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area for the welght epoxy resins, The resin itself, in such coatmgs, serves as the wetting agent
and as the vehicle for any pigments or fillers desired. Because there is no solvent,
£ - coatings of this type tend to be free from pinholes, but they have disadvantages

e 20 such as brittleness, poor thermal stability, relatively high cost, and short pot life 20
Coating compositions based on higher molecular weight epoxy resins have
-3 ) bee; rprepared as solutions, formulated with solvent vehicle, curing agents and

; modi

ers, and often, with pigments and opacifiers. The egoxy resin is often in the
form of an ester, obtained by reacting the epoxy resin with a fatty acid, drying oil,
25 or the like. While suitable for many purposes, epoxy ester-based coatings are 25
' vulnerable to caustic attack. The ester linkages are not cons1dered to be as stable as
would be desirable, for many applications.
. In recent: years there has been a trend toward water-based coating
: compositions containing epoxy resins, because of ease of handling and cleanup.
30 Many attempts have been made to develop such coatings, and some of these have 30
met with some success for ﬁamcular applications. One promising area for the
possible application ‘of such coatings is for soft drink and beer cans. This
application has always presented a challenge because of taste sensitivity. Can
= coatings in the past have tended to alter the product taste of canned beverages, in a
35 variety of ways, sometimes by leaching of coating components into the beverage.. 35
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often referred to as sanitary coatings, and these represent an important, preferred
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group of embodiments of the invention. A sanitary coating composition, in
accordance with the present invention, is composed of a reaction mixture that
includes acid-functional pgraft polymer and addition polymer, of particular -

60 compositions, respectively, dispersed in an aqueous vehicle with an ionizing agent. 60
The ionizing agent is generally a basic-reacting material that is driven off under the
conditions of cure, i.e., during baking, and such agents are therefore referred to as

“fugitive”.
When properlf' formulated, sanitary coatings prepared in accordance with this
65 invention are highly suitable for use in beverage can coatings, and particularly in 65
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generally greater expense is incurred without any accompanying advantage.
While the preferred reaction technique involves placing the epoxy component
65 and a solvent for it in a reactor, and then slowly adding the monomer mixture, 65
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mixture. Similarly, additional ungrafted diepoxide resin can be tolerated, generally
up to a total of about 109, by weight of the reaction product mixture.
65 - For aqueous dispersions at high epoxy contents, the carboxyl content of the 65
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product bl end and 25coment istd Meﬂioutmtﬁmymexblaglsa cetdhbat\&&tnﬁéfubﬁ&ﬂ&nsystem

pr epar ed bégthlSS pr okebigkes.i s 25 sati sfact OQ%( as to- alli]%/ th| pro;iedure S

is not prePerred for bede sl ipdigdeal (spiures o ?’(B‘h"'““% r“°B h‘é°“§’§/

pr epar ed _as described above nornal |y havg,.a&,pl Reént he range from about 7.5
8.0, @and have been fTherfoxydesheis siomatic Alsisweltund eoq)bjthtmlskltﬁd idthe art, over

one year. “Product s si!_}) weras e*e'&ﬂwamﬁhp lan Ofmﬁ'dl!ill 4gnb¢rwsqs'c959m CEOMR% e | S

30 little or ndlsett in s'" ] tahls iribuppRs 10,
f) % &red %Sﬁl %ﬁiﬁ Epg Tpﬁzﬂ

remain satisfactory ar Hytl yD@thBRSIf HpRérmer Agd
ranges for practisi ngp«tctady mngl t&)r mnvatcmy hodubi tooarbomfz sadii tary
coating conpositi onsPESF o‘{or ¢ a? C'S‘!I WC'SI“ R% S i Hﬁgﬁ{(‘)r 5
di epoxi de resi A>shoulFHRYy ,fjl;“;ggmg t‘f ,Eﬂ;ﬁnd ;t "6 VCY ¥, from
constitute 60 to 95%itaedst 3000b ats considefed to ®act i on

m xture. Preferably mh@rbevmssa emtmbddg;m@/ol \A@lﬂgﬂmulaawg‘tﬁrrefCMUnt
of ‘monomer m xtyre e*‘?ﬂt&?t'??m vstr}gb d BIEPD U ERTRA B 1o sfOU! oo
S

be 40 abodl’ 20%,ayeighe bicpbxy r Rbta ol n;ow theers
during the reaction be46heshlao dnb&cuilarovmghbmme dboralabam4 §bwa|l mo, and
a

preferably, about 6. rrearawwftsawfa ai{%v which fifeis
4 t
nmonomer r’q xt ur I S r%.afl/? l.(laie lS S ﬁ%ﬂv@:meﬁ?e olk m %ﬁghh@r@ 25
product m xtur e t hat mbisc dh€ t is fenﬂﬁ&S%FHctr&M@@tﬁﬂfwltht
shoul d be,in the ran slyfcndmlmt% of USpllBﬁbl Az wtiicl isaiailablp frpm at@merc:al $quones. éﬂbout 80

|%5 o A, known generally as liquid epoxy resin,

to 90, and nost pr Ef recha’l Q)r onl from Dow Chemical C t e t?a e.n
beverage can cagti ngDERIT9S ch .rtanmg“t‘hr, Tadlys @i n‘; fﬂent 0 2§
parts of nonomer m Xiddtae, witleaveti¢ @did, IBukilsor msﬁdll toqdename

peroxi de, a pref erreapqli'dﬁ&maf“ i B1g gitip} sgaatin manen t#wﬁétem lic
acid to 30 parts sty ?’%\&ﬁc tﬁﬁa Earigﬁgéhfe"é?‘ﬂv& 0 beyulig 8'“’???’3‘?'1“ al
reaction produgs m x catalyzed t;a.urasd(ysam‘ran bawehahkamo JOBRODIOEET 35
m xture copol ymeri zetlietftzllo&mgaxﬂ!hutal propertiés: copol ynmer, with parts grafted to

t he di epoxide resin, at aliphatic backbone and with the bal ance of
the addition copol yner blended w t@,jhes #ﬁ%g Rdsi) the reaction
product m xture. Both the graft pol yrrer and the addi'ti on copol yner thus
produced are 55 i ¢ acid-functi onaflearTissgusiigyid enough i oni zati on
potential to be fl; hilic and are r T@i | y bl endable. Generally

t he reaction productwmgmt fgilebt ai ned, fromt 65 80/ 20 preferred reaction

m xture of diepoxi deNomlanlesbywqghoner m xt ur 96+¥k1 | contain ungrafted

addi ti on copol yner t i ng appli catj‘!d even nore addition

copol ynerx60 caﬁsﬂgﬁalé ﬂtg "8§, “and separ @@6 .med conpatibl e |
addi tion copol ynmer, Ppoxideeqivalent wdight¥ subst anigpabdzy the sanme conposition as
t hat present can be, added Up.to a total of about 40 or so parts of

ungr af t ed~addi'ti on cc “’a “‘t Yiight &s1h¢ 3s Bf D CONHPIRS areesmeewraéﬁ"ry,
addi ti onal ungrafted epoxrpde Fesin can be tolerated, generally up to a
total of about 10% by \mn feasofhetdial mﬁallarmtlgp:’dfdlllqﬁldapoxytusmioﬁBvelthat is _
For aqueous di %8er3|’§ﬂ'§5%£tsaﬁ‘i° E%d%tlonal 1sp ’Oggl;tbf—@é 1}ﬁl Bifeshmayf th‘('a0

65 ¢ reacted not but also wi er materials.
Other polyfunctlonal aromatic alcohols can be used to make the glycldyl ether and
to increase molecular welfht including such materials as bis (4-hydroxyphenyl)
methane; bisphenol F; 2,2-bis (4’-hydroxy-2',3",5°,6'- -tetrachlorophenyl) propane;
tetrachlorobisphenol A; 4,4-bis (hydroxyphenyl) pentanoic acid: diphenolic acid;

" 48 novolacs or low molecular weight phenol-formaldehyde polymers; 1,8 bis 45
(hydroxyphenyl) pentadecane; resorcinol; 2,2,5,5-tetrakis (4'-hydroxyphenyl)
hexane: and others. However, the preferred matenal for simple practical control



5 1, 585, 486

5 reaction m xture, neasured as -COOH, should be at |east 2% by wei ght of
_the reaction mxture. For stability of dispersion the amount may be
substantially higher. The practical range is at |east about 5% generally.
en the carboxyl content is below about 2% polyner bl ends are produced

nt are useful in solvent 5 vehi cl es.

he-several individual feat ures, of the invention wll' now be’ erussed in
degai | . The Epoxy Resin The eppggg,,rglesr nis aromatic. As is wellgunderstood
bywmewr—mmmﬁmrm car bon
chain li nmgbe b@tcme'nr alrcrmmg tbe grecszgf the (nitial ligeidreppryersaini mg coat i ng

corrposrt rms suitable for human 10 consunption are
pr eserveqﬂole g’gﬁg}f‘ ﬁi’% %‘gi.‘ °tsg'§'§§ ngst preferred

