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COATI NG SUBSTRATES This invention relates to coating nmetallic
substrates particularly to prevent their interaction with fluid nmedia which
they mght - otherwise contact, and to substrates so "coated,
particularly for packaging, e.g. for beverages. 05 Pol yel'ectrol yte
coatings such as poly(acrylic acid) are known for this purpose but have,
first to be insolubilised. Thus, Japankse Patent. Publication No. 74 \;’_‘_
31604 suggests that tinned. steel sheet may be provi.ded with '

scrat ch-resi stant coatings which have good adhesion to pai nt by di pping the
sheet into a solution 10. contai nm&ﬁnﬂﬁ%ﬂlﬁc acid) and/or an '
acrylic acid-vinpisal qabertieAPokyTEiesanNdot NEsh 1R t'ﬁﬂtéma t ratéy e

bel ow t he mel thar®i @iafly Ofo tprievelOVEHEAT. 1ALEFACEPS IWIGH F161d aNghido, be
aci d resi stanttheyn might ajtherwise ! Gon®ace,Coi td Subdtratedckso cblitedat ent
15 Applicat |pant(ﬁm?8ﬁ%ﬁ peckagihgs eagprmesavéﬁgetshe preparation of a
coherent P$otectiRelyedyetrodpte coatdhgs csuchbas rpgig(aviyidic pebdease Rnowe
exanpl e conprifees thppl punpose bbk havet First ato ageedmsodubiitised. of Thus,

pol y(acrylic depajesgarRatahtyPublicatlioseloby74081604 hydggesitde thatd tinned

heat - curi ng trséeehysi\eetom&)orheeurc\mdmdr with szoatch-gest sitands caatingsr phich
Accor di ng, t o haveegoqdr adbesioni foepaininby dinplag the sheeti dntp a spdutians for

produci ng'@ cSﬁEF%‘rﬁ‘"ﬁroF‘&%Wéﬂ ercdd) o andlar| |%:" SLﬁquéf&éC Vg
“deposi ting ona ur‘f '% "2| heatlng tQad:t tamp Q" V\F'teh an
aqueous sol ut M & 5 Howgyerty yiEh cqat “Q%rVIe °“’H£ beayven
nore hi ghly E uns at ed- car bon- qckb Cl d o] gnt

hydr ol :
oy gﬁsgﬁ gn Z st “@3 oS
or applying t EE?CQ Otdip

according tog gfg '%Wﬁ? 6n°'bf Scﬁ%prae%?ﬁ rt"ia Cﬁéﬁ:riﬁ’hd

producing a C‘a 'Xﬁd Lcliriny 'TRR 2 1dyer %Br d GR7RY Sf
deposi tinggonp gaﬂazgsgyer tin, formn tin ox e fromthe tin,
and then reacti ng\écB? fRPOsHT tivet Vbr%@eﬁﬁ“%\ﬁ&nﬂ%““ﬂ@r@f 1% herevided a
copol ymer of pesyedsC fopl Breducdngnameskernt photittive Faydrond al adtallic
unsat ur at ed- cgupfatelaesmie ing addpdsitig onathe surface a layer of zinc and
reacting the deposit with an aqueous sotution of a homo- or
25 copolymer of acrylic acid or. even more highly carboxylated
unsaturated-carbon-backbone acid or a hydrolysable precursor
thereof, the process further comprising either forming zinc oxide
from the zinc before reaction with said aqueous solution or
applying the acid to the deposit electrochemically or both. Also
30 according to the invention, there is provided a process for
producing a coherent protective layer on a metallic surface,
comprising depositing on the surface a layer of tin, forming tin
__ oxide from the tin, and then reacting the deposit with an aqueous (
o/ solution of a homo~ or copolymer of acrylic acid or even more
35 bhighly carboxylated unsaturated-carbon-backbone acid or a
: hydrolysable precursor thereof.
In the zinc case, where zinc oxide is formed, or an actd such
as poly(acrylic acid) fs applied to the substrate
etectrochemically, “the latter is preferred, preferably
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hydrolysable precursor thereof. In the zinc case, where zinc oxide is

formed, or an acid such as pol y(acrylic aci d) S applied. to
the substrate el ectrochenical |y, the latter . is preferred,
preferably - at under 1% aci d concentration for under 1 minute, and both

