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Water*ﬁhinndble coatings aré géherally defined as thoge
involving the incorpordation of water in the vehicle portion
of the system, It may be partially or completely replace the
ocrganic solvents.pregent. The first paints used were water-
thinned, and according to the Encyclopaedia Britannical, the
Ancient Egyptians decorated the walls with painting excuted
'in distemper 2000 to 3000 year. B.C. white wash developed
into bonding portland cement paints and into casein paints
are the oldest types of water-thinnable paintsz,

_Accordihg to the above definition, emulgion and water-
soluble paint systems are included. The former was developed
in 1948 while the other developed in 1955. Water—thinnable
paints may be considered the greatest and bravest step found
in industrial finighes taking into consideration the economic
point of view5.

The adaptation of water type paints to industrial appli-
cations has been slower than in the trade sale field“- Indug-
trial type finishes are defined as finishes applied on the
production line to various products such as automobiles,
appliances, furniture, building materials, drums, ...etc.

In most instances these are baking-type finishes. They have
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been many articles published on the use of water base paints

in industrial_applications5-24.

The properties, curing mechanism, storage stability,
application and formulation of various thermoactive water-

soluble synthetic resins were discussed by Riese in 196625.

Many of the problems associated with water—thinned
finighes are éommon to both emulsion and solution resins
and typical of thege are the need for oil~free surfaces and
the allowance that must be made for the slower evaporstion
rate of water during the flash-off period and in the stove.
The major characteristic problems of the two approaches are

given belowsasz

j=- With all emulsion systems, the pigment invarisgbly has
to change phase during the drying process where it passes
fror the water to the resin phase. This makes it difficult
or impossible to produce high gloss finishes at high pig-
ment volume concentration. Rurthermore, tH produce gloss
and film performance ibn emulsion systems, it is essential
that all colloids and wetting agents used in the emulsjon
preparation and in the pigment dispersion stage are
compatible with the resin phase after stoving and are .
then water insocluble. This limitation is a very real

cne;so emilsion systems are generally rated to be more
suitable for primers.
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ii- The presence of emulsifying agents in emulsions ususlly
leads to trouble with foaming. |

jii~ The gcharacteristic film formation in emuleions on non-
abserbent surfaces, is by coagulation on the sgurface so
that, in stoving, water in lower layers has difficulty
in escaping. Thin film application and high pigmentaticn
can be partial solution.

iv—- If a high degree of solubility is induced in the gysten,
high solids content and good build are obtained, but
difficulty in eliminating water-soluble components during
stoving are found, while if water solubility is reduced
to obtain good water resistance in the final film then
low solids, low build solutieons or low molecular welgt
resins result that require more heat conversion to pro-

vide satisfactory filums.

The advantages of water soluble resins gre:

i- Fire rigk: One of the most important advantages of the
use of water soluble coabing systems is the lack of fire
risk. Some criticism has been made of these systems that
an alcohalic solvents should sometimes be included to
bring out their maximum advantages. Tests have been
carried out on a large scale, and showed that when the

water content of the diluent is over 75 percent, it is
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quite impossible to ignite the constituents of the paint,.

even those containing the more volatile aglcocholic solvents.

ii- Toxicitys Apparantly the toxicity of water—-thinned coa-
tings 1s less than that of the conventional types curently
used while this is of no great consequence in normal good
industrial practice, it is probable that increasing
attention will be paid to this aspect with regard to

atmospheric pollution.

iii- gurface rations While the need for clean surface
is to some exteny a disadvantage of water—based systems,
it probably only acﬁs to encourage the proper cleaning of

surfaces which is desirable in any paint system.

iv- Gogt:~ The immediate interest of water in stoving finishes
might be thought to be the use of water to replace expe-
nsive solvents and thereby to give cost advantages in
the selling price of thelpaint. If alcoholic solvenfs,
particularly the higher bolling ones, are necessary to
Lodify the coating properties, this advantage may dis-
appear completely, but in many cases the water-baged
system is less expensive when comparison is made on the
tasis of the cost per unit volume applied paint. The
cost advantage may come from the elimination of the

solvents used by the paint consumer. It may also come
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from collection of overspray in water washed spray booth,
or it may come from savings on cieaning solvent or in the
drying of objects prior to painting, or from the elimina-
tion of expensive storage facilities.

v- Wider prange of applications The water-goluble regins in
the first instance have bgen developed for conventional
application techniques such as spraying, dipping, or flow
coagting. However, a new application technique has reised

mich interest; namely electrodeposition”? 27-29,

In the elestrodep asition process, the metal being
coated is the anode, and the resin and pigments are being
carried to it by the electric current. At the anode, the
particles are discharged by the current and the liquid
forced away from the deposited coating by the current. The
coating resin is converted from a water-soluble fCmm to a
water—insoluble form, This method will deposit a uniform
coating in inaccessible areas, rough surface, and hidden
Joints and crevicesao. | |

Broadly speaking, there are two methods of exploiting
electrodeposition. One is to apply the primer by electro-
deposition, then finish with conventional techniqgue. The
other is to use electrodeposition to apply a single coat which
varies from matt to high gloss. Application of primers by




-6-

electrodeposition is airsad;y an estaoclisced practice in the
autowotive industrys and it is evident that single coat
electrodeposition will Ybecome popular for finshing steel
furniture and similar products. ' |

The disadvantages of water soluble systems are summarized

into the followin oble whi no ble of ecas
solutiog?6a

i- Water-based solutions need higher heat input for evapo-
‘ration and since understoving of water—soluble regins
results in a very severe loss of film properties, the
combined effect is that stoving schedules are louger

than with conventional solvent-based systemns.

ii~- The cleaning of surfaces with a high degree of efficiency
will always be necessary in the case of gloss finishes,
and almost is essential in the more highly pigmented

paints.

iii~ The only mechanism of obtaining water—-golubility and
finally water—insolubility that has achieved any real
success depends on the use of an acid-containing poly-
mer and a nitrogenous base. Inevitably, with elimina-
tion of some of the base during stoving, acid groups
on the polymer are available for alkaline attack and
there are no immediate prospects of improving substantially
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the alkali resistance of water—soluble coatings.

jv=- In the pigmentation of water—-soluble resins only those
"which are neutral and substantially insocluble in water
are satisfactory. Btrongiy basic pigments and those
containing appreciable quantities of water—soluble salts,
are generally unsatisfactory in that they effect the
stability of the paint on storage, or decrease the water
resistance of the film. Pigments which are strongly
hydrophilic, such as china clays, may delay the evapora-
tion of water from the paint film and therefore should
be used with care. A partial list of satisfactory and

ungatisfactory pigments is given in Table 1.

Table 13 Suitable and Unsuitable Pigments for Water—Soluble

Binders.