EPOYY T ESicight Bikphe ﬁ’mér, B Radeqi al |y t hose

havi ng 1epoxgpesing: equi val ency of from about 1.3 to about 2, and preferabl y

about . 2. The nol ecul ar wei ght %B'tiﬂ epoxy is at | east 1,000 and I®"
preferably, for sani [ above 4,000 ordinarily
selected for 15 useb\’i\liﬁ}er‘r&?ﬁg}aepoxy relgrotrrr('g '?ﬁ ent of the pol yneric binder
isto beDERN—%ﬁhatlbvw; from at Ieé%t 30% by weéght. Low nol ecul ar wei ght
epoxy re ispaengl ﬂ w{ed to be3}hose havi ng3g nol ecul ar wei ght of .l ess
than 1,0 prg@da,gg,e,ec(‘:‘t?far wei-ghts gy eferred to ein are on a nunber”

aver age Itiaﬁdns:vn ity range O di nar zL-yz, when t hex-pg) ymeric blend is intended
to cont ai ratf@yomt. Bﬁ Lh)’lg'e% 20 by wei ght of epoxy resin based on total

pol ymer s oyegmonoRuVistiSty resin sel ected will be one having a nol ecul ar

wei ght in tirge rattgm Johmﬂb@woyéd R0 cletse a0 HoleddlarOight PRIl cul arly for the
pr epar at hmnderboxsmmtar axdxarlm culayweight ¢poryesing Dcluddia cdhaction | S preferred

thd® thet salrerrcesrgﬂtur hile this rgackipn ean beq
Wile it %ﬁk%“w (ﬂl&rﬁrﬁ ridéct TW%’HE‘H’?’HH?? L"r"ezr n at the

desired 25Fsim oalli lidations) the kefox® résﬁi’lomfaﬁlypl’cﬁé‘ﬁokﬂ@deyO start with

br s henolhawaanmewhewmm A er? %%Imutlﬁﬂt ﬁ@%HAWC‘WhIfQIh is available
comBrRid S'ng%’%&ﬁ :'32& s or’%'lﬂg.?i‘v %ﬁﬁ&ﬁ&ﬁ@;gﬁgﬁﬁﬁl A, Iknown,

general | Ybals 4Img] gibpized form not only

fr om Dowd@eminatiahs @D theu gbay redne cbmmientmare nﬁ@e by geDERmB cont ai ni ng as

cat afle aPE@P’% f‘é@!’l 1h°‘t 0 acetate with
R L e e

829 and ein eafemeaa)yqeme inS “arht m ran &n; d45is0-Uncat al yzed
l'i quid epmpyhdeesilmncaregcub@bychmaror ab,ﬂeecehmhuawél b@ehepﬁod)um} to be suitable

for,.use N 33 or fatly acidyhe precatal yzed
i (fal q e%m;uz,a cai)ciw rl%?qn cjﬁo x*%:qdm(lg Jrse : om ﬁgﬁﬁo‘:ﬁ: sgg; the?fol | ow ng
e,

physi cal ppmpkisseéd, estﬂo\? Surflower '

B8 00{)44F§esr n Appear ance
d ear, Vpsggl@ Widen edl gpowl@qlor pl@“q 1cally treated wrth one or more of- 2 Specific

r ayi t the fo Howing; allyl ether of J eﬂ' -1sopropylxdene- 9. 65
gragi ty d phenol-formaldehyde, 44-se %ut‘fﬁ -f melamine- 30 T
Nonvol at |f rﬁ’ﬁld d¥\&ind 'Eca-formaldehyde The resm means an
Xyl ene Nepoxg|resin inemldhyepwa groups have been reacted %Sﬁch\a angerscosity at 250C

ot N Beone i e

wei'ght ofcalefigéd eheragd MmoleRGlacREStS, Redpectivdly, aF 1,075; @850; 3/6006(5081t  Of l'i quid
epoxy re gnch9,0Q9) and él’,QIﬂ 836 1007 angd 1009, all products of Sheil Chemical Co. (with
calculated average molecular weights, respectively, of 625; 4,500; and 6 500) T
While preferred diepoxide materials, for use in the practice of the invention, i
40 are prepared by reacting epichlorohydrin with bisphenol A, other satisfactory 40

d1e oxides typically include such initial materials as the followmg, provided the _
olecular werghts are adjusted to the proper range: T



nore satisfactory for many coating applications, the initial liquid epoxy
resin may 40 be reacted not only with additional bisphenol A but also
with other materials. 40 O her polyfunctional—aroratic—alcohols—can-be—-
used to nmake the glycidyl ether and to increase nol ecul ar wei ght, including
such naterials-as bi s (4-hydroxyphenyl) nethane; bisphenol F;, 2,2-bis
(4'-hydroxy 2',3",5,6 -tetrachl orophenyl) propane; tetrachloroblsphenol A,
4,4-bis (h droxyphenyl) pent anoi ¢ aci d; diphenoljc acid; 45 novol acs "or

o

low nol ecd ary vei ght phenol -f or mal dehyde PS¥suegrs; 1,8 bis 45 7

(hydr oxyphenyl9—pentadecane—Tesorcrot 272, 5, 5- L el T akr s

(4' - hydr oxyphenyl ) hex ; and ot her ver St he erred material, for
sinple practical contyfl\ 6 v 4 N | s \\__

1, 585, 486 S —CH-o— i o®ess, for
i ncreasing the weight of the i mtml\L;cM ep I S bi sphenol A

The ratio.of bi sphenol A to DER-333 used to pro Ce the nost desirable
mol ecul ar Wi ght: is from 65%to 66.5% bpHwei ght DER- 333 an 5% to_33.5% by
5 wei ght bi sphenol A The foll,ow n table l#sts tNge ¢ '

the finished 5 epoxy resins: TABLﬁtHi— g 7
Gafti ng.—DER— 333 level by w. 6 _ cA
A level hy wt. 35 . 33.5 Ap Tmat e bl
9000 . 5000 % Epoxi de oxygen .4
.6 Gardner viscosity range <ﬁl;é:}] ' [ERR] at 40% wt nv.
in ethyl ene- glycol nono butyl -@)n gaction conditions enpl oyed to

i ncrease the nol ecular weight of The liquid epoxy resin, or other |ow
nol ecul ar wei ght epoxy resins, i ncI ude :N*Qalcdm oere 10 terrper at ure of
about [ERR] ang at rmspt]\ [ess h S reaction can,

coniuct o w {hout 3 st LS fmga"gf'ﬂm@%mﬁ o s

butyl ether at abOUtoxﬁ:ﬁﬁ(oc edt\ﬂ;bg ‘ﬁn 08 epdxy gloupschiadel bedrtic y
coating applicati onsas ﬂr%’,‘s#smblsnbpml AaTheI oxy giouppmay uke be naxdedfave a
nol ecul ar wei ggt in ‘ﬁ’gﬁ "La?jg WGM%ERS’H‘L“‘B‘S’G"‘!E& 58&“"2&‘?"&90‘3 detesmiinedin £ or

15 nore demandi ng app ca ions, particularly for applications where 10
the end product 15 is to be a sanlnmrymarmtofagranemmmreS| n m)l ecul ar

wei ght values in the, r Faly eq it illfig lefaedred

These and ot her nol qé@j’ yl (ﬁ : ﬁi ‘gﬁ‘&ﬁ;ﬁ s ﬁ ""sgf

conponents ar ejrade ibgicags somﬁbmaéucmna QD THY radoMtie oI Inl o Yltra 286 any 1s

ot her standard techwem einewih ost anlardﬂedoINperchlonEre&(Hﬁlﬁs)luﬂnthm are
i

useful also can be lifer dcraipuret- Gt qriranecis Selepiated framdhe-followine sanaienenol i ¢

resins, phenols, and polyols. Typical difN SldHéRP ¥ '@@gi ns are: glycidyl
et hers fornmed by reacti ng phembxﬁmmwchl or ohydri n;

4,4' -iso- propylidenedi phenol -epi chl oromchfsammﬁmsrams

4, 4-sec-butyl i denedi phgRoh; {PLEfY, Wikion fe& By in strﬁi &”/%' 18D Of
the fol | owi g 28 yi nixo0hl ot Meval St oaass /?féfg?nf o?a’i:eﬁ@a& Ao ahithe 20
castor (includi ng dehiptomiwesd llutbdj 1 logcunlmxlacrabawlc acldwdwpwmgeednd fish

diz ha
(1ot ned) . hempseed SPagea moz:'s?g;r kT ST
saf fl ower, sesane, ' s¥fiGag ylanI lacﬂf efic acid

i sopropyl i dene¥i phergs. s,epm hémramwlm im ﬁéﬂ, E&M o sl‘(ﬂayadyslm vibleDin@icgtor NOT €25

of the following: als POfEWEeﬂd ‘ﬂ? ?30 utmﬂ-wasé'ﬁfateﬂ idrapwisy With thehasandprd 0.1
4,4' -isopropylidene- %@Lm tc.:te E@ gg&f@kqﬁ&“% 1mt1a%8>o]g( resm and to dhe