~-my be done. ( 1% thr0ughout t he. speC|f|cat|on means that the solution
Qonta4 ns 1% aci d..sol ute by weight.) \Wen +h&-deposited netal is tin the

step of f d £ byt 0
p o or 1mi ngt unter - m<ladﬁd doﬁcemhtitﬂglngn&’nder 41 minhte %nd ﬁéfhﬁ@&} Yo

d | | [ )
Zgueoﬁsegz)lrat ?/E)In&? sapp“ 6F§f°‘19§8§t &?céﬂ??’ft‘&ﬂtmaﬂey% t}B#éf theytsiojut tons
than 1% and theCQikthlsral)l s idnsaimtagbyl we:ighea):t Wheeh htmheueggpp@dt m@t’alm%‘s' ng
~ the latt ‘th '
' angdl gl ngr v aﬂ%d-ea% i t?ge %Povér"illgg Oﬁ:t(gl o‘#gﬁe 1(sea'l"‘?"'l e?ﬂﬁméﬂoaf‘& A§

to form r@he essgatial, oi’ﬁdjeelﬂfé'eﬂ.\'blq/sasplhcatiaah/apfagﬂreusactm €8s Ujogitng
an even and contmelféﬁfbdfornatlon of the layer, and may be brief, e.g. under

1 mnute. -The depos* I s advant qgﬁuslg reacted wi.th the acid by curing 15 .
it at from[err] to 'ﬁ%rar uepls $lgam kso prefenablycless concertratedothan 5%,

e b oy, tesshuadl 18, andl the 814 Y bé WhcBlrdd BTl

can non- preferagﬁlﬂﬂ'bgnonﬁ@g?t @%e&%gt |tB?1 E?Uﬁﬁcttﬁ?tm&de dF‘eftB?aBﬂliﬁoﬂFnc

pol yacryl at 49 i solutiong, efTéﬂaquptﬂom Labad139ng rrmay reef mgﬁltlwn{th Eol(theh

m crons -t hi ck. ent en S cpa and the -

containers ‘or oggd,ﬂz}\rate (aég?;ﬁr?a)de rom @S cgg gg'ts'ﬁbs?#edt e8 sI"‘rei:e ?Kr}gﬁtl on
pelre! M§ Swals Advantagsous An| ewsuringxampeesn amdr conpeosiiedned

|| now be des
\Mn/. degreased formatiohest th b NEMYaFaSe GOU wher e
|Ond| catged > The cot n t«; lay%H Séngﬁ%h;&é:: XI’] e? ?&d‘%ﬁ. g'gaof zinc
was deposited el ectT0l ?F st )’sb§dvr?ﬂﬁ§ﬁ?“§ ’Fﬁalcﬂe%t'ééh the @ddhbﬂecmﬂdga -

purezinc rd8 t A& ahofieom BOOC sad1QOAESFOY o G0t thOBO Smikiukks est At Healt
(about 0. 5A) th%@%‘?“(ﬁ’referably 100%) relative - humidity, although this can be
o replaced by ageing under room conditions for a week . Both the
' | curing and the ageing can non-preferably be omitted |
o ' The ‘reaction product (thus, preferably Zinc. polyacrylate) is
B 20 B preferably from 1 to 50, more preferably 5 to 10,. microns thick.
R The invention ‘extends to the substrate thus coated and the
contalners or other artefacts made from the coated substrate.
‘The invention will now be described by way of example
N S __ M_l’ the examples were performed on degreased mild steel
| K/ P 25 'substrates known as coupons, except where 1nd1cated The coupons '
S ‘.-were flat l cmx 2, cm. "
_ An 1n1t1al layer of zinc was deposited electrolyt1cally by
. making the ‘mild steel the ‘cathode and a pure Zinc rod the anode,
30 and passing current for 5 minutes at 1. .2V (about 0 5A) through a
_' bath consisting of ZnSO4 7H20 (249 g dm"3) NH4CI (15 g dm‘3) and

T A1(509)3.18H20 (14:2g du=3). This resulted na z1nc coating
' weighing about 2 mg cm2. -



bath consisting of [err] '(249 g [err]), [err] (15 g [err]) and [err] (14 Zg

[err]).

zinc in it prior to use. -Current was passed at 3.5V (about 0.2A) foor 2 -‘:;\ /
mnutes at [err]-

Thi's resulted in a zinc coating weighing about 2 ng cnt.

STEP B Step A was foll ovved by el ectrolytic oxidation.of thé zinc coati ng
which was made -the "-anode; -and a pure-zinc rod the- cathodé. The.

el ectrol yte was 0.5M KCH conditi-oned by -di¥selving -a05 - small..amunt. .of.