Suitable Pigments Unsuitable Plgments

Titanium dioxide Stronium-~ Zinc oxide
chromate
Antimony oxide Hansa yellow White lead
Lithopone ~ Chrome green Basic lead sulphate
Zinc sulphide Igihalocyanine- Calciur silicate
ue

Calcium carbonate Prussian blue Calcium plunbate
Barium sulphate Ultramarine Zinc chromate

' blue _
Mica Helio red Red lead
Talc Lithol red
China clay Iron oxide
Lead silco-~ Carbon black

chromate

Lead chromate
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v— In highly piguented gloss finishes there is often a
tendency for pinholes and ciss marks to appear during
the stoving operation.Fry3l has ascribed this to critical
surface tension. Ciss marks may appear in the stoving
operation and this is probably due to the formation of
micelles of water—insoluble resin during the curing
stage. It has been found that very small quantitics of
thixotropic pigment, such as bentonite or finely divided
clays or calcium carbonate, will prevent this occurance,

but care must be taken to maintain a satisfactory gloss.

Formilation of agueous coatingss

The formulation of a water—soluble paint needs special
care. Addition of certain ingredients are necessary to
insure stability in the container, proper application charac-
terisﬁics, and satisfactory film properties. Marten}z
gave a water—soluble type farmula as shown in Tabls 2:
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Table 2% Water Soluble Formulation

Ingredient Percent Ingredient Percent
Opaque pigment 20,0 Defomer™ 0.001
Extender pigment 10.0 pH buffer® 0.1
Pigment dispersentI C.l P.ungicidez 0.02
Resin 20.0 Wetting agents 0.1
Preservative® 0.2 Water 49,4

Antirust agent O.1 100.0%

¥ Optional in some formulas.

Methods uged to water—gelubilize polyuers:

The polymer to be water—solubilised must not only be
sufficiently hydrophilic to be soluble in bulk, but.also be
capable of producing coherent and water-insoluble films on

air drying or stoving.

The most convenient method is %o introduce in the poly-
mer chain, carboxyl groups which can be neutralised with
a baseito solubilise the polymer as a salt, as illustrated

below:

POLYNER | —— COOH + RBN--—» POLYMER -———-COONHR3
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The inclusion of hydrophilic groups, for example,
hydroxyl, in the polymer chain, will aid solubility and will
provide sites for subsequent curing of the film by chemical
reaction. Relatively low molecular weight polymers (20,000)
are used to aid water soclubility and to keep solution visco—

sity to minium.

The choice of the neutralizing base for a polymer sys-
tew is very important and critical,since it may affect
polymer properties as solution storage stability, viscosity,
curing rate, degree of water solubility, film durability and
cost. The generaly characterstics of the neutralizing base
ares

a— must be volatile,

b~ relatively cheap,

c- not highly objectionable odours, and

d- must not chemically attack the polymer system.

Thus tertiary amines are generally preferred to other
bases as they are less likely to attack chemically the

polymer system through amminolysiss

a A°
POLYMER | —-C + RQNH-——_a. POLYMER |+~ G + ROH

™~
O-R NR2
and/or depolymerization of for example, a melamine/formal-
dehyd condensate.
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N CH,OH N
/@ \_ 7/ /
\N—C No-x - \G“N
/1 L\ / bN
N\ ?& 7 No?
/N\ <N

HCHO + RZN'H — RZ'L\TCH20H

Generally 90-100 percent acid groups nsutralization
will give optimum results for solution viscosity and sto-

‘rage stability.

The addition of water migcible organic solvents in
small amounts (e.ge. glycol, ethers, alcohols, etc) to water—
soluble polymexr solution usually coatrols solvent release
and flow properties of the polymer and reduces theusolution

viscosity.

- The chemistry of water—soluble thermoactive synthetic
resins was discussed by Riese34 in 1966. The most common
resins which can be water solubilized are:

1- Qilss
The most convenient method of water—solubilization of

unsaturated oils is by reaction with acid or anhydride
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dienophiles, wusually maleic anhydride55. Cther acid or
anhydride dienoéhiles have been used and these include

acrylic}G and crotonic acid337.

The most interesting feature of maleic oils is that
onchas a simple process for adding acidic groups in the
middle of the oil molecule. These groups mcke the oil
useful as'a grinding medium as well as give the oil compa-
tibility with ethyl and nitrocélhulose. The acidic groups
may be reacted with a variety of substances such as alkalis.
polyhydric alcohols, and basic dyes to ake the oil usgeful
in water paints, textile size, cotton printing, adhesives,
or as resins. The most important three uses of naleic oils
ares
i~ ag water vehicle,

ii- improving the drying and heat bedying properties of
non-conjugated fatty drying oils, and

jii- the preparation of resins.

The drying oils are commerically maleinized to increase
their reactivityBS. The'product obtained by reacting maleic
anhydride with a suitable glyceride is known as the adduct.
Linseed, soybean, or other oils are heated with 2-10 percent
of maleic anhydride for several hours at a temperature of
200-300°C. The reaction product is generelly neutralized




with glycerol or pentasrythritol. This treatment does not
appreciably increase the air drying characteristices bdbut
jimproves the bodying properties, colour, and the water
resistance of the dried £ilms>’. Maleinized oils may be
stoved at elevated temperature and cross-linked through
their unsaturation or by reaction with amino or phenol/
formaldehyde condensates.

Essentially; their chemical behaviour and properties

are thoge of conventional drying 011341.

Dryings Normal systems of the maleinized oil types, i.e.
those containing 2-10 percent maleic anahydride, are reac-—
tive toward atmospheric oxygen and will cure by oxidatien/
polymerization reaction at stoving temperatures of about
120°C in presence of metel driers to give hard, tough and
glossy films. The drying process involves polymerization
initiation, peroxide formation, peroxide decomposition and
crose-linking 2.

It was found that even a simple maleinized linseed
oil film stoved for 45 minutes at about 120% gave a reaso-
nable good performsnce as one or two-coat system on mild
steel. Better performance rating, however, can be obtained
by using linseed/tung oil mixtures; and tung oil with

cyclopentadiene, which was then maleinized to give an
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ammonia-soluble product, gave Very bromising results. The
drying time may be shortened by the addition of water—soluble
driers which are usually cobalt, lead or msnganese salts of

acetic acid.

Preparations The general method for the preparation of a
water-soluble oil is to react the drying oil with Just suffi-
cient maleic anhydride to render the product soluble in
dilute ammonium hydroxide, or other volatile base, thereby
allowing a high proportion of the original reactivity of

the drying oil to be retained in the product for the buil-~
ding of coherent and water resistant polynmeric structure
during the subsequent drying process, whether air drying or
stovinggz.

Reaction Mech :

Structurally, maleic and fumaric acid are versatile
chemicals for synthetic purposes. They contain an ethylenic
bond that is ectivated by the adjacent carboxyl groups; in
addition, they undergo reactions typical of anbydrides and
acids44. In other ﬁords, maleic anhydride has a total poten-—
tial functionality of four and can be reacted by an addition
and/or a condensation mechaniamg5’58.

