-1- This invention relates to processes for the producti f &iJms of °
el dctrophoretic resins on the surface of metallic substr 3 €>
devel opnment in recent years of electrophoretic resin systens |ch can be
applied to the surfaces of irregularly shaped substrates to proQ}de a
protective filmof resin has led to a correspondi ng degree of interest &n
the properties of the cured resin systéﬁs One dIffICU|ty which is
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damage tomahde depagitey wiftht the wresin ddtrthose €arnying\dher oppogliye f r om one
- aspect 0“51é&‘(“?@$1 RRarge will not. Attempts to incorporate resin additives
into the cured resin so as to impart improved properties to the resin
are inherently difficult because of the impermeable nature of the
cured resin. Attempts have been made to introduce a dye into the
"uncured resin after it has been deposited but these have only been
successful when using basic dyes which are polar and water soluble
which can be absorbed into the uncured resin apparantly by virtue
of an electrical attraction between the resin and the'dye.
Attempts to use water insoluble solvent dyes have not been
W, successful because the presence the quantities of solvent required
to dissolve the dye reduces the integrity of the resin film.

We have now discovered that it is possible to incorporate
substantially water insoluble additives into a film of electrophoretic
resin by immersing the uncured resin film in a solvent medium
comprising water and a water miscible organic solvent in which the
additive is soluble and from which it can be absorbed into the resin
which medium is formulated so as to avoid damage to the ihtegrity of
the uncured resin film. Accordingly from one aspect our invention



-2- .provides a process for the deposition of a filmof an el ectrophoretic
resin upon the surface of a substrate which conprises the steps of (i) l

el ectrophoretically depositing a filmof resin upon the surface of the H‘
substrate.(ii) imersing said filmin a solution in a solvent nedium
conpri®ing water and a water miscible organic solvent of a hydrotrope and a
resinxuﬁditive, which is not soluble in water, under such conditions that
the resin additive is absorbed into the resin filmw thout danage to the
integrity of the resin filmand (iii) curRyng the resin. The el ectrophoretic
resins which are useful in the processes of the present invention may be
any anaphoreti.c or cataphoretic resin which is capable of el ectrodeposition
from a wat erprionsdes anpragiess . forhthedepesitddn rofsinfilmoof waeelectrophorediesses

of this inveRg mp%eygéggag;y%aihshaa &m—ae@'»mge@ héoﬁ.gm“e@- BhelsSaps O E?fi I m
%

of resin upon tﬁe sur e substrate. u sins are general used
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together with a mnor proportion of _a water m sclbl e organic sol vent.
Exanpl es of vélthewt dpmegetpctheedntrgrityiafdtheyesin fidm andr ki ideryeingntisds
and,acrylic ge83hns and their blends with polyesters. A |arge nunber of
water mscible solvents may be enpl oyed. Exanples of solvents which are
comonly used are aliphatic alcohols and al kyl ether alcohols such as

but oxy et hanol . The electrophoretic resins which are useful in the processes of

the present invention may be any anaphoretic or cataphoretic resin
~ which is cépab]e of electrodeposition from a water based emulsion. The
~ preferred resins for use in the processes of this invention are those
which are capable of forming a clear cured film of resin upon the
sdrface”of the substrate. Such resins are generally used in the form
of salts of initially water insoluble polymers which have been at
least partially solubilised e.g. insoluble acid resins which have been
solubilised by neutralising carboxyl groups with a basic derivative of
an alk§1i metal, ammonia or an organic amine. The solubilised resins
are présent in the deposition bath as a colloidal solution of resin.
Y, The bath from which the resin is deposited typically contains the
resin in water together with a minor proportion of a water miscible
‘organic solvent. Examples of electrophoretic resins include epoxy/urea
formaldehyde blends and acrylic resins and their blends with
polyesters. A large number of water miscible solvents may be
employed. Examples of solvents which are commonly used are aliphatic
alcohols and alkyl ether alcohols such as butoxy ethanol.
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The resin bath may aiso comprise known resin additives which are
capable of being deposited with the resin film. In particular the
) bath may incorporate pigment or pigment extenders and hence



The resin bath may al so conprise known resin additives which are capable of °
bei ng deposited with the resin film In particular the bath may incorporate’. -
pi gnent or pignent extenders and hence -3- constitute an el f§gtrophoretic
pai nt. Exanpl es of pignments which are used in el ectrophoretic paints are

sui tabl e grades of titania and other inorganic oxides and carbon. bl ack. ~--
Where the resin contains a pignent the pgeference for a resin capable of\/
forming a clear filmis not relevant and resins which forma di scol oured”
filmmay be utilised. The deposition of the resin filmis carried out using
conventional el ectrodeposition techniques and conditions. The substrate is
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its immersion in the resin deposition bath. The substrate is

- allocated the appropriate polarity in an electrical circuit and the

deposition is then carried out. The rate at which resin is deposited

is proportional to the voltage which is applied. At a constantIVOltage-

the current passing falls as the thickness of the deposited film

increases until deposition effectively ceases. Typically at an applied

- voltage of 20 to 300 volts the deposition of the resin will be

complete within about 1 to 3 minutes. The app}icatioh of higher

jnitial voltages and hence the passage of higher current densities may

lead to the formation of gas within the film which is disadvantageous

and thereby less preferred. Where a relatively thick film of resin is

desired the current density passing can be_ﬁaintained by increasing

the voltage during the deposition. However we prefer not to apply

voltages of greater than about 50 volts; 20-50V for 1-3 minutes is

preferred.

