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aqueous di spersions of phenolic resin. In particular, this

i nvention relates to stable resin dispersions that are heat-reactive, have
out st andi ng chem cal resi stance properties, and are safe for use
i n cont aciW@P&23038c0dst uf f s. 2. Descri pti on Of PEYDSR6H03A

- Phenolic resins are comercially inportant materials that are used in an
array of 10 di verse products. Exanples include coatings, binders for

I norganic materials, binders for organic materials, rubbers,
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polynmers are also widely used as a conmponent in coating materials that are
baked to formthe coating and to adhere the coating to the
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Historically, phenolic resins were only available in organic solvent based
formulations. Such formulations have lately come under pressure as manufacturers seek to
20 find formulations that reduce the amount of volatile components. Governmental regulations
 often mandate significant reduction, or even climination, of volatile organic solvents from
such formulations, particularly for products having selected uses. The reduction or
elimination of volatile organic solvent emissions has provided new commercial opportunities
for resins dispersions with low levels of volatile organic compounds. '

25 The art has investigated a variety of ways to make a useful, stable aqueous phenolic
resin dispersion that do not pose a significant loss in either handling or performance
characteristics. Aqueoils dispersions have been made with gums or cellulosic materials as
the dispersing agent. Such gum and cellulose-containing dispersions were, however,
unsatisfactory. The storage stability was poor, and the coating suffered from poor chemical

30 resistance due to the hydrophilic nature of the dispersing agent.




2, _ Surfactants, such as phosphate esters, have been tri ed.
For mul ati ons contai ni ng such surfactants provide unacceptably
poor film properties caused by surface mgration of the

surfactant. The use of a protective colloid materi al,

particul arly PVfgegsses di spersant has been 5 the subj eChePiises00034
attention in the art. Such protective colloids have been used wth

pol yacryl am de and an optional al dehyde-reactive nodifier in U S’ Patent

No. 4, 131, 582. A protective colloid is used to stabilize a
pherolic resin forned in situ with other conpdnents, of the
adhesi ve fornul ation according to U. S. Patent No. 4, 400,229. Novol ac resins
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In accordance with these and other objectives that will becone apparent

fromthe 25 phenplicpalyraers (e.g o rhisphenal+fy andidoghBotform actable disparsien with highly
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There exists in the art the need for an aqueous phenolic resin formulation that
provides a coating material which exhibits storage stability, chemical resistance, and ease of
handling. '

20 It is an ‘objective of the invention to provide an aqueous dispersion of a phenolic resin
that exhibits good storage stability and forms a chemically resistant coating.
It is another objective of the invention to provide a method for making an aqueous
dispersion of hydrophillic resins and, in particular, resins that are highly functional. )
In accordance with these and other objectives that will become apparent from the
25 description herein, compositions according to the invention comprise an aqueous dispersion
containing: _
(a)  a heat-reactive hydrophilic phenolic resin;
(b)  a hydrophobic etherified bisphenol-A resin in an amount of at least about 10%
based on the weight of said phenolic resin; and |
30 (<) a protective colioid for the diépersed resins.



3 _ _ ~The ether noieties in the bisphenol-Aresin will react
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resi stance while simultaneously serving as a nore hydrophobic
conponent that, along with the protective colloid conponent, stabilize the

phenolic resin in aqueous solution. The result is that coating
mat eri al SW@8¢3M%hi ng t he present aqueous resin 5 BCTWEIM00} have
characteristics that are the best of the hydrophilic resins and the

hydr ophobi c _ resins. The dispersion of the present invention
exhibits excellent stability Iike hydrophobic resin di spersions,
good filmformng properties and coatings that are chemcally resistant
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Thus, such coating materials are’s table for use under conditions

requi ri ngthosemade Sronphydsephilic resins. vol ati|l e organi ¢ conpounds. Further,
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sol vents and nmany organi ¢ chemcals. It _has good corrosion resistance and
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non- aqueous sol vents in the dispersion. Solution viscosities are
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specific Thus, such coating materials are suitable for use under conditions requiring low emission of
volatile organic compounds. Further, such resins are provided in the form of an aqueous
stable emulsion or dispersion.
20 Coatings from the present resin dispersion will protect surfaces (particularly metal
surfaces) against solvents and many organic chemicals. It has good corrosion resistance and
will form coatings that can be used in severe operating environments.
The solids content of the components preferably is maximized, typically balancing the
solids concentration of the component with the viscosity of the solution, towards the goal of
25 reducing the amount of diluent introduced into the system A solids concentration for each
component of at least about 40%, preferably about 40-90%, and most preferably about 635-
85% by weight minimizes the amount of non-aqueous solvents in the dispersion. Solution
viscosities are desirably within a range from about 1000 cp to about 10,000 cp. The specific
gravity is preferably within a range from about 1.002 to about 1.02.