4, 4" -sec-Dbutyli dened—bahe,n ixt r@rtm egra ehyde, and
ur ea-fornal dehyde. The term nodified epoxy re5| n rreans an epoxy resinin
whi ch epo} y graups havern? %eecrt}n ?n?‘&)rtgg group oE atenals gor usé m practising the present
invention, consists of addition polymerizable | matenals
To practise the present invention in its broadest aspects, the addition
Folymenzable monomer, that is reacted ih the presence of the epoxy resin and the
ree radical initiator to form the reaction mixture including the graft polymer, may 35
be a single monomer, or a mixture of copolymerizable monomers. The material
selected will depend upon the objectives to be achieved in terms of properties and
economics. Styrene is a valuable monomer, for example, because it acts as an
- extender and is economical. Acrylamide is interesting because it enhances self-
40 curing ¢apability, whether used alone or as part of a monomer mixture. The acrylic 40
acids impart acid functionality. _
Currently approved epoxy-acrylic-coatings for beverage can use include three
or more monomers in admixture, i.e., styrene, methacrylic acid, and ethyl acrylate, -

30

35



Commerci al epoxy resins that have useful nolecul ar wei ght val ues and that
are suitable for use as is, without further increase in nolecular weight,
dncluding 35 DFR 662 664 667 668, _and 669, all products of Dow
Chem cal Co. (with 35 cal cul ated average nol ecul ar wei ghts,
respectively, of 1,275; 1,850; 3,600; 5,500; and 9,000); and EPON 836, 1007
end 1009, all products of Shell Chemcal Co. (with calcul ated average
ecul ar wei ghts, respectively, of 625; 4,500; and 6, 500). Wil gpreferred
di#poxide materials, for use in the practice of the invention, 40 are
“prépared by reacting epichl or A13%348n with bisphenol A “other saﬁrsfactory

40 die p o y n se e ci thefollovmng
oo bl S b U, AR i PR L

1, 585, 4860mam; bdmg)uhe MRjoe. C&nponent to devdlop‘ sslfftcieet awdaﬁ}lnufondhjafoact eri Zi ng the

y refarmings dispegpiqng, zé"f J,ane, cont ent Thi s val ue can be

eyt hi G, 4a 0% R ,.jém e SRR B oy Do

t hat t heg@RAX \¥lagheo P Ssu ﬁa lﬂaﬂ)éi‘ﬁsetl' yeléeﬁaﬁ ,beas singler exanple, wth

excess bmo Hﬁ‘tmobr A mixtyee e WPt thayls idotignod tmachied sbme appl i cat i ons
gLy

lv
ot hgr thB s%lﬂ’?s;.‘a‘f P TEE Mrtontie: content: sidet er fined in 10

the fol | eyhgisiivey are the acrylic acids. This category includes true acrylic acid and
10 Deter mwlaatalkyh smlisu@mdr MmCaﬁdsenhat isS thopd acidf hkvimgvethwlenight is pl aced into

a 50 mil Msgﬁ “;t that is pl %a(betam singlescerbewyic jaeid goupiThej | i t ers of °
seco 1

chl, r obeR% f
{otf aet YRGB N tHdse %gﬁgm#dm jnarth%?a%guﬁ% "%Q’Jfagleléﬁdﬁa%g'g 632% crydtal viol et
15 | mosatuzdtion agdlthat idomot m;@kﬁbnalonanﬁtﬂm waildlinclile styresia| t i Ng solution is

then tit mepesgers guchjas Fyiny RIACDS: Othshauitebliezed 0.1 N
pergh o f"e"a'&rm?@”z&n@g%&ﬁg Sl S K it o 3 1
cal cul at egulationsthah4pply Qb sanithri Goatitigs dzﬁﬂltlo othdokylid adidiyidn: X 1. 600 %
Oxi rane thure;‘ars@! Elestnrs fmryﬁhecld)gg_nel‘#“ wesdkxltestem, thats prepared by

ees t to 4
miXi ng 8, Tl &y rﬁﬁﬁaﬁ,ﬁpﬁé’:ﬂe E’“’bé’las H& E% acetic acid
-(99155/0 C y!a yla ,,foaag e sol ki on was
| ut ed hmihtel Ilioeforiw ﬁdftyll@ﬂﬂatbu'al agrylatel, Gsohotyd aemlﬂtealtéromdbtttﬂ stand over ni ght.

- It was t Berlate sg rew' Iis) ftéyl Th .
tet ract h{) %gﬁ” ?l %&m%’ Eﬁ”aﬁaﬂ%%ﬁq LR doarca by
.gml@ re Tans faghil

di sgol vi agd haﬁgmm N f d@m de’in aloaci al
aceti ¢ aci dGederally, tlonTcPOImutlzaalel zr@nb!asrs cthatypag ¢|1tea0hl§ a few drops of

2% cryst aP‘YWF'éﬂa ¢ ‘1“ Ef' E'Q on P9 m%'(ﬁ% j sol uti on was

1
Ui 1 at ed oipDMEaRE abbtutatad et o laR ISGEN ab, ok chanid, & 4 °“ (q" ‘mﬁl nt col or change.
Thizs det armiktnfd bfomoriomespip seddip |tl& ;troddoﬁmh oft zheratlemeuucﬂﬁle

reaction thﬂ“)(tlm'@"le ls°1¢°m9|- u‘ﬁ aafcfylﬁ w?-rerﬁono r, shou%
Add| t | on bmmcgsz monom TS, and shou m copo ymersstbat-l-he Second

i mpor t ant” gFe phodtf wﬁi@ff-ﬁﬂlh ,coitmg doRRoditibnb) gedikially e MdRoféresent invention,
.conddi st s miftumchdll ¢aneain pmhjynﬂppczadml of apaerglic aaldsand'ﬁom rpcepog®nt he pidesent

f b

;gv$gtalcfg?ﬁ"°‘“§“*ﬂ‘6:§ we.h%ﬁfom%#@oﬁ s} SIRL0! e monomer, ¢ hat
@ac?%ﬁwo{)@ Sih the free rad| cal

initiat orpretparaﬁmfcmbtsh&aﬁ eddhg ﬂﬁhpb%lﬁdtﬂhﬁparm au na tehed dition pol yner, may 35

be 46 si ngblemnmblmronomr !xt'ff%‘ rade BPmdg§} Bf met rs 45he materi al
f '6&

sel ect ed Sflaf, 3&%&@5 Mol agd ?;ﬁﬁﬁ?éf fé terns of

properti gad el 7 fhe-approXiaitcwdight fatié or exanple,.
because it acts as an extender and |s econom cal Acryl amide is int eresting

- okree Radt
ggcg(gf? It i ffr']ﬁgé]ﬁ%esf Sﬁ%‘%}ﬁ mix :gﬁ rg onomé/r are reacneg us%g al Ome or
Q(tge P;é e'rad mﬂ J era f the peroxide type.
' Many free radical initiation materials may be used, but benzoyl peroxide is
. preferred. Those materials that may be used generally include the materials often
referred to as peroxide-type catalysts. The class of free radical initiators is generally
55 well-known and is generally useful to some degree, including combinations of free 55
radical initiators and activators for the free radical initiators, including ultraviolet
light and high energy electron beams, under proper conditions. Typical, practical
free radical initiators that are in common use include cumene hydroperoxide,
benzoy! peroxide, t-butyl perbenzoate, t-butyl peroxide, lauroyl peroxide, methyl
60 ethyl ketone peroxide, chlorobenzoyl peroxide, and the like. Benzoyl peroxide is 60
preferred as the free radical initiator for use in the practice of the present invention
to initiate and to conduct grafting and addition polymerization together.
The amount of free radical initiating activity is important. That amount is
expressed herein in terms of percentage by weight of benzoyl peroxide based on the

resiys and to the



acids inpart acid functionality. Currently approved epoxy-acrylic coatings

for beverage can use include three or nore nononers in adm xture, i.e.,
styrene,_nethacrylic acid _and ethyl acrylate Q .
1, 585, 486 A - 8 and optionally, nethyl

nmet hacryl ate: However, very useful water-reducible coatings can be
produced from m' xtures of nethacrylic acid and styrene, the acid normally “/
bei ng the ngj or conponent, ‘to devel op suffi cient acid functi onality for @
form ng stabfe aqueous dispersions. 5 General | y, for making

coating corrp05|!| ons i n-accordance W|th the k38848t 5 i nvention. the 9
addi tion pol yneri zabltgta{me '

cl asses of such nonong¢ 'ufﬁlc%{?stOF th°§f" rom csﬁi‘é.g‘t%’l%‘%%vﬂe ﬁ%‘ogtﬂ}l&r iy éjner

or a mxture of such mmﬂd‘rﬁﬂ’e&rdbheﬁloﬂe&hﬁet% Byeit ALY PerbXidorRqhivalend] ar
obj ective such as, fcﬁmce)b Yl@eroa@peb sfnmxmnsmaﬂaietlyl nqmorc should be usth hahiiy st

cl ass of nononers, t H5ES °ﬁﬂ§° {f‘* <=1T paratian
1 cat Lha %
conposi ti onsY are t handkeik, mlaem%'aﬁm Bbsrea ﬁﬁﬁﬁ?ﬁfd"ﬁﬁ‘é rihé’éiéllfnﬁ ol c

acid and | ower alkyl lmndzased prafting atube phaucalmc kione tdrbéns isSavordi0AEa RO¢I@SfréaVi NQ

et hyl eni ¢ : unsaturatld icah l“& lt'Yaéﬁ"l“P zﬁ— f Pet%ld based en polymgirigable
carboxyl i ¢ .aci ol grourg'ol;‘m aepe P rﬁﬁ"t’%@’%}‘f’@? gﬁ)% 15 10
A second ¢l ass of noratipat lcbm borl¥RYrboAs t rQy'ﬂE'o o/h§/@0xens b ereto

15 includirng those reamellylg@ﬁmmm al avai I abI € nonomners t at have vi nyl
unsaturation and that ddPRsPeidhgeftingrcan e ilbyeated Yusi Thi s woul d i ncl ude
styreni ¢ nonomers such as styrene nyl tol uene,, and di vi-nyl benzene.