The thickness of the deposited resin film after curing is
normally from 1 to 50 microns e.g. from 1 to 20 more usually from
about 3 to 30 microns and ;ommon]y_from_3 to 10 microns. The thicker
films are preferable if the substrate is to be utilised in an
environment where a greater degree of protection is desired. The
uncured resin film will normally contain minor proportions of water



préﬁérréd. The thickness of the deposited resin filmafter curing is

nornally from1l.to 50 microns e.g. from1 to 20 nore usually from about 3 fé

to 30 mcrons and commonly from3 to 10 microns. The thicker filns are
preferable if the substrate is to be utilised in an envi ronnment where a
great & degree of protection is desired. The uncured resin filmwll

nor mal%4 contain mnor proportions of water -4- and organic solvent.
Normal |y the uncured resin will conprise‘ﬂron192 to 98% nmore usually
approxi mately 95% by weight solid material the balance being entrapped
water and solvent. The conposition of the uncured resin filmwll vary
according to the nature of the resin, the conposition of the resin
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' 2 2, 4, etra enzophenone,
Z%Lgﬁﬁgigﬁggﬁé)éﬁgné}e SOmg nbx3pped solvent “and watper appears to enhance

the absorption of the resin additive during the next step of the
'prOcess; ' ' '

The second Step of the process may be utilised to introduce a
variéty of resin additives into the uncured resin film. Examples of
additives which could advantageously be incorporated into the resin

" include dyestuffs, especially certain solvent dyes and disperse dyes,
U.V. stabilisers such as the substituted benzophenones e.g. 2, 4
dihydroxybenzophenone, 2, hydroxy 4 methoxybenzophenone, 2 hydroxy 4
octyloxybenzophenone, 2, 2, 4, 4 tetrahydroxybenzophenone, 2, 2

" dihydroxy 4 4 dimethoxybenzophenone, 2 hydroxy 4
W dodecy1oxybenzophehone; anti-oxidants such as thio bis 2-napthol; 2,
"'2;'methy1ene bis (4-ethyl-6-tertiary butyl phenol) and 2, 2 methylene
bié7(4 methyl-s-tertiafy butyl phenol), plasticizers, corrosion

' inhibitdrs, anti-stétic agents such as stearamidopropyl-dimethyl B
hydroxy ethyl ammonium nitrate and stearamidopropyl dimethyl B hydroxy
ethyl ammonium dihydrogen phosphate.

To be useful in the processes of the present invention the
additives are those which have some solubility in the deposited resin
film and which can be dissolved in the solvent medium. These additives

~ will be insoluble or have only a very limited solubility in water say



dodecyl oxybenzophenone; anti-oxidants such as thio bis 2-napthol; 2, 2,
met hyl ene bis (4-ethyl-6-tertiary butyl phenol) and 2, 2 nethyggpe bis (4
met Hyl -6-tertiary butyl phenol’), plasticizers, corrosion inhidi ors,
anti-static agents such as stearamn dopropyl -di nethyl B hydroxy ethyl
ammonium nitrate and stearam dopropyl dimethyl B hydroxy ethyl amonium" "
di hydr ogen phosphate. To be useful in thg.processes of the present LN
i nvention the additives are those which have sonme solubility in the -
deposited resin filmand which can be dissolved in the sol vent nmedi um
These additives will be insoluble or have only a very limted solubility in
wat er say -5- le than.10 qusilddr ko n e _absor bed
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but care should_be taken to ensure that prol onged exposure to the sol vent
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signifi canttﬂ$u§ﬂiYQF§ mediym; (Thecabsarption is preferably carried out at
ambient temperature but can be carried out at elevated temperatures

e.g. in the range 5° to 609C. The immersion time may vary through a
wide range but care should be taken to ensure that prolonged exposure
to the solvent medium does not damage the integrity of the uncured
resin film. The additive is absorbed into the resin film to the
extent that the substrate may be rinsed with water at the end of the
absorption step without any significant quantity of additive being
removed from the film. |

The solvent medium should be formulated so that the additive will
be absorbed into the uncured resin film in the desired quantities. The
desired quantity of additive which is absorbed into the resin varies
according to the nature of the additive and the desired prdperties of
the finished resin. For.examp]e where the additive is a dyestuff the
quantity which is desirably absorbed will be that which imparts the
desired degree of colouration to the film. Because of the thickness of
the resin fiim the weight of the additive which is absorbed will be
relatively small compared to the quantity dissolved in the solvent
medium. The medium should fulfil three separate criteria in order to
be useful in the processes of this invention. Firstly it should not
significantly damage the integrity of the uncured reSiﬁ film. Secondly



removed fromthe film The sol vent nmedium shoul d be fornul ated so that the
additive will be -absorbed into the uncured resin filmin the desired
quantiities. The desired quantity of additive which is absorbed into the
resin vari.es according to the nature of the additive and the desired
propefPties of the finished resin. For exanple where the additive is a
dyestﬁiﬁ the quantity which is desirably absorbed will be that which

i nparts the desired degree of colouration®to the film Because of the

t hi ckness of the resin filmthe weight of the additive which is absorbed
will be relatively small conpared to the quantity dissolved in the sol vent
medi um The medi um should fulfil three separate criteria in order to be
useful in thd phomddsbesapablehiof disseiningna sufficienti quanttdty dwfnblie resin
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the sol vent gieRi thRtathk BST MACHIAM 1£PTMallditIverRPRbSdrDRdSHRD that the
desired quant|t¥ f additive is absorbed into the uncured resin. The

conposi ti on WUt '€3Nrent nedia may be adjusted so as to neet these
criteria. The choice of the organic solvent can be varied. An inert salt

such .as sodi um OL.J odi syl ' | S i sol vent
medi um i n. such gfﬁaen{:#'ﬁ%esg{!a@ \%h ¢ géﬁggﬁﬁxa@o%t%hgg& fﬁe&&& n
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sol vent can absorption of the resin additive by the uncured resin film. The

_presen;e of the hydrotrope in the s¢1vent medium may also achieve

this. We have discdvered that the'sq]vent medium_comprising water,

water miscible organic solvent and a hydrotrope is valuable in the

processes of this invention because the amount of organic solvent can

generally be reduced and the tendency of the solvent medium to damage

the integrity of the film is thereby reduced.