Ho=gn __  Ho-—gE-
O=C\ /Q=0 0=g ?=0

o 0
]
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i- Reaction betwéen maleic Anhydride and conjugated fatty

olilss

The reaction of the hydrocarbon chain of fatty acids
were reviewed by Harwoodus. He discribed the reactioms of
poly~ungaturated acids which are conjugated or capable
of undergoing cdnjugation readily, with a variety of
dienophiles. For the most part the adducts were ne{§ charac-—
tepized; mixtures of products containing a six menmbered
rinzg are assumed. In one lnstance the six membered ring

was proved by the sequence of reactions shown belows:

CH3(0H2)5 0H=CH-GH=GH(CH2)7GOOH + CH = C.COQH ‘

/-HC = CH\
ot (OB 50 PrrC B g—
CH = C~-COOH

2 <~ QD
R ' J—
—- i, (CHp) 0. ~ ©(CE,)COuR
' CH = C-COCH

CH - CH
y/, KNMnO
7 NocooH - 4
N Oxidation

HOO-C
~
CH = C-COOH

Trimellitic acid
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For oils containing conjugated unsaturated (wood oil
and dehydrated castor oil) addition of maleic anhydrids
proceeds smoothly at relatively low temperatures (80°C)

through a Diels-Alder addltion 49,

The Diels—Alder cyclo-addition is the main reaction in

the sddition of maleic anhydride to the group 9, ll-linalyl

of dehydrated castor oil as shown belowso

= \0
O
\,
No reaction mechanisk has yet been established for these

Diels-~Alder additions.

Pric%zguggested the following mechanisms

CH, cH,
Y AN
GH CH — 00 _ @CH CH —CO,_
] . AN/ [ 0 —_
ci cH—-co/ fc{ ©cH — ¢o0”
NN
CH, CH,
CH
/5
CH CH— GO_
| { /0 <
CH — CO
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The follewing poetulatibz waé given Ly Weisssl in 1942.

@
CH CH S
A ©.7 2\-. v,
CH CH — CO._ CH CH = O
[ + " /0 — -l-@l-/ 0
CH — CO qs\ Cler—~ 0::
AN N o
CH, CH,
- = q . - i EH " .
CH
o = A ® /2 e L0,
CH CH—C CH CH-C___ . |«
1 s N ! t 0°
CH\ cn—-—c< CH CH—C~
AN [
0 A 0
CH CH
- @ 2 ..J B J }.. 2-J )
CH
/ & 4?0

CH CH — C __
CH CH— CT .
"4 AN
CH,
Rudd”2, Morrell, Marks and Semueles®> have shown that
the addition products have the following formula:

OHz(CH,) 3—01\3-<:H=03;ca-cﬁ=cg(caa)7 COCH

- o
O=C C=0 ‘
N/
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cHB(cnz)3~cﬂ=cﬂ-qf-cu=o%;cn(caz)?coaﬁ
?H - ?H
0=C C=0
N/
0

,B - form

ii- Reactions between Malelc ride and Non=C . ted
Fatty Olls:

The reaction between maleic enhydride and non—ccnﬂﬁéateé
fatty acids eér their derivatives or oils, in which the double
bonds are separated by methylene groups, Occurs at 20000 %
which is relatively high as compared w1th?%emperature required
for the reaction of conjugated fatty acid (80°C). The reac~
tion ef maleic anhydride with non~conjugated fatty acids and
oils has been mentioned tentatively in the literature and
the products are more complex and have not been precisely

characterized54.

Cloké%p%riginally assumed that the reaction proceeded
in accordance with the following equations

N CH = (H
CHB(Gﬂa)4CH=CH—GﬂafCH=GH-(GH2)7000R +0§é é:o R
. ~ 7/

CH3(CH2)4-?H - ?H—Cﬂzrc —(GH2)7-COOR A

?H-—-CH
i
0=C C=0

/
o
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while this explains the resulting properties of the oil,
the reaction does not seem plausible because of the assump-
tion of a butane ring which is difficult to form in this
manner. The addition reaction proceeds at an appreciable
rate at 200°C, it is doubtful if such conjugation can be

completely explain the reaction mechanism?7

CH5(0H2)4—CH = CH-CHa—CH = CH-(GH2)7-COOR

l

GH3(CH2)4~CH2—GH = OH~CH

GH-(CHZ)7-GOOR

CH 5 (GH,),,~CH,~CH~CH = CH~CH~(CH,),~COOR

N /

HC - CHE

b
O=C C=0

/
\b
The most acceptable mechanism for the addition of maleic
anhydride without affecting the unsaturatien of the fatty
component appeared to be the formation of a substituted

succinic anhydride by reaction of maleic anhydride at an
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earbon stom, or at a double bonded carban atou.

Rogs et.al.”” has shown that at a temperature of 200°C

methyl oleate and maleic anhydride give rise to an isomeric

mixture of addition products ¢f substituted guccinic anhy-

dride forwed by the attachment of the maleic residue to 09

or G, and the reuwaining douhle band shifting to the C

Cyq or 09 - Cg positien respectively.

Gl 5 (CH,) g —CH ,~CE=CE~CH,,(CH, ) ~COOCH ;

+

CH uC’}H
{
0=C C=0

N/
0

|

11 109 8
'CH3(GH2)6- ('.‘J:I2-'1i’II‘I---('H‘I*-:(IEI-(CHa)e-CO('JCI:l;3

{ - CH
i - Pa

O=( C=0
"%

OR

11 10 9 8
GHB(CHE)G-CH.:CH--?H—GHZ—(GH?)G --0000&15

| |
O=C CexQ

\\0/

10
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Bickford et.al?Cshowed that the addition of malelc
anhydride may also occur at the 8 and 1l positions in
methyl oleate without alteration in the position of the

double band.

.mhe intermediste free radical is proposed te account
for the observed results. The radical is believed to origi-
‘nate at the 8- or ll=position adjacent to the double bond
leading to a resomance hydride which is equally susceptikle
to reaction at either of two position (8 and 10; 9 and 10)s

~CH =« CE -~ CH - , ., = CE -~ CH=CH
8 9 10 8 9 10
or 11 10 9 ' 1. 10 9
11 10 9 8 : '
CH(CH,)g— CH, = (H = CH - ?1-1 -~ (CH,)g — COOCH;
F -
0=c\ /cso
0
OR
11 10 9 8
GH3(0H2)6-(IZ-H -Ci=CH ~CH - (GH2)6—- COOCH 5
-
0=C Cax)

N/
0
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BolleyBEroposed tiec following two routes for the reten-~

tion of unsaturation in case of linoleic ester:

0113(c112)4- CH = CH-CH,~CH = GH—(CH2)7-COOR

+
?H = CH
|
O=C C=0
N/
0
route 1 J route 2
¢ }
R-CH=0~CH,,~CH=CH~} R~CH=CH-CH~CH=GH~-R "
| !

o - g o -
0=C C=0 OmC C=0
\ / N 7
0 0
I 1I

where R = CH3(0H2) 4~ and R = -&032)? - COOR

He believed that the second route, which involves a hydrogen
shift from the methylene group, more nearly fits the theory

of chemical reactiaons.