Q her suitable nononers inclAide i soprgne,  con _g_aé.'ed but adi ene, and the
li ke. 20 15 A third cNass 9f nmoAoner s yhat are usaful, particularly 15
i at+ofs t hat 0 sanitary s,goatings for

to conmply with current 20 regt pply

addition to a nethacrylic acid-styrene m xtufte, arfp the al kyl fsters of an
acrylic acid, generally the lLower alkyl este%—'t -s—q'iros 'E'S}E'rs in
whi ch the esterlfyl ng group contains from1 to 4 cprbon atons, Iand

parti cul arl)ly, ethyl acrylate. Other useful nononerk in this cI)ass I ncl ude
ot her 25 . [ERR] ahkylx igetybpieafpters and nethacryl ate esters such as,
for exanple, propyl 25yacrylate, isopropyl acrylate, butyl acrylate,

i sobutyl acrylate, tertiary butyl acrylate, pentyl acrylate, decyl
acrylate, lauryl acrylate, isobornyl acrylat \rrethyl nmet hacryl ate, butyl
nmet hacryl ate, isobutyl nethacryl ate, hexyl crylate, 2- ethyl hexyl

met hacryl ate, octyl nethacrylate, and nonyl thacryl ate, Acryl am de 30

and acrylonitrile are also useful, although . for foods.

30 Generally, those addi tion oI yrrerl zabl e rmnorrers that are readily
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cross-linked. For node2 @P)Lf‘i'ee@!]t Cmrden of 8 mtspmglyageheﬂam t he
monomer 40 m xt §LE i %ﬁ&éiwf.ﬁ %ﬁﬁﬁ‘aﬁm ‘tﬁﬁ% %l’"fi %‘ L%sf”*‘gfﬁc%m d,
and a m nor progorti @issol manoafe renic nononer 30

Pref erabl yy nmethacrylic acprefe:mtite e foy cmdutmgaheere;m:essm placn aaolnm:gxh’ther at i 0
of from6Q:39 to 80: §9°"3’°1”b
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nmononer mixture is m?ﬂé‘efﬂﬂ@ theireaesory ewen nts ofthe rpecthama bei mamtautad acal dto

50 parts by vel ot oS ELIR AR TY T e T SO e

The partlcular solvents that may be employed are well known in the art.

40 Solvents such as xylene are satisfactory for the epoxy resin component. Other 40
suitable solvents include benzene, ethyl benzene, toluene, and the alkoxy alkanols.
For the monomer, alcohols such as methanol, ethanol, propanol, butanol, and the
like, are suitable, with butanol being preferred Bthylene glycol monobutyl ether,
_ ethylene glycol monobutyl ether acetate, and the like, hexane, mineral spirits, and

45 the like, are also suitable. If the end product is to be used in an aqueous vehicle, 45
then the solvents selected should be water-soluble materials, as are acetone,

butanol ethanol, propanol, ethylene glycol monoethyl ether, and the like.



acrylate. Another preferred nmononer m xture includes nethacrylic acid,
styrene, and ethyl acrylate, in the approxi mate weight ratio of 65:34:1,
respectively Free Radical lnitiator 50 The epoxy resin and the

m xture of polynerizabl e nononer are reacted 50 together in the
presence of a free radical initiator, preferably of the peroxide type. Many
§E§e radical initiation materials nmay be used, but benzoyl. peroxide is

ferred. Those materials that may be used generally incl-ude the materials
en referred to as peroxide- Itége6cat al ysts. The class of free rdi cal

inliators is generally 55 and is generally . useful to sone
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alip &}k\? ackbon&ﬂﬁmoﬁgmngﬁﬂmdg% ag{t%igg one (F)r btﬂvvo hygy ogens
bonded t %g"g Vol 3k le e ng can be
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a & zable £ hcqﬁ°P€E ﬁb{ési&@ "ﬁ nzonxture ls af%mlym grafigsed, but the
free epqy g% 20 as 50% of the
origi nalthé B aft’eﬁﬁﬁte%&lﬂdﬂ@i mdudt o rEEﬂ |£ Qt%%ﬁh gf reaction
gener al | hmr@m@ wfequivalent.i cngaetowaha Pewel theegrafnng;atrtpoaimhhnam th pol ynerizabl e
|
rTDﬁQ)rTEI’ Cb %Eﬁl &m%or {FPan acl li:ﬁp [I‘Erlé:‘ggé)' I%??Bg%prﬂﬁ)%grgm 25 40 react I on
mxtures  grafl tgoeOndit oyl peroxide by
25 wei ghhe prksehhmvafmnmrmd ,pambul ndécthe preek op:rﬁlhdglo%ﬁdlfwls equi val ent

g{eof th t;sweryr tio be conducted in the absence of a sol vent,
nar 'aLs\Sc:ét §§ft§§n Z’%{ )ﬁ@ﬂcﬂ)%mé’ﬁ;ﬁlgl ‘tS*HEFct i oms A preferred
soI vent xﬁytateeUhﬂeSctaﬂ@ AT R TR &"' of which
di ssol vde abdue 186 bx elglﬁswfthearcsm solids poéskre in the reskiianmiz(re may k& Ssol ves the

g(f unreacted epoxy resm and in some cases, pamcularly where the epoxy resin
err

%&“33“%3{& gﬁ gfé’f ‘fﬁgﬁiﬁ% lﬁl& i{, @F&? ?ﬁls‘fzﬂéﬁx‘ﬁce aSQoI ut i on of

t e epoxy, sfak¢ Mitia reactionanikire, a iga I pr over a peri‘od of

two or t hr &he epoxy resin may have very little graftmg on it, but what is there, is
: important in terms of properties. It is generally preferred that there be sufficient

55 epoxy resin present initially, and sufficient grafting, so that the epoxy resin 55
component of the graft polymer constitutes at least about 5% by weight of the final
reaction mixture. In the production of a resin binder blend for a can coating
composition, for example, the reaction product mixture is formed from initial
reactants made up of 80 parts by weight of a diepoxide resin to about 20 parts by

60 weight of a monomer mixture contamm% primarily methacrylic acid and styrene, 60
together with a minor amount of ethyl acrylate, in a weight ratio of 65:34:1,
respectively, with the reaction taking place in the solvent system in the presence of
from about 6%, to lg:bout 77 benzoyl peroxide by weight of the monomer mixture.
Because of the difficulty of separating the graft polymer from the other



hours, with agitation, the polynerizable nononmer, a solvent, and the free
radi cal |n|t|ator Si nce the reaction is exothermc, this technlque enabl es
t he tenpers = - - . . C Al
sone degree of control At the end 35 of the addltlon to the reactor 't he
contents of the:.reactor may be nmaintained at a presel ected hol di ng -
tenperature for sonme additional period of time, to nmake sure that the
reaction hagggone,formard to the desired extent The particular sol vents

that may be enployed are well known in the art. 40 Sol vents such as

xyl ene are satidfactory-for the epoxy resi h8Mponent. Qther 40 suitable 1l

sol vents i nclude benz benzene t.ol ue and .t he alkox aIk nols
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or |lower " The reactlo?PSt"l‘%ﬁ'@@; eg i’@ Lam ‘Ei?tnédclqbnnemhemloauh e

10 from about [FRR] tg ;y;ﬁng‘{"g;%ms,at "g{t @,y’ crafiden ditlgiethe
tenperature may be adpersxidedbr ivaleRt ifinkfehsd EPriferdbd i) te
the reactivity of theontimemresultsifijterms ofcnmduatmnr@tltednqned h:hdlommutg atnhecdhauﬂge
from aboutr [ERR] to aBoHiualsisinedr o feasible, dependi ng upon the end

results and operating 15 - condi tions sel ect ed.
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in the absence of soliveidhe b9r4ddidgldnl ¥min Qwﬁn he
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concl ude, convegjion °s‘ | on, condl tion ) ferabl
B e ye o e el LSS i T
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of il ti
for up to thr ee4§'|0ur San 1 fro Z%Oe‘l‘r agvitgj' }?ﬁ bfout 45
has been conpl eted, t9nye é‘ %aﬁ@@é]m& rcentages being by wclght

The Resul g| ng Pr oductbased on the sprayable dispersion. The soltds co P thelcketiont hiktufessalids) ON

condi tiong descri bed,2a#datp Ptreapd presdinkisgasentd a6 todBlybagshon sheapapabiez oy |