_ The solvent which is emplo&ed in the absorption bath may be the
" same solvent that was present in the resin deposition bath. However
many other solvents may be employed provided that they are water
W/ miscible. Examples of such solvents aliphatic alcohols such as
 methanol, ethanol, propanol and butanol and isomers thereof;
substituted aliphatic polyhydric alcohols and condensation products
thereof such a butyne 1:3 diol and ethoxylated derivatives thereof,
 glycols, substituted glycols, glycol ethers, hydroxy ethers, esters of
~ such alcohols e.g. diethylene glycol acetate, mono di and
'_triethanQIamine; ketones espécial1y those of low molecular weights
,:which are water soluble e;g.'acetoné, methyl ethyl ketone, diethyl
ketone; cyclic ethers such as tetrahydrofuran, dioxane and derivatives
'Lthereof; aliphatic acids such as bhtyric acid and substituted
derivatives thereof such as formamide and dimethyl formamide.

o



general ly be reduced and the tendency of the solvent nediumto damage the
intqgrity of the filmis thereby reduced. The solvent which is enployed in ~
t he "absorption bath may be the sanme solvent that was present qlthe resin
deposition bath. However nmany other solvents nay be enployed Q ovi ded t hat-
they are water mscible. Exanples of such solvents aliphatic al cohol’s such
as net hanol, ethanol, propanol and butangl. and i soners thereof; substitued
al i phatic pol yhydric al cohols and condensati on products thereof such a
butyne 1:3 diol and ethoxyl ated derivatives thereof, glycols, substituted

gl ycols, glycol ethers, hydroxy ethers, esters of such al cohols e.g.

those of |1 AIRHIFes diasUGiL sgTaitan barh B8, e Shed WP Rd tnd aB0% 330°C 2, 1))
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ot her organi ¢ compounds I n ue UsS 'sa {
subst ances myaﬁ%m 8 Wg%%ﬁﬂiroﬁﬂﬂﬁﬂﬂ Wamsp sHbs tances argpkrawnoto such
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sul phoni ¢ a Ea LG Palngng ammon%um safl£s of. aromaJhc 'I Rom%t (a)t[.qsd per
nol ecul e su % ulp
' containing a total of from 6 to 10 carbon atoms per molecule such as
the benzene, toluene, xylene and cumene su1phon1c ac1ds, the phosphate
esters of ethoxylated alkyl phenols, the. phosphate esters of .
ethoxylated alcohols the phosphate esters of alkyl po]yglyco] ether
including the mono di and tri esters, of such compounds and mixtures
of the mono di and tri esters alkyl polyglycol ether ammonium methyl
sulphates, sodium benzoate, the sodium salt of N-benzyl sulphonic
acid, dimethyl urea, guanidine chloride, acetamide, propionamide,
N-methyl acetamide, sodium 3-hydroxy-zfnapthoate, nonionic materials
including a1l those described in United States Patent 4405329 such as
reaction product, having a molecular weight of about 2,000 to 7,000 of \;;
(a) a monohydric to hexahydric alcohol having 1 to 6 carbon
atoms, monalkylamines or monoalkyloimonoamines or -
polyalkylenepolyamines and |
(b) 1,2- propylene oxide, & react1on product of an alkylene oxide
and a_water insoluble aliphatic monoalcohol having at least 8 carbon
atoms, a reaction product of an a]kylené oxide and an_arylpheno] or
alkylphenol, a reaction product of a Saturated dicarboxylic acid
having 3 to 10 carbon atoms and 1,2-propylene oxide or a polypropylene



t he benzene, tol uene, xyl ene and cunene sul phoni c acids, the phosphate
esters of ethoxyl ated al kyl phenols, the phosphate esters of et hoxyl at ed

al colol s the phosphate esters of alkyl polyglycol ether i ncluding the npnﬁ(7
di and tri. esters, of such conpounds and mi xtures of the nono di and tri
ester¥ al kyl polyglycol ether amoni um net hyl sul phat es, sodi um benzoat e,
the s um salt of N-benzyl sul phonic acid, dinethyl urea, guanidine
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may be varied so as to encourage the absorption of the additive by the
film. In particular the addition of inert salts such as sodium:
chloride and sodium sulphate to the absorption bath may be
7advantageous'in this way. Thus the solvent medium may contain from 1

to 100 and preferably from 5 to 50 gms/litre of an inert salt.