This formed a porous, black coating of a-
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non- st oi chi ometric fSIER Bf zinc oxi de. STEP"C The substrate was d| pped in- .
a solution-
1 mnute,

Step C, having b

EXAMPLE 1 St
anal ysis sho

pol yacryl ate..
showed good- adhesy APk @3

W t hout cracking, as_.in ggﬁgégd g@ﬁﬂi%%gr}g&ﬁl\&Lé?ﬂc |%S@agaggrel he

substrate

© with enery paper,
. . Then Steps A
resistant to

[err]

EXAMPLE 3. 30
Thus, the
15
20
- 25
30

and gLa- 20%4 oIIVOl(,l‘?fsr ?/*odriliqgﬁ&ck ?Cé@cgﬁﬁgg B&ﬂgéﬁb 4’6‘%: |

vebieh gras; H@décrﬂ‘e'vm Qursud'byl--l'mmnat rodr-rthe- |
and 100% rel at i athddali dThe/ eG@cﬂ'oi}Ee wa%t@asi‘i RON | tﬂ:ﬁl\iitifi.ineaobf1 d‘l‘s"sS'Fving a

Sgd tsﬂ'éﬁu?w%E? fo fﬁ'ecce‘ﬁ'g%& p&ﬁ'bs‘i"l giigrgqrﬁy:"snt PALL passed at

ThSV (ibout Oc2A) g’boszyminutesi AtapooC.t o Thes! foreiea. paidus,

bei ng of 'STEPHC st eel , |t was of al umi nium which was abraded
d n ds@ch |
e'nfeeamstme iche d¥pped S sdmﬁ&%féf mé@ElaS{aa Sggﬁﬁ g -

: steam curing) for 30 minutes

%ﬁ@s _- and D were performed n”orchep,

=

The substrate from Step C having been removed from the acid,
was cured by’ heating ‘at 85°C and 1007. relative_ humidity Se.qg.

Semrtadd LT - o

Steps A, 8 C and D were performed in order.. Infra-red'-
analysis showed the cured film to consist almost entirely of zinc
poiyacryiate " The film was giossy.- resistant to cold. water.

showed - good adhesion. and could be flexed through 180° on a 6mm

'mandrei without cracking. as 1n BS 3900 Part El of 1970.
'EXAMPLE 2 -

B, wer e performe
10, &C\}\g{ e?‘Rs§H§) d =gdof 89?1%95‘1 oﬁo"ahd"'t’&fﬁd eedflcmethmlmgh -
on a 6nmm rrflndmdlaukttmgt-ey:.rackl ng, as in BS 3900 Part .EI" of 1970. =~

Instead of ‘the substrate being of mild steei 1t was of

aiuminium. which was abraded with emery paper, degreased and then :

etched in ZO‘L hydrochloric acid.. _ ‘Then Steps A B, C and D were )
, 'performed in order. The film was glossy. resistant to cold water, . -

shoued good adhesion, and could be fiexed through 1800 on a 6mm

L mandrel uithout cracking. as in’ BS 3900 Part Ei of 1970.

- EXAMPLE EXAMPLE 3 - _
_ Steps A, C and D . were performed in order ‘Thus, the
poiy(acryiic acid) coating was appiied non-eiectrolyticaily to a

' substrate of pure zinc. This Exampie is therefore ‘not according-

to the i_nventio_n.



pol y(acryl ic acid) coating was applied non-electrolytically to a substrate

of pure zinc. This Exanple is therefore not :according to the invention.

- 4- The cured filmhad good adhesion and could be f|exed through [err]

and ~a 6mm randrel  without cracki ng - The initial water resistance of

\”t' he"fl I m ‘was ._poor_, 'but Frr'proved somewhat after 1 week's ageing under room

ondi t+-ons. 05 - 'EXAMPLE 4 Step A was perforned, and foll'oved by a -
tep [err]. belngam)dlflcatton of Step | s’ Step” [err] ,

--poI y(acrylic - aci d)Thenxsiredpffled had ogoddhadhesiont &md ecoueaesé rﬂlexteﬂ CﬂNoY:gh

St on%or 't het'?8° AT B AARR) R | EdtBh ST "R dter o e
" was nede the and@8iHiace. Qﬁ \th% fi lmovwas tpoorf boty fimproved semmlds afté¢tnta

further experimggbk's bHés g. flow for only 15 seconds.
- The fllmqu ity g %lgt |y afeca\ﬂﬁ E)Step D[err] full-humdity