. ) 'dispersion
peroxi de by weignt of ﬁpfk ngi'bn%tﬁérlt'ﬂa%’splraym ey ﬁ oddldi e%%'ﬂ% Srlf or rmd
at the safe tine, in la%sow,atsdlﬂﬂ “Mchlarmepoaﬂm'e wfoll l@l% %o 169f
herein as aSSOCI at i veergsgrlinigng agant, and 6% to 39.9% by weight of the graft polymer-contammg
reaction. -mixture; and 60/3 to 90% volatile componcnts, generally divided into
_ organic solvent, 6% to 35y, and water, 257, to-80);. It is preferred that some’
S5 organic solvent be used to facilitate application, and it is generally used in the ratio 55
- of one part by weight of solvent to about three parts by weight of water.
The organic solvent can be made up of one or more of the khown solvents such
as butanol (normal), 2- -butoxy-ethanol-1, xylene, toluene, and other solvents. It is
preferred to use n-butanol in combination with 2-butoxy-ethanol-1, in equal
60 amounts, 60
An aminoplast resin is preferred for cross-linking with the graft polymer. It can
be added to the graft polymer before neutralization and diluting, or thereafter.
Typical ammoplasts include melamine, benzoguanamine, acetoguanamine, and

¢
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35 One product, that is present in the final reaction mxture, is

a graft polyner. 35 Under the conditions descrlbed graftlng takes place

S one
or two- hydrogens bonded thereto in the ungrafted state v%en the amount of

free radical initiator is at about 3% of benzoyl peroxide or equival ent, or
elow that level, the grafting at the aliphatic 40 backbone carbon
tons is |ess preferentlal t han when hi gher anounts are - 40 egployed.
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grafting apparently 1,385A48% < " but under ¢he operati no' condi tions
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evi dencesi b |1rf§t gﬁé E@E""&‘g‘f’wa f FP2ting a agglied can obt ai ned does

have t he SthﬂEﬂ)bt[di udwﬁidd Gf t@}ﬁesbﬂ@eﬁ%ﬁ tlﬁlf@lﬁﬁnd&fexﬁﬂplgsence is 10 that

t he Aci c#rer\nmb@d I thistapplivatian, blbparts peeciiaets by weifghe, allpesdiemegks hireom a si npl e

m % ure ) Q (e At fumperaturey 4 degrges; fratipaic umesioEerYistat | ASobserved in
ctron product m xture. This indicates that there is little

ester forrrat ion during grafting. In addition, evidence obtained t hrough the

use of Carbon 13 nug | ear 15 Exam negr C resonance spectroscopy teads to

confirmthg j 'é”i;{ ;tmégl &g?c?du‘??tﬁlr Jormation duri'ng
grstf ti N@f epky amcgl;ml weRHeh de@ ard, ditdie® sﬁt' S167 dekoS”UCtureS)
For coatpro sof) enal r\m addhdswm agitatibmibe readtot then wasdedtedto pr oduct mxture
shoul d' rf AATHeS AieboKt Abenrs amidheldghore fonen aisiongl2dpurs-abl y 45 to 150,
d fo eno tes 1ngs for scos1t and percent oxirane were made. Target oxirane valu
an was about 0.6%, and v1scos1ty at 25°C between Z and Z, (Gardner-Holt). When
55 these values were obtained, 135 pounds of 2- butoxy-ethanol-l were added, 55
followed by 203 pounds of N-butanol. The molecular weight of the epoxy resin at :
this point was about 5,500 based on oxirane content. '
In a separate vessel there was loaded and mixed the following: 64 pounds of
methacrylic acid, 40 pounds of styrene, 44 pounds of ethyl acrylate, and 10 pounds
60  of benzoyl peroxlde This monomer mixture was added gradually to the reactor 60
containing the epoxy resin over a period of 2 hours at uniform rate. The reaction
temperature was maintained at 118°. Viscosity was checked periodically on
~samples. The batch was cooled to 85°; its Acid Number on solids was 85.




20 sanitary coating conpositions, the acid nunber should be in the
range from about 20 80 to about 90, and preferably, close to about 85.
When benzoyl peroxide is enpl oyed at—a—tovel—greater—thanr—3%by—wei-ght-—-of--- -

pol ymeri zabl e nononer, grafting to carbons in the aliphatic backbone ‘chain :
of the epoxide conponent is favored, but at the 3% I evel of benzoyl @

peroxide, little of 25 such graftlng occurs at the aliphatic carbons.
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45 90% and the or ggfifiéctof: memsomnw-z'eﬂtbrqseecnwommon esin 4adi ng

wei ght based on theﬂg g@%@%&g’mﬁﬁ Sﬁﬁadg @E? ctl on
saq

m xture solids, abou,t,el O the-we 1 g.ea,g@mmr Q 10%
based on the eprayabiueurcu awrdetrhsmdcr oIS@ddmon of the rAstahts. q:llmdaﬂapnatsreoankler 25

t han spraying, the pessting PAfg °'6E§ quﬁ@‘a” *appled ‘%‘ lids,
whi ch are proporti og,‘g;fr ggﬂﬁf bu&ff’ﬁ%’ &asfﬁ‘ fo ?!'g;s%{“@fsd'é i nki ng
agent, and 6% to 39. Orke/anGinGIr (Y rebdt antOériglbyed G5! ad@iDH A B EYGLrAtAS | ON
m xt ure; -and M%totMMMmmﬂpﬂdtho cOPaY) Essingeactpm n@natﬂe cid numiiercand roxisangr gandic

sol vent | 6% 0 358%GaH e AR5 sm o%ﬁiﬂ,{f‘i‘?"a“’.ﬁ‘*éi%‘?m“ S s S5
organi c solvent be gs f'ﬂ aﬁh At o has e nerafqy used
in the ratio 55 of one part by melght of solvent to about three parts by
wei ght of water. The organic solvent can be nade up of one or nore of the
known sol vents such as butanol (nornal), 2-butoxy-ethanol-1, xylene,

t ol uene, and other solvents. It is preferred to use n-butanol in

combi nation with 2- but oxy-ethanol -1, in equal 60 - anounts.

60 An aminoplast resin is preferred for cross-linking with the graft
polymer. It can be added to the graft polyner before neutralization and
diluting, or thereafter. Typical aminoplasts include mel anine,
benzoguanam ne, acetoguanam ne, and 12 '

1, 585, 486 12 urea resins such as

ur ea- fornaldehyde CbnnerC|aIIy avai | abl e am nopl-ast's whi ¢ch are water

sol ubl e or water dispersible for the instant purpose include Cynel 301,
Cymel 303, Cymel 370, and Cynel 373 (all being products. of Anerican
Cyanam d, Stanford, Connecticut, said am nopl asts bei ng mel am ne based,
e.g., 5 hexanet hoxynet hyl mel ani ne for Cynel 301), and Beetl e .80 .
(products of 5 - : o : o




American Cyanam d which are nethylated or butylated ureas "Beetle" is a

Regi stered Trade Mark).

-27chl oro-4, 6-di am n
1, 3,5-tri azi ne; 2

O her suitable am noplast resins are
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pr a mat €Fi at

i nvent Fon can
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uses, including fo¢d uses, .25 the preferred pignment is tftanium
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0. 1:1to 1:1, ght . oThas & t.aniunidi oxigle pi gment Lcap e i ncor porat ed
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solids in the ¢ f?ti on. The resulting aqueous coating conposition can be
applied sati sf Vogi ly by any 30 conventional nmethad kngwn in the
coating industrly o Thus,.. SR aw ng, oQ i Bg, 3 B0 Hi Bpidg,2fEow coating or

el ect rodeposi tijord gppl i cafl offs can be used for both clear and pignented
films. Often sprayiing is preferred. After application onto the netal
substrate, th®kgatling is cured thermally at tenperatyres iphijthe range from
about 95C to abpds |235G or, highgr 51 @& pgerfodd i%h fEhelr eﬁig@ﬁroml to 20
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16 1, 585, 486

16 Each resinous reaction product I|sted in Table Il or Exanples I
through—XH+—-retusi-ve—was—diH-ut-ed—w-th—deioni-zed water to 20% sol i ds
utilizing dinmethyl ethanolam ne as the neutralizing or ionizing agent.
Sarrpl es of these water dispersions were kept on the shelf at room’

yerature over at 120F for periods. of 5 time .exceedi'ng 8 nonths. No
ation or precipitation was,observed in any sanpl e. 5 Only sl ight
anges |n both pH and vi scosi t,;ggsvrme det ected. The remaini ng expmpl es
O [ e Wal efl O pDer sed Was

exhl 1 T 0pE

; éﬁﬁ lﬁm%ﬁz. gﬁ‘ﬁﬂ“ {)pertl es such as

sprayed o ive }ﬁﬁ .
blister raminolagiMeCas araveerumng &afﬂnﬂﬂlg dgent. SamrnaSbs'{regmeateel ectrical
conduct i omspeawnewcrekeptamdle{shellfmmomummgratgremmretlé@’ﬁfuateeousahd 10 in each

cased wer et"f‘?t)ﬂ‘fi pHPnprecipitgtionsyas g wfﬂtanbwmte theseb tests
appear s Ig‘gé,f,l lﬁ?gmgb% gf’fi Jiseosity, rsre fefected JAF gmainipg ey o Comyent s”