" Hydrophilic Resin



gravity is preferably within a range from about 1.002 to about 1.02. 30
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The hydrophilic resin can be any heat-reactive
hydrophlllc reacti on product of an aromati c al cohol and an
al dehyde generally known as phenolic or phenol / f or mal dehyde
resins. By "heaWO®68328ve" is neant that the resin will counti REEYS36/00034
pol ynmeri ze when heat is applied. 5 : Sui tabl e aromati c
al cohols for use in the present invention include phenol; phenol
al kylated with an al kyl noiety having up to agout 5 carbon atons, such. as
o-, m, andp- cresol, xylenol, p-tert-butyl phenol, and
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is very knoya as iphenols (e 2wi. ¢ Halkdidene-dipbendli ng that has a h| gh
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phenol s and al dehydesPhepek ist a queferred ireactat. hAdding substituents to the dag g forrm. e.g.,
product s i n contUREERPE, a0y BEGRIAS & aBielad. BheRi RRR ol NreddD thldenes
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hydrophilic and which forms a coating that has a high crosslink density and excellent
chemical resistance. Also, phenol is readily available at a reasonable cost.
Representative of suitable aldehydes for use in making the present invention is
20 formaldehyde, acetaldehyde, propionaldehyde, n-butylaldehyde, n-valeraldehyde,
caproaldehyde, heptaldehyde, and straight-chain aldehydes having a carbon number up to
about 8. Formaldehyde is a preferred aldehyde because it is easily available at reasonable
cost. '
The phenols and aldehydes specifically listed herein also are listed by the United
25 States Food and Drug Administration as accepted for use in products in contact with food for
human consumption. Thus, these compounds have the advantage of forming phenolic base
resins considered suitable for use in containers for food. However, any hydrophilic phenolic
base resin is suitable for use in this invention.
Any method of obtaining suitable hydrophilic phenolic base resin known to skilled
30 practitioners may be utilized in accordance with the invention. Typically, the phenol
component and the aldehyde component simply are rcacted together at an clevated (above



base resin is suitable for use in this invention. Any
nmet hod of obtaining suitable hydrophilic phenolic base resin known to
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catal yst commonly is used to catal yze the reaction of phenol and

f ormal dehyde. Further, both solid and liquid forns of these conponents can
be utilized. For exanple, skilled practitgoners recognize that formaldehyde
is available in 5 many forms, including solutions, for exanple, in
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al kyl ol noi &t hpdroplnhbitgeofltmgmﬁﬂwhen addifional fomctioral grogyps drlaaddetll toe incodase hi s
reaction can c?\n%%gn .up to three functional groups. A phenol
nol ecul e suff®fs Bn either position, such as o- or p-cresol, can react

with up to The niBeradffanitidnal b ih Bz addil@ foifed| byl the rABGOHC6f drbmatiias a

functionality of two. Simlarly, unsubstituted bisphenol nol ecul es
can ridact valeoholwith aldelyde isdinaited by dhe-mumber ofsybstitutions on the aromatic ring. t Siilled
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i ncr eases
~ regard to reaction of the aldehyde with the phenol, resulting in alkylo! functionality on the

ring. Thus, a phenol molecule that is unsubstituted in the ortho- and para- positions can
react with up to three aldehyde molecules to form up to three alkylol moieties on the ring.
20 Put another way, the adduct of this reaction can contain up to three functional groups. A
phenol molecule substituted on either position, such as o- or p-cresol, can react with up to
two aldehyde molecules. The resultmg adduct thus has a functionality of two. Slmxlarly.
unsubstituted bisphenol molecules can react with up to four aldehyde molecules.
As the functionality of the adduct increases, the hydrophilicity of the resin increases
25 and the opportunity to form crosslinks increases. As described herein with regard to the
phenol moieties themselves, adding substituents to the pheno! ring decreases the hydrophilic
nature of the resin. Thus, bisphenols yields resin that is less hydrophilic than cresol-
containing resin, which in turn is less hydrophilic than phenol-containing resin.
Crosslink density of phenolic resin is related to the relative proportion of phenol to
30 formaldehyde in the resin. Skilled practitioners recognize that the crosslink density in a
phenolic resin increases to a maximum and then decreases as the functionality is increased.
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resi stance of a coating made therefrom Aqueous phenolic resin
di spersi ons cont ai ni | -A can 15 crosslink with the phenol i C
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sufficiently high degree of hydrophobicity.
The etherified bisphenol-A resin component is added to the aqueous solution of
20 phenolic resin in an amount of at least about 10 wt%, preferably within the range from about
10 wt% to about 55 wt%, more preferably in an amount within the range from about 20 and
about 40 wt%, and most preferably in an amount from about 25 and about 30 wt% based on
the weight of the phenolic resin. - -
Quantities less than about 10 wt percent typically fail to provide stable dispersions.
25 The exact upper limit on the quantity of etherified resin depends on the characteristics of the
resin. Quantities greater than about 55 wt percent may not provide a coating with sufficient
chemical resistance to be comparable to those provided by coatings containing only
hydrophilic resin although such coatings are useful for many application where such high
resistance is not required. With the guidance provided herein, skilled practitioners will be
30 able to determine the exact upper limit of the quantity of etherified resin.
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functi onal nSkillepractitionérs recognize that ﬁlis ol Peecticdl 3o aisudd thhh et i ¢
average of the_ funct] onal ities of the individual adduct noieties in
each adduct moiety has exactly the same functionality and that fractional functxonahty values
are obtained in a resin having moieties at different functional values. Thc functionality of
an adduct is an arithmetic average of the ﬁmctiohalities of the individual adduct moieties in
20 the resin. Thus, a blend of equal portions of adducts having functionalities of 2 and 3 is
considered to have a functionality equal to 2.5.
 Preferred adducts include 2-methylol-4,4'-isopropylidene-diphenol; 2,2'-dimethylol-
4,4'-isopropylidene-diphenol; 6-methylol-4,4'-isopropylidene-diphenol; 6,6'-dimethylol-4,4'-
isopropylidene-diphenol; 2,6'-dimethylol-4,4'-isopropylidene-diphenol; 2,6,2'-trimethylol-
25 4.,4'-isopropylidene-diphenol; 2,6,6'-trimethylol-4,4'-isopropylidene-diphenol; and 2,6,2',6'-
tetramethylol-4,4'-isopropylidene-diphenol.