.curing), omtt il mbeing 15 sinply allowed to dry under room
condi t1ons. AIthot&jiepnw WalsogRy fortnied, f gty raﬂovodequyt ql m@ar e, rsai'ﬁ}Ga&“

onont uet o PR Rlon S, 8P CBL ¢ 18" St B, Ry heabAe adf”
followed, by .St epp[iadr]thd:beExmhslteatE) ehectirotyticadly), atcorsdhyt Itifsonal\ﬁé _
Lot iPncsinRon: Hauhi BRIk RGOy SECIRED 31 R, o1
coul d howevgq byake ec%qdrw@dsw (i fnﬂma;rg'ysi@paqjd)zzs The smxm;ueEves Bades
A B and.[err]. thé cansdel hieg. 20 ﬁHsd?mo\g%%Et 10wt ¥Br( 90" Sed¥igRd 1EtPG 1N
- ncfeg'?; atef)g? 8?@}8??5 (‘e eﬁ%ﬂs# IﬁF"E. ﬁgzs K ivass ddowed ltosﬂi’%fﬁe't oPyly blﬁ it
vvas found t hat semndlsong'dle fillequalityl\gibebut slightly affected.) - .
L .~ Step D (85°C full-humidity curing) WaS - omitted the film being
h - 15 simply al lowed to dry under room conditions. - Although not glossy,
| ~the film was adequately hard, resistant to cold water, adhered.
. __._'well and could be flexed through 180° on: a’ Gmm mandrel without'
'.';.cracking..- N : : -
- 20 . Step A.'_was performed, .fol'lowe'd:_ by Step ct. (see Example 4) in
_ whii:h the  0.5% solutioh was however: replaced'by a 5% solution. .
__-._Example 5 gave the same results - as Example 4, except that the |
Lo -_water resistance of the. film was .inferior, which could however by
Co rectified by performing Step D..
' Steps A, B and C‘ were performed 1n order, with the Step C'
’ -Z"'being tried in all four combinations (electrolysis 15 seconds/30
o seconds, acld concentration 0.54/5%). The resulting films were
’ al satisfactory, bu_t it_ was found that the longer times at higher .
30 currents (e.g. 0.5A) were inferior. | '
~ Four variations were tried, -all including steps A and D, with
 the modification. that Step D was quadrupled in duration to
.2 hours. The four variations differed in the processes applied



30 currents (e.g. 0.5A) were inferior. EXAMPLE 7. Four variations were

tried, all including steps A and D, with the nodification that Step D

was quadrupled in. duration to 2 hours. . The four variations differed -

in the processes .applied -5- between Steps A and D thus: Step [err] . s
(15 seconds); (ii) [err] (acid strengthensdto 599 ; * (iii) Step B (3

m nutes) then (i); (v) Step B (3 ninutes), then, (ii). The resultlngfllms
were all gl ossy and scratch-resistant, .and .resistant to both cold™ ana'gﬁ‘.”

05 ° boil t f d

Lest, all showed oo 5‘“%’5. AERd P 2%” s SAIck ihadIC 1P

does not react Qﬂ d, styengthened to.i8%); bﬂlt"gn@telbe% (3Tlllélll$l!§)ethemeﬂ’hd
of producing a su(ivlblStepr Bacsi Wenu$es) lehen ti{ym Ve redﬁltﬁﬁdfnms'\/%?é 41

t I t d ted t .

Cathoas) 1 rom oaTasR, e, HEhentesi SRR, and L xenistans, 4 Boho ool and

cont ai nfd| | 1205t39/ Mﬁhg Nulﬂer -80d\phet r Framd( 19)4gwh el Ifailed r'lheéI la; mmnﬁﬂms
metallic tin e

P?rﬁow 15 t he a%eo" etﬂlssnfa‘iﬁ]ospﬁe’@?oggﬁ]dhgg Hﬁ H@Ql%dﬂf‘im %/err] g-.

209/ [err] (preferabl XA err]), [err] .. 0 4A, . using a .stainless.