Plimmex’' suggested that the reaction may occur at a
non-conjugated double bond according to the following

schemes
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035(01&2) 4~CH = CE~CE,—CH = CH-(CH2)7-GOO(133

x
Gh3(GH2)4—CH = c‘m.--cﬂz—c|:1+1—a::H;(cﬂ?_)7-cooc:}13
?H - CH
i
o= Qe
AN 0/

TN !
c}a[3 (CH2) 4= CB =GH.—CH—?:I—CH;(CH2)7—GOOCH3
g
{
0=C CeO
N\ /
0

Pl l
CH3(0H2)4 ~CH = 0&-03-?H~Cﬁ2-(cﬂa)?-GOOCH5
?H -~ CH

|
C=0

C
\0/ |
}

! .
GH3(GH2) 4 GH:SIj. ;_- OH—(’}H—Gﬂa-(CHa)?-GOOCHB
' ~ gH - CH
|
C=C C=0
N A

° |
CH3(0H2)4 - QE—GH = ?E;CH-GHZ—(CH2)7*COOCH3
CH - CH
0=C C=0

O=




Plimmer also suggested that the reaction may involves

a chain mechanism of the following type:

PR -
c:H3(cHz)4 - CH:!(}H-GHZ-?H-GH—(GHZ).?-GOOGHZ‘
- &
O=C C=0
ANV4
0
+

CH3(0H2)4 - GH:CH—GHE—GH = GE--(CHa)?--GOOCH3

® l TN
Mﬂm-cﬂz-cﬂ-cs-h + R-CH=CH-CH=CH = CH-R
|
g Lo
O0=C  C=0 R~CH=CH~CH = CH - CH-R
N/
0
One molecule of methyl
Llinoleate
b
*
R-CH=CH - CH—CH=CH-} + R-CE=CH-CH = cn-cna-h

One moleecule of
| maleic anhydride
Y

R—cH-cH;:cH-cH-caa-}’a
/

\
g - g
0=C C=0
N/

0
where R = CHy(CH,),- and R = (CHp), — COOCH
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The intrusion of a second wLolecule of maleic anhydride
probably oceurs by addition to a doubly-bonded carbon atom
and displacement of the double bond as follows:

CH3(0H2)4 ~CH~CH = CH ; Cm—GEZ-(CH2)7-COOCH3
-
0=C C=0

N
O/

-+

CH = CH
| |
O=C c=0
N/

0
/ O\
O::C‘} CiJ=O

CH CH
&

053 (GHa) 4-(}\H-CH-TC}}-GH-CH2-(GH2)7—GOOGH3

o
0=C C=0
N a7

0
p
0=C’ \G=0

| |
CH CH2

|
CI'I3 (CHa) 4-05-03-01'1 ; C~CH,~ (GHZ)‘? - GOOGH5

CH - CH
i i
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Loss of Acidity During Naleinizations

feature
Cne of the most important and interestingfbut least

understood properties of the reaction products (adducts)
obtained from the reaction of maleic anhydride with drying
oils are that such adducts have lower acid and saponification
values than the theoreticsl ones. This loss of acidity
during the maleinization is very important both fundamenta-
lly and economicallysisince it might require the use cf a
high proportion of maleic anhydride to insure its solubility,
thus the reactivity of the oil being unduely reduced.

Beva&%&mi rebarked on the considerable departure from
the thecretical acid value obtained in the reaction of maleic
anhydride with linseed oil and certain non-drying oils. In
many cases, quoted *"acid values were less than 50% of thec-
retical, the temper;ture employed being 22000. and the time

of the reactian usually five hours".
58 X
Bickford et.al. -showed that the reacticn products of

maleic aphydride with methyl oleate and methyb linoleate
had acid and saponification ValueslB—eq percent lower than
the theoretical values,and suggested the combination of
maleic anhydride through the carboXyl groups.

To explain the loss of the acid groups, Plimm0154
suggested that one or more of the adducts must be involved




in further reactions. He suggzgested that, in the case of
methyl linoleate, these reactions yicld structures such

as those indicated in the following schenes

~C~C = C-C-
N\ /
T ?H (GH,), =CH=CH~CH.,,~CH=CH~{(CH,),~COOCH
f + CH -
0=C_ 0=0 3T 2 277 3
N/
0
~C~C= C~G~ ~C—G= C—C~
N\ ' N |
HO - CH OR HO -wlm
i
CO COOH -0 COOH.
| . :
- R~CH=CH-CH~CH=CH-R R-CH—CH=CH—~CH=CH-R
I II

Where R = GH3(GH2)4 - and R = -(CH, )y = COOCHj

Brett“j, who discussed the logs of acidity between
Ci18 conjugated esters and maleic anhydride, concluded that
it involved essentially two factors—-one associated with
resistance of the adduct to hydrolysis and the other with
loss of potential acid groups by chemical reactian.

The use of fumaric acid to modify linseed oil did
not appear to offer any significant advaﬁtage over maleic
anhydride in terms of acid and saponification values. This
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can be attributed to the conversion of fumaric acid to
maleic anhydride under the influence of the experimental

conditions.

The conversion ¢ycle is shown belowsgz

Maleic Acid

% s <¥b
Oy Xy &
< (21~ {
‘70 o N\¢
h

eat at 200°C
Maleic Anhydride -# - ‘Pumaric Acid

2-Alkyd sings

A variety of oil-modified polyester, for air drying
and stoving finishes, have appeared in the literature over
the past yearsso’Gl. In general, Water—solublé alkyds can
be obtained by stopping the polyestérification reaction at
a suitably high acid number followed by neutralization with
armonia or other volatile water-dilutable erganic amines.
The neutralized resin can be further thinned with water to
the desired solid content.
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The water soluble alkyds can be modified with various
other resins to impast some of the desi¥able characteristics

of these resins.
(a) Oil-Modified Resinss

Waldigaproduced water dispersigle pigmented alkyd resin
by saponifying an oil or fatiy acid{adding a pigument suspen-—
ded in water, and precipitating the pigment coat with the
oil acids by acidification. The precipitate was separated
and added to a reactiom product of glycerol and phthalic
anhydride which has been prepared separatelye.

Armitagesa prepared water-soluble alkyd resins by
heating to the esterifying vemperature, a reaction mixture
of polyoxy alkylene glycol, a polybasic carboxylic acid, a
polyhydric alcohol other than the polyoxy alkylene glycol,
and a drying oil or its fatty acids to effect complete
ssterification. The product is a clear, viscous resin with
an acid number of 16. Emulsion paints prepared with the
resin show high gloss.