Alkylo]l moieties on the adduct are reacted with an alcohol to form ethers and make
the molecule more hydrophobic. Skilled practitioners recognize that ether formation
according to the 'present invention can be effected with any alcohol. Alcohols particularly

30 useful for the ether formation are desirably water immiscible, and more preferably, are
straight chain alcohols with not more than about 8 carbon atoms. An alcohol molecule that




20 ° the resin. Thus, a blend of equal portions of adducts having
functionalities of 2 and 3 is - considered to have a functionality
equal to 2.5. Preferred adducts include

2-methyl ol -4, 4' -i sopropyl i dene-di phenol ; 2, 2'-di met hyl ol -

4, 4" -i spropylidgpe enol ; 6-nethyl ol -4, 4- | sopropylidene-dip 06/000:
6, 6' - di net hyl ol %%&3& | sopropyl i dene di phenol ; h&'nl%s 34

2,6' -di net hyl ol 4, 4" -i sopropyl i dene-di phenol ; 2,6, 2’ -trlnethylol- 25
4,4'-isopropy|idene-diphenol;

2,6,6'-trinethylol-4,4"-isopropylidene-di pheng; and 2,6,2';6"-
tetramethyl ol -4, 4" -isopropyli dene-di phenol . Al kyl ol

moi eti es on the BeEYRigeRas chuds tiere tReFifd G to Tose donipRtiBiRewith dffr FRER in

t he nol ecul e nore hydrophobic. Skilled practitioners recogniz€e that ether

f ormation the m@m dlwrsfsm élcphals ﬁottethemt'mangn acrarding tocthe poasent inyention

any al cohol. Alc r r
are deswablyvvaer |rrmsc éaﬁéé%ﬂgﬁbpee pre MMW fbg%aa?gfﬁw
chain al cohol s valtsholwinclude #-butanol, apentanél, Adickfivl, 2i-Repanol,and naREmbl. Mol ecul e
t hat IS too Iarge can cause the resulting

etherifiedSresin to | Dhesmessprsdarredialcohal is p-butanqly df isaxailable lp,t,:ommcrclal quantjty at an

or asent i nvent | oracive piet 488 ko Rl Arign: CRAF, dolvdlt s Ycloh, P resulig

hept anol s, and oetheriftddsmoiétycs a® easilp crisslinkedias the hydroxyl mébietylto whichthé bwl moiety
n- but anol , n-pentanol., .n-hexanol, n-heptanol, and n-octanol. 5
The nost preferr'é& thol is n-butanol. It is available in conmercial

quantity at an The usk!dfvadtér Micible sl€ohol@.g. Smiethndl O¥Marol SandoprePanol) is not
chain, non-water m scible alcohol. The resultin etherified

moi ety is Ms eashreferradoion reaseascpf progenscoopemissy Usaf & water anisgible jalcohel is generally |

g})lcghé s (e.g., m&ﬁwﬁano a lagge recycle sfree ' 'S nbgoq{ﬁﬁ\g?ctoﬁ&f)@g’ggdkss

for reasons of mfmeﬁasemamwrreﬁﬁsmhbmeaﬁamﬁnﬂimiblﬂmhdﬁe al cohol is

generally aracte by, t he,use qf ,a | ar ge recycle tream
Further, |ower al coh ‘FM@ “’g henol-Aand
resins than the Ma@e Gl Wit subsequent ethcnﬁcanonmnfﬁ‘xltﬁﬁpesgéﬂﬁdﬂy,

preferred etherified résin 1's the reaction product of bispheno

f or mal dehyle usithe bispbennl-Ac and fyrmaldghyde Uetfsmmabouhﬁm-lﬂﬂfaﬁm diluted with a
n- but anol . Speci | Y,

reacted at aboutsué"g? #%&ﬁ%ﬁ%g@%é@ﬁﬁ %@m mt)}\ln
phosphoric acid muawsno’scaddme ethiesifitdtionrreaction és coadpletel Suclpetherified fekins ere
W thin 70[err]-120[err] C until _the etherlflcatlon reaction

t
i s conplete. Sud\’fa Liﬂ"eP?‘PPEE’ 1ally from Gepggia-Pacific Resin Incorporated, Atlanta, Georgia and is
designated GP-7550® resin. This product has a functionality of about 2.3 in n-butanol. The

20 concentration of resin is at least about 60 percent. This resin has a high degree of
hydrophobicity, exhibits the ability to form crosslinks in a coating, and contains a high
concentration of resin solids. Further, each of the components is considered by the FDA to
be acceptable for use in contact with food products. '

The extremely hydrophobic nature of etherified bisphenol-A resin makes it easy to

25 form a dispersion of resin in aqueous medium. It becomes difficult if the etherified resin is
dissolved in a noﬁ-water miscible solvent, as it often is. For exampie, GP-7550%, a most
preferred etherified bisphenol-A resin product, contains both extremely hydrophobic resin
and non-water miscible n-butariol.