~ The uncured resin film deposited on the surface of the substrate
" retains some residual electrical charge. Thus anaphoretic resins
retain some negative Charge and cétaphoretic resins some positive
charge. The absorption of any additive into the film may be
affected by electrostatic interactions if the additive has some
L/ polar character. It may be necessary to select a hydrotrope which
will facilitate the abédrption of the resin additive. The - '
hydrotrope appears to form a complex with the additive and if the
hydrotrope is ionised in the solvent medium the complex will be
charged which charge may be the same or opposite to the residual
charge of the resin film. In these circumstances the hydrotrope
- should be selected so as to lead to the formation of a complex
which is attracted to rather than repelled by the uncured resin
film. Thus a positively charged hydrotrope is preferably employed
when the resin film is an anaphoretic resin and a negatively:
charged hydrotrope is preferably employed with a cataphoretic resin
so as to facilitate the absorption of the additive.



bet ween the sol vent nmediumand the film The nature of solvent nmediummy .
‘be varied so as to encourage the absorption of the additive the film In -
particular the addition of inert salts such as sodium chlori and sodi um
sul phate to the absorption bath may be advantageous in this way. Thuys the
sol vent nedium may contain from1l to 100 and preferably from5 to 50
gns/litre of an inert salt. The uncured Jgesin film deposited on the surkgbe
of the substrate retains sone residual electrical charge. Thus anaphoretic
resins retain sonme negative charge and cataphoretic resins sone positive
charge. The absorption of any additive into the filmmy be affected by

el ectrostatic ipteractions i.f the gdditive, has,s Aol ar _character. It may
be necessary tolB@sedvent Redius A8y %#)%qpﬁ?q bﬁgﬁmﬁ?a?oemtaﬂ EBORTYE on of
the resin agldiajor ropbet fondodiwadpe. afpeaquant ity of rhydrobrgpeewhidht fist he
additive and,j f YEILQL. S JsQRl Lt en [ e conpl ex
will be chatdfied {3 tnd 64 hay vary SRR wille vaRge H 4 Erdib ) $HT500°, SO

charge of tprefeeably 1fr4mnn5r gn 300:3ed gore (neferabdy F!F)p@l B9 ko200 @mshvkned be
sel ected sopgs qh??dg?gwmht e dreeopiveoin Qo) abTIGRRhE thehaddi tige Yakiested to

rat her than repe t he, uncured res fil Thus, a positively-charged
hydr ot r ope Wit pF@F W&B%S/ &nﬁ% uef‘ QHE’IL elr'éarg“ﬁef#ldrrﬂpgmdhy:ivaﬁﬁﬁr et g

re;si -nhandt aorBit i sodvent ipregent lapd riter m?mrbso'prthé_e;ddiki}lwnhogmrﬂ tit a
5" “The. <ol Vo RTSrehrRf f7 refued e alhfy oo o fng td S nfifilbb T,

maj or pr opoendeyntemindmine theadegnadatipo ofotheynesénrija. wHiecpresengeofd t o

{67300  ana HUECEXHE LA, e he Wtonsan bithnd SiteRERPaRl anadly from S
minimum solvent concentration in the bath is generally within the
range 20 to 100 gms/litre but this may vary significantly with the
nature of the orgapié solvent. Inithe case of 2-butoxy ethano1 which
is a preferred organic solvent the bath will prefefab]y cohtain from
50 to 200 and more preferably from 75 to 150 gms/1itre of organic

solvent.

~ After the substrate is removed from the absorption'bath the resin
is rinsed and cured using conventional techniques. Certain . '
electrophoretic resins are commonly cured.by"stoving_at elevated
temperature the exact conditions being dependant upon the nature |
of the resin. Typically stoving is effected at temperatures of
from 100° to 250°C more usually 150° to 200°C. Other resins
may be cured using other techniques such as infra-red and electron
beam curing. -

The preferred resin additives for use in the processés of the
present invention are the solvent dyes. Solvent dyes are a class of
dyes which are not soluble or are insufficiently so]uble in water to
be incorporated into aqueous dyebaths. This c]ass of dyes includes
dyes having a variety of chemical structures such as certain azo dyes,
certain triphenylmethane dyes, certain anthraquinone dyes and certain



The.quantity which is effective in solubilising the additive varies with
t he nature of the hydrotrope, the nature and quantity of the organic J;l
sol vent present and the nature of the additive. In general it is preferred
to reduce .t he anobunt of organic solvent to a mnimumin order to mnimnmse
the dggradation of the resin film The presence of sone organic solvent in
the absorption bath is essential and the m ni num sol vent concentration in
the bath is generally within the range -A8-to 100 gns/litre but this may

vary significantly with the nature of the organic solvent. In the case of
2-but oxy ethanol which is a preferred organic solvent the bath will
preferably contain fromb50 to 200 and nore preferably from75 to 150

grs/ litre ofcoppgrrphthabioyanine dyesr Wheresapmiopatste werpreferctol upenthbe

absorption r esill | I,N " aj - I, NQ. eanvani4.qnal
t echni ques. Q@ngﬂ%def(?& rgﬁhtg‘reeéfeg rgg}aﬁgf‘g‘ﬁgﬁ%%ﬁ%\é@u&e%gbéfst ovi ng at
el evated t ergsdvent dyes Heoreuse tinctheiprocassepfhhei presentntnvendsion rarentherr e
of the resi rhona*uscahaye@bevamg the 352 Gietgth Rled! £5°8 _@g.urﬁ%@ﬁeé rggm 1000 to
2500C nore usual 1580 to iFrrg,- C%hfn resins na e cured  using other
t echni ques sﬂ%'ﬁ" Jarndyes wh %aﬁ € JISEERY dN U@am’%ﬁﬁ%ﬁﬁ."ﬁﬁ T$IBYeYIeR resin
dei ti vels f careu$esiing thee Col ored Adex désidmfcﬂ;]rﬂssmvdnmvmlﬂbglnzar Solveatsol vent
yes., Sol ve a S ich are not soluble or are
insufficiengﬁvﬂégﬁubﬁgﬂﬁ%ﬁb epp%gﬂ%§§1ncorporated i nt o aqueous dyebat hs.
Thi s cl ass of dyes includes dyes having a variety of chem cal structures

o ol one. oy T giiEIty6E (56 ieh UM b BRHR. 9K the SELGHRLTon bgh
appropri at e GA® ¥Rt &hrough,aidgerange according to the nature of dye, the

nature of the resin and the composition of the solvent medium.
Typically the dye is present in a concentration of from 0.01 to 50.0
gms/litre more usually from 0.05 to 5.0 gms/litre and commonly from
0.1 to 2.0 gms/1itre.