Ronald64 studied thg preparation of water—soluble base
paint with good storage stability. The paint was prepared
from a polyhydric alcohol, a polycarboxylic acid, a drying
oil or fatty acid, and lithium hydroxide added at a concen-
tration of notmore than 90% of the theopretical requirment.
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A water soluble olkyd resin55 was prepared by the

reaction of polycarboxylic acids or their anhydpides withs

(1) esters of aliphatic monocarboxylic acids cantg.j;fE free
OH=-groups or L epoxy group in the slcohol protion and
having the carboxyl group attached directly Yo a tertiary
or queternary C,and

(2) polyhydroxy compounds.

SGhroeder66 prepared water—disperéible oleoresinous
coating based on vehicles umade by reaction of maleic anhy-
dride with a triglyceride oil or resin modified oil. These
vehicles were made water-dispersible or even water—soluble
by reaction with alkalis, ammonia or amines. A water-soluble
vehicle that was comparable in performance to a coconut
alkyd was made by preparing a polyester prepolymer from TMA,
neopentyl glycol, and adipic acid. A white enamel made with
this vehicle and a melamine resin was claimed to have better
impact resistance, abrasion resistance, and colour reten-

tion than a coconut alkyd-melamine enamel.

Alkyd resins67 were prepared by reacting (a) polycarbo-
xylic acids or their anhydri&es with (b) esters of monocar—
boxylic acids, the alcohol parts of which contain » 2 OH
groups or an epoxy group the acid part of which has the
carboxylic group directly bound to a tertiary or quaternary
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C atom. The total number of moles that can take part in
the reaction should be 1l.0~1.2 tiues the numbey of the
total number of OH groups in the reaction mixture.

Eraff and Weisfeld68 prepared a water-based alkyd resin

from a medium oil/pentaerythritol/ethylene glycol/PA mixture.

Bruggeman®? formilated water—soluble alkyds and enamels.
Two examples of promising systems are presented: an alkyd sys-
tem which attempts a balance to optimize all the variables,
and an alkyd copolymer system which dries very quickly.
The former was based on TMA, trimethylol ethane, and gaff-—
lower oil. The latter was based on a short oil length saff-
lower TMA alkyd modified by copolymerization with a combina-
tion of vinyl-toluene, cﬂas Me 002 Mé, and CH2: Chie 002H.
Because of its fast drying, this system leaves some latitude
to enhance other properties.

crawford799§,g;. Prepared water—-suluble alkyd resins
by heating a mixture of polyhydric alcohols and Deils-Alder
adduct at 170-80° until an acid value of 50-100 mg KOH/g

was Obtained.

Hay et.al.’, prepared water-soluble alkyd resins by
replacing TMA in an esterification mixbture with 2,2,6,6,
tetrakis ([ -carboxyethyl) cyclohexanane or with a mixture
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of phthslic acid or anhydride and 2,2,6,6, tetrakis (P-—
carboxyethyl) cycloheXanone. Resins prepared from this

eyclohexanone derivative give more compatible products of
great hardnese in shorter esterification times than when

using TMA.

An Austrain Patent’® indicated that water-thinnable
alkyd resins with acid number at least 30 and -OH value
120 were neutralized and then combined with mainly vola-
tile, polar compounds having at least one free ~0H group
and at least one hydrophilic ether group, optionally in the

presence of solvent.

A 1:«::':009&;:373 for producing water-soluble film forming
alkyd resins cowmprised neutralizing an alkyd resin with an
amino alcohol. The resin was formed by the reaction of a
pclycarboxylic acid or anhydride, e€.g. PA, with a N-free
poly-hydxric alcohol, e.g. glcerol. It contained sufficient
free carboxyl groups'to have an acid number between 25 and
100. The amino gslcohol may be, e.gs 2—-amino-l,3-propanediol.

A British Patent’” indicated that water—seluble alkyd
resins may be prepared from a polycl, a polycarboxylic acid,
snd s polymethylol alkanoic acid. Theén, dimethylol prop-
ioni¢ acid, neopentyl glycol, and PA were heated together
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and adipic acid added. The mixturs was neutralized with
aqueous NH,OH and hexakis (methoxy methyl) melgmine was
added. ¥Films, baked 30 minutes at 1500, were glossy, smooth,
hard and flexible. |

Modified alkyd resins75 useful for water—base paints
were prepared from g drying or a non-drying oil, a polyhydric
alcohol, polyehylene glycol, a non-oxidizing monobasic fatty
acid, and a dicarboxylic scid or anhydride. The compounents
were allowed %0 react at 175—290o to an acid number of 5-30,
and the reaction product was neutralized a=nd dispersged in an

agqueous medium.

Donmide and Manin?G prepared water—soluble alkyd resins
from a mixture of fatty acids of vegetable oils (oxidized
with 15-23 wt.% 30% H,0, at 120~40°), PA and pentaerythritol.
The acid number of the resin was 100-15C mg KOH/g. Ammonia
(25%) wae added to pH 7—8 and the mixture was diluted with water

to give a resin of viscosity 40 sec.

BelyaeVa.gg.g;.77 produced a water-solﬁble alkyd regin;
linseed o0il or cottonseed 0il was transesterified at 245 -
50° with pentaerythritol in the presence of NaOH er NayCOsy
as catalyst. The resulting ester was esterified with phtha-
lic anhydride at 180°. The resin thus prepared wes dissolved
in 2:1 BuOH~iso PrOH mixture and the sclution was neutralized
with Eth .
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Nieuwenhuis snd Visser78 prupdred water—saluble resins
from pentaerythritol, PA, edipic acid, and glycidyl esters
of 09_11 branched chain fatty acids. The relatibﬁ of the
water solubility and stability of aqueous solutions of these
polymers with respect to the formulgtion parameters was
studied. These alkyd resins were combined with melamine-
HCHO resins and were also applied electrophoreticélly.

A French Patent dascribed the preparation of water—
soluble alkyd resins. Thig propane~l 2, 3~tri-¢carboxylic-
acid was boiled with an alcohol to give a monoesfer, which
was condensed with a polyol and a fatty acid to give an

alkyd resins used in the preparation of paints and enamels.

Yoshitom et.al.tC prepared alkyd paints from linseed
il fatty acid, PA and pentaerythritol. The alkyd resin
was modified with maleic anhydride and the resindissclved
in iso~PrOH, brought to pH 7.3 with agueous Me3N and diiuted
wita H20 to give 50% resin solution. Bimilarly an alkyd
rosin from soybean fatty acid, PA and trimethylol propane
was modified with adipic to acid number 66 and neutralized

with aqﬁeous Me3N.

Charles end NMistonSt

described the preparation of a
water—-soluble alkyd resin. Thus cyclopentane tetrac;rboxylic

-acid was esterified with an equimolaxr amount ~f hexyl-alcaohal,
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condensed with the condexnsation product of tri-methylol
oropane and linge.d 0il fatty acids or%apdw)pﬂlargoaic acid,
and made alkal%ne with EtBN to give alkyd éﬁ;ins. The resins
were useful, after thermal cross-linking, as coating of

excellent mechanical properties and salt spray resistance.