If desired, a water miscible solvent can be added as a stabilizer to increase the water

30 miscibility of resin and non-water miscible solvent present therewith. Such a stabilizing
solvent is miscible with the resin, with non-water miscible solvent, and with water. A




.avai |l abl e commrercially from Georgi a-Pacific Resin |ncorporated, Atlanta,

Georgia and_is desi gnated GP- 7550l orr] ¢ eeipm—thi-s—pr-ottiet—as—a
functionality of about 2.3 in n-butanol. The 20 concentration of
resin is at | east about 60 percent. This resin has a high degree of

hydr ophobi city, exhibits the ability to formcrosslinks in a coating, and
cont ai ns wovealisnzs concentration of resin solids. REWYFO0E4Ch of

t he conponents is considered by the FDA to be acceptable for use
in contact with food products. The extrenely hydrophobic
nature of etherified bisphenol-Aresin makes it easy to 25 forma

di persion of resin in agqueous nedium |® becones di fficult if the

etherified resinis, di ssol ved in a non-water m sc kre soId/ent as
it often ipreferied s@k&zmgesolmwswpm]slycal byl ether which is a

Cesin | Cao e o BTl aoinote CNel Sy uubifithy &ffeats KRQIAOD! ©

desired, asdtwimyreqxﬁﬁnhhedaﬁidbedmmmrmﬂ)ebmmwm a stabilizer to increase
the water 30 m s&i Ei,l ity of resin and non-water m scible sol vent
present therew tabilizing solvent is mscible with the
resig, wth no'?ﬂéﬁhﬁ} fith¥ SiVentich iclbtié hatdhs that Avill form crosslinks

s 5 stag"l“Phﬁll

9 preferre I'zing sol vent is diethylene glycol butyl ether
which i s awithlthépherbliomesiiniopon curing and thatavilli stabilize dydrophilict jectiesins in

Sol Ubi |1, P ot Bt b el Sk ool Fcterbly

Prot ect i vepdhptihgli dicohobor polyvinyl pyrroftioaeect i ve col | oi ds useful in-the
i nvention include materials that will formcrosslink

phenol i ¢ resi n Relpviny alcohql istheiprefiered pofectiv colioid; ?QIWWF Glﬁﬁ?‘?ll‘%s‘ﬂﬁ%ﬁ(f?ﬁ c

C\‘ekﬁ! d
;gﬁ: fn Icnc‘&ell&c(?a}mﬁg&%rl al's, prg@?%gﬁmﬁelg&aﬁ 0 V|&nl>ﬁllCH al coﬁfgflﬂé(;dru ©
pol yvi nyl ghprefroini namnymconomsohashydmpmmymmmm ammpmhm@mmred

Dr oduct s eI 65 e AR Sei i Hrcpalint: 1 HyBmphitc ojetics a5 FIe B o
e e e L
p)cl)l yrrgr Tilldmp}ldblgmm i lalmhe maatyn@%rm%dmyy p V&P@”b‘%nd
t he Igydr OphObI &eal n m)mg&va Qﬂ%ttﬁe Mms ny)‘f@ﬂﬁ t@ﬁ?ﬂ&ﬂld ﬂy'?ﬁcory,
it is believed that the hydrophilic resin is soluble in, or at least intermixes intimately with,
the hydrophobic resin, which is present in a quantity sufficient to enable the polyviny! alcohol
to serve as protective colloid for the resins. '
A particularly preferred form of polyviny] alcohol is a solution of partially hydrolyzed
20 (at least about 87 percent) polyvinyl alcohol having a molecular weight of between about
30,000 and about 50,000. One such product is available from the Air Products & Chemicals
Company under the trade name "Airvol 205%". This product has a molecular weight of about
31,000-50,000 and a degree of hydrolyzation of about 87-89 percent. '
The characteristics of coatings made from products cdmprising dispersion of the
25 invention are comparable to those of hydrophilic base resin alone. As used with regard to .
this invention, “comparable” means that the coatings are essentially commerciﬂly
interchangeable with regard to the characteristics considered as a whole.
In accordance with the invention, a suitable dispersion is able to maintain the
30 dispersion for an extended period of time. A nonstable dispersion is characterized by greater
than 10% of its particle size distribution over 10 microns. Such particles are sufficiently




Jhydriophobi ¢ resin. Thus, polyvinyl alcohol acts as an intermediary between
the hydrophobic 15 resin and the aqueous nedium Although the inventor
does not wish to be bound by theory, it is believed that the
hydrophilic resin is soluble in, or at least intermxes intimately wth,
the hydrophobic resin, which is present in a quantity sufficient to enable

t he pol yvi nyl aVO9E3P028 to serve as protective colloid &
resins. A particularly preferred form of pol yvi nyl al cohol
is a solution of partially hydrolyzed 20 (at | east about 87 percent)

pol yvi nyl al cohol having a nol ecul ar wei ght of. between about
30, 000 and about 50, 000. One such product is ailable fromthe Air

Products & Chem r vol
205[err]". This l?ﬂg?ﬁcﬁmﬁas %%ar% 1%19 sﬁglgutﬁs%emonpﬁas less than 10% of
31, 000- 50, 000 arpirth:ld@mthinmﬂmbuzat i on of about 87-89 percent.