Table IV rermrchSoft Qserﬁz&aﬁﬁipbr\é&i ird3ink i vl spra§éd Shtol @b plated nfegt d Cup/ seconds at
[ ERR] ) andlbptdteetanuheredmﬂ peapsrticeich astlister msisioics, cofer@taf les [1-XIT1 of

Tab#@ | | | resijtance, electrigah qandyicipn, adhiegion. a0 @bﬁl Bnuiyw Jﬁ%ﬁéﬁﬂ on #yueous’
S opers! cRge N Uity SRR RO OO0
per cent ages TublenBWUieporks matrespebtnére omazatswsiﬁ)s Wtﬂ'brdimmdaynidsat hanol am ne- “for

each, exa E ) andpdil erﬁ@ !vtny@ema@ S S%A"lh’es rgéTQhéPsm measured in the
same” mann ﬁ%"‘ﬁ‘é saS’t'ﬂep ﬁfl E‘lf?# OO ot Li%ﬁ‘% ien stéted for
ei ght nong; each mple, and the viscosity and of the

-~ 1,585, 48 6dlspcrsldhs, measured in the same manner as previously, but after t:b;%&@dd&ﬁ

18 Addi t i bascheersigred| ferseighd snanths 4t syt #9°6n products, prepared in accordance
with the present invention are readily stored, transported, formul ated, and
applied in a liquid vehicle, either 'in a solvent vehicle, or in an aqueous
di'spersion. In either case, the 5 reacti on product may easily be
-extended, usually for the sake of econony, but also 5 to achieve desired
characteristics, by blending in either an added anount of an epoxy resin,
preferably that used as an initial reactant, or an added anount of addition
polymer, preferably simlar to that produced during the reaction as
ungrafted addition polyner, or both. 10 The foll ow ng exanples
illustrate extension of the reaction mxture with added 10 epoxy resins,

at different nolecular weights. Exanple XXI. Use of a Solid Epoxy Resin

Ext ender, MW 6,500 1150 grans of Epon 829 epoxy resin were placed in a
react-or, to which was 15 added 606 grans of bi sphenol A and 310 grans
of 2-but oxy-ethanol -1. Epon 829 15 epoxy resin is a liquid resin that has
a Gardner color of 3 max., a density at [ERR] of 9.6 | bs/gal., and an
~epoxi de equi val ent of 193-203, as reported by its manufacturer, Shel

Chem cal Conpany. The cal cul ated average nol ecul ar wei ght is about 396. The
materi al was heatéd to about [ERR] before the bi sphenol A was 20

added, then it was heated further to [ERR] It was allowed to go up to [ ERR]
at 20 whjch tenperature the viscosity was U-V. Then 170 grans of

2- but oxy- et hanol -1 were added, and the tenperature was raised to [ERR] and
was held there for about two hours. Then 826 grans of n-butyl al cohol was
added. In a separate vessel, 283 grans of nethacrylic acid, 148 grans of
styrene; 4



25 grans of ethyl
6. 9% based on 25 nononers) wer
1, this nonomer
over a period of two hours at a
tenperature at [ERR], 62 grans

was m xed at [ERR] for two hour
added and mixeéed in with t he oth

acryl ate,

and 30 grans of benzoyl peroxide
e mxed. In 111 grans of 2-butoxy-
bout[ ERR] After two hours, with th
of n-butyl al cohol
s. Then 339 30

er ingredients until

grams of Epon
30 -di ssol ved.

was added and the whol e {

(about
et hanol -

m xture was added-to-the—+eactor—contai-ning the epoxy resin

e

1009 was:
Epoh

1\
1"\

1009 epoxy~resin is a solid resin that has a.Gardner Hol dt viscosity of -

[ERR], a Gardngr .color of 5 nax.

and an_iejssusede equi val ent of 25

00-4000_ 17.

according to i TS manufacturer,
average nol ecul ar wei ght
m xture was then 35.

35 The entire resinous mXxture

1160.

After the addltlon of a neutr g
propertiesT Nonvolatiles
23 seconds 40

40 %)Neqtrallzed
above-déscri bed mater-redUC|mga
and al unf num substrates of the
car bonatled beverages, and thes:
cured 45 coatings had excel | eh
absence of blistering, and adhe
Resi n Extender, MN 1, 850 50

was fol | oned to make a reaction
The reaction nixture was thencd
i nstead of the Epon 1009. Acg@r
Conpany, DER 664 epoxy reS|n"us
of 875-975, a softening p0|ntlo

PH

at_ 49°

“Durrans' Mercury Method", agqp
in 40% by wei ght gl ycol ethe@«s
gallon. ¥ 19 =8
19 The dal cul ated averagé nol et

epoxy- ext ended react|0n=g1xture
wat er - reduci bl e corrpesrghqw had
excel | ent cured coat?nd§ =3}
enul si on "wer e: 2
Vi scosity-#4 Ford CUp
Neutral i zed

10 Exanple XXII
Ext ender The reaction mXture==
diluted with 15 339 grans o
manuf acturer, Dow Chem cal 15
resin having an epoxi de equial
[ERR] to [ERR] as neasured by;n'.'

£
28

(20% s

cosity and

Initial*
~ Viscosity (sec.)

Example -

eonposPt iHn™was sprdyed off ot I~ tfi
ki nd used for

properties in terns of flavor i
i on. Exanple XXI'l. Use of a Sol
The same procedure as in Exa

50 mixture containing a graft

luted with 339 grans of DER 664

li ng to the manufacturer, Dow Che

a solid resin having an epoxide €
ERR] ot o5 [ BRRE; ag ~ o NBasAr
ner-l—l6|dN V|s%%5|t§§of RV &s

bl vent ,* and a wei ght of 9.54 | bs.
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il ar wei ght is .1,850. Wen this

was neutralized and dispersed in

excel l ent application properties

|

The physical properties of t
5 Nonvol atil es
$econds pH .
R B B ABIEBNEDE T & R 8 R

vel y LOM/NbIecuIar Wi ght Epoxy R
Ex. XX, containing graft polyne
DER 661 epoxy resin. According t
Eorrpany DER 661 epoxy resinis a
nt of 475 to 575, a softenlng p0|
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Shell Chem cal Conpany. The cal cul ated
i s about 6, 500. Theé tenperature of the reaction
hvas. diluted with water to,2596non-volatlles.
zing agent, the ‘emulsion had the {follow ng
~ 26. 07@6V'5005|ty #4 Ford |Cup
: 6. 90 '
& AL anum)er wonZnosvd aby | @s)e {74. 20 The

in plate

maki ng two-pi ece cans for ‘45
pati ngs were cured by baking. The Jresulting

ertness,
Epoxy

| es XXI

| ymer .

oXy resin
cal

qui val ent
ed by .

5p nmeasured-
ber

nvat er, the
and. f or ned
he wat er
26.27%
6.90 %
74. 60

* #4 Ford Cup. -




Met hod", a Gardner-Hol dt viscosity of GJ as neasured in 40% by wei ght

gl ycol ether solvent, and a weight of 9.65 | bs/gal. The cal cul ated average
%#eeul—a#%wh%%@—was—l—@%@—\ﬁhen%—he—epoxy extended reaction m xture
was neutralized and di spersed in water, the water-reducible conposition had

e | ent properties for application and in the formof cured coatings. The
pcal properties of the emulsjon were: Nonvolatiles .

28 \\1'4% 25 Vi scosity-#4 Ford Cup 29 seconds ‘ v
25 PR 1658 % Neutral i zed 0 Acid
Nunt ' T XX

were tested for di sperS| on 3Gddttwnalsﬁxabplks1 ty over an extended period of tine

at 120F. Eac WE g% {Se BFC §£ ggsettantial |y no
so ot ST LA, RS R S CRET B
XXI \& | nvesictigairoduet @ yéalﬁiBr b@eﬂéﬁdca,gxs ¢ fo ftieSaRe B economy, but opo yreric bl end

S preparé‘da Vﬁé&‘@'&ﬂ %ﬁ %{é lwetthpran addpdj amoynt 0f3!5 pol ymerl zabl e
mononer ﬁ%ﬁsi‘ & n,dm btk duin m{“ﬁ gﬂ ng manner.
First, itidhl yb&gy nis react ed W enol Ain the
propbrt | on oﬂ‘heaﬂommngiﬁ@mmés itliserate e stemsicnof thb caatticinthie wuhlagdw of 10 sphehol A
In a 40 epoxyaprinsattdlificsens solegulas weighte i s made of nethacrylic acid, styrene,
and ethyl acrylate, 40 in theg @3& fatio of 65 to 34 to 1, respectlvely
About 6. 8% .of benzoydrsepje&gmddg),ok,sg n&y Mmagdob of the m xture, and~the
mxture is théﬂs afi Epd 87ad=ded rtm pbﬁ ip arreastor, Bt whichr esct i on

fitencl A 3nd 310, of o

eil

0 e"r“?adﬁln ,QP 29an ad®i ti onal

ten‘b%ratura g&bi{i

rcsm 183 tha as a er.color o
hol di ng péfe Oéa,nﬁa:aﬂ b GoRaNA, %Lgeéaﬁﬁ % tenperature,
sanpl es ofmahmectmeosuﬂtcmmcat n cnhe mm&uv Srageit@léduiak iweipht 45 Carbon 13
nucl tltl 6r"€§ etted (‘}Ffe tb%blmhanol Apwas of the grafting
bet ent .c ? en z? g&ﬂtl cted’t o what
had been, aﬁzﬂho{e tratd a.sab 18 ﬁém ABORS | bl y al i phatic
tertiar y) t\b@h@bﬂﬁéetmmnmmfonmnnfalcbm ve addedr esi n backbone I n