The invention is illustrated by the following examples.

Example 1
Three séparate dyebaths were made.up as follows.

- (a) 0.5 gm Solvent Yellow 25 dissolved in 200 m1 butoxy ethanol
and diluted to 1 Titre with water. Dye remained in solution.

| (b) 0.5 gm'Solvent Yellow 25 dissolved in 100 ml of butoxy
ethanol and diluted to 1 litre with water. Dye separates us an
oil/emulsion.

(c) 0.5 gm Solvent Yellow 25 dissolved in 100 m1'butoxy ethanol
and added to 900 ml water in which 55.8 gm of sodium xylene
sulphonate had been dissolved. The dye remained in solution.



metal lised forms of the dye. A particularly preferred class of solvent dyes
for .use in the processes of the present invention are the aigﬁdyes and
especially the 1:2 netallised azo dyes. Exanples of particul dyes whi ch
are useful in the processes of this.invention are (using the Col our Index -
desi gnati on) Solvent Yellow 25, Solvent Orange 11 and Sol vent Orange 59.
The quantity of dye which need be presghi in the absorption bath can vany
t hrough a wi de range according to the nature of dye, the nature of the
resin and the conposition of the solvent nmedium Typically the dye is
present in a concentration of fromO0.01 to 50.0 gns/litre nore usually from
0.05to 5.0¢g : ] : od i / Lo Wi hnvention
is illustrat eg‘%{)ba%%tgcggﬁrg\g\n n é%%anﬁﬁﬁgg,ég§& I%g?lt.%'léﬁr gdg.;tt;eg gﬂfa*}d ebat hs
vere nade apaphorebic geey! 1(%)_“*%‘.“5"gﬁ*ﬁ"s&ﬁ%?aﬁgpqnéwmsd%‘s'ﬁl 5@&:19&1@%0 m
?g; Oéy56t hagp%ag%ndf $o: réﬁsiztgea R hﬁ?dﬁg\/\@ﬁ& hggtﬂfen &eg. rem'dnaﬂtﬂ nI sol gti on.
.5 gm,Sol ven ow 25.di ssol ve n ut.0xy. et han
G | uted {odBronised WAteR Wreo mmassed I, shE, theee veRuy riin BREMPY P20 5 g
Sol vent Yemlimuted5atli2s96! viheé panell@Owerie bubsequenrttlyaninsednandddeved @t900 ni

water in \Migﬁd't VIth 98 ?«IH%Q%Q’.’FEW"&QE sul phonat e had been- di ssol ved. The
I on. N

dye remai néd i n sol ut entical nickel plated panels which had
beer- coated with an anaphoretic acrylic resin under identical conditions

using an appl i qd)VResingRi 1l dpe \satisracesrAynbitiwas rdcked byhesiveagn rinsed

W th deionHFed wat er merfiﬁgqﬁersed I n ebaths for a period of 2
. 's

the th
m nutes at 'eriPPeanHe i&é’r‘@gs‘!ﬂ?sgﬁ]ﬁét#%gﬁ‘ﬁgﬁ%‘d and stoved at

(b) Resin fim dyed but spots of intehsejcolour are present
giving rise to a product having an unacceptab]e~$potty appearance,
due to the separation of dye as an oily phase. '

(c) The resin film dyed uniformly without'spots'or degradation
of the surface after stoving.

Example 2

Separate nickel plated panels were coated with the anaphoretic
acrylic resin utilised in Example 1 using the same conditions for the
deposition as were utilised in Example 1. A panel was then immersed
in each of a series of absorption bath solvent media having the
compositions shown in the following Table. These solvent media were
made up by dissolving the additive in the water miscible organic
solvent, adding this solution to deionised water and adding a solution
of the hydrotrope to this solution.

(a) Additive - dye Colour Index Solvent Yellow 83 Additive
Concentration - 1 gm/1itre '

Hydrotrope - sodium xylene sulphonate

Organic Solvent - 2 butoxy_ethénol



~ 1800C with the following results. (a) Resin filmdyed satisfactorily but
was gttacked by solvent. The appearance after stoving was not satisfactory.
(b) Resin fi dyed but spots of intense colour are present giving rise to a
product having an unacceptabl e spotty appearance, due to the separation of
dye ag”an oily phase. (c) The resin filmdyed unifornmly without spots or
degradetion of the surface after stovin? Exanpl e 2 Separate nickel plated
panel s were coated with the anaphoreti ¢ gtrylic resin utilised in Exanple 1
using the sanme conditions for the deposition as were utilised in Exanple 1.
A panel was then imersed in each of a series of absorption bath sol vent
nmedi a having the conpositions shown in the follow ng Table. These sol vent
medi a were made Sojvenst #ledsal vi ng t he additiveAin theBwater Ori sci bDe organic
solvent, adding this solution to dei onised water and adding a solution of
the hydrotrope to_this solution, (a) Additive - dye Col our Index Sol vent

Yel | ow 89 AdditiSpdvemhLeneendrabion 1 g litre50dr ot¥ofe -10908i uiy0 ene

sul phonate Organic (gsy®ftre) 2 butoxy ethanol -12- Solvent Media
A B ol vent, Concentr at | : 50.0
75.0 100.0 ng?)trf’@ﬁs&mc?%ﬁ&ll@ﬁr ot r ope Ci)ﬁf*gnt rdo-Bn  33.0 0 120.0

75.0 33.0 . (gnsgihbtrne)tre) In solvent media A B and C the panels were
col oured. Sol vent . :

In solvent media A B and C the panels were coloured. Solvent
medium D damaged the integrity of the coating.