The characteristics oatings made from products corrprl si ng_ di sperS| on of
the 25 inventi onogi’rér@ dheAgqueonsdispersiqn pf dhe, P"FW!?P gﬁ‘S

al one. As used P{wﬁm 3’5?‘9‘!‘3’
that the coati n\géﬁéglre g%éignétr? y comreaém a hlﬁﬂg |(r)1¥g C angea‘{ozﬂeiasaud
with regarsl to twmdedlmﬂamnﬂgysuﬁ'mncmﬁniahedesinddxspdmbm Thecomponents need only

Di spersion For i,on CGOr. nce W|th t i nventi on, a
suitabl e di spe??ﬁ‘dﬂﬁ%"%s‘rl@bleof°ﬁ€ﬂ%'ﬁ°?'ﬁ%'°§ P@ﬁd‘ﬁ t be,pombined m any

ext ended period culaf@rdert NONst abl e dispersion is char acterized by greater

than 10% of its particle size distribution over 10 m crons. Such particles
are sufficiently For example, the hydrophilic base resin is usually ava:lableasavxscous fluid or a

éiospersion hasI é%g t lﬁgﬁfﬁd ﬂpa%%%&é ﬁ‘.%‘ﬁg‘ggﬁ,ge&%ﬁ%ﬁgw agcnt (e.g.,

m crons. 10 ethanol) ordevoia)thf:abfn t he aqueous di spersion of the invention,
t he hydrophilic base_resin . and the etherified re5|n are conbi ned

in aqueous medi um al JH§® 4%%%@%@$@¢8’W@ form. ((Pfzan atileast

w th energy suf Bh&b&%m ﬁ!;.dé?ﬁe%rifﬁﬂ igpersion. The conponents need
only be in a stiate suitable tor Tlggrmngthe desired di spersion,
and need not be conbmmmnn partlcul ar. order.

1|‘:Iotr1i gxg;rp;e t he hydg@gﬁl | i e [ esi @ﬂf) Fsual vég'\éal I%bllrssﬁaspa‘w s&@m

a Vi scosi tsy- r edpnd RGlutGRYE the-wesent plknolic dipbigionl ) DathyléncogRcdlRitfOéther or 2-
butoxyethanol are preferred co-solvents that can be used in an amount within the range from
about 0.01 wt% to about 10 wt% andarebestaddedtothewaterchargebeforeadmxxmre
with the phenolic resin dispersion.

Flexibility in a coating made with phenolic resin of the present invention can be

2 imparted by mixing the present dispersion with 30-95 wt% of a Iatex-based or aqueous
‘phenoxy resins. The pH of the present dispersion should be first adjusted to match that of
the flexible resin material. Preferably, amines are used to adjust the dispersion pH.
Triethanolamine (TEA) and dimethylethanolamine (DMEA) are useful amines for pﬁ
adjustment.

25 The agueous dispérsion of the present invention is an opaque, white liquid that is
intended to replace solvent-based phenolic resins where low volatile organics (VOC)
restrictions apply. As such, the present dispersion can be used where solvent-based and
aqueous phenolic resins have been used previously.

The present dispersion can be used for a wide variety of applications. Examples

30 include: adhesives for use in components associated with packaging, transporting, or handling
food; coatings used as the food contact surfaces of articles used in producing, manufacturing,



.The ‘etherified resin may be supplied in solid or viscous fluid form Oten,

at | east one solvent is _present mm_t_he_e.t_h.e,n;.l_f_q_ed_pesq-n—————
Product For nul ati on Smal | anpbunts of water m scible
coal escing solvents can be used to facilitate blending 15 and dilution

of the present phenolic dispersion. D ethylene glycol butyl ether or 2-

but oxyet hgg@knsrg Preferrd co-solvents that can be used iPCTAISICHNOINt Wit hin
the range from about 0.01 WMt%to about 10 wt % and are best added
to the water charge before adm xture with the phenolic resin

di spersi on. Flexibility in a coating made with phenolic
resin of the present invention can be 20 I nparted by m xing the present
di spersion with 30-95 wt % of a |atex-based or aqueous phenoxy

resins. Tipacksgings pqom,ssxpgemwrans pehalding of fonds a compeneptef %Pdgéecq%t ch

Lo ad) ust TERE 0 SBBRLDH talclmbci obali i g gl ThERpl el 1 © 0°C

di met hyl et hanolTheipraerit Bh?fﬁmfs(paﬂ&ﬂfaﬂy usefuliss domipopdiit in a coating fombpulatioment 25

The aqueous di spersion of the present invention is an opague, ite liquid
that is used for surfaces thatgwill,contast food. B‘F‘vmg‘%‘gﬂ"%ﬂ ‘g % er e

| ow yol at | suff35d (i Sy confise Wi Hood 1@
pPr esse(nt dlﬂshglééligl or can % agahﬁ"lere sol vent an co aqueous
phenol i ¢ riaen bakedfora thmmfﬁaaﬁlyﬂwmimtepperamre sufﬁclently high torformpa eusedyt

di spersion ca used f a W de variet f .a Lcatlons a 0
i ncl ude: MMS“’PWU r?éﬁﬂgﬂm a&m RIPESS AESP %&fe%

transpor t igiige fdtsolVaRbdséphenolic resins btifleressed slighifly. Ufi @encadl, blténg tifiek andnt act

surfaces of articles used I'n produci ng, manufacturing

11 tempepatares tinge; fromrless thagiahgut 30rminuies at 1995 Gto lhﬁlwom 15 ménmtesy
conponent &géé:p ted or uncoated paper and paperboard that contacts
f ood¥; hg gaskets for food containers. The present

di sper SI on is [Theifbllowing éximpReiilubtrabesthéinvention) butishould aotrimadonsidertd torlitnitt i on
used for surfaces that wll cont act food. The coati ngwgf‘ior[;n.ll tio .
cont ai ni ndt M48Y Bap.s dproughput the examples,| Parts]; meaAns SPats bys ﬂ%l““ﬁfﬁp‘?‘&é&“ﬁo a
“surface t?@mht conme into contact with food and t hen baked for
atinme sufficiently long and a tenperature sufficiently high to forma
cur ed, EXAMPLES)ss| i nked coating. The tine and tenperature for the
bakilg]g process_are copparable to
To a suitable vessel, 100 parts phenol, 70 parts of formaldehyde, and 17 parts water
were charged and heated to 45°C. Heating was continued while 5 parts of a 33 wt percent
aqueous solution of hexamethylenetetramine were added. Heating was stopped when reflux
began under vacuum conditions, about 60°C. The temperature of the reacting mixture
20 increased to about 100°C as reaction continued.
After about 65 mimtes of reaction time, the temperature was reduced to about 85°C
and about 70 parts water were removed by distillation. About 13 parts ethanol were added
to reduce the viscosity of the phenol/formaldehyde reaction mixture. The mixture then was
again heated to about 90°C and allowed to further react and form the phenolic hydrophilic
25 base resin.
Hydrophobic resin was prepared separately with the materials in Table 1.



.those for solvent-based phenolic resins but increased slightly. In general,

curing tines and tenperatures range fromless than about 30
mnutes at 190 Cto |l ess than about 15 mnutes 10 at 215[err] C.
The follow ng exanples illustrate the invention, but should not be
considered to limt it in any way. Throughout the exarip
'‘parts” neans "WRR3Y \wei ght” unl ess ot herwi se i denttFH
EXAMPLES 15 Exanmple 1 To a suitable vessel

100 parts phenol, 70 parts of fornmal dehyde, and 17 parts water
were charged and heated to 45[err]C. Heating yas continued while 5 parts of
a 33 wt percent aqueous sol ution of lnexamet hyl enet ram ne were

added. Heating was. stopped when refl ux began under vacuum
conditions, about 60[err]C_The tenperatur eTﬂ?leﬂhe reacting mixture 20
increased to about 100[er - . After
about 65 mns of reaction|ilas 5 a2 ut
85[err]C and aboig QEPQ nts water were ation.
About 13 parts et hanol We--e—éw ?A : s y of the
phenol / f or mal dehyde react so%rmg]{we The m xture then waaﬁs again
heated to about 90[err]C Ellu atowed—toTurtiher - reqet ana-fornmrte phenolic
hydr ophi | i &£ 25 base r ¢80% NaOH Hydrjophobi 83resi n as
prepared separately with lals 1n Table 1. -
0 86% BERD ol U
Conmponent D?diitﬁl Wei ght
Bi sphenol - A abty 200 CL) 50%
HCHO n-butanol 965 5 895 50% NaCOH
13 5070 HCHO 614
(distillate) Sulfuric acid (96%)  (757) 1.6
10 Water 33.0

Phosphoric acid (85%) - 22.7

n-butanol _ 25.7

Butyl carbitol 921

15 The formaldehyde and Bisphenol-A were added together and heated to 60° C.

Sodium hydroxide was added and heated to 75° C under vacuum. A second quantity of
formaldehydewasadded.overthecourseonS minutes and then held at temperatwre for 2
hours. The solution was allowed to cool and then subject to vacuum distillation. The n-
 butanol was added and allowed to cool. Thereafter, the sulfuric acid, water, phosphoric acid,
20 and n-butanol were added and heated. Azeotrope distillation continued for 3 hours. The
solution was allowed to cool and vacuum distilled. Butyl carbitol was added, and the
resulting solution filtered at 65° C. The resulting solution had a solids concentration of about
70 wt percent.

About 37 parts of thus-modified GP-7550® solution were added to the hot base resin
25 mixture. After the resins were thoroughly mixed, about 24 parts water were added dropwise.
The mempmmraofthemixturewas—reduoedtobetweenﬁSandﬁ‘Candthemixmrewas
stirred for about 10 minutes. A minor quantity of ammonium hydroxide was added, then 36
parts of 20 wt percent polyviny! alcohol solution (Airvol 205® from Air Products) were
added dropwise. Thus-formed suspension then was stirred for an additional 10 minutes, after

30 which an additional 50 parts water was added. ' |



.n- but anol . 895

Sulfuric acid (96% 1.6 10 \\At er
380 Phosphoric acid (85% 22.7
n- but anol : 25.7

Butyl carbitol 921 15 The

f or mal deh Bi sphenol - A were added t oget her and heat $6/obb3s -

Sodi um hyﬁgﬁguwas added and heated to 75[err] C under %&:’ﬂum ,g?second
quantity of f ormal dehyde was added over the course of 25 mnutes
and then held at tenperature for 2 hours. The sol ution was al | owed
to cool and then subject to vacuumdistigilation. The n- but anol

was added and allowed to cool. Thereafter, the sulfuric acid, water,

phosphoric aci dm&&mmmmmmmmmmﬁemm iThedisptrsidiz connprisee

distillation continued for hours. The sol uti on was aII wed to

cool and v@wmdrﬁmmm@ehnwmbmtl&wvmc%BMIwme bas
resul ting ‘?s‘ﬁﬁé@?%ﬁ‘%‘?&r ed at 65[err] C. The resulting solution had a

solids con about 70 wt percent. About
37 parts of thuFhdrechults of thPcoihpdtibility Jand O'Chiemival Spot® testxient sev fornke ihahe base
resin 25 m xture. After the resins wethroughl m xed, Wadg‘(?) t.Z\Akgg_arts

wat ef wer efollewing BP'Gprﬁ@cr with compar;“@ gt eestiond

reduced tq d‘g‘%& @h?xﬁﬁalt t ereex?ﬁ%sedonascale for
about 10 m es m nor quantlty §b?ﬂ um hydr oxi de was added, then 36
parts of 2fiomt0 q:aot)aotlomatcﬂhm)yl al cohol solution (Airvol 205[err] fromAir

Products) were 0 e, Sv.ormed pensi on then was
stirred for an additional dl‘%gl drﬁ{ %@“’a&g% ﬂfﬂ‘sm“ﬁ\e%ﬁ%ch an additional 50
parts wat ) .
13 - J v ',,,-,-,".-, BN Cad <d 3 b e =13
mont hs. THe dispersj.on prises dnly 15 wt pergent vol atile
sol \/lent and i 60% ﬂ t h\lrir gnhnth L gs_l_i__bacndpniﬁf he
wei ght of resb cfl 2 The resul ts of ghe conpatibiljty
and "Chem xe R—at-a—aat fUI LII I ] LIIC
10 1 10
Examples 2-4 _
15 Dispersions comprising about 9 wt percent hydrophobic resin, about 33 wt percent

hydrophobic resin, and about 54 wt percent hydrophobic resin (Examples 2, 3, and 4,
respectively), each based on the weight of the hydrophilic resin, as in Example 1, were
prepared in essentially the same manner as set forth in Example 1. '
Each of the dispersions thus made maintained their stability for at least threc months.
20 Comparative Examples
Three batches of phenol/formaldehyde hydrophilic base resin were prepared
essentially as set forth in Example 1. Each was subsequently modified as follows:
Example 5 (Comparative)
A quantity of n-butyl Carbitol® essentially equal to the quantity thereof added in
25 Example 1 was added to the base resin; no hydrophobic resin was added. The dispersion
thus formed was unsatisfactory, as it was not stable and separated within one day.
Example 6 (Comparative)
A commercially available resin, GP BKS-7570®, a methylidene-type phenol resin,
was modified by addition of n-butyl Carbitol® to form a solution having 60 wt percent solids.
30 This resin is much less hydrophobic than GP-7550%. A quantity of thus-modified resin



.5' ] following table, together with conparative results of the sane test

on a—hydrophlllc non- di spersed resin. The results of the
"Chemical Spot" tests are expressed on a scal e ranging fromO
(poor) to 10 (excellent). Table 2 -

"Chem cal Spot nce Tests Test

Conparative Resvlyﬁzs&ﬁi&éjl Di spersion of Invention 10 PcrmsG% %‘
HNO err] 8 10 98
% H err] SO[ err] 2 8+

MVEK 10 14 10 15

Di spersions conprising about 9 wt percent hydrophobic resin, about 33 wt

per cent mmmmmwmmssmmwwﬁmmmmw of the
resin (Exanples, 2 ., and 4 . respectively), each based on the

wei ght of the hmmmaéaﬁﬂs& A dispersion was formed, But Wag upstable and scpasgted;in fess than
essentially theﬁgﬁﬁmner as set forth in Exanple 1. Each
of the dlsper5|ons thus made maintained their stability for at |east three
nmont hs. 20 Examﬂnﬂﬁﬁnnmmﬁxarrpl es Three bat ches

f phenol /f | deh ||
essential Py as set | OreoHt ﬁ@@mﬁgqéseéﬁ?m&%ﬁ ki e sty gl

foll ows: mnrwasmodiﬁédi #1 ChrbitBI® to fi lution ha ﬁégén\’
of n-butyl Carbitol essenti ag#gy equal to the quantl‘t,?/n?s%lrle%‘} géu(fgac}ﬂ
Exanpl e 1 was a%R!ldﬂ mmmmmmpbxnmmamam&rmmmoms@-

and separ at ed w8 A fRaryf BFul ol ot bithldinty gt 4R P2 bt e s

A comerci al | y modifiedsin, based on theReilitof7he Bise késin, vﬁsWY'Ad&ﬂ&sioﬁ%sW'
resin, was nodi flleed by addition of n-butyl Carbitol[err] to form a

sol uti on Ravi ngbwsovagunsiable apd séparategin less than thregmonthssi n i s nmuch | ess
hydr ophobi ¢ than GP-7550[err]. A quantity of thus-nodified resin
14



UffICI ent to introduce about 35 wt percent thus-nodified resin, based on

the weight of fhe hase resin

but was unstabl e and separated in | ess t han t hree nont hs.

Exanple 7 (Conparative) 5 A commercially available resin, GP
BKS- 7590[ err], a methylidene-type nethyl phenol resin, was
nmodi fi ed WO%R3028i on of n-butyl Carbitol[err] to form a sPCTUSHMII4Vi ng 60
wt percent solids. This resin is nore hydrophobic than GP

BKS- 7570[ err], but |ess hydrophobic than GP- gﬁml ity
of thus-nodified resin sufficient to introduce about 3 ﬁwmﬂmmmﬂ
nodi fied resin, based on the weight of the base resin, whs @dded® AS *

dispersioqﬁggimﬁfrned, 10 but was unstabl e and separated in less than

t hree nont 1. A conposition conprising a
st abl e aqueous di spersion of a phenollc resin wherein sai d
di spersion includes: 5 a heat-reactive hydrophilic

phenol i ¢ rbsi n Asompasition cmnﬂim 3 schi¢ iagueous dispersion of a phenolic resin wherein

aromati c al cohg Jﬁ‘ M Jgg b.. a hydr ophobi c
etherified bi spheno re h an amount of at |east about
10% based on the weiaghdat-téactive hiydpdphilit) plien6licsiesin dbidined from the reaction of arf -

a protective colloid that will formcrosslinks with said phenolic resin
upon 10 aromatic alcatig} andn aldehyde; 2. A corrp03| tion
according to clgim cSethellifidd B £Sin!
al cohol . 15 v 3Ja c?(B)lrrpom ti onssgccor ng tg“lf alrm \“ “ﬁmf"he
mol ar ratio of al delif)debased an theaweight of said phenolic resin; and
c. a protective colloid that will form crosslinks with said phenolic resin upon
'10 curing. |

2. A composition according to claim 1 wherein said protective colloid is polyvinyl
alcohol. '

15 3. A composition according to claim 1 in which the molar ratio of aidehyde to aromatic
alcohol in the phenolic resin is between about 1 and about 2.

4. A composition according to claim 1 in which the molar ratio of aldehyde to aromatic
alcohol in the phenolic resin is between about 1.1 and about 1.7.

5. A composition according to claim 1 in which the molar ratio of aldehyde to aromatic
alcohol in the phenolic resin is between about 1.2 and about 1.5.

6. A composition according to claim ! in which etherified bisphenol-A is present within
25 the range of from about 20 wt% to about 40 wt%.

7. A composition according to claim 1 in which etherified bisphenol-A is present within
the range of from about 25 wt% to about 30 wt%.
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9. A process according to claim 8 wherein the blending step includes:
| blending said protective colloid with said heat-reactive phenolic resin and said
10 etherified resin whereby the resins are in aqueous solutions each of which exhibits a
dry solids content of at least about 40 wt%.

10. A process according to claim 8 wherein the blending step includes:
blending said protective colloid with said heat-reactive phenolic resin and said
15 etherified resin whereby the resins are in aqueous solutions each of which exhibits a
dry solids content within the range of from about 40 wt% to about 90 wt%.

11. A process according to claim 8 wherein the blending step includes:
blending said protective colloid with said heat-reactive phenolic resin and said
20 etherified resin whereby the resins are in aqueous solutions each of which exhibits a
dry solids content within the range from about 65 wt% to about 85 wt%.

12. A process for coating a surface in contact with food, said process comprising the steps
of:

25 applying to said surface at least one coating that comprises an aqueous dispersion
containing: (a) a heat-reactive hydrophilic phenolic resin from the reaction of an aromatic
alcohol and an aldehyde, (b) a hydrophobic etherified bisphenol-A resin in an amount of at
least about 10% based on the weight of said phenolic resin, and (c) a protective colloid; and

baking the coated surface for a time sufficiently long and a temperature sufficiently

30  high to form a cured, crosslinked coating.
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(54) Title: AQUEOUS PHENOLIC RESIN DISPERSIONS
| (57) Abstract
The invention is directed to a stable phenolic dispersion of hydrophilic phenolic resin polymer using polyviny! alcohol as protective

colloid. Incorporation of a small proportion of an etherified bisphenol-A resin into an agueous solution of & phenolic resin and a protective
colloid {e.g., polyvinyl alechol) forms 2 stable dispersion with low volatile organics content.