steel cathode. (A MggamNc 2inbdses< RO eal:'t rf@ rcgalgﬁc@mcp eﬂ; Ut béflo |

"o coumon. ¢t sHften THRFRYORR, 3q REHHO, O -bTAUUFLIGh 5 LLBb1Y | ERACREVGES:
‘stability, whie heftlaurwas odevised: ed Metd¥l ign i hayeelﬁcﬁrbeeﬁe{sgsﬁlabﬁt@afag
200 £ & "ot oreaahEs Cabla "SRRl Ao, (RE-REbIS T8 tadard ok J
and was resistant85°6)| swaterb&tbhahgo 4ATheThecbabhl’ mtaiﬂ_edllzﬂgildmbnNaOH ~
Eﬁﬂrﬁgc' al i npl Gy rRe K sn09 . BEAGIAOREDNS! e SAH VAR U he B 11e .
“tin.  The electrodeposited tin was then oxidised by making it now
- 15 . the anode ina phosphate bath containing lOOgIdm' llazHPo., ZOgIdm' :
' (preferably SOgIdm') B(OH),, at 0.4A, using a stainless steelf
-cathode. (Although a black Sno surface could be produced by
anodising in a plain boiling phosphate bath for 5 minutes at 0.4A
onalx2ecm coupon, this uhen dip-coated in poly(acrylic acid)
20 had no water stability, whether cured or: uncured As an additive
" §n the phosphate bath, boric acid had the effect of' beneficially .
increasing ‘the reactivity of the Sno film). After steps Cand D,
the coating showed good water stability and uas resistant to light :
scratchlng. The method was then tried on conlnercial tinplate and I

- 25 __gave hard glossy water stable coatings on curing. -

7
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- 6- CLAI

M5 1.

A process for producing a coherent protective |layer on a.
metal |ic surface,

.conprising depositing on the surface a |ayer of zinc and

\reactlhg t he dep05|t wi th an aqueous solution of a hamo- _‘or copol yner of
acrylic-acid or even nore highly carboxyl ated 05 I

further corrprlsmg either. formng zinc

—unsat ur at ed- car bon- backbone. acid -or "a hydrol ysabJ eof '
he prrocess m"ﬂ mwwn "[ﬁ
o t e

Tore reaction with sajd aqueous solutiog - or ‘applyffngthe aci
.dep03|t el'ectrochemically or both. 2. A pm for producing-a coherent
protective layer, on a 10 - netallic surf onpri.sing depositing on the

surface a layer of. tiAn,proocess nfiot i preducting f aoroohéeenti rproaeotitvberlalyeannng

the deposit. with

RS L ARRE U B B By i SPERY el Ml o

‘hydrol ysabl e preczingoand hesagsing the ‘deposih withc ansaqusous dsalytion cqfaanhemcbf
2, wherein the 'a%er %oigﬁéﬂ' of SafA9e! 1324d 0Byt 'aﬁeﬁuhéﬂpq\?hi carboxylated

el ectrochem cal |l y. rocess according to any precedin

clalm erein

the oxide is r n@!ﬁﬁﬂbﬁ@aﬁﬂpms ackhope o ASId a0t ordyi Mydre J@Iaﬁi?n 1pregyrsor
"Cdaim3 or 4 V\'hentmﬁsﬂdafﬁe %90cestsofﬂ'ﬁie'i‘1 tomprisi kg retither mhé Zinct Beide

anode in the Saleg'f aqu%us ﬁ'!fnt#?f??@g ffgﬁcaﬁ]@ wﬁt%ss Ccaoqrpglo{x] b&aglgmor

accoLdl ngI to any appﬂgénlg ri:yecacahdrrtovifher depbsgheemttbdﬁmicalds or (bohlt.ent ration
0 the sol uti on of URIGicedtSorNl CoRautThs BnerdhePHo8ICACHRIEL ' G

wher ei n-

d aim 7, wherein Sai oncen

“the e

ocess

to any preddédi retadiiie rﬁ“"fm somprisiegr depasd tingpar the surfaee & layenaf
[efr] to [err] fofid,r pBhrihgt L1PQxdle From EHETIAL aMd LRAP reBOPMMGELRY idéposit

hum dity.
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- 25}

with an aqueous solution of a homo- or copolymer of acrylic acid
or even more highly carboxylated unsaturated-carbon—backbone acid
or a hydrolysable precursor thereof. - .

3. A process according to- Claim ¥ or 2, wherein the layer of
metal 1s deposited on the surface electrochemically

4. A process according to any preceding claim. wherein the .

oxide is formed anodically.

5. A process according to Claim 1, or 'C,l_aim' 3 or 4 when appendant

- to Claim 1, wherein the _deposit Is the anode in the sald aqueous

solution . o . - o .
6. A process according to . Claim 5 - wherein the 'electrolysis

| '_continues for. under 1 minute.
w1 "A process according to any preceding claim, wherein the acid -

has a concentration in the solution of under 5% solute by weight.

S '8 A process according to Claim 7 wherein said concentration is

30

under: lt. . _
9. A process according to any preceding claim, wherein the
reacted layer is cured at’ from 80°C to 100°C for from 10 to 60

. minutes at at least 80'/. relative humidity