U
(b) Additive - dye Colour Index Solvent Orange 11 Additive
Concentration - 1 gm/1itre |
Organic Solvent - 2 butoxyethanol
Hydrotrope - An alkyl polyglycol ether ammonium methyl sulphate as
sold under the Trade Mark BEROL 563 by Berol Kemi AB.
Solvent Media A B
Hydrotrope Concentration 3.0 4.0
~ (gms/litre)
| ~ Solvent Concentration 100 100
W, (gms/Titre) | |

| Medium A was not capable of'disso1ving the desired concentration
~of additive. | o o |

Example 3

Separate test pieces (nickel plated panels) were coated with
cataphoretic resins by applying a voltage of 25 volts for 2 minutes
using a bath containing 100 gms/1itre of resin. The resin was an
epoxy/urea formaldehyde resin.

24



medi um D damaged the integrity of the coating. (b) Additive - dye Col our )
I ndex Sol vent Orange 11 Additive Concentration - 1 gmlitre Organic Solvent -~ .
- 2 but oxyet hanol Hydrotrope - An al kyl polyglycol ether ahﬁsﬁiun1nethyl
sul phate as sold under the Trade Mark BEROL 563 by Berol Kem AB. Solvent:
Medi a - A B Hydrotrope Concentration .
3.0 4.0 (gnms/litre) Solvent Concentrg34d on 100 100 w/°
(gnms/litre) Medium A was not capabl e of dissolving the desired ’
concentration of additive. Exanple 3 Separate test pieces (nickel plated
panel s) were coated with cataphoretic resins by applying a voltage of 25
volts for 2 mn i k N - loJ I+R. apd NE
resin was an ep%éﬁ#&a i (;t? Hgﬁéhgﬁ{egk?ggé %Qe&%n%gﬂ -ggggfca(%féeg ngittnp?neces
(ni ckel pl atesphonetics yesin &Y canplyingva NoHRIENRHRIr valts FaxilnmiRutEppl ying a
vol tage of goipgPht FathOEortaThimg B0UGNSYT i Erd aF rexanl aiTHeNBeS® @48 /ani tre of
resin. The resin an, acryljc/polyester resin. The test pieces were

i mer sed inaﬁmQéSZEQWESEHTWéﬁphnedia A and B having the fol | owi ng

conposi ti onFhe Fekt epiteche diers immersed in 2 separate solvent média A and B B

Additive - A s . el gmilitre 1 gm/litre Index
Sol vent Br05¥§i§50{ﬁ31f0110w1ng compos1tf%n9. |

Solvent Medium N A B

Additive - Dye Colour 1 gm/litre 1 gm /litre v
Index Solvent Brown 28 _

Solvent - 2 butoxyethanol 100 gns/litre 100 gms/Titre

Hydrotrope Sodium 50 gms/litre
xylene sulphonate :
Berol 563 (see Examp)e 2)_ 5.0 gms/litre

The pieces were immersed for a period of 2 minutes at 25°¢.

The cataphoretic resin was coloured satisfactorily without any
degradation of resin in bath solvent Media A and B.

The anaphoretic resin was coloured satisfactorily without any -
degradation of resin in Solvent Medium B. This resin was not
coloured in Solvent Medium A. This example shows the desirability of
using a cationic hydrotrope to colour an anaphoretic resin when using
The Dye Solvent Brown 28 as the additive apparantly because Solvent
Brown 28 is weakly anionic.



Sofyént'- 2 but oxyet hanol 100 gns/litre 100 gns/litre
.Hydr ot rope Sodium. 50 gns/litre xylene sul phonate Berol 563 (see Exanpl

2)1 5.0 gns/litre The pieces mere—fﬁﬁ9%sed—#eF—a—ﬁe++od of 2

m nutes at [err]. The cataphoretic resin ma ctorily
wi t hodit any degradation of resin in bath so # B. The
anapﬁgpetlc resin was col oured satisfactoril radation of

resin in Sotvent Medium B. This resin was not coloured in Sol vent Medium A
Thi s exanplgéﬁngxs tWF desirability of using a cationic hydrotrope to
colour an a resin when using The Dye Solvent Brown 28 as the
additive apparantly because Sol vent Brown 28 is weakly anionic. 1. A
process for the deposition of a filmof an el ectrophoretic resin upon the
surface of a substrate which conprises the steps of (i)

electrophoretlcally dep05|t|ng a filmof resin upon the surface of the

substrate (i) | RS £l dhé i dablfhionstf PO bE fh SpbciiBpndrRAE

conpri si ng mater m sc e organic trope and
resi n addit iresin Wepee ﬁhess‘if(ﬁ“'%d?fuﬁl 'é“hsﬁ"ﬂe& shich gewprisgs rtheohters 8fis t hat
the resin additive is absorbed into the resin f|In1mnthout danage to the

integrity of, .the reS{ r.esin.

accoy di ng tc‘iil ai®lfs raq& i&?ﬁi'( gep%s'ltctﬁgq & iﬁé "él°£cf°rsdﬂh't‘ﬂ°é't the ,sﬁg?qpel s an

epoxy/ urea for malofethedgubstyiateor an acrylic resin or a blend thereof with a

Q

pol yester. 3. A process according to claiml or 2 characterised in that
t he solvent medium conprises water and a water miscible organic sol vent
Y, (ii) immersing said film in a solution in a solvent medium comprising

water and a water miscible organic solvent of a hydrotrope and a
resin additive, which is not soluble in water, under such
conditions that the resin additive is absorbed into the resin
film without damage to the integrity of the resin film and:

~(iii) curing the resin.