der to del i afmweﬁbﬂs as off Tgthac o a@l ftér'e ¢ nod
g(r) ungs fa %&ﬁ °ﬂ&‘}1ﬂ‘% ?bd%(g %ﬁ Irr:)kggsome of

t hose pr eS\aﬂhddedl td mereeaaxgbntaaﬁng"the epoRy fe@xﬁ@) e ﬁﬁ&ﬁﬁf&tv&hyury\htt h t he sane
m xt ur e ofabout 1P9C. After two hours, with the temperature at 117°C, 62 gramg oﬁaﬁlt

desg@nonetag %q/@gp ﬁ@l‘%’@ Wﬁﬁ%@" @ité %ﬁ%th‘g‘r? %?re 1 é,‘ﬁd, tigy

i bed § HGE £edlid FBEN At Qgg roscopy on t hese
resul ting anaJ- a aodiuctcﬂorldidlmt,esd arhegoxig eafphv tomsm-Hmatlc backbone

car bon at@ Qﬂgi{oh ftu gh 1o°é§om rﬂmqabalaﬁ%amwer ely on those
car gns H‘gﬁ’f“‘ﬁb‘d‘"&%é”ﬁ gt 5‘?&{% femRefaiuEe @g‘Eo?de?'&m’éﬁ‘f ¥t41e8l pha,g o oxirane
groups pri OrTﬁ@erﬂEﬁ%&ﬁdﬂgmmﬂ}é VasHlOEE SR water to-25%, Bod-Adldtilds] Afedri h00 of the
same si t udlte sidition of ainkutrajzinghagetue thereptubsivh hué sherfollevild pperti@act i on product. A
smal| decrease is noted in the Acid Nunber of the reaction product,
relative to Nhgofitiieds Number cal cyggjeed for the equivalent mass but based
upon all of the methacrylic acid chafged to the reactor, and this small
decrease in YBcosity—patkFatd Quprber t @dsksonds corroborate the findi ngs made

t hrough Car bog' 13 10 speglgposcopy. Hence, it is concluded that

whi & ot her ﬁraftl ng to aliphatic carbon atons of the epoxy resth backbone
may occur, t¥Neprralzedtion is m.néd relative to the grafting on aliphatic
backbone car (c)igNalEn(gnB t hat lgtqes? e74t25|er one or two hydrogens-

er (on nonvo

The above-described water-reducible composition was sprayed on both tm
plate and aluminum substrates of the kind used for making two-piece cans for -
45 carbonated beverages, and the coatings were cured by baking. The resulting cured 45
cogtmg; had excellent properties in terms of flavor inertness, absence of blistering,
and adhesion.

Example XXII.
: Use of a Solid Epoxy Resin Extender, MW 1,850
50 The same procedure as in Examples XXI was followed to make a reaction 50
: mixture containing a graft polymer. The reaction mixture was then diluted with 339
grams of DER 664 egoxy resin instead of the Epon 1009. According to the
manufacturer, Dow Chemical Company, DER 664 epoxy resin is a solid resin
- having an epoxide equivalent of 875—975, a softening point of 95°C to 105°C as
55 measured by *‘Durrans’ Mercury Method” a Gardner-Holdt viscosity of R—V as 55
measured in 40%, by weight glycol ether solvent anda welght of 9.54 lbs. per gallon.



15 in the ungrafted state.
15 Exanpl e XXV. Effect of Using Different Anpbunts of Benzoyl Peroxide A
series of resinous blends are pr —- i

described in Exanple XXI'V, but with each addition polynerization operation
20 using a different percentage of benzoyl peroxide free radical initiator- -
based on the weight of the m xed nononers, The approximate wei ght fraction
of total nm _xed ronomers charged that grafts onto,the epoxy resin is '
estimated by sg ang observed for 25 their
ease of di sper si-bi =YSTIP=YaTaTS 3 8 G ' EHHE-6
25 di spersions are 0bsealwdded dieraph eioleculaswaghaisck800 precipitation
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Renmar ks 3 5 N ThéTBygicA) Bropkrtidh oPMe Waltk emukiideng t0 Sseparate in s
about a day. (1) 5 ' ~ very stable aqueous al kal i ne di spersion

made readi Iy 7 9 15 (1Noywiftiesbe consi der edéBdfderline at best for sanitary
coating use and most | kgl Wollkga EGHIUI T € GRRRbAlGr abl e extra hydrophilic
organi ¢ dolvent for ease of aqueous dispersion. (2) The high proportion of
free radical initiatorpHot only gives rise&% concerns about high costs, ,
but al sogconcerns about, the possibility of free radical initiator fragments
(e.g. bemzoic acid) gi¥ing rise to undesirable organol eptic and ot her
properties, e.;9. tendi AgidNumpeoduce conponem8 extractable into beverages,10

various | ow nol wei ght sub- stances, et G l . :
1, 585, 486 Use of a R xample zﬁeﬁ&%ﬁ's &gm’rents To sum
ou8” Bl ends of .epoxy

. . . . elau'Vfl Low M
up, this invention provides assoclative ﬁex,f,’,chipa y I €SI
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efore such 5SS o) IR RIS IR cpocy
resin aliphatic carMdhod, DaaddharHoldtivistosity 6 G—N A menxireRinGl0R Y tweight dlyeol
mol ecul e’ Most %)I i kele esw@ntgﬁrdfatwgimgt of 9.6 e/gali The eafcylatedrvgragoméleculpe weight
ali phatig seco dary (“?ré‘% 'l%'l), c Q&)t&- al ans. At any rate tm% rafting
provi des| an especi bt cis SRebr iRt S B R i Tt e
present to exert a pndbihabnfdrmpf tutehemating. THeephpsi@ppiopértiés ofthel dntulsicaswei@us 10
bl end product as wel | gs tf) npart | asting characteristics of the _
grafted-on addition 1 °‘B’8a§) r to the epo 4%sin receptor. Thus, for
exanpl e, such graft poVigoeity-Laetord Bup | Ch | N9gRbARBWXY! groups. inparts to thcis
resinous bl end product superior characteristics for making water-reduced
sanitary coatings usedPnsi de cans for S

% Neutralized 50
Acid Number 75.20

The emulsions of Examples XXI through XXIII were tested for dispersion
30 stability over an extended period of time at 120°F. Each exhibited excellent 30
properties with substantially no detectable phase separation and no changes in
viscosity or pH.

Example XXIV.
Investigation of the Grafting Mechanism

~ 35 A polymeric blend-is prepared by reacting an epoxy resin with an addition 35
i polymerizable monomer mixture in an 80 to 20 weight ratio, in the following
"'; manner.

. First, a DER 333 liquid epoxy resin is reacted with bisphenol A in the
proportion of about 65% of the resin to about 35% by weight of bisphenol A.In a
40 separate vessel a mixture is made of methacrylic acid, styrene, and ethyl acrylate, 40
in the weight ratio of 65 to 34 to 1, respectively. About 6.8% of benzoyl peroxide is
added by weight of the mixture, and the mixture is then gradually added to the
€poxy resin at a reaction temperature of about-120°C during a two hour period.
After an additional holding period of about two hours at the same elevated
45 temperature, samples of the product are taken for structural evaluation. 45
Carbon 13 nuclear magnetic resonance spectroscopy indicates that most of the
grafting between the addition copolymer and the epoxy resin is restricted to what
had been, before the grafting, aliphatic secondary (and possibly aliphatic tertiary) °
backbone carbon atoms of the epoxy resin backbone.
50 In order to delineate further such grafting, several different model 50
compounds, each having an aliphatic carbon atom arrangement like some of those’
present in the epoxy resin, are reacted separately with the same mixture of




beverages and the |like, provided that there are a few parts by weight of
grafted 15 carboxylic acid-containing addition polyner supplying at

| east—about—one wei-ght—1s—part—ef—earboxyl—greups per 100 parts of
starting epoxy resin. Such a blend is highly resistant to undesirable
eaction in and precipitation fromnildly alkaline aqueous dispersion.
\ever, to obtain even so nodest a proportion of this durable,grafting and
dendant influence upon properties of the associatively-formed bl gnd, it
20 . essential to commence the addition polynerization with an
~unudal Ly large ampunt 20 of fls88486adjcal injitjiator wi'th resped@® to the
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coafd ng GR I-df i statel can pass man ese tests. Fl avors Test. The
cured coating in the can shoul d |rrpart no di scernabl e fIavor to the
contents of the can, nor shoubdmpte XXVer the flavor of the can contents in
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renoval is recorded as a nunerigglpzRating in 45 the range of zero to 10. A
zero rating indicates a perfect score, with no renoval, and a 10 rating
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conposition, 55 t here shoul d benalls tetdily di scerni bl e change in viscosity
after-roomtenperature 55 storage for 12 nonths or after storage at [ERR]
for 8 nonths, indicating the absence of” gelation. Thermal Stability. 4n.
some cah manufacturing ®rocesses, after, the coating has been applied, the
coated netal .is dipped %n' a sol der bath § a tenperature in the 60 v
range from about [ERR] 136 [ERR]- for a period up to about' 5 seconds. The

A o0 B el Tl bt Kb e died bl 02t O of the exten
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22 other can f abruycxaﬁuxtmgorm&rmuemn cadh 6ff uassedispersidde of ends t hat are
die- st ahped 2 The high proportlon of free radical initiator not only gives
: rise to concerns about high costs, but also concerns about
- the possibility of free radical initiator fragments (e.g. -
benzoic acid) giving rise to undesirable organoleptic and
other properties, e.g. tending to produce components
extractable into bevetages, vanous low mol weight sub-
stances, etc. .



the assenbled cans are usually inmmersed in a bath of acidic copper sulfate
for 5 mnutes, to test for any cracking in the coating during the
fabrication. The presence
a smal| anount of copper on the 5 metal of the can.