Graver and Sedgwick82 described the preparation of
alkyd resins using a sulfonie acid catalyst. Thus the adduct
of a drying oil and a dicarboxylic acid or anhydride prepared
in the presence of an alkyl sulfonic acid cataiyst, was
heated with a lower glkanol or diol to give a water—dilutable
thermogetting resin suitable for use in eleetrocoating appli-

cation.

~

Maeda*gg.gL.UB prepared water~soluble alkyd resins by
adding 2,2,6,6,gtetrakis carboxy-ethyl cyclohexanone ovr
its tetrarethyl ester to nixtures of polybasic acids;
polyhydric alecohals, and drying or nondrying oils.

-
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(b) Alkyds Modified with Mon-mers:

Armitages4 prepared-water-dispersible alkyds by cooking
at 200°C in the presence of shéll amounts of xylumne. The
regin formulation consisted cf lins.ed acids, pentaeryth-
ritol, polyethylene glycol (150°C), PA and styrene. Adva—
ntages of this type of resin wergi high glcss, fast air-
drying, good hardness and good wat;r resistance. Defects
were:-poor flow and levelling, and legs hiding power than
other alkydse.

Chadha and Guptat? described the preparation of water—
dispersible alkyds suitable for severeclimatic conditions-
The compogition of the alkyd and the molar ratio were app-

roximately similar to that used by ArmitageS'.

Ichinomiya and Yemushite®® indicated that greft copo-
lymerization of alkyd resins of acid number £ 30 with aczylic
acid/or methacrylic acid, together with their esters, and
subsequent treatment with amines or NH3 Produced water-
soluble alkyd resin graft copolymers. These resins gave

water—-proof films by heating with amino plasts.

Ghisolfi et.gl."’ prepared alkyd resins with emlsi-
fying power by the condensation of fatty acids with phthalic
anhyiride, polyethylene glycol aund a polyalcohecl- Tater,




._3'7-.

they modified®® the slkyd resins by adding polyvinylacetate;
the ratio of the alkyd resin to polyvinylscetate was 1lsl.
This vehicle wag more compatible with Pb pigments than the
alkyd resins alone.

Vinylated alkyd resins (acid number > 40 and containing
free OH groups of —CH equivalent 100-200) reacted with
NI-]L3 or a water soluble organic base. The resins were pre—
pared from PA, penieserythritol, glycerol, trimethylolethang,
trinethylol propane, propylene glycol or neopentyl glycol.
They were then vinylated by (1) a mixture of 10=~35% by wt.
(based on the reaction product) vinyl monomer, such as styrene,
and 5~20% by wt. o, ﬁ ~ungaturated acid, such as methacryliq
acid oracrylic acid, in the presence of di-tert- Bu-peroxide
(catalyst), or (2) vinylated o0ils prepared from lingeed oil,
dehydrated castor o0il, soybean cii, su.ﬁ:flower oil, sefflower
oil, codliver oil crude castor oil or their mixtures.89

20 prepared alkyd resins useful for

Zimmerman, ct.al.
netal co&bingg‘by treating a polyol and fatty acid with a
copolymer (no. ave. mol. wt. £ 10,000} containing of -methyl-

styrene and/or styrene and 10-20/wt. % maleic anhydride.

A British Patent”' indicated that water-thinnable
compositions c'on'bain:i.ng alkyd resins modified with ethyl-

enically unsaturated monomers were useful for surface
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coatings. Thus a rixture containing Me-methacrylate, Et-
acrylate, methacrylie acid, Bzao2 wéa heated to yield a

| copolymer. A kixture containing castor oil and glycerol

was heated in presence of Pb naphthenate to 225°C for 1

hour, then the copolymer was added to the cooled “hixture.

PA, TMA and glycercl were added and heated to 210°C to remove
water. The mixture was kept at 210°C until the acid value
reached 50. The resin was thilned in a water N-N-dimethyl

aninoethanol mixture.

(¢) Epoxy alkyd resins:

Epoxy modified alkyd resins infinitely Waterhdilutable.
and film forming wererpreparedga as followss: to stoichio-
metric mixture of a polyol and a dibasic acid was added
fatty oil containing Cg-og Saturated fatty acids or their
esters. The mixture was heated until the acid number dro-
pped to 70-90. Tetrachlorophthalic anhydride was added aﬁd
the mixture reheated until the acid number was < léO.A-\s}ycol
ether solvent and Cg_,g epoxidized fatty ester were then o
added.

The condensgation product of a c10~24 unsaturated fatty
acid with 5-25% (based on the wt. of fatty acid) itacanic
or fumaric acid were made to 1eact95 with an epoxy resin at

a temperature which prevents the COOH-OH reaction untidb
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the acid number of the product was 1/3-1/2 of the initial
value. The ester was then nade—goluble in water by the
addition of an amino compound such as NHB’ EtéNH, or dietha—~

nolanine.

Wachholtz and Krofgq prepared aqueous dispersions con-
taining a water-dispersible modified drying or semidrying
0il vehicle with-~COOH groups partially neutralized with
nitrogen bage and 0.01~3 wt.% of a water soluble drier.
They wereuseful as rapid drying vehicles. Thus linseed
fatty acids were esterified by treatment with a bisphenol-—
A-epichlorohydrin epoxy resin, modified by treatment with
maleic anhydride, and dissolved in NH3.

_Phillips and Casshie’” prepared water—dispersible
epoxy wmodified alkyd resins. Thus a glycidyl pdyether of
a dihydric~phenol was treated with a monocarboxylic fatty
acid to give a partial ester, which was treated with a
polyhydric slcohol and an OH-gubgtituted acid-containing
product. This product was partially neutralized and treated
with NH3 tto give a water-dispersible epoxy modified alkyd
resin. Their dried films are durable and show water, alkali

and acid resistances.

Gueldenpfennig and Rolf96 described thé preparation
of water—-dilutable epoxy resin esters. Thus a mixture of
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dehydrated castor oil fatty acids, rosin acids and maleic
anhydride was heated under an inert atomosphere. The pro-
duct obtained was heated with epoxide resin, prepared by
treating bisphencl A with epichlorohydrin in the presence
of alkali, (mol. wt., 470)., The resin was neutralized
with NH,OH after having added 20% HOCH,~CH,OEt, until the
pH of 20% solution was 7,8=-9. This resin was deposited on

metal by electrophoresis.

(d) Phenolic Modifie Reanigi~

Honelg7 obtained a product composed of a water—soluble

phenol -HCHO condensation product and an alkyd resin.

A British Patent® described water-soluble compositions
prepared by heating maeleic anhydride with lingeed oil and
an oil-soluble alkyl phenolic resin (prepared from p-tert-
butyl phenol and HCHO) at 230° for 50 minutes. The viscous
resin formed was digsolved in isopropsunol and 28% aqueous
NH, ab 60-80°. Cobalt and lead naphthenates were used as
driers. The paint, baked at 150° for 30 minutes, gave a

hard, transparent and water—proof films.

(e) Alkyd-Amino Resin Combinations
in Anerican Patent’? indicates that an aqueous dieper-
sion of salt of a capndensation product was prepared from

20-30 parts by weight xyleme-scluble butylated poly—~
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(hydroxy methyl) melatine with 40-05 parts alkyd resin having
an average molscular weight of 2000-10,000 and an acid number

of 3-7.Water soluble alkyd resinsl

00 have been prepared from
T™A, a glyecol, e.g« propylene or neopentylene giycol and a
dibasic acid, e.ge adipic acid. Theeecured oﬁlﬁéi:'oving at
204°C, and with the addition of catalyst (e.g. p~toluene
sulphonic acid) at 176°C;blending such alkyds with water—

soluble amino resin systems,curing at 1200 could be obtained.

Il?ur:c:enll:l'():L described the preparation of water—soluble
volyester resing that did not give off fumes or increase in
acid nucber when baked at 120-1550. These polyester resins
(acid number 25-100) were neutralized with an amino elcohol.

Wilkins onl Oz

prepared an alkyd suitable for industrial
stoving from TMA (3 moles), neopentyl or propylene glycol

(7 moles) and adipic acid (1.mole) cooked to an acid number
of about 50 and solubilised in water with amine. Heat and

chemrical resistances and physical properties were good. Sto-

ving ta:tp;ratui'e could be lowersd to 155°C by - incorporating

an amino resin, €.ge. hexa.mgthoxy methyl-melamine.

Jan and Seme]se.t':"o3 prodqced aqueous dispersions of amino
alkyd resins. Thus a water—-dispersed amino resin was mixed
with a water—dispersed alkyd resin in the presence of a

basic agent to give the system a pE of 7=9 and 20-80% solids:
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The alkyd resin was composad of safflower cil, glycerol,
isophthalic acid and the methoxy derivative of polyethylene
glycol and p-tert butyl benzoic acid. The amino resin was
composed of Resimene 878, a 50% solids butylated methylol
nelamine pesin, dissolved in a mixture of 35% BuCH and 15%

Bu cellosolve.

An oil modifiedﬂpolyester;04 condensgate with an acid
pumber 20-35 could be made water—soluble by the use of cer-
tain amines. Coatings obtained from aminoplast compositions
comprising these salts had good resistance to alkaline mate-
rials and improved gloss. Lauric acid, propylene glycol,
pentaerythritol, PA and xylene were heated to 200-300° under
nitrogen blanket. The heating was continued until the acid
nunmber was 32:5. A'mixture of this polyester and of a
(dimethoxy-methyl) tri-methylol melamine could be pigmented

and thinned with watier to spraying viscosgity.

105 _
Lohs prepared water-soluble alkyd-melamine resin

lacquers having excellent water stability, good viscosity
behavior on dilution with watei, storage stebility, pigment
ebsorption power, hardness, elasticity, and thermostability.
They ﬁere composed of plasticizing alkyd resin containing

OH and COOH groups, highly basic nitrogen compound that

forms a soluble soap in water with the alkyd resin, a thermo-

setting water—soluble Me ether of melanina-HCHO condensate,
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H,0, and H20 misciblie organic solvsnt.

2

In genersl, the theoretical foundations of fq;mulating
alkyds compiled by Patton are also employed for water-soluble
alkyds. Alkyds can be formlated by one of the four following
methodss

l1- F

ay * 32 average over-all functionality for the alkyd

composition.

2= P » the probability of branch to branch connection
between reacting molecules at gelation.

3—~ LN , the acid number of the alkyd composition at its
gel point.

4 Mav » the average molecular weight of the alkyd at
gelation.

Two basic equations are used for all four formulation

methodss The first equation sets the sum of all equivalents
taking part in the alkyd reaction equal to unitys

l = Al + A,a + AB sesesen - + B.L + 32 L B3 + Bq_ + see. (1)
The second equation sets the ratio of all B groups tQ all "
A groups equal %o R: -
_ (B]. + Bg -I- BB + o---)

R =
(Al + A.2 + A3 + ooo')

These two equations give a commopn ground for all the
four systems; it is the derivation of the third basic
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equaticn which is radically different for each system and

which serves to differentiate among thems:

1= Foy o Pgel point < K/Fpy =K mc/aen
: 2
=2 , P-4

3= AN, AN(W)/564100 =(%—2—)+(-§-1—) -(—B})
s By, A -
Sy omee = () -GR) L [

During the course of investigation, use was made of the
expressions of_Eav, P and thealkyd constant K. These expre-
ssions provideageneral guidance for alkyd formulationg,but the
subsequent adjustuents were performed to meet cooking and

properties requirments.

The Fav formilation systenm is straight formard and
simple and universelly applicable to all alkyd compositions.
The probability P of branch to branch connection is rela-
tively simple for many cases and generslly applicable to
many alkyd compositions of three to four componants.

The alkyd constantRKmo/eA) is the ratio of the total
nunber of molecules to the total acid equivalents and is
equal to unity in any properly formulated alkyds. This
alkyd constant is slightly higher than unity in practical
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formulations to sasure a salty Leesure during processing

and storage.

An excess of hydroxyl groups or equivelents (R) refers
to the excess of the hydroxyl groups over the carboxylic
group foz any of the alkyd components. Thuss

total ex

R = —pmr——atu
total eA

where ey and eAaré the hydroxyl and carboxylic equivalents
respectively. The percentage excess of =0H equivalents is

given by:
% excess —0H groups = 100 (R-1)

Alkyﬁs are conventionally formulated with an excess of
hydroxyl equivalents except for very long oil slkyds, in
which stoichiometric equivalent preparations are frequently

used.

0il content or percentage ocil-length refers to the oil
portion of an alkyd and is equal to the weight of any fatty
acid in the alkyd taken together with the weight to polyol
needed to completely esterify this fatty acid (minus the
weight of the evolved water of esterification), expressed

as a percentage of the total solid cunteat of the finished
alkyd.
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(3) Amino-Formaidehyde Condensates:

Gans, Widmer and Fisch106 were prepared hexakis
(methoxy-methyl) melamine (HNM) as followss o

CH2

T T"“ }“F“\r- ~
N
+ 6 HCHO of HOCHa GH_ 01

N

NH 2N
HOCH, — CH,OH

2

Hexarethylol Melamine

H;00CH, _ _ CH,OCH,

/N —KNTN\
excess i
H;COCH, F GH,0CH 5 *Tﬁg'o—a ,

/,N

] ~
H 300052 CH200H 3

Hexakis (methoxy-~methyl) melamine

HNM is a white crystalline solid which is not freely
goluble in water but readly dissolve in water containing
5 percent ethanol.

The partially N-methylolated add partially N-methoxy-
methylated water—goluble melamine polymers, blended with
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water—-soluble polyner systems, tend tc have poor storage
stabilityt"7. Hik, a completely N-methoxy-methylated

derivative is stable under similar storage conditionslo7.

Tetrakis (methoxy-methyl) benzognanamine has been used
to give systems with better storage stability and superior
interfacial gloss than obtained from M%7, It is more
hydrophobic, expensive and forus coatings that agg less
durable with respect to gloss retention than HMM . N,ﬂ-
bis (methoxymethyl) urea is also used109 but is not as an
effective crosslinking agent as the higher functional HAl.

Transetherification of amino curing agents with glycals

131

is used to improve their water solubility chawracteristics 3 .
For example HMM reacted with ethylene glycal gives a water—

soluble product:

N ' N
/TN / CHOE /7N / CH,,0H
RN +H0CI}'H — §-F | 2
N CH,,00H 5 2 X CH,OCH,,
Vs 7 + CH,OH

However this reaction reduces the relative functionality of
HMM by replacing the reactive methoxy with the less reactive
hydroxyl group. Water solubility is algo increased by for
example, replacing N,N-bis (methoxy-methyl) urea with
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N,N-bis(methoxy--methyl) diethylene glycol dicarbamatello

but this is rather an expensive alternative.

"
!
CH EGHEOGNHCElaOGH 3

0

AN

CH CHEOENHGH 2001-1 3

0
The relatively high hydrophilic nature of these curing

2

agent is used to improve the water solubility of polymeprs,

as whole, by a transetherification reactions

N N
/ \\\c N/0}1200}13 | / \\c N’GHzo POLYMER
- + HO- POLYMER | — -
% \ . é \ + GHBOH
4 7

Amino~formeldehyde condensates undergo cross—linking

reactions when they are heated under acid conditions:

A} \

N—-CH200H3 + HO~-PALYMER ~=——a ,N—CHZO"PQLWER + CHBOH
/

\ \

0
\ Q \
NG00 5 + HoNC~POLYMER— N—CHL,MNH~0~POLYKER:CHOH
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N
W— GH,0H + HO-POLYLER ~—= N~sCH,O0-POLTMER + E,0
) e N N
[ CHOH + H;0CH,~K ——> J~~CH,0CH,~H + CH;0H

Stpong acids, e.g. amine salt of para-toluene gulphonic
acidsul. may be added to water-soluble polymer or HMM blends
to increase their rate of cureing The acid catalyst ig con-
tained potentislly in most water-soluble polymers as the

anine galt.

(4) Prenol~Formaldehyde Condensates:

Modified phenclic alcohols with little or no condsnsga-—
tion are generally used. To obtain water—soluble products,
the functinnality of phenol is reduced by blocking off the
ortho or para positions. Reaction of substituted phenols
with formaldehyde occurs at 30-60°0 upder alksline capditi-ms.

OH OH

HocHa CH,OH
+ CHCHQ =eeaems-

R ' R
R may be, for example, methyl to give products which are
water-solublella,taxt—butyl to give products with reduced
water solubility but improve film flow propertiesll3

carboxyl to lmprove storage stability propertiesll4.

or
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Crosslinking reacti-ns ares

gt .
--— CH,OH + HOCH, — -+ ~CH,OCH, — + H,O
CH.OH + HOCH 4 ~CH HGHO + H.0
—_— + — > — +
2 2 > 100°% 2 2
GH,0H R CH,OH
CH GH/ O~ H/ Rl
+ o+ gH _—— nllil q + Hao
CH,0H . R HECH\
R, R

This last reaction may be used to attach phenolic alcohols

to a pelymer system by using the unsaturation of, for éxanple
drying oils and so improves their water solubility. Unfortun-
ately, phenol - formaldehyde systems require high stoving
temperatures and give darker coloured coatings than those

obtained from amino~formgldehyde systemslls.

(5) Wagter-Boluble Vinyl fystemss

The well~k@ewn high durability of organic solvent-
116 and thermosettingll?

systems has proumpted mich effort in an attempt to produce

soluble acrylic thermoplastics

water dilutable ascrylic systens. The acrylic emulsion

thermoplastic and thermostting systems have, by far, received
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the largést.share of attention in patents and other litera-

turells .

The best known types are styrene-butadiene emulsionsllg,

cne20

thermosetting acrylic emulsi and polyvinyl acetate

emulsionslal. The properties of these systens are well
known and congequently need no elaporate repetition.

Water—soluble thermogetting acrylic polymers are known,
their'll8 watepr—solubility is obtained by the inclusion of
hydrophilic groups (for e.g. hydroxyl, carboxyl, ether,
amide and methylol amide) coupled with relatively low mole-
cular weights. Generally, water—-soluble thermosgetting
acrylic polymers are prepared by acid/acrylate ester qopo-
1ymerizationlaz in a water miscible solvent and then acid

neutralization with an organic amine.

('}H CH,——~ c';H CH,
/c /c\
AN -
o/ OR o/ 0
- 4 XL R3NH+ dy

Water soluble acrylic systems that are required to cure at
roon temperature to water insoluble filmg rely on cross=—
linking reactions such as ionic or co-ordination bonding

and/or catalytic oxidation of residual unsaturation..
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(6)Epoxy Resins:
Epoxy resins are described for the condensation prvo-

ducts of polyaryl epoxy ethane compounds and their deriva-
tives and are terminated by epoxy groups. Theéé'resins
contain only carbon to carbon and ether linksges gnd when
cross-linked through the hydroxyl and epoxy groups, by means
of a cross-linking or curing agents, they yield products of
extereuely chemical resistance. This would be expected for
this type of linkages of high stability when corpared with
those present'in.alkyd resins.

Epoxy resins itself has not been described in the field
of water-scluble resins. They are not included because of
their high functionality and consequently are not able to
reach the water—goluble stage before curing of the finsl
fidm. The industrial water—soluble resins may be classified

as solubilized polymers of drying oils, alkyds and acry-
late%aB.

However, water—-socluble epoxy resins were prepared by
reacting the epoxy groups with acids and neutralization of
the acids with suitable amines. A water-based paint with
high nonvolatile content based on a polyamide-epoxy system
has been announced. Cashew nut shell liquid was solubi-
lized by reaction with maleic anbydride follewed by
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reaction with isopropanol, ethylene glycol monobutyl ether,

f124’ 125. As has been

dimethyl amino propanol and wate

pentioned before epoxy resins are characterized by the pre-
sence of epoxy groups with or without hydroxyl groups depe-
nding on their molecular weight. There—=fore their applica-
tion in surface coating may be convenientiy divided into

the following modifications.

Esterificatick®s

The epoxy resins are essintially polyhydric al.cohols
and therefcre are capable of forﬁing esters with carboxylic
acids. Therefore, they may be esterified with unsaturated
acids to produce superior air drying varmighes