2. A process according to claim 1 characterised in that the
electrophoretic resin is an epoxy/urea formaldehyde resin or an
acrylic resin or a blend thereof with a polyester.
~ 3. A process according to claim 1 or 2 characterised in that the
solvent medium comprises water and a water miscible organic solvent
which is an aliphatic alcohol or an alkyl ether alcohol.

4, A process according to claim 3 characterised in that the organic
. solvent is 2-butoxyethanol.

5. A process according to claim 3 or 4 characterised in.that the
organic solvent is the same solvent as is present in the deposition
step.



which is an aliphatic et her al cohol . 4. A process

according to claim3 ch t the organic solvegt is '
2- but oxyet hanol . 5. 2“ gﬁﬂ gto clain13 or 4 aracterised in
t hat the organic sol vent ent as is present In the

~deposition step. -2- 6. A process according to any one of clains 3 to
5 characterised in that the solvent nmedia2un conprises from20 to 100 Sx
gns/litre of organic solvent. 7. A process according to claim®6
characterised in that t he sol vent medi um conpri-ses from 75 to 150 gns/litre
of 2-but oxyet hanol . 8. A process according to any one of the preceding
cl ai ms characteris t 0 t | 4

cont ai ni ng addi tﬁvé&cggfl%gsejd&%{? t6 %Q oﬁee?ggcsl'azgguf 5 ‘%ﬁrs@ﬁrﬁﬁed o1
precedi ng cthatrthersolsent medium |cnmpweﬁesm‘@mt 29 eney gms m@er .omgmcﬁ]
after curlngo ¢h is deposited in step (i) is from10 to 20 mcrons 10.

A process according to any one of clains 1-8 characterised in that .the

thi ckness of the resin filmafter curing is from1 to 10 mcrons. 11.. A
process accprdi ng prmmlsaiarucauadi:igatmccﬂaﬁi\saadhérndtbaisdmen tihat kttas Sodfenthe

o any one BroTm-FlleriSes Trabo/R dpi BoronilTEE W 2 hutoxphliaBBET " R Tesi n”
filmafter curing is froml to 50 mcrons 13. - A process according to any

one-of the g receﬁ g%é‘éké'i&of;@ﬁfga'éé SHrlySEik iof iﬂ@bré&lﬁiﬁ&sﬂ'&ﬂﬁ
el ectrophoreticall eposi %
character1sed in that before the resin is cured the resin film

conta1n1ng additive is r1nsed o ' )

9. A process according to any one of the preceding claims
characterised in that the thickness of the resin film after curing
which is deposited in step (i) is from 10 to 20 microns

10. A process according to any one of claims 1-8 characterised in -
that the thickness of the resin film after curing is from 1 to 10
microns.

11. A process éccording to claim 10 characterised in that the
thickness of the resin film after curing is from 3 to 10 microns.

12. A process aééording to any one of claims 1-8 characterised in
that the th1ckness of the resin film after cur1ng is from 1 to 50
~ microns '

13. A process attording to any one of the preceding claims
characterised in that the resin is electrophoretically deposited under
an applied voltage of 20-50V for 1-3 minutes.

14. A process according to any'one of claims 1-10 characterised in
that the uncured resin film before step (ii) contains minor
proportions of water and organic solvent.



an @applied voltage of 20-50V for 1-3 mnutes. 14. A process according
.any one of clainms 1-10 characterised in that the uncured resin fil m bef _
step: (||) cont ai ns Ad nor proportions of water and organlc sol vent. - 3 -

15. A process according to any one of clains 1- I that

t he ';yﬂCured resin filmconprises 92-98% of solid mat |M ‘l process

accorgliing to any one of the preceding clajns char the
resin additive has a solubility in water 0t |ess t re at [err]

17. A process according to any one of the preceding clains characterised
in that the resin additive is a dyestuff, a UV stabiliser, a plasticizer, a
corrosion inhibitor or an antistatic agent. - A process according to

any one of dBai mA pracessnaccprdingtacany Paéd’ﬁ ﬁ‘i'lm’:itl‘t]ﬁechéﬁcﬁeﬁtﬁﬁdt ife is a

Sol vent Dyegy gesssiaceamdt ' 9o 21199 - 983 off sAllidi mPtebidD, and 14
characteri segé?nthtehgrt'a{rﬁe resin addl?fb\re IS a rretg s|sed Solevent Dye. 20.

"A process according to claim19 characterised in that the resin additive is
a 1:2 netal ljgsed Aappociss. actbrding\ tpr ame one axfc theliprgcédingnglaime of cl ai ms

quanti vy of CHEEHGYa" seel JREtngt P B o BB EYVE NaS" o) SBTILIE Socista e [
claim 18 chdleaStﬂlahslaQi gma/lme athdSWe is present in a quantity of from 0.1

to 2.0 gns/litre. 23. A process according to any one of the preceding
claims characterised in that the hydrotrope is, selected fromthe group

conpri sing dfea, A REOGASEaR¢cording tananyapheMfuthe preceding ¢ 1Aims ¢
U characterised in that the resin additive is a dyestuff, a UV

stabiliser, a plasticizer, a corrosion inhibitor or an antistatic
_agent.

18, A process according to any one of claims 1-10 and 14
~ characterised in that the resin additive is a Solvent Dye.

19. A pfocess according to any one of claims 1-10 and 14
characterised in that the resin additive is a meta]1i§ed'Solvent Dye.