S Water Pasteurization Test. This test is often performed on cured coatings- \
t hat have been sprayed and baked on the interiors of two-piece alum num Ll
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Thermal Stability. In some can manufacturing processes, after the coating has
been afpphed the coated metal is dipped in a solder bath at a temperature in the
60 . range from about 340°C to 370°C for a period up to about 5 seconds. The amount 60
of discoloration of the coating is an indication of the extent of decomposition. In '



55 surface by volatilization of |iquid.
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and sai d |QRe¥MI £r€§ bﬂwo-plece cans bccause this is where the can is farthest from the
.50 Spray gun. 50

Blister Reszstance Some applications, such as single coats for two-piece tin
plated cans, require high coating weights. Normally the highest wet- film
concentration will occur in the moat area. Because of the great thickness of the
film in this area, there is a tendency to blister, which is a disruption of the film
55 surface by volatilization of liquid. 55

Foaming. When applied by an airless spray by 1,000 psi, the coating must not.
foam on the can. When foaming occurs, it causes film discontinuity and a rough
surface.

Water dispersion sanitary coating compositions made in accordance with -

60 embodiments of this invention can pass many of the tests mentioned above. Such
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conponent being at aliphatic backbone carbon atons, -which have one or two
45 hydr ogens bonded thereto in the ungrafted state, of said epoxy
resin conmponent, 45 and being to the extent of at least 1.5 parts by
melght of "said addition polyner conponent per 100 parts by wei ght of epoxy
resin conponent of the graft polyner, the époxy resin conponent of said
graft. pol'ynmer having an oxirane content not substantially in excess of 8%
in the ungrafted state and having an initial nolecular 50 meight aboye
1;%ii the epoxy resin conmponent of said graft polynmer constituting
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the epoxy resin component of said graft polymer constituting at least 5% of the
blend by weight,
the acid-functionality of the reaction product composition bemg sufficlently
high to establish the blend as a dispersion in an aqueous medium containing a base
55 that ionizes the acid-functional polymers. 55
2. An assoc1at1vely formed resinous blend aecordmg to claim 1, wherein sald
epoxy diepoxide resin has a molecular weight of at least 4,000.
__ 3. An associatively formed resinous blend according to either of the preceding
claims, wherein said epoxide dnepoxlde resin has a molecular weight in the range
60 4,000 to 10,000. . 60
4. An associatively formed resinous blend accordmg to any one of the
preceding claims wherein said epoxy diepoxide resin is a  bisphenol
A/epichlorohydrin reaction product.
5. An associatively formed resinous blend according to any ohe of the
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an amount of at least 6% based on the amount of monomers.
17. A process according to any one of claims 14 to 16, wherein said process is
effected at a temperature of 110 to 130°C.
18. A process according to any one of claims 14 to 17, wherein said aromatic
60 l ,2-epoxy diepoxide resin has a molecular weight of at least 4,000. 60
19. A process according to claim 18, wherein said aromatic 1 2-epoxy
dlepoxlde resin has a molecular weight of from 4,000 to 10,000.
20. A process according to any one of claims 14 to 19, wherein said aromatic
: epoxy diepoxide resin is a bisphenol A/epichlorohydrin reaction product.
65 21. A process according to any one of claims 14 to 19, wherein said epoxy resin 65
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39. A water-based, sprayable coating composition for use for application as an
internal sanitary liner for metal containers for beverages, comprising, in
_ percentages by welght of the composition, .
55 a) up to 90% of a ll?llld vehicle, o ' 55
b) from 9% to 29% of acidic resinous reaction product solids accordmg to any
one of claims 12 to 13 and 30 to 32, dispersed in the vehicle,
c) from 1% to 10% of an added cross-linking agent, and
- d) from 27 to 67, of a fugitive base that ionizes the resinous product; said
60 . liquid vehicle consnstmg of water and up to 407, by weight of the coating 60
composition of organic solvént. .
. 40. A coating composition in accordance with "lalm 39, wherein the cross-
linker is an aminoplast resin and the liquid vehicle comprises water together with a
~mixture of 2-butoxy-ethanol-1 and n-butanol. L
65 41. A process for applying a coatmg to the interior of a can for bevérage use, 65 .



blend in the aqueous vehicle as a dispersion. 39. A water-based, sprayable
coating conposition for use for application as an internal sanitary liner
for metal containers for beverages, conprising, in percentages by weight of
the conposition, 5 a) up to 90%of a liquid vehicle,d,
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48. A resinous blend in accordance with claim 47, wherein the blend is formed .
by the reaction of from 60%; to 957 by weight of the blend of the diepoxide resin -
and the balance being the mixture of the said ethylenically unsaturated monomers.
49. A resinous blend-in accordance with claim 48, wherein the Acid Number of
55 the blend is from 80 to 90. 55
50. A resinous blend of an associatively-formed mixture according to claim 47,
wherein said diepoxide resin component is derived from an epichlorohydrin-
bisphenol A reaction product having an oxirane content not above 87, and a
molecular weight in the range from 4,000 to 10,000 and having aliphatic backbone-
60 carbon chains,
the diepoxide resin component of said graft polymer and ungrafted diepoxide
resin amounting to from 60%, to 90% by weight of the total solids present.
51. A resinous blend in accordance with claim 50, wherein the total ungrafted
diepoxide resin and diepoxide resin component of graft polymer amounts to about
65 809, by weight of the total solids present in the blend, the balance of the total solids 65
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1, 585, 486 Ehe bl ends bei ng derived
fromthe addition copolyner, and V\herembﬁﬁéiﬁ\g y wei ght of nethacrylic
acid to styrene in the addition copol yimggh el's 70 to 30, and the
acid Nunmber of said blend is from 80 t6)2—913! HEEHolbouurabl e resinous reaction
product conposition having an Acid Nlcjfr& gpdog, WCIV 68R. 30 or hj gher,

conprising a graft polymer of (a) addirgdo tgfmlfmﬁtéd nononer, -5 and (b)
an aromatic 1, 2-epoxy di epoxi de resin having an oxirane content up to 8%

al i phatic backbone carbon at ons—fravi one_or- TWo _Nvdrogen at ons

thereto in the ungrablRe gt oA AN ASae ﬁgwmmc Pt Qﬂ%ﬁgmoo
the graft pol yner being character|zedmﬂyﬂvﬁemyubePaﬁﬁial absence of
hydr ol yzabl e functional 10° groups ot her than epoxy groups.

to 53. A process for preparing a curable resinous associatively forned
conposi tion having an Acid Nunber of 30 or higher, conprising reacting
together an aromatic 1, 2-epoxy di epoxi de resin having an oxirane content
not in excess of 8% a MWNWof at |east 1000 and havi ng aliphatic backbone
carbon atons that have 15 ei ther one or two hydrogen atons bonded
thereto in the ungrafted state and 15 addition pol ynerizabl e nononer
conprising an addition polynerizable carboxylic acid, in the presence of at
| east 3% of benzoyl peroxide.or the free radical initiating equival ent
thereof at [ERR] to [ERR] to produce a product comnposition that




conprises a graft polymer that is characterized by the substantial absence
of 20 hydr ol yzabl e functi onal groups other than epoxy groups.

20 54. A process for preparing acurable—+esiRous—associatively forned
conposi tion which conprises reacting together an aromatic 1,2-epoxy

di epoxi de resin having an oxirane content not in excess of 8@6 a MW of at

| east 1000, and having aliphatic,. backbone carbon atons that. have either one
or_ two hydroxy atons 25 banded thereto in the ungrafted state and an
W!ic nononer in the presence of . 25 about 6.8% benzoyl peroxi,de~based on
& yei ght of nmononer or the free radical initiating equivalent thereof at
perature in the range 80 to [ERR] 55. A process for preparing a
curabl e resi nous conposition substantially as herei nbefore described in any
one of the exanpl es LANGNER PARRY, Chartered Patent Agents, Hi gh Hol born
House, 52-54 Hi gh Hol born, London, WCIV 6RR Agents for the Applicants.
Printed for Her Majesty's Stationery Ofice by the Courier Press, ™

Leam ngton Spa, 1981. Published by the Patent Ofice, 25 Southanpben
Bui | di ngs, London, WC2A | AY, from which copies may be obtai ned.
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