of tap water for 30 seconds followed by deionized water
for 10 seconds. |

The pre-cleaned panel was then positioned as shown in

15 Figure 1, approximately i"'.frcm the conduit 16. An
autodepositing_composition as shown in Table 1 was pumped at a'

flow rate of .5 gpm from the vessel 4.

i
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14 aut.odepositing conpositions are known and are avail able commerci al | y.
Exanpl es of resins that can be used in autodepositing conpositions to form
coatings according to the-present invention include vinyT-based resins, for
exanple, acrylic and al kyl-- substituted acrylic resins and resins
prepared from other ethylenically unsaturated nononeric conmpounds.
Exanpl es of such resin are described in aforenentioned U S. Patent Nos.
3,709, 743 and 4,313,861, the disclosures of 3ich are incorporated herein
by reference. Resins of the aforenentioned '861 patent can be used to form
aut odeposited coatings that have particularly good

TABLE 1

INGREDIENT

* AMOUNT

CIN GRAMS, 100% ACTIVE INGREDIENTS BASIE)

Vvinylidene chloride- _
! acrylonitrile-butyl acrylate 50.00
| copolymer latex

| Methyl paraben

! Colloidal carbon black
| pigmant '

| Ferric fluoride N 3.00

10 lnydrofluoric acia . 1.40

Balance to make

Deicnized water
. one liter of bhath
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corrosion resistant properties when treated wth an aqueous sol ution of
chrom um conmpounds and conprise a preferred class of resins for use in the
_present i nvention. Such resi-ns, which can be prepared inthe formof a

| atex, are the enul sion p'olyrrerl zed producBg (A) about 1 to 20% by
wei ght, preferably about 4 to 14% by wei gh of nmethacrylic acid or about 1
to 12% by wei ght, preferably about 4 to 10% by wei ght, of acrylic acid; (B)

monoUnsat Ur at ed %nﬁﬁé?%e%fyeﬁés%fa@e% 3 “ermééigﬁé'sei#ai'%fmﬁ’iﬁpt PRI
monomer: and. (19" it Ehel SotEEy [Porehan vBR- FaPalPTSRcieR B Bifnses to
about 1.25% by vel aht o adeBBkyBELtE ety having Lytefémséw Y mi1.
| The panel .was then 'rinsed with tap’ water for 30 seconds
5 thereafter baked at 100°F-for 20 minutes,

The resulting baked panel was visually observed and
éompared to a panel coated by immersion in a bath of the same
_ autodepositinq_ composition. ‘'The haked panel 'a'ppéared visually

to be equivalent ﬁo the immersed papel.

16 The .baked panel was subjected to a series of standard
toste and determined to have a pencil hardness of SH and an
impact strength of 160 inch-lb. Corrosion resistance was
measured according to ASTM:B117 with the following results:
Scribe = 7.5; and Field = 9.5. These results are comparable to

15 the corrosion resistance values obtained with panels coated under

the standaxd immersion process.

T
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Preferred resins of the aforenentioned type have a particle size of less

than about 0.3 micron and nore preferably a particle size of 0.15 mcron or

Iess . Preferred resins ase characterized al so as having a (Tg) of about

[err] to [err], nore 15 preferably about [err] to 85 [err]. Preferred
resins are prepared fromthe follow ng nono : as conponent (B) above,
styrene, nethyl nethacrylate, butyl acrylate, ethyl acrylate, or

| at e.

acrylonitrile; as conmponent (C) above, Bxdrﬁxi hyl acrylate; and as

conponent (D) -above, trinethyl ol propa _
A process of coating a stainless steel panel of the

10

b1

type described ih Example 1 was conducted using the

.autodepositing composition shown in Table 2.

TABLE 2 .

INGREDIEHT : AMOUNT

(1N GRANS, 100% ACTIVE INGREDIENTS wasiS) |

\
|

§ Acxylic resin latex 58.00

Dode.cyl diphenyloxide 0.14
i disulfonate (surfactant)

TEXANOL™ (ester alcohol) 12.20

B

| 7
[ : :
| Colloidal carbon black 1.88 :
| pigment \
1 : :
| Ferric fluoride _ . 3.00 i
| |
|

| Hydrofluoric acid ' : 1.40 1
‘ |

_ T Daionized water Balance to make

one liter of bath

I R

The autodepositing composition was continuously
supplied to the panel using the system shown in Figure 1. The
length of coating was varied to obtain a coating having a

thickness of about 0.5 mil. The panels were pra-treated with

is Sheet Has Been R laced
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Particularly preferred cl asses of resins for use in form ng autodeposited
coatings in the present invention conprise externally stabilized vinylidene
ch| eride copolynmers and internally stabilized vinylidene chloride

copol yners containing in excess of about E?%%by wei ght vinylidene chloride.
Aut odeposi ting conpositions including suchdgdesins are described in U S.
Pat.ent Application Ser. No. 06/723,677 filed April 16, 1985 and entitled

.XCB%L?S{‘EdGﬂé&%ifmieééPwéﬁ o5 BB LROTT, APE LhER PR ol WiREY tor
i nt ernal | y st | i z<§ oggd @ﬁ%}ﬁ%ﬂdwd’&i‘ ﬂ.;ief géalg@éoﬁagh of pRdre
|s Crys

af or enent i one r(??f: I'n nature. Aut odeposi ted

coatings prepaedalhRVinY' ' chifbosiRioh! Afad Ot rﬂowop%m&as 6ABoN e
precleaned panels for about two minutes. -
5 : The coated panels were rinsed with tap water for 30
seconds and then with a 4% chrome solution for about one minute.
The resulting panels were baked at 160°C for 20 minutes.
The baked panels had an acceptable appearance.
Physical tests of the type described in Example 1 showed a pencil
10 hardness of 2H, impact strength of 40 inch-1b. and good
resi#tanca to solvents as wall as essentially the game resistance

to corrosion as described in Exanple 1.
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aqueous sol ution of c¢hrom um conpounds or other post-treatnent steps
desi~gned to inprove the corrosion resistance of autodeposited coatings.
Internally stabilized polymers or resins, as nentioned above, include as
part of their chemical structure a surfactant oup which functions to
mai ntai n pol ymer particles or resin solids in a dispersed state in an

aqueous nedium this being the function%&gfor-n\ed by an "external
surfactant”, that is, by a material whi Or f ace-active properties and

whi ch is A panel of cold rolled steel measuring 3" x 4" is pre-
cleaned as described in Example 1. The pre-cieanad.panel is then
c'oat_ed with the autodepositing composition shown in Table 1 using

5 the apparatus shown in Figure S.

The autodepositing composition is sprayed through a
nozzle of the same type used in typical aeresol cans for spraying
paint and the like. The resulting panels are tested in the same
manner describeﬁ in Example 1 and found to exhibit similar

10 properties.

This Sheet Ly Been
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16 adsorbed on the surface of resin solids, such as those in coll oi dal
di spersion. As is known, the presence of an external surfactant tends to h

i ncrease the water sensitiyvity of coatings forned from agueous resin

di spersions containing the sane and to adversely affect desired properties
of the coatings. The presence of undue anmounts ﬁ7surfactant I n

aut 6depositing conpositions can |lead to problens, as described in U S

Pat ent No. 4, 191,676, the disclosure of#¥g|c£ ii i ncor porated herein by
r ef er ence. The presence of an undue a surfactant in

e bRl 6 Surfabe’ bet 53Ry oA RSB ‘oyPeRb ABSLECRA! caf SonBany

the netallic surface be coat ed. ron, the presence of an un
amount of sur{ackanhs €48 with an autodepositing composition in accordance with

the following:

 DURATION OF
. - COATING
TABLE 1 FLOW COAT 1 SECOND
TABLE 1 FLOW COAT 1 SECOND
TABLE 1 | IMMERSION 15 SECONDS
TABLE 1 FLOW COAT 1 SECOND
10 TABLE 1 FLOW eOAT 15 SECONDS
TABLE FLOW COAT 15 SECONDS I'
FIOW COAT 15 SECONDS n
FLOW .COAT 15 SECONDS ]
.Imns:ron 15 SECONDS
15 TMMERSTON 15 SECONDS
IR T S

Each of the cans was tested in the same manner as

-

Example 1 and found to have acceptable coatiﬁgs.
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also adversely affect desired coating properties, for exanple, corrosion

resi stant properties. An advantage of internally stabilized vinyli dene
chl.ori de-contai ning polymers is that stable aqueous di sper5|

aci di ¢ aqueous di spersions of the type conpri_sing auto

conposi tions, can be prepared wi thout utili 2|318 exter n HI"HMHUMH
I S not ed that there is a tendency in the literature to tlseC|r1 Eln

the follow n eghjon wi th describing surface active naterlals
whi ch are usm@%on processes for preparing polynmers of the
type to which the t t € Iy
emul sifier olr1 errupgi ?é@&ésé a 5;@%% n, thg
Lourfactant” éu%s't&‘a%'&d}@f;ﬁrﬁﬁn@” RAVIRY'S aV hbtalEic! SLeFREEEhyYing an
autodepositing composition to the substrate from a motile source
S of the autodepositing composition,
®
2. The process of claim 1 comprising spraying the
-autodepositing composition onto the metallic substrate.

3, The process of claim 1 comprising passing a stream of the

autodepositing composition onto the metallic substrate.

10 4. The process of claim 1 wherein the autodeposition ieemmsE# Aﬁ
comprises an aqueous latex dispersion, an acid and an oxidizing

agent .

5. The process of claim 1 wherein the autedepositing

composition is applied intermittently from the motile source.

15 6. The process of c¢laim 1 wherein the autodepositmg
compas:i.tion is appl:.ed continuocusly from the motile source.

7. The procesa of claim 1 comprising applying the
autodepositing composition to the substrate through at least one

conduit having at least one opening.

et Has Been Reﬁaced .
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types of internally stabilized vinylidene chloride- contalnlng polyners are

known -and species thereof are available comerciaty- 7—Vartous
surfactants which functiopn~to maintain polymeric parti

state in aqueous nediumi ncl ude organi ¢ conpdy @8ds whic “ lﬂ!ﬁmﬂ
groups in which the anionic group is bound to the prln nnlety

of the conmpound, with the cationic group being a constltuent such as, for

exanpl e, hydrogen, an al kali metal, and anmmoni um Speaki ng
8. The process of  claim 7 wherein the autodepositing

composition is applied to the substrate from at least two spaced-
apart conduits .
| e oa Ol TR e L
9. The process of claim 7 . .wherein the autodepositing
. 5 composition is aﬁpligdntQathe substrate thrcugh at least two
spaced apart openings in each conduit.

10. The process of claim 1 wherein the autodepositing
conposition is applied at a flow rate of about .00l ml/cm® to 100

ml/cm?.

10 11, The process of claim 10 wherein the flow rate is 5 ml/cm® to

10 ml/om?.

12. The process of claim 1 vherein the autodepositing
composition is applied for a time sufficient for the composition

to adhere to the substrate but for less time than it takes for
15 the composition to dry on the substrate.

13, The procass of claim 2 comprising passing the autodepositing
_ composition through a nozzle adapted to emit a spray of the

composition at a distance of from about 6 to 12 inches from the
substrate.

—_—
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general ly, exenplary anionic groups. of mndely used surfactants contain
sul fur. or phosphorous, for exanple, in’the formof sulfates, .thiosulfates,
sul fonates, sulfinates, sulfam nates, phosphates, pyroprsphates and
phdosphonat es. Such surfactants conprise inorga 'Q i oni zabl e groups |inked
to an organic noiety.: Al though various ways mag1 e used to introduce into
the nol ecular structure of the vinylidene chloride resin such ionizable
groups, it is believed that theAﬁya' uO,for preparing such
resins will involve reacting vityrere i

. ) d-nononeric
surfactant and optiopalty one or. nef.e-other nDRoTers. I n such reaction,.
t he nononeric surfat

6D TROIP B SN G AVROISEPGSET MV CORTIING pol yrrer i zabl e wi t h
~mononeric vinylidene chppphdes Ofop! ¥lriiHE" ARE duedi¥pdsitioficdatihg on a

metallic substrate by applying an autodepositing composition from

a motile source thereof such as by spraying orx by treating the
5 surface with a continuous étream of the autodepositing

composition.

| t\

This §,

l lilaced

0138150 Udiv,yFzos =c



- 2-18-36 10:11 : WATERMARK b 8138186010; F40/ 46
pol yneri zabl e wi th nononeric V|nyI|dene chlorlde and which is ionizable in -

the reaction mixture and in the acidifctaqueous medi um conpri si ng
autodep05|t|ng conpositians. Wth respect to particular resins that can be
used in the practice of the present- invention, a preferred class can be
prepar ed.-by copol ynerizing (A) vinylidene chloride nonormrer with (B)
monomers such as nmethacrylic acid, netRhyt3nmethacrylate, acrylonitrile, and
vinyl chloride and (C) a water soluble ionic material such as sodi um
sul f oet hyl nmet hacryl ate. Although the 18 .

FIG.|

- amw

- ub vk
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onstltuents conprising the above-desired resin can vary over a rel at i’?/‘é’l“‘;‘/*” s
w de range, in general the resin will conprise the polynerized constituents N
in the followi ng amounts: (1) about 45 to 99% by wei ght -of vinylidene
chl ori de nononer based on the total weight of nononers used; (2) about 0.5.
to 30% by weight based the total weight of (1) and (2) ofaseeend—___
relatively nore hydrophilic ethylenicall saturated non I C mat eri aI
wherein such nononeric material has a solubility in both t
and the oil phase of the pgolyner. l.atex of at |east 1%
the tenperature of pol yé@ization; and (3) from about 0 '
wei ght based on the 44 16

Z
. -9

J
%  FIG.3B

16

0
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total . weight of other nononers of an ionic significantly TERYeSoellaae
wat er.- sol uble nmateri al ‘whi ch i's copolynerizable with (2) and is

sel’ ect ed fromthe group of-sulfonic acids and their salts having the

for rruI a: [err] Exanples of resins prepared from such nohoners are discl osed

in U'S. Patent No. 3,617 368 incor porated herein by reference. The radical

"R' is selected fromthe group consisti 3y @f vinyl and substituted vinyl,

for exanple, alkyl-substituted vinyl; the symbol "Z". represents a

di functional 1inking group which will activate the double bond in the ninyl
group; -Q is a dival ent hydr ocar bon having its val ence bonds on different
carbon atons;
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METHOD FOR APPLYING AUTO POSIT-ON COATING

ACKGROUND
1.0 Field of The Invention:

This invention relates to processes for applying an

autodepositing composition in the form of a resinous coating on

metallic surfaces. More specifically, this invention relates to

processes of applying an autodepositing composition by a flowing

stream or spray of the composition onto metallic surfaces.

2.0 Discussion of Related Art:

Autodeposition is a process whereby an aqueous resinous
coating composition of low solids concentration (usually less
than about 10% by weight) forms a coating of high solids

concentration (usually greater than about 10% by weight) on a

metallic surface. The surface is immersed in an autodeposition

bath with the coating increasing in thickness an&/or weight the

longer the time the metallic surface is immersed in the

composition.

Autodeposition is similar to electrodeposition, but
does not require the aid of external eiectrical current to cause
the resin particles to deposit on the metal surface. In general,

autodepositing compositions are aqueous acid solutions having

solid resin particles dispersed therein.

The autodeposition process'is typically carried out in
the following manner. The metallic surface is precleaned and

rinsed with water. The precleaned surface is then immersed in
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acetate. Exanples of the difunctional l[inking roup (Z) which will activate
‘t he doubl e bond present in the vinyl group include groups of the structure:
[Lerr] and the like. The alkyl group is preferably alkyl of 1 to 8 carbon
atons, especially nethyl, ethyl or propyl. Exanples of the aforenentioned
di val ent hydrocarbon having its val ence bonds on different carbon atons

I ncl ude al kyl ene and aryl ene dival ent hydrocarbon radicals. Al t hough the
al kyl ene [err] group can contain up to about 20 carbon atons, it wll

gener al lthehaantadeposbbing scompositivonforTihae Pesliog (df tige withi i thel

copol ym&;:rainzgaeb | gfi C;zri:iocut: 30 seconds or less to about 3 minutes. The
composition is typically agitated during the autodeposition
process and may be heated if heavier coatings are desired.
| The process of autodeposition by immersing the metallic
surface in the autodeposition bath, while commercially viable,
is less thah desirable for coating objects whe;e only a portion
of the surface is to be coated, such as in the production of
shock absorbers. Those surfaces which are not to be coated must
be masked during autodeposition and the mask removed after the
object has emerged from the bath. This procedure is time
consuming and adds significantly to +the «cost of the
autodeposition process;
It would, therefore, be desifable to_provide a method
of applying an autodeposition coating ﬁo a metallic surface, or

portion thereof, without immersing the object to be coated in a
bath.

3.0 Brief Summary Of The Inventjion:
| The present invention is generélly directed to a
process of forming a resinous coating on a substrate having a
metallic surface using an autodepositing composition. Unlike
prior methods which have immersed the metallic substrate in a
stagnant bath comprised of the autodepositing composition, the
present invention performs the coating operation without
immersing the metallic surface in an autodeposition bath.
~ Instead, the metallic surface is contacted with a motile source

of the autodepositing composition such as a stream or spray to
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material as described herein is strongly influenced by the cation [err].
Exenpl ary cations are the free acids, alkali nmetal salts, ammoni um and

am ne salts and sul fani um and quaternary amoni um salts. Preferred are
thé free acids, alkali nmetal salts, particularly sodiumand potassium and
ammoni um sal ts. 20 It is further 3noted that, with one of the ions above,
and the usual choices for Rand Z, the solubility of the nononer depends on
Q As indicated, this group can be either aliphatic or aromatic and
its prowidenifolr a cdpténmone coatling of the resinous material. The

present invention is particularly suited to the autodepositing

of a coating on objects whose surfaces are only to be partially

coated.

4.0 Brief Description of The Drawings: P

The following drawings are for illuséfative purposes
only and are not intended to limit the invention as enconpassed
by the claims forming part df the application.

Figure 1 is a schematic view of apparatus used in
accordance with the present invention to apply a continuous
stream of an autodepositing composition on a metallic surface
using a single conduit;

Figures 2 is a perspective view of an éxit-port of
another embodiment of the invention for generating a continuous
stream of an autodepositing composition using a single conduit;

Figures 3A-3D are respective perspective views of
apparatus used in accordance with the present invention to apply
an intermittent stream of an aufodepositing compositioh on a
metailic surface; |

Figure 4 is a schematic view of apparatus having
multiple conduits used in accordance with the present invention
to apply a stream of an autodepositing'compoéitioh on one or more
metallic surfaces; and

Figure 5 is a schematic view of app#ratus used in
accordance with the preSentninvention to apply a spray of an

autodepositing composition on a metallic surface.
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hydr ophi | i ¢/ hydr ophobi ¢ bal ance in the nolecule, that is, if Qis

relatively small, the nmonomer is water soluble, but as Q becones
ptogressively larger Lhe surface activity of such nonomer increases until
it becones a soap and ultimately a water insoluble wax. It is to be

understood, however, that the limting.size of Q depends on R Z and
[err]. As exenplary of the above, it ‘has been found that sodi um sul f oal kyl
met hacryl ate of the formJIa _[err] wherein nis 2, is a highly acceptable
copol ynesi.pablpetadiiea miseii . f Maargdigsent i nvention. Further,
the selection of Rand Z is governed by the reactivity needed and the

sel ection of Qis uUmating dempousiti®ns which form autodeposited coatings

of the type that can be employed in the present invention
generally comprise resin-containing acidic.aqueous compositions.
Such compositions attack and dissolve metal ions from a metallic
surface in an amount sufficient to directly or indirectly cause
resin particles in the region of the metallic surface to deposit
thereon in a continuous fashion. The process is conducted in a
‘manner such’ that the amount of resin deposited on the surface
increases as the time the surface is in contact with the
compé_sition increases. This deposition of the fesin on the
metallic surface is achieved through chemical action of the
coating cdmposition on the metallic surface. The use of
electricity which is necessary for the operation of
electrocoating methods is not required.

In accordance with the ©present invention an
autodeposited coating is obtained by treating a metallic surface
with a motile source of an autodepositing composition. As used
herein a "motile source of an autodepositing composition" shall
mean a stream, spray or other moving source of an autodepositing
composition as compared to a stagnant bath where the metallic
surface i$ immersed within a bath contained within a fixed space.

The autodepositing composition is; applied by placing
the motile source of the composition, .typically in the form of
a continuous or intermittent stream or spray, in contact with a
metallic surface which itself may be in motion or fixed. The
autodepositing composition is directed at the metallic surface

in a manner and in an amount sufficient to cover the entire
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by the reaction used to attach the sulfonic acid to the base nononer (or

vi ce versa). Processes for preparing | atexes containing resins of the

aforenentioned type- are -known, such |atexes being comercially

avai | abl e and being referred to herein as "self- stabilizing | atexes", that

s, latexes, the polyneric particles of which contain in the polyner

nol ecul e functional groups that 0 3 are effective in maintaining the

pol ymeric particles dispersed 21 in the aqueous phase of the latex. As

ment i onsurfiboec oxsuenly a désired portion of the metallic surface by
forming a £ilm thereon having a desired thickness.

Referring to Figure 1, there is shown an embodiment of
the invention where the autodepositing compbsition is applied as
a .continuous stream along a metallic surface.

An autodepositing coméosition as descr'ilged hereinafter
is stored as an autodepositing bath 2 in a veésel 4 made of a
material such as plastic (e.g. polyvinylchloride), rubber (e.g.
Triflex made by B.F. Goodrich Company) or any other inert
material which is inert with respect to the autodepositing
composition. Alternatively, the vessel may be lined with a
suitable inert material such as a rubber liner made of Triflex.
The object to be coated, typically a pﬁnel 6 hawving a metallic
surface 8, is positioned so aé to be impinged by a stream 10 of
the autodepositing composition.

The stream 10 is formed by passing the autodepositing
composition from the bath 2 through a conduit 12 by the pressure
genérated by a pump 14. The autodepositing composition proceeds
through the conduit 16 and is evacuated out of an exit polrt 18.
The exit port 18 may be made of .any material which is inert to
the autodepositing composition including PVC, rubber and the
like. The thickness of the coating will depend principally on
the flow rate of the autodepositing comﬁosition, the length of
exposure to the autodepositing composition, and whether the flow
is continuous or intermlttent as explained hereinafter.

In general, the flow rate of the autodepOSLtlng

composition is based on the ability of the composition to wet a

designated area. The larger the area to be coated, the greater
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| at exes do not require the presence of an external surfactant to nmaintain
the particles in their dispersed state. Latexes of this type generally have
a surface tension very close to that of water (about-72 dynes/cn). It has
been observed that autodepositing conpositions containing such | atexes form
coatings which build up-at a relativgly fast rate. A preferred

aut odepositing conposition conprises the use of vinylidene
chloride-containing | atexes in which a water soluble ionic material such

as, fortheafpp¥, r@%@ dhatyapethey | reaehuedy| aT¥Pigat ofdpynaaitesd axet Hnt he
commononer s conprisingpthe copol

ner, Sodi um sul foethyl nethacryl ate
i s partFBel RAngeePfeRPPYE 16P UEX/ i ﬁWVGW?n???G@HGbéMI&’PBé&]d
t he relggiggl%l/gxgtophilic nononers a nethyl methacrylate or :

The flow rate of the autodepositing composition must
be sufficient to cover the designated area with a sufficient
amount of the compdsition so that a layér of re;ip particles can
form and build up over the time of exposure to'the composition.
The flow rate is, therefore, selected on the basis of a unit area
per unit of .time.

The thickness of the coating is also dépendent on the
length of the coating cycle. The thickness of the coating will
generally Vary directly with the length of time of deposition.
The longer the panel .is exposed to the autodepositing
composition, the greater the thickness of the resulting coating.
If a greater amount of the autodepositing composition is applied
to the panel, a greater amount of the resin particles will be
available to form the coating. Conversely, reducing the length
of exposufe to the.- autodepositing coating will result in a
relatively thinner coat being formed on the panel. In accérdance
with the present invention, a 0.3 mil thick coating can be
obtained in about one second of exposure at a flow rate within
the range of 5 ml/cm® to 10 ml/cm?.

The thickness of the autodepositing coating is also
dependent on whether the COéting is applied continuously or
intermittently. It has been found that thicker coats can be
obtained when the autodepositing composition is applied

intermittently.
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met hacrylic acid when used in the amobunts and-in the manner descri bed
above. Particularly preferred | atexes for use in this invention are | atexes
with about 35 to 60%.by weight of solids conprising a polyneric conposition
prepared by emul si on pol ynerization of vinylidene chloride with one or nore
tonononers selected fromvinyl chloride, acrylic acid, a |ower alkyl
acrylate (such as 'nethyl acryl ate, etﬁyl acryl ate, butyl acryl ate),

met hacrylic acid, nethyl nmethacrylate, acrylonitrile, methacrylonitrile,
acryl am de, and nttheateymahtidtezmittenb!'l agarsed hiereilf shad lamednothat

sulfonic acid salt of the formula: [err]

the spacings between the flows of the compos:.tion shall be long
enough so that the composition contacting the panel has
sufficient”'time-. to adhere to the surface of the panel, yet is
short enough so that composition does not dry. If drying does
occur ‘prior to completion of tne autodepositing process, the
subsequent f-lows of the composition will not be .able to dissolve
the metallic surface because the liquid composition will not be
able to penetrate the dried resin layer. On the other hand, if
the composition is applied continuously to an uncoated panel, an
initial layer of the resin layer is deposited. However, it is
"difficult for a buildup of the resin particles to occur under a
continuous flow because the underlying layer can not interact
with the metal surface before being ~ washed off ~“by the
autodépositing composition.

The lengtn of time it takes to deposit a coating of the
composif:ion in turn is dependent on the flow rate., the type of
flow, and the temperature of the autodepositing composition.
Deposition of the autodepositing composition depends nn the
removal of metallic ions from the metallic surface and the
deposit of resin particles thereon. In autodepositing
compositions containing an etching agent, such as hydrogen
fluoride, the rate of the removal of metallic ions varies
directly with the temperature of the autodepositing composition.
The higher the temperature of the composition, the greater is the
rate of removal of metallic ions and the greater is the rate of
deposit of resin particles on ihe metallic surface. It has been

found that the temperature of the autodepositing compos:.t:.on
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22 wherein R represents vinyl or |ower alkyl-substituted vinyl, z
represents one of the functional groups: [err] nis an integer from1l to 20
(preferably 1 to 6) and [err] is hydrogen or an alkali netal cation,
preferably sodi umor potassium A subgroup of preferred polyners are those
havi ng at | east about 50% by wei ght of vinylidene chloride, but |ess than
about 70% by weight, and about 5 to 38% by wei ght vinyl chloride, and about
5 to 20% by wei ght of a vinyl conpound sel ected from

should be typically within the range of from about 1°C to 98°C

for most autodepositing applications, preferably from about 18°C

to 25°C.

Thicker coatings are best achieved by intermittent
flows cf the autodepositing composition. The short gaps in the
flow to the panel can be generated by deliveripg the flow from
a single source such as shown in Figure 1 in A series of short
pulses which typically last for less than one second. It is
preferred,. hé:wever, to generate an intermittent flow of the
autodepositing cémposition through a modified exit port 18 having
a plurality of spaced apart openings. In order to best
understand the operation of both continuous and intermittent
flow, reference is. again made to Figure 1 where it will be seen
that the conduit 16 provides a continuous fléw of the
autodepositing composition out of the exit port 1i8.

The conduit is stationary while the panel is moved in
a conventional manner transverse to the stream in the direction
of the arrow. The speed at which the panel is moved will
determine the amount of the autodepositing composition- which
contacts a given area of the panel and the length of exposure
which in turn determines the thickness of the coating.

_Movement of the panel can be accomplished by securing
the panel to a frame which itself is positioned on a track and
moving the frame along the track at a desired speed. Methods and
devices for moving the panel are well known and do. not materially
contribute to the present invention.

Another embodiment for generating a continuous flow is

shown with reference to Figures 1 and 2. Figure 2 shows a
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the group consisting of acrylic acid, nmethyl acrylate, ethyl acrylate,
butyl acrylate, nmethacrylic acid, nethyl nethacrylate, acrylonitrile, .
met hacrylonitrile, acrylam de and nethacryl am de, and conbi nations thereof,
and about 1 to 3% by wei ght of sulfoethyl nmethacrylate. A particularly
preferred group of | atexes, however, are | atexes containing about 30 to 70
% by wei ght of solids formed by enul s9on polynerization of about 50 to 99%
by wei ght of vinylidene chloride based on the total weight of the polyner

and abopba?£lelo eXXebporRi 4Bt nalisy hosihylenelbagareal @1iW G eblicudd | Y
ot her conononers sel ected fromthe group consisting of vinyl chloride,

acryl i cyiehmehieaantodepreitings compsit iaty Yontiaicts &he 3and1ag.deghe
met hacryl am des and m xtures thereof
slit 30 provides a continuous thin curtain of the autodepositing
composition which is transversed by the panel 6. The thickness
of the curtain is adjustable by changing the width of the slit.

Intermittent flows of the autodepositing composition
are preferred for producing relativeiy- thick coatings.
Preferably, the intermittent flows are generated by a modified
exit port .having a plurality of spaced-apart openings. The
autodeposition composition flows through each opening as a
separate stream. The size of the openings and the distance
between each opening are selected to insure that the resin
particles of each stream will adhere to the metallic surface to
build up the coating.

The size of the openings is typically At least 0.1 cm
depending on the application. The maximum size of the opening
is governed by the length of the exit port and the need to
mainﬁain the holes in spaced apart relationship. The distance
between each opening is up to about 300 cm, ﬁreferably abéut one
to 15 cm. |

Referring to Figureé 3A-3D, there are shown severél
embodiments of exit ports with spaced apart openings adapted to
generate an intermittent flow of the autodepositing composition.
In Figure 3A, the conduit 16 feeds the autodepositing composition
into a distribution conduit 40 which runs perpendicular to the
conduit 16. Extending from the conduit 40 ére a plurality of
spaced apart openiqgs 42 through which the autodepositing
composition is injééted into the path of the panel.

This is the replacement sheet

.Dat.: 2 5 BCT ‘g% '



in anmobunts between about 5 and 50% by wei ght, and substantially free of
unpol yneri zed surfactant or protective coll oid. 23 Anong ot her preferred
subcl asses of resin far use in this invention are dispersions of copolyners
of about 50 to 90% by wei ght vinylidene chloride, about 5 to 30% by wei ght
of butyl acrylate and optionally about 1 to 2% by wei ght of sulfoethyl

net hacryl ate based on the total meigh%oof polyner Anot her preferred

s O POLY TBEgub® S T UL SRoPhey WhbodTRENE" 'Y e CTRL AT
having a circular distribution conduit 44 with a plurality of
spaced apart openings 46 arranged in a semicircular pattern.
Figure 3C shows still another embodiment of the invention
employing an irregular shaped conduit 48 having a plurality of
spaced apart openings 50.

Figure 3D shows an embodiment of an ekit port having
a series of uniform spaced apart openings 54 arranged in a single
row. Theh_}ength of the distribution conduit 52 may be
approximately 6 feet ldng with each of the 14 openings measuring
2" x 4". The distance between each opening is approximately one
inch. The conduit 16 may be comprised of a bifurcated pathway
56a, 56b to assist in delivering the autodepositing composition
to the entire distribution conduit 52.

The distance between the exit port 18 and the metallic
surface 8 of the panel 6 is selected based on the strength of the
wet film formed on the surface. A continucus layer of the
autodepositing composition is required to properly coat the panel
6. . In this regard, the force of the autodepositing composition
as it contacts the metallic surface must be less than the level
of force which will rupture, scrape, undercut or otherwise damage
the autodeposited layer. Depending on the application, the
Aistance between the exit port 18 and the metallic surface 8 is
typically in the range of about close to 0 cm to 300 cm,
preferably“from about one cm to 15 cm. The distance selected
within the desired range will depend at least in part on the size

of the area to-be coated. For a given shaped exit port 18, the
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sul foet hyl nmethacrylate and free of surfactant, and including
“optionally-vinyl chloride and one or nore acrylic conononers. Another
preferred vinylidene chloride-containing copolyner is one conprising
about 15 to 20% by wei ght of vinyl chloride, about 2 to 5% by wei ght of
butyl acrylate, about 3 to about 10% by wei ght of acrylonitrile, and
optionally about 1 to 2% by wei ght ©f sul foethyl nethacryl ate. Thi s
particul ar copolynmer will have | ess than 70% by wei ght vinylidene chloride
copol ymsurdiaseas thponekie potal 18elighaway toomnther pafiedcleydithe idreater

sul foet hyl methacrylate) used in the enul sion polynerization. In its nost
pr ef er r dtheé arega tthatprearerhe iegnated on conpri ses the curing of coatings

formed frominternally stabilized vinylidene chloride-containing resins of
the type used . The process of the present invention may be modified
| to provide multiple conduits for delivery of the autodepo#iting
composition to multiple panels. Referring to Figure 4, there is
shown an embodiment of the invention employing.gyo conduits 1l6a
and 16b for deiivering the autodepositing- composition to
corresponding panels 6a and 6b or to cover a greater area than
possible using a single conduit. The distance between the panels
is sufficient so as to insure that the stream from exit port 18a
contacts only panei 6a and the stream from exit port 18b contacts
only the panel 6b. It will be understood that multiple conduits
can be used in accordance with the present invention to provide
a continuous or intermittent flow pf the autodepositing
composition to the metallic surface of the object to be coated
in the same manner described above in connection with the
embodiments of Figures 1-3.

In another embodiment of the invention, the exit port
can be a nozzle which is adapted to eject an atomize;:l flow
containing discreet and fine droplets of the autodepositing
composition. Referring to Figqure 5, the atomized flow or spray
is generated by passing the autodepositing composition through
the conduit 16 and out the small openings within the nozzle 20.

The nozzle employed in the present invention may be
selected from known devices used in the spray paint, perfume or
other industries where fine sprays are desifed. The nozzle 20
must be capable of delivering a sufficient amount of the

composition to coat the metallic surface, but not enough so that
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in Exanpl e 1 reported hereinbel ow. Such resins are of relatively high
"crystallinity. Exenplary crystalline resins are described in U S. Patent
No. 3,922,451, incorporated herein by reference, and aforenentioned U. S.
Patent No. 3,617, 368. General |y speaking, crystalline vinylidene

<hl oride-containing resins conprise a relatively high proportion of
vinylidene chloride, for exanple, at*?l east about 80% by wei ght t hereof.

24 Wth respect to preferred externally stabilized vinylidene

chl ori denfippond)i BegiRsi 86, fbbay orOthal Nswrfd@¥. The nozzle 20 should
preférably deliver enough of the composition from a distance of
about 6‘ to 12" to form a 0.3 mil coating on the surface during
about one second of spray time.
The type of autodepositing compositions which may be
used in the present invention are unlimited. The basic
constituents of an autodepositing composition‘are water, resin
solids dispersed in the aqueous medium of the composition and
activator.. - The activator serves to convert the water/resin
compositioﬁ into one which will form on a metallic surface a
resinous coating which increases in thickness or weight the
longer the surface is in contact with the composition. Various
types of activators or activating systems are known, for example,
as reported in U.S. Patent Nos. 3,592,699; 3,709,743; 4,103,049;
4,347,172; and 4,373,050, the disclosures of which are
incorporéted herein by reference.

The activating system generally comprises an
acid/oxidizing system, for example: hydrogen peroxide and HF;
HNO;; and a ferric-containing compound and HF; and other ﬁoluble
metal-containing compounds (for example, silver fluoride, ferrous
oxide, cupric sulfate, cobaltous nitrate, silver acetate, ferrous
phosphate, chromium fluoride, cadmium fluoride, stannous
fluoride, lead dioxide, and silver nitrate in an amount between
about 0.025 and about 50 g/l) and an acid that can be used alone
or in combination with hydrofluoric acid, and including, for
example, sulfuric, hydrochloric, nitric, and phosphoric acid, and

‘an organic acid, including, for example, ascetic, chloracetic,
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proportion of vinylidene chloride, that is, in excess of 5096by wei ght. The
anount of vinylidene chloride conprising the resin should be I ess than 100%
by weight for the reason that the pure honopol ymer of vinylidene chloride
i s thermay unstabl e. Exanples of nononers that can be copol ynerized with
vinylidene chloride to forma thermally stable copolyner include one or
nor e of vinyl chloride, acrylid3 acid, nmet hacrylic aci d,
met hyl acryl at e, met hyl met hacryl at e, et hyl acryl ate, butylacryl ate,
acrylonitrile, methecprefertred cactivat img deyatdnnmeohperigesr sleferrid~ few
exanples of externally stabilized vinylidene chloride polyners that can
be usedcontahnipgactmpound tdned phydrofluovint achidar e Thus f ok | prefigrréd)
about 50 to 90% by wei ght of vinylidene chloride, about 5 to 20% by wei ght
of autodepositing composition comprises a soluble ferric-containing
compound in an amount equivalent to about 0.025 to 3.5 g/l ferric
iron, most preferably about 0.3 to 1.6 g/l of ferric iron, and
hydrofluoric acid in an amount sufficient to impart to the
composition a pH within the range of about 1.6 to 5.0. Examples
of the aforementioned ferric-containing compounds are ferric
nitrate, ferric chloride, ferric phosphate, ferric oxide, and
ferric fluoride, the last mentioned being preferred.

The types of autodeposited coatings that particularly
lend themselves to being employed in the present invention are
those comprising resins which £fully develop their coating
properties at elevated temperatures, such as temperatures up to
212°F in the case of water and steam at atmospheric pressure, and
higher temperatures in case of super heated steam, and which are
not‘degraded at such temperatures. For many applications, such
autodeposited coatings can be "cured" or heated to such a degree
that those properties which depend upon proper bake schedule,
such as, for example, corrosion ?esistance, adhesion, and
hardness, can be readily achieved, even on massive parts, as well
as relatively thin-wall parts, by the simple expedient of
treating the freshly coated part with hot water or steam. Resins
which have a minimum film temperature (MFT) or glass transition
temperature (Tg) of no greater than about 140°F, preferably no
greater than about 100°F, and most preferably no greater than

about 85°'F, are preferred for use in the present invention.

Resins having such characteristics and appropriate for use in
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acrylonitrile and about 5 to 20% by wei ght of butyl acrylate; (B) about 60
to 76% by wei ght of vinylidene chloride, about 4 to 10% by wei ght of

et hyl hexyl acrylate or nethacrylate, and about 1 to 4% by weight of acrylic
acid; and (C) 66% by wei ght of vinylidene chloride and 34% by wei ght of

vi nyl chlori de. In preferred form the externally stabilized vinylidene
chloride- containing resinis crystaﬂﬁine in nature. Externally stabilized
resins of the above type are prepared typically by enulsion

pol yner haeblaeposiiting i Néomposifibss enhramkiowdf Safid achpat bQafBhBYAI N
the resulting resins particles in a dispersed state in the agueous nmedi um
of the eemmldr@iall¢t.ure. The nature of this resin type is that the
structure of the polyner nolecule requires that surfactant- be

Examples of resins that can be used in autodepositing
compositions to form coatings according to the present invention
include vinyl-based resins, for example, acrylic and alkyl-
substituted acrylic resins and resins prepared from other
ethylenically unsaturated monomeric compounds. Examples of such
resin are described in aforementioned U.S. Patent Nos . 3,709,743
and 4,313,861, the disclosures of which are incorporated herein
by reference. Resins of the aforementioned '861 patent can be
used to form auﬁodeposited coatings that have particularly good
corrosion resistant properties when treated with sn agueous
solution of chromium compounds and comprise a preferred class of
resins for use in the present invention. Such resins, which can
be prepared in the form of a latex, are the emulsion polymerized
product of: (A) about 1 to 20% by weight, preferably about 4 to
14% by weight, of methacrylic acid or about 1 to 12% by weight,
preferably about 4 to 10% by weight, of acrylic acid; (B) about
75 to 99% by weight of at least one other polymerizable
ethylenicallf monounsarurated monomer;.(C) abour 0 to 20% by
weight, of a different hydroxy group containing polymerizable
vinylenically monounsaturated monomer; and (D) about 0 to 1.5%
by weight, preferably no greater than about 1.25% by weight of
a polymerizable vinylenically polyunsaturated monomer.

Preferred resins of the aforementioned type have a
partiole size of less than about 0.3 micron and more preferably

-a particle size of 0.15 micron or less. Preferred resins are

characterized also as having a (Tg) of about 35°F to 120°F, more
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25 present to namintain the colloidal dispersion of the resulting Iatex, the
surfactant being adsorbed on the surface of the resin particles. Exanples

of surfactants (enmulsjifiers) that can be used to prepare such | atexes are:
sodi um dodecyl benzene sul fonate, al kyl sul f at es, sodi um di octyl

sul fosucci nate, al kyl phenol i cet hoxyl ate, sul fonates, sodi undodecyl di phenyl
oxi de di sul fonate, sodi um ol eoyl isop?opanol am de sul fosucci nate, and
sodi um | auryl sulfate. These surfactants or emulsifiers are

preferably about 45°F to 85 °F. Preferred resins are prepared
from the following monomers: as component (B) above, styrene,
methyl methacrylate, butyl acrylate, ethyl acrylate, or
acrylonitrile; as component (C) above, hydréxyethyl acrylate; and
as component (D) above, trimethylol propane triacrylate.

Particularly prefefred clésses of rgsins for use in
forming autodeposited coatings in the present iﬁvention comprise
externally stabilized vinylidene chloride copolymers and
internally. stabilized vinylidene chloridg copolymers containing
in excess of about 50% by weight vinylidene chloride.
Autodepositing compositions including such resins are described
in U.S. Patent Application Ser. No. 06/723,677 filed April 16,
1955 and entitled "Vvinylidene Chloride Resin in Autodeposition",
the disclosure of which is incorporated herein by reference. Of
these two ciasses of resins, the internaily stabilized copolymers
afe preferred. Most preferably each of the aforementioned resin
classes 1is crystalline in nature. Autodeposited 'coatings
prepared from'vinylideﬁe chloride~containing copolymers can have
extremely high resistance to corrosion without being treatéd with
an aqueous solution of chromium compounds or other post-treatment
steps designed to .improve the corrosion resistance of
autodeposited coatings.

Internally stabilized polymers or resins, as mentioned
above, include as part of their'chemical structure a surfactant
group which functions to maintain polymer particles or resin
solids in a dispersed state in an équeous medium, this being the
function also performed by an "“external surfactant", that is, by

a material which has surface-active properties and which is
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exenplary only; accordingly, it should be understood that the practice of
‘appl yi ng the aut odepositing conposition in accordance with this invention
is not limted to | atexes containing the aforenentioned surfactants. For
exanpl e, there can be used any anionic surfactant which will |ower the
interfacial tension between the nononeric reactants and water sufficiently
to result in the formation of stableygoll oi dal. di spersions of the nononers
in the water and, in addition, is stable in autodepositing conpositions

for nul apadokBeBel swMetled dgrBacad S&r Lagint hes11de, asiictat A8y @usEEMiff or
exanpl e, acid and oxidizer) of the autodepositing conp05|t|on functions to

di ssol veopaoiidalelyspeasden.cahisois khen,heheepbkeacaubEt aat ex\nfelrezlalcause

t he negatively charged | atex pol yner partlcles to aut odeposit on the
surfactant tends to increase the water sensitivity of coatings
formed from aqueous resin dispersions cont&ining the same and to
adversaly affect desired properties of the coatings.

The presence of undue amounts of ?surfactant in
autodepositing compositions can lead to problems, as described
in U.S. Patent No. 4,191,676, the disclosure of which is
incorporated herein by reference. The presence of an undue
amount of surfactant in autodepositing compositions can deter the
build-up of resin particles on the metallic surface being'coated;
In addition, the presence of an undue amount of surfactant can
also adversely affect desired coating properties, for example,

" corrosion resistant properties. An advantage of internally
.stabilized vinylidene chloride-containing polymers is that stable
aqueous dispersions, including acidic aqueous dispersions of the
type comprising autodepositing compositions, can be prepared
without utilizing external surfactants. (It is noted that.there
is a tendency in the literature to use interchangeably the
following terms in connection with .describing surface active
materials which are used in polymerization processes for
preparing polymers of the type to which the présent invention
relates: surfactant, wetting agent, emulsifier or emulsifying
agent and dispersing agent. As used herein, the "surfactant" is
intended to be synonymous with the- aforementioned.) Various
types of internally stabilized wvinylidene chloride-containing

polymers are known and species thereof are available

commercially.
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netallic surface. The anionic surfactant should be a naterial which

functions accordingly. Mxtures of two or nore suitable anionic surfactants
may be used. For reasons nentioned above, and as explained in

aforenmentioned U.S. .Patent No. 4,191,676, the surfactant concentration of
externally stabilized | atexes should be 26 relatively low so that the
aqueous phase of the autodepositing onposition has a surfactant
concentration below the critical mcelle concentration and preferably bel ow
t he surfactant Various surfactants which function to maintain

polymeric particles in dispersed state in aqueous medium include
organic compounds which contain ionizable groups in which the
anionic group is bound to the principal drganic moiety of the
compound, with the cationic group being a constituent such as,
for example, hydrogen, an alkali metal, and amopim. Speaking
generally, exempiary anionic groups of widely 'used surfactants
contain sulfur or phosphorous, for example, in the form of
sulfates, .thiosulfates, sulfonates, sulfinates, sulfaminates,
phosphates, pyrophosphé.tes and phosphonates. Such surfactan‘;:s
comprise inorganic ionizable groups linked to an organic moiety.

Although various ways may be used to introduce into the
molecular ;tructure ‘of the vinylidene chloride resin such
ionizable groups, it is believed that the most widely used method -
for preparing such resins wi.ll involve reacting vinylidene
chloride with a monomeric surfactant and optionally one or more
other monomers. In such reaction, the monomeric surfactant
comprises a material which is pélymerizable with monomeric
vinylidene chioride or with a monomeric material which is
polynmerizable with monomeric vinylidene chloride and which is

- ionizable in the reaction mixture and in the acidic aqueous
medium comprising autodepositing compositions.

With respect to particular resins that can be used in
the practice of the present invention, a preferred class can be
prepared by copolymerizing (3) vinylidene chloride monomer with
(B) monomers such as methacrylic acid, methyl methacrylate,
acrylonitrile, and vinyl chloride and (C) a water soluble ionic

material such as sodium sulfoethyl methacrylate. Although the
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concentration which corresponds to the inflection joint on a graph of
-surface tension versus the |logarithmof surfactant concentration in the
conposition, as referred to in the aforenmentioned '676 patent. Accordingly,
it is preferred that the latex containing the externally stabilized resin
-be prepared by emul sion polynerizatign with a very |ow concentration of
surfactant. This is best achieved by seed pol ynerization or sem conti nuous
pol ymeri zati on as opposed to batch enul sion pol yneri zati on. In the

seed PaHBY i AMNEY coliMefsing Oths ABHRELddB G RUSATRdAR VR duie grount
of surfactant can be limted by adding surfactant and nononer i'n such a

nmanner tdelatiheelprobde rangepudn tgempataetheeresih RaLli Jokprdlsecathe
present rather than form ng new particles. This gives greater

polymerized constituents in the following amounts:
(1) about 45 to 99% by weight of vinylidene chloride
monomer based on the total weight of monomers used:;
(2) =about 0.5 to 30% by weight based the total weight of
(1) and (2) of a second relatively'mo;e hydrophilic
ethylenically unsaturated monomeric material wherein
such monomeric material has a solubility in both the
water phase and the oil phase of the polymer latex of
at least 1% 'by weight at the temperature of
polymerization; and
(3) from about 0.1 to about 3% by weight based on the
total weight of other monomers of an ionic
significantly water-soluble material which is
copolymerizable with (2) and is selected from the
group of sulfonic acids and their salts having the
formula:
R—Z—Q— (S0;) M
Examples of resins prepared from such monomers are disclosed in
U.S. Patent No. 3,617,368 incorporated herein by feference. The
radical "R" is selected from the group consisting of wvinyl and
substituted vinyl, for example, alkyl-substituted wvinyl; the
symbol “Z" represents a difunctional linking group which will
activate the double bond in the ninyl group; —Q— is a divalent
hydrocarbon having its valence bonds on different carbon atoms:

and the symbol "M'" represents a cation.
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uniformty of particle size distribution and al so gives good control of the
“total anount of surfactant in the latex. The stability of the coll oi dal

| atex can be partially attributed to charged pol yner end groups whose
provenance is the polynerization initiator. In general, such |atexes wll
-have a relatively high surface tension, that is, at |east about 40

dynes/ cm Such | atexes can be used%9in the practice of the present

i nvention, and preferably, there are used such | atexes that have a surface

tension of about éﬁgﬁplaTQYdmest:ﬁarefﬂeaanﬁd@apma1%11%11&5;@%58 ot p@’sch
there is no protective colloid are preferred class for use in the present
| nvent | above, particularly when used in conjunction with monomeric
| vinylidene chloride are: methaérylic acid and methyl
methacrylate. Other monomers which may be advantageously
employed include the hydroxyethyl and 'propyl acrylates,
hydroxyethyl-methacrylate, ethyl hexylacrylate,: acrylic acid,
acrylonitrile, methacrylonitrile, acrylamide, and the lower alkyl
and dialkylacrylamides, acrolein, methylvinyl ketone, and vinyl
acetate.
.Examplés of the difunctional linking roup (Z) which
will activate the doublé bond present in the vinyl group include

groups of the structure:

0 0 0 0 alkyl
R DUSONE W ¥ A

and the like. The alkyi group is preferably alkyl of 1 to 8
. carbon atoms, especially methyl, ethyl or propyl. Examples of

the aforementioned divalent hydrocarbon having its valence bonds

on different carbon atoms include alkylene and:arylene divalent

hydrocarbon radicals. Although the alkylene (CH,) group can

contain up to about 20 carbon atoms, it will generally have 1 to

about 8 carbon atoms.

The solubility of the defined copolYmerizable ionic
material as described herein is strongly influenced by the cation
M'. Exemplary cations are the free acids, alkali metal sélts,
ammonium and amine salts and sulfonium and quaternary ammonium
salts. Preferred are the free acids, alkali metal salts,

particularly sodium and potassium, and ammonium salts.
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27 Polymers having a vinylidene chloride content of between about 50 to 90%
oy wei ght or higher, based upon the total weight of polyner, can be used.
When vinyl chloride is enployed as one of the conobnoners, the vinylidene

chl oride content can be |ess than about 70% by wei ght. The total chloride
content, however, is preferably at |east 50% by wei ght or nore based on
total polyner weight. Ceneral | y20ospeaking, the internally stabilized

| at exes which are the preferred class of |atexes according .to this
i nvention can be Ifseils afurtker| notedcthat; delitionematef theribdysecabdveng t he-

i ncl usi on of other copolyners to .
and the usual choices for R and Z, the solubility of the monomer
depends on Q. As indicated, this group can be either aliphatic
or  aromatic | and its size will determine the
hydrophilic/hydrophobic balance in the-molecule, that is, if @
is relatively small, the monomer is water so%gble, but as Q
becomes progressively larger the surface activitir of such monomer
increases until it becomes a scap and ultimately a water
insoluble wax. It is to be understood, however, that the

limiting size of Q depends on R, Z and M'. As exemplary of the

above, it has been found that sodium sulfoalkyl methacrylate of

the formula:

CH; O
[ ]
H,==C——C—O0—(CH,) —S0;'Na*

I I |

R A Q

wherein n is 2, is a highly acceptable copolymerizable ionic
material for use in the preéent invention.

Further, the selection of R and Z is governed by the
reactivity needed and the selection of Q ié usually detefmined
by the reaction used to attach'the sulfonic acid to the base

monomer (or vice versa).

Processes for preparing latexes containing resins of
the aforementioned type are known, such latexes being
commerciaily available and being referred to herein as “self-
stabilizing latexes", that is, latexes, the polymeric particles
of which contain in the polymer molecule functional groups that
afe effective in maintaining the polymeric particles dispersed
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enhance the desirable polyner characteristics such as hardness, gl oss,
solvent resistance and the like, in addition to corrosion resistance
attributable to reduced vapor perneability. Latexes for use in the practice
of the present invention are available comercially. Exanples of such

l atexes are the Saran | atexes suchz2as, for exanple, Saran 143 and Saran 112
avai l abl e from Dow Chem cal co., the Serfene | atexes available from Mrton
chemi cal, and the Hal ofl ex | at exes such as, for exanple Hal of| ex 202

avai | abia fuhem aqpeous | phhsei el sthedlistekes. A mersiiakd aheve, such

aut odeposi ti ng conposition can be prepared fromtwo or nore | atexes

cont ai nlagexest doenotr seguirestba presenceief @n wixtlerngdp sufactsrdndoof
t he vinylidene

maintain the particles in their dispersed state. Latexes of this
type generally have é surface tension very close to that of water
(about 72 dynes/cm). It has been observed that autodepositing
compositions containing.such latexes form coat;qgs which build
up at a relatively fast rate. .

A preferred autodepositing composition comprises the
use of vinylidene chloride-containing latexes in which a water
soluble ionic material such as, for example, sodium sulfoethyl
methacrylate is copolymerized with the commonomers comprising the
copolymer. Sodium sulfoethyl méthacrylate is particularly
effective for use with monomeric vinylidene chloride and the
relatively | hydrophilic monomers * methyl methacrylate or
methacrylic acid when used in the amounts and in the manner
described above.

Particulariy preferred latexes for use in this
invention are latexes with about 35 to 60% by weight of solids
comprising a polymeric composition prepared by emﬁlsion
polymerization of vinylidene chloride with one or more comonomers
selected from vinyl chloride, acrylic acid, a lower alkyl
acrylate (such as methyl acrylate, ethyl acrylate, butyl
acrylate), methacrylic acid, methyl methacrylate, acrylonitrile,
methacrylopitrile, acrylamide, and methacrylamide and stabilized
with sulfonic acid or sulfonic acid salt of the formﬁla:

R—2Z—(CH,) —(S0;) 'M"
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chl oride-containing polyners described above, typically in an anount of
.about 50 to 95% by weight of the total resin solids, and one or nore other
| at exes i ncluding, for exanple, -styrene- butadi ene resins, poly(vinyl

chlorides), acrylic resins and the |iKke. 28 The anmount of the resin
conprising the autodepositing conposj,tion for practicing the present
I nvention can vary over a w de range. The | ower concentration limt of

the resin particles in the conposition is dictated by the anount of resin
wherein R represents vinyl or lower alkyl-substituted vinyl, Z

represents one of the functional groups:
CI'IJ c“> 0 0 alkyl

~C~, =C-0~, —0~C—~, —C—-N— or H

n is an integer from 1 to 20 (preferably 1 to 6) and M is
hydrogen or an alkali metal cation, preferably sodium. or
potassium.. ~ |

A subgroup of preferred polymers are those having at
least about 50% by weight of vinylidene chloride, but less than
abou£ 70% by weight, and about 5 to 35% by weight vinyl éhlbride,
and about 5 to 20% by weight of a vinyl compound selected from
the .group consisting of acrylic acid, methyl acrylate, ethyl
acrylate, butyl acrylate, methacrylic acid, methyl methacrylate,
acrylonitrile, methacrylonitrile, acrylamide and methacrylamide,
and combinations thereof, and about 1 to 3% by weight of
sulfoethyl methacrylate.

A particularly preferred group of latexes, howevér, are
latexes containing about 30 to 70 % by weight of solids formed
by emulsion polymerization of about 50 to 99% by weight of
vinylidene chloride based on the total weight of the polymer and
about 0.1 to 5% by weight of sulfoethyl methacrylate, with
optionally other comonomers selected from the group consisting
of wvinyl chloride, acrylic and methacrylic monomers such as
acrylonitriles, acrylamides, me’;hacrylamides and mixtures thereof
in amounts between abouf 5 and 50% by weight, and substantially

free of unpolymerized surfactant or protective colloid.
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needed to provide sufficient material . to forma resinous coating. The upper
imt is dictated by the anmount of resin particles which can be dispersed
in the acidic agueous. conposition. |In general, the higher the amount of
resin particles in the conposition, the heavier the coating forned.

Al t hough coating conpositions can be fornulated with a range of about 5 to
550 g/| of resin solids, the anount ¥¥ the resin solids will tend to vary
dependi ng on the other ingredients conprising the conposition and al so on

the specific | at eAniong estlerisprlefé&prednsybaeppsseat oongesgnodoreusgd drrcan
be achi eved utilizing about 50 to 100 g/l of resin solids in the

conposi titis Gpterdiion iang otispessioms bef xhikol ynenshe L @y tSOERD0%
desi red. ‘For exanple, it is believed that the present
by weight vinylidene chloride, about 5 to 30% by weight of butyl.
acrylate and optionally about 1 to 2% by weight of sulfoethyl
methacrylate based on the total weight of polymer. Another
preferred subclass of polymers are the latexgg;of vinylideng
chloride-containing polymers internally étabilized with
Sulfoephyl methacrylate and free of surfactant, and including
optionally-vinyl chloride and one or more acrylic comonomers.
Another preferred vinylidene chloride-containing
copolymef is one comprising about 15 to 20% by weight of vinyl
chloride, about 2 to 5% by weight of butyl acrylate, about 3 to
about 10% by weight of acrylonitrile, and optionally about 1 to
2% by weight of sulfoethyl methacrylate. This particular
copolyner will have less than 70% by weight vinylidene chloride
copolymer based upon the totai weight of comonomers (including
the sulfoethyl methacrylate) used in the emulsion polymerization.
In its most preferred form, the presant invention
comprises the curing of coatings formed from intérnally
stabilized vinylidene chloride-containing resins of the type used
in Example 1 reported hereinbelow. Such resins are of relatively
high crystallinity. Exemplary crystalline resins are described
in U.s. Patent ﬁo. 3,922,451, incorporated herein by reference,
and aforementioned U.S. Patent No. 3,617,368. Generally
speaking, crystalline vinylidene chloride-containing resins
comprise a relatively high proportion of vinylidene chloride, for

example, at leaéf about 80% by weight thereof.
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invention will be used nost widely in curing pignented autodeposited
coatings. For this purpose, suitable pignents can be included in the
conposition. Exanples of pignments that can be used are carbon bl ack,

pht hal ocyani ne bl ue, phthal ocyani ne green, quinacridone red, benzidene
yellow and titani um di oxi de. The pignment should be added to the conposition
in an amount which inparts to the cofing the desired color and/or the '
desired depth or degree of hue. It should be understood that the specific

S e A SORALY, 45, peceiieetl ountiousety it ol o
di sper sigRy1l fhedMenlbridebcotdaillihig resins, they contain a high
| proporticn of vinylidene chloride, that is, in excess of 50% by
weight. The amount of wvinylidene chloride.comprising the resin
should be less than 100% by weight for the reason that the pure
homopolymer of vinylidene chloride is thermally unstable.
Examples of monomers that can be copolymerized with vinylidene
chloride to form a thermally stable copolymer include one or more
of vinyl- < chloride, acrylic acid, methacrylic gcid,
methylacrylate, methyl methacrylate, ethylacrylate,
butylacrylate, acrylonitrile, methacrylonitrile, acrylamide and
methacrylamide. A few examples of externally stabilized
vinylidene chloride polymers that can be used in the practice of
the present invention are the following: (A) about 50 to 90% by
weight of vinylidene chloride, about 5 to 20% by weight of
acrylonitrile and about 5 to 20% by weight of butyl acrylate;
(B) about 60 to 76% by weight of vinylidene.chloride, about 4 to
10% by weight of ethylhexyl acrylate or methacrylate, and about
1 to 4% by weight of acrylic acid:; and (C) 66% by weight of
vinylidene chloride and 34% by weiqht'of vinyl chloride. In
preferred form, the externally stabilized vinylidene chloride-
containing resin is crystalline in nature.
Externally stabilized resins of the.above type are
prepared typically by enulsion polymerization utilizing a
sufficient amouﬁt of surfactant to maintain the fesulting resins
particles in a dispersed state in the aqueous medium of the
reaction mixture. The nature of this resin type is that thg

structure of the polymer molecule requires that surfactant be
This is the replacement sheet
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29 conposition contains about 0.2 to 3 g of furnace black/loo g of resin
"solids. Many pignents are available in aqueous dispersions which may
i nclude surfactants or dispersing agents for maintai.ning:the pignent
particles in dispersed state. Wen utilizing such pignent dispersions in
t he conposition, they should be selected so that the surfactant
concentration in the aqueous phase 8P the conposition is bel ow the CMC,
preferably bel ow the surfactant concentration which corresponds to the

i nfl ect iprepentt tonmaigtaph dheswdbbeidahsdbspersias ofie thegardsuihinfg
surfactant concentration in the conposition. The
latex, the surfactant being adsorbed on the surface of the resin

particles.'
| Examples of surfactants (emulsifiers) that can be used
to prepare such latexes are: sodium dodecylbenzene sulfonate,
alkyl sulfates,’ sodium dioctyl sulfosuccinate,
alkylphenolicethoxylate,su;fonates,sodimmdbdécyldiphenyloxide
disulfonate, sodium oleoyl isopropanolamide sulfosuccinate, and
.sodium lauryl sulfate. These surfactants or emulsifiers are
exemplary only; accordingly, it should be understéod that ﬁhe
practice of applying the autodepositing composition in accordance
with this invention is not limited to latexes containing the
aforementioned surfactants. For example, there can be used any
anionic surfactant which will lower the interfacial tension
between the monomeric reactants and water sufficiently to result
in the formation of stablé colloidal dispersions of the monomers
in the water and, in addition, is stable in autodepositing
compositions formulated therefrom. It is noted further that the
activating system (for example, acid and oxidizer) éf the
autodepositing composition functioqs' to dissolve positively
charged cations from the metallic substrate which cause the
negatively charged latex polymer particles to autodeposit on the
metallic surface. The anionic surfactant should be a material
which functions accordingly. Mixtures of two or more suitable
anionic surfactants may be used. _
For reasons mentioned above, and as explained in
aforementioned U.S. Patent No. 4,191,676, the

surfactant

concentration of externally stabilized 1latexes should be

This is the replacement sheet

. 25 0CT 19%

Date



surfactant should preferably be selected fromthose indicated above wth
fespect to the preparation of the externally stabilized | atexes.
Suitable pignmented .conpositions are illustrated in exanples herein

Col ored coatings can al so be cured in accordance with the present

i nventi on. They can be forned froqlconpositions whi ch include a dye,
exanpl es of which include rhodam ne gerived dyes, nethyl violet, safranine,
ant hr aqui none derived dyes, nigrosine, and alizarin cyani ne green. These
are but reladivsdghpiow 9 that thet aqueocbs phbese Bfarghlec audfodupumiting
additives that may be used in the autodepositing conposition are those

gener al lopmResktkan Hasgsad sur fagtantatconcerrmtionpbelovotbe fariticabl e,
WV stabiljzers, .

micelle concentration and preferably below the surfactant
concentration which correspbnds to the inflection jéint on a
graph of surface tension versus the logarithm of surfactant
concentration in "the composition, as referred to in the
aforementioned '676 patent. Accordingly, it is preferred that
the latex coptaining the externally stabilized resin be prepared
by emulsion. pglymefization with a very low concentration of
surfactant. - This is best achieved by seed polymerization or
semicontinuous polymerization as opposed to batch emulsion
polymerization. In the seed polymerization ﬁfocess or
semicontinuous ﬁolymerization, the amount of surfactaﬁt can be
limited by adding surfactant and monomer in such a manner that
the monomer continues to polymerize with particlés already
present rather than forming new particles. This gives greater
uniformiti of particle size distribution and also gives good
control of the total amount of surfactant in the latex. The
stability of the colloidal latex can be partially attribﬁted to
charged polymer end groups whose provenance is the polymerization
initiator.

| In general, such latexes will have a relatively high
surface tension, that is, at least about 40 dynes/cm. Such
latexes can be used in the practice of the present invention, and
preferably, there are used such latexes that have a surface
tension of about 55 to 70 dynes/cm. In particular, such latexes

in which there is no protective colloid are preferred class for

use in the present invention.
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viscosity nodifiers, etc. If a surfactant is added to the conposition,
either as a conponent of the latex, or wwth a pignent dispersion, or with
other ingredients or additives, the total anount of surfactant 30 in the
aqueous phase of the conposition should be maintained bel ow the CMC,
Preferably, the aqueous phase of theg,conposition contains little or no

surfactant. In case a surfactant is utilized, the preferred surfactants are
the anionic surfactants.. Exanples of suitable

Polymers having a vinylidene chloride content of
between about 50 to 90% by weight or higher, based upon the total
weight of polymer, can be used. When vinyl chloride is employed
as one of the comonomers, the vinylidene chloride content can be
less than about 70% by weight. The total chloride conteht,
however, is preferably at least 50% by weight‘qr more based on
tﬁtal polymer weight. Generally speaking, the internally
stabilized latexes which are the preferred class of latexes
according .to this invention can be used at even lower chloride
contents, thereby enabling the inclusion of other copolymers to
“enhance the desirable polymer characteristics such as hardness,
gloss, solvent.resistance and the like, in addiﬁion to corrosion
resistance attributable to reduced vapor permeability.

Latexes for ﬁse in the practice of the present
invention are available commercially. Examples of such latexes
are the Saran latexes such as, for example, Saran 143 and Saran
112 available from Dow Chemical co., the Serfene latexes
available from Morton chemical, and the Haloflex latexes such as,
for example Haloflex 202 available from Imperial Chémicals
Industries.

If desired, the autodepositing composition can be
prepared from two or more latexes containing different resins.
Such a composition wili comprise a blend of' the vinylidene
chloride—-containing polymers described above, typicaliy in an
amount of about 50 to 95% by weight of the total resin solidé,
and one or more other latexes including, for e#améle, styrene-

butadiene resins, poly(vinyl chlorides), acrylic resins and the

like.
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anionic surfactants are the alkyl, alkyl/ aryl or naphthal ene sul fonates,
-for exanple, sodiumdioctyl sul fosuccinate and sodi um dodecyl benzene

sul fonate. In preparing the autodepositing conposition, the constituents

t Hereof can be adm xed in any suitable way, for exanple, as described in

aforenentioned U S. Patent No. 4,19]y676. The autodepositing conposition

may be cured by contact with an aqueous curing nmedi um which may include a
sol ute such as ani photeric and cationic surfactants as disclosed in U S.

Patent No. 4,647, 483 antitdY@itde isin cRnprdlsdmNthe it adeporitdny a

solute in the aqueous curing nediumelimnates the filmof water between

the coaldonpoitidie fobpradeidingrehe nprékénvaliarention can vary over
a wide range. The lower concentration limit of the resin
particles in the composition is dictatead bir the amount of resin
needed to provide sufficient material to form a resinous coating.
The upper limit is dictated by the amount of resin particles
which can be dispersed in the acidic aqueous composition. 1In
general, the higher the amount of resin particles in the
.composition,'-' the heavier the coating formed. Although coating
compositions can be formulated with a range of about 5§ to 550 g/1
of resin solids, the amount of the resin solids will tend to vary
depending on the other ingredients comprising the composition and
also on the specific latex or resin used. For many applications,
good results can be achieved utilizing about 50 to 100 g/l of
resin solids in the composition.

Optional ingredients can be added to the composition -
as desired. For example, it is believed that the present
invention will be used most widely in curing pigmented
autodeposited coatings. For this purpose, suitable pigments can
be included in the composition. Examples of pigments that can
be used are carbon black, phthalocyanine blue, phthalocyanine
green, quinacridone red, benzidene yellow and titanium dioxide.
The pigment should be added to the composition in an amount which
imparts to.the coating the desired color and/or the desired depth
or degree of hue. It should be understood that the specific
amount used will be governed by the specific pigment used and the
color of coating desired. Excellent results have been achieved

by using an a.qi:eous dispersion in an amount such that the
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t hrough the coating by osnosis where the water then evaporates. A
particularly preferred-autodepositing conposition has a high degree of
sol vent and corrosion_ resistance and includes an acrylic-based,

nitrile-containing resin having a Tg of at |least 58 C and which is prepared
froma soluble ferric ion- containi nggconpound and hydrofluoric acid, and
whi ch includes also, in emulsified form a fugitive plasticizer containing
2,2,4-trinethyl pentanedi ol -1, 3- nonoi sobutyrate, the enul sifying agent
associ ategmpbshtiondcohtainsi abouhedng 8o angosf cfurndde black/100 g of

resin solids.

Many pigments are available in aqueous dispersions

which may include surfactants or dispersing agents for
maintaining the pigment particles in dispersed state. When
utilizing such pigment dispersions in the c9gposition, they
should be selected so that the surfactant conéentration in the
agueous ph&se of the composition is below the CMC, preferably
below the. surfactant concentration which corresponds to the
inflection point on a graph of surface tension versus the
logarithm of surfactant concentrétion in the composition. The
surfactant should preferably be selected from those indicated
above with respect to the preparation of the externally
stabilized latexes.- Suitable pigmented compositions are
illustrated in examples herein.

Colored coatings can also be cured in accordance with
the present invention. They can be formed.frOm compositions
which include a—dye, examples of which include rhodamine derived
dyes, methyl. violet, safranine, anthraquinone derived dyes,
nigrosine, and alizarin cyanine green. These afe but a féw
examples of dyes that can be used.

Examples of other additives that may be used in the
autodepositing composition are those generally known to be used
in formulating paint compositions, for example, UV stabilizers,
viscosity modifiers, etc.

If a surfactant is added to the composition, either as

a component of the latex, or with a pigment dispersion, or with

other ingredients or additives, the total amount of surfactant
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enul sifying agent as disclosed in U S. Patent No. 4,874,673, incorporated
herein by reference. The follow ng exanples are for illustrative purposes
only and are not intended to limt the invention as enconpassed by the
clains forming part of the application. Exanple 1 A panel of cold rolled
steel nmeasuring 3" x 4" was immersedgg n an industrial cleaner containing an
I norgani ¢ builder and surfactant (Ridoline 72 manufactured by the Parker &
Anthem Di vi si on of Henkel Corp. of Mdison Heights, Mchigan) for 2 m nutes

at [errlin tHéeapaeouswgshddenofi thed comprs it ivreastyowld ep@ afa firada MRdET
for 30 seconds foll owed by deionized water for 10 seconds.

below the CMC. Preferablg, the aqueous phase of the composition
contains little or no surfactant.

In case a surfactant is utilized, the preferred
surfaétants are the anionic surfactants. Examples of suitable
anionic surfactants are the alkyl, alkyl/ ary;,pr naphthalene
sulfonates, for example, sodium dioctylsulfosuccinate and sodium
dodecylbenzene éulfonate.

In° preparing the autodepositing composition, the
constituents thereof can be admixed in any suitable way, for
example, as described in aforementioned U.S. Patent No.
4,191,676.

The autodepositing composition may be cured by contact
witﬁ an aqueous curing medium which may include a solute such as
aniphoteric and cationic surfactants as disclosed in U.S. Patent
No. 4,647,480, incorporated herein by reference. The presence
of a solute in the aqueous curiné medium eliminates the £ilm of
water between the'cdating and the substréte by drawing the. water
through the coating by osmosis where the water then evapo%ates.

A particularly preferred autodepositing composition has
a high degree of solvent and corrosion resistance and includes
an acrylic-based, nitrile-containing resin having a Tg of at
least 58°C and which is prepared from a soluble ferric ion-
containing. compound and hydrofluoric acid, and which includes
also, in emulsified form, a fugitive plasticizer containing
2,2,4—trimethyléentanediol-1,3-monoisobutyrate, the emulsifying

agent associated with said plasticizer being an anionic
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The pre-cl eaned panel was then positioned as shown in Figure, 1,

approxi mately 2" from the conduit 16. An aut odepositi ng-conposition
as shown in Table 1 was punped at -a flow rate of .5.gpmfromthe vessel 4.
32 TABLE 1 | NGREDI ENT AMOUNT (I N GRAMS, 100% ACTI VE

} NGREDI ENTS BASI S) V‘nylldene chl orige- acrylonltrlle butyl acrylate
50. 00

emulsifying agent as disclosed in U.S. Patent No. 4,874,673,
incorporated herein by reference.

The following examples are for illustrative purposes
only and are not intended to limit the invention as encompassed

by the claims forming part of the application.

Example 1

A panel of cold rolled steel measuring 3" X 4" was
immersed in an industrial cleaner containing an inorganic builder
and surfactant (Ridoline 72 manufactured by the Parker & Amchen
Division of Henkel Corp. of Madison Heights, Michigan) for 2
minutes at 160°F. The panel was then rinsed under a steady
stream of tap watér for 30 seconds followed by deionized water
for 10 seconds.

The ére—cleaﬁed panel was then posiﬁioned as shown in
Figure 1, approximately 2"  from the conduit 16. An
autodepositing_composition as shown in Table 1 was pumped at a

flow rate of .5 gpm from the vessel 4.

)
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copol ynmer | atex Methyl paraben - 0.06

€pl | oi dal carbon bl ack 1.88 pignent Ferric fluoride
3.00 Hydrofluoric acid 1.-40 Dei oni zed wat er
Bal ance to nake one liter of bath 33 The tenperature of the
aut odeposi ti ng conposition was 32
TABLE 1

INGREDIENT AMOUNT

(IN GRAMS, 100X ACTIVE INGREDIENTS BASIS)

Vinylidene chloride-
acrylonitrile-butyl acrylate 50.00
copolynmer latex

Methyl paraben ' 0.06
Colloidal carbon black 1.88
| pigment |
Ferric fluoride : ' . 3.00
Hydrofluoric acid 1.40 “
-Deionized water Balance to make

one liter of bath
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[err] and the coating operation was conducted for two minutes to produce an
‘aut odeposi ted coating having a thickness of 0.5 ml. The panel was then
rinsed with tap water. for 30 seconds thereafter baked at [err] for 20
m-nutes. The resulting baked panel was visually observed and conpared to a
panel coated by imersion in a bath of the sane autodepositing conposition.
The baked panel appeared visually t®3be equivalent to the i mersed panel
The baked panel was subjected to a series of standard tests and determ ned

to have a pencil henéneampefatik@nds athé RCSdSpdSel g 0Eor§8s i PLdn | Pas
Corrosion resistance was neasured according to ASTM B117 with the foll ow ng
resul t s:76¢F i dx8d ~the oatnihd-i @perat Don . wikesendwstiéd sfar etwoNpiiabes £
produce an autodeposited coating having a thickness of 0.5 mil.
The panel was then rinsed with tap wétef for 30 seconds
thereafter baked at 100°F for 20 minutes.

Thelresulting baked panel was visually observed and
compared to a panel coated by immersion in a bath of the same

_ autodepositing composition. The baked panel appeared visually
to be equivalent to the immersed panel.

The baked panel was subjected to a series of standard
tests and determined to have a péncil hardness of SH and an
jimpact strength of 160 inch-1b. Cérrosion resistance was
measured according to ASTM:Bll7 with the follc;wing results:
Scribe = 7.5; and Field = 9.5. These results are comparable to
the corrosion resistance values obtained with panels coated under

the standard immersion process.
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the corrosion resistance val ues obtained with panels coated under the

st andard i nmersi on process. 34 Exanple 2 A process of coating a

stainl ess steel panel-of the type described in Exanple 1 was
conducted wusing the autodepositing conposition shown in Table 2. TABLE 2

- NGREDI ENT A (I N GRAMB, 100% ACTI VE | NGREDI ENTS
BASI S) -

Xam 2

A process of coating a stainless steel panel of the
type described in Example 1 was conducted using the

.autodepositing composition shown in Table 2.

TABLE 2

INGREDIENT : AMOUNT _ B

CIN GRAMS, 100X ACTIVE INGREDIENTS BASIS)

Acrylic resin latex 58.00

Dodecyl diphenyloxide 0.14
disulfonate (surfactant)

i
TEXANOL™ (ester alcohol) 12.20

Colloidal carbon black _ 1.88
pigment :
Ferric fluoride 3.00
il
Hydrofluoric acid ' 1.40

Deionized water Balance to make

one liter of bath

i

The autodepositing .composition was continucusly
supplied to the panel using the system shown in Figure 1. The

length of coating.was varied to obtain a coating having a

thickness of about 0.5 mil. The panels were pre-treated with
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Acrylic resin |atex ~ 58.00 Dodecyl di phenyl oxi de
0.14 disulfonate (surfactant) [err] (ester alcohol)

12,20 Col | oi dal carbon bl ack - 1.88 pignment Ferric
fluoride 3.00 Hydrofluoric acid
1. 40 Deioni zed wat er ' 35 Bal ance to nake one liter of

bath The autodepositing conposition was continuously supplied to the panel
uSi gt e EYPhe shonn Lo Ehakie Lo T05.ongh QhesRHdd Y85 waLledel
30 seconds followed by deionized water for 10 seconds. The
autodepositing composition was then flow coated onto the
precleaned panels for about two minutes. |
| The coated panels were rinsed with tap water for 30
seconds and then with a 4% chrome solution for about one minute.
The resulting panels were baked at 160°C for 20 .minutes. |
The baked panels had an acceptable appearance.
Physical tests of the type described in Example 1 showed a pencil
hardness of 2H, impact strength of 40 inch-lb. and good
- resistance to solvents as well as essentially the same resistance

to corrosion as described in Example 1.
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t hi ckness of about 0.5 ml. The panels were pre-treated with 35 Rodiline
fdr two minutes at 160F, and then with tap water for 30 seconds foll owed by
dei oni zed water for 10 seconds. The aut odepositing tonposition was then
fl.ow coated onto the precl eaned panels for about two m nutes. The coated
panel s were rinsed with tap water for 380 seconds and then with a 4% chrone
solution for about one mnute. The resulting panels were baked at [err] for
20 minutes. The baked panels had anEacceEt agl e appear ance.

A panel of cold rolled steel measuring 3" x 4" is pre-
cleaned as described in Example 1. The pre-cleaned panel is then
coated with the autodepositing composition shown in Table 1 using
the apparatus shown in Figure 5.

The autodepositing composition is sprayed through a
nozzle of the same type used in typical aerosol cans for spraying
paint and the like. The resulting panels are tested in the same

manner described in Example 1 and found to exhibit similar

properties.
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Physical tests of the type described in Exanple 1 showed a pencil hardness
of* 2H, inpact strength of 40 inch-Ib. and good resistance to solvents as
well as essentially the sane resistance to corrosion as described in
Exanpl e 1. 36 Exanple 3 A panel of cold rolled steel measuring 3" x 4"
I's pre- cleaned as described in Exargole 1. The pre-cl eaned panel is then
coated with the autodepositing conposition shown in Table 1 using the
apparatus shown in Figure 5. E le 4

Ten steel cans produced by the American Can Company

were coated with an autodepositing composition in accordance with

the following:

TABLE 3 |
. ~ _ |
“ COMPOSITION TYPE OF COATING . BURATION OF |
COATING
B 1 TABLE 1 FLOW COAT 1 SECOND
2 . “TABLE 1 FLOW COAT | 1 sEcomp |
3 TABLE 1 IMMERSION 15 SECONDS
4 TABLE 1 . FLOW COAT 1 SECOND
5 TABLE 1 FLOW COAT ' 15 SECONDS
6 TABLE 2 | FLOW COAT - 15 SECONDS
7 TABLE 2 FLOW COAT 15 SECONDS
8 TABLE 2 FLOW COAT 15 SECONDS
“ 9 TABLE 2 IMMERSION 15 SECONDS
" 10 TABIE 2 IMMERSION 15 SECONDS

Each of the cans was tested in the same manner as

Example 1 and found to have acceptable coatings.
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The autodepositing conposition is sprayed through a nozzle of the same type

used in typical aerosol cans for spraying. paint and the like. The resulting
panels are tested in the sane manner descri bed nd to

exhibit simlar properties. 37 Exanple 4 Ten ed by the
Anerican Can Conpany were coated w3gh an aut odepmﬁ ,mmm’ ,mon in
accordance with the foll ow ng:

WHAT IS CLAIMED IS:

1. A process for forming an autodeposition coating- on a
substrate having a metallic surface comprising applying an .
autodepositing composition to the substrate from a motile source

of the autodepositing composition.

2. The process of «claim 1 comprising '“spraying the
autodepositing composition onto the metallic substrate.
3. The process of claim 1 comprising passing a stream of the

autodepositing composition onto the metallic substrate.

4. The process of claim 1 wherein the autodeposition

comprises an aqueous latex dispersion, an acid and an oxidizing

agent.

5. The process of «claim 1 wherein the autodepositing

composition is applied ihtermittently from the motile source.

6. The process of <claim 1 vwherein the autodepositing

composition is applied continuously from the motile source.

7. The process of claim 1 comprising applying the
autodepositihg composition to the substrate through at least one

conduit having at least one opening.

This Sheet Has Been R e’i This is the replacement sheet

LU oae: 26 0T 18




TABLE 3 COWOSI TION TYPE OF COATI NG TABLE

1. FLOW COAT 1 SECOND 2 FLovv
COAT 1 SECG\D 3 TABLE 1 [ ,
SECONDS 4 TABLE 1 F{gOW COAT

TABLE 1 FLOW CQOAT 15 SECONDS 6 TAELE* 2
FLOW COAT 15 SECONDS 7 TABLE 2 FLOW COAT
15 SECONDS 8 TABLE 2

FL COAT 15 SECONDS 9
TABLE 28-  The am GFf clain 7o Ghe3Qim othe eutplepssiting
| MVERSI ON

manner SOMPOS ition ls a ECP‘\IDé tl.Ec? qéi\eogubg%rgégs £¥8n i€ Sfeeagst': Q'.v}cp %p%%'g?ﬂ-

apart conduits

9. The process of claim 7 wherein the autodepositing
composition is applied to the substrate through at least two

spaced apart openings in each conduit.

10. The process of claim 1 wherein the autodepositing
composition is applied at a flow rate of about .001 ml/cm?® to 100

ml/cml.

11. The process of claim 10 wherein the flow rate is 5 ml/cm? to

10 ml/cml.

12. The process of claim 1 wherein the autodepositing
composition is applied for a time sufficient for the composition
to adhere to the substrate but for less time than it takes for

the composition to dry on the substrate.

13. The process of claim 2 comprising passing the autodepositing
composition through a nozzle adapted to emit a spray of the

composition at a distance of from about 6 to 12 inches from the

substrate.
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Exanple 1 and found to have acceptable coatings. @ 38 THE CLAI M5 DEFI NI NG
THE | NVENTI ON ARE AS FOLLOAG: 1. A 'process for form ng an autodeposition
coating on a substrate having a netalli-c surface conprising applying an
agueous resinous autodepositing cogposition to the substrate intermttently
froma notile source of the autodepositing conposition. 2. The process of
claim 1 conprising sprayi ng the autodepositing conposition onto the

netallic substrate. 3. OURL | sing passing a stream
of the autodepositing

Procesé for forming an autodeposition coating on a
metallic substrate by applying an autodepositing composition from
a motile source thereof such as by spraying or by treating the
surface with a continuous stream of the . autodepositing

corposition.

FIGURE ONE
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conposition onto the nmetallic substrate. 4. The process of claim 1
wherei n the autodeposition conposition conprises an aqueous | atex

-di spersion, an acid and an oxidising agent. 5. . The~process of claim 1
conprising applying the autodepositing conposition to the substrate through
at | east one conduit having at |east one opening. 6. The process of claim
5 wherein the autodepositing conposijtA3n is applied to the substrate from
at | east two spaced-apart conduits. 7. The process of claim5 wherein the
aut odepositing conposition is applied to the substrate through at |east two
spaced apart openings in each g uit. 8. The process of claim1l wherein
t he aut.odepositing conpositionfig a ﬁiexial a flowrate of about .001
[err] to 100 [err]. 9. T r gCass—of—Ttamm R Whekein the flowrate is 5
[err] to 10 [err], (-3 o 10 —16
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104 The process of claim1l wherein the autodepositing conposition is

appl i ed 39 for atime sufficient for the conposition to adhere to the
substrate but for less tine than it takes for the conposition to dry on the
substrate. 11. The process of claim 2 conprising passing the

aut odepositing conposition through a nozzle adapted to emt a spray of the
conposition at a distance of from abduwt36 to 12 inches fromthe substrate.
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IMS DEFINI VENTION ARE AS FOLLOWS:

1. A process for forming an autodeposition coating on a substrate having a
metallic surface comprising applying an aqueous resinous autodepositing

composition to the substrate intermittently from a motile source of the
autodepositing composition.

2. The process of claim 1 comprising spraying the autodepositing
composition onto the metallic substrate. '

3. The process of claim 1 comprising passing a stream of the autodepositing
composition onto the metallic substrate.

4, The process of claim 1 wherein the autodeposition composition
comprises an aqueous latex dispersion, an acid and an oxidising agent.

5. The process of claim 1 comprising applying the autodepositing
composition to the substrate through at least one conduit having at least one
opening.

6. The process of claim 5 wherein the autodepositing composition is applied
to the substrate from at least two spaced-apart conduits.

7. The process of claim 5§ wherein the autodepositing composition is applied
to the substrate through at least two spabed apart openings in each conduit.

8. The process of claim 1 wherein the autodepositing composition is applied
at a flow rate of about .001 ml/cm2 to 100 mi/cm2.

9. The process of claim 8 wherein the flow rate is 5 ml/cm2 to 10 ml/cm?,

10.  The process of claim 1 wherein the autodepositing composition is applied
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for a time sufficient f&¢ the composition to adhere to the substrate but for less
time than it takes for the composition to dry on the substrate.

39

11.  The process of claim 2 comprising passing the autodepositing

composition through a nozzle adapted to emit a spray of the composition at a
distance of from about 6 to 12 inches from the substrate.
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ABSTRACT OF THE DIsngsugg
. METHOD FOR APPLYING AUTODEPOSITION COATING BACKGROUND

Process for forming an autodeposition coating on a
metallic substrate by applying an autodepositing composition from
a motile source thereof such as by spraying or by treating the

surface with a continuous stream of the autodepositing

composition.
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FIGURE ONE