__ 20. A process accord1ng to claim 19 characterised in that the resin
additive is a 1:2 metallised azo dye.

L/ 21. A process according to any one of claims 17-20 characterised in
' that the dye is present in the solvent medium in a quant1ty of from
- 0.05 to 5.0 gms per litre.

.22. A process according io claim 18 charactefised in that the dye is
- present in a quantity of from 0.1 to 2.0 gms/litre.

23. A process accdrding to any one of the preceding claims _
characterised in that the hydrotrope is selected from the group
comprising urea, the alkali metal and ammonium salts of aromatic
sulphonic acids containing a total of from 6 to 10 carbon atoms per
mb]ecuTe, the phosphate esters of ethoxylated alcohols, ethoxylated



sul phoni c acids containing a total of from6 to 10 carbon atons per

nol ecul e, the phosphate esters of ethoxyl ated al cohols, ethoxyl ated

al kyl phenol s and al kyl pol yglycol ether; alkyl polyglycolg,ther anmoni um
met hyl sul phat e; sodi um benzoate; the sodlun1salt of N-benzyl sul’phoni c
aci d; dinethyl urea; guanidine chloride; acetanide;propionam de, N nethyl

acetan1de sodi um 3- hydr oxy- 2- napthoate'irreacu
nol ecul ar wei ght of about 2,000 to 7,000 of (a) N!ﬂﬁm‘p’m “ﬂn”"lg
hexahydri c al cohol having | to 6 car bon atons, mnona ao res sor

nonoal kyl ol nonoam nes or polyalkylenepolyan1nes and (b) 1, 2- propyl ene

oxi de, a reavﬁymaham@usﬁd afikgh panygfuyank ethede alkgl qmnggbyemneuiarm e
' B o Ron I o SO R, SRR A
sat ur at ed dsokphboiyldcddaaitetiyli vges; guan oar@dnradmcamidg, 2- propyl ene

oxide or 2 BRdpidhaRides @ nwtxg?'afeganma%doqamps MjuFox-afthbhte;aal d having

from10 to car pon ato ene . oxi de EO propyl ene
"glycol, a reerqtion pioduces having ﬁa!'?lfcﬂ 1 m@hhgfmb%' PRtH 0 Afs, a

trihydrlc to hexahydric al cohol and 1, 2- propyl ene oxi de or a reaction

product of atty acid havin t arb at.ons o] Ikylpolyan1ne
and 1, 2- pr 0291 né lggnohgdmﬂftoghe'&ab_ytg@é:sg S%ergt% g g 9‘#‘%%" Ftoms;

characterised i nmbmmitkyﬂhn&ideydmomonpe]kyéohmnahmmes oetal or ammoni um salt of
an aromatic sul pggwaqupé& G?Pénﬁ‘n@k”%\da total of from6 to 10 carbon atons

per nol ecul e . pro ess according to claim23 characterised in that
the hydrotrope is an al kyl polyglycol ether anmoni um net hyl sul phat e. o’

(b) 1,2-propylene oxide, a reaction product of an alkylene oxide and
a water-insoluble aliphatic monoalcohol having at least 8 carbon
atoms, a reaction product of an alkylene oxide and an arylphenol
or alkyiphenol,.a reaction product of a saturated dicarboxylic
acid having 3 to 10 carbon atoms and 1,2-propylene oxide or a.
polypropylene glycol, a reaction product of a fatty acid having
from 10 to 18 carbon atoms and 1,2 propylene oxide or a
po]ypropy1ene'glyco1, a reaction product of a fatty acid having
-10 to 18 carbon atoms, a trihydric to hexahydric alcohol and
1,2-propylene oxide or a reaction product of a fatty acid having
10 to 18 carbon atoms, a polyalkylpoiyamine and 1,2-propylene
oxide.

24. A process according to claim 18 or 22 characterised in that the
hydrotrope is an alkali metal or ammonium salt of an aromatic
sulphonic acid conta1n1ng a total of from 6 to 10 carbon atoms per
molecule .

25. A process according to claim 23 characterised in that the
hydrotrope is an alkyl polyglycel ether ammdnium methyl sulphate.

26. A process_accbrding to claim 18, 22 or 24 characterised in that
the solvent medium contains from 1 to 500 gms/1itre of the hydrotrope.



26. . A'process according to .claim18, 22 or 24 characterised in that the
sol vent nedium contains from1l to 500 gns/litre of the hydrotrope. 27.
A prdqess according to any one of clainms 1-26 characterised in that the
sol vent nedi um conprises fromb5 to 200 gns/litre of n m"t

procegs according to any one of the preceding clai mm m I“u mmllln that
the* .88 n i s anaphoretic and the hydrotrgpe is positivefy thdt géd. *29.
“process according to any one of the preceding clainms characterised in that

the resin is cataphoretic and the hydrotrope is negatively charged 30. A
process according to claim1l substantially as herein before described in

descr i bed i 7 2 ProgEssaetaliihd 1o, Bhy'ohe o SR T8 RardkteRiseddn’ty o
process as dihatnthe isnlant wediunfconpeisgese e Sgtel200ngms/I3tre of the ed resin
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28. A process according to any one of the preceding claims
characterised in that the resin is anaphoretic and the hydrotrope is
positively charged.

o 29. A process according to any one of the preceding claims
(% characterised in that the resin is cataphoretic and the hydrotrope. is
negatively charged

30. A process according to claim 1 substantially as herein before
described in Ex1.

31. A process according to claim 1 substantially as herein before
described in Ex 2 or 3. |

32. A cured resin coated substrate obtained by a process as claimed
in any one of the preceding claims.

33. A cured resin coated substrate obtained by a process as claimed
in one of claims 18, 22, 24, 26 and 30.
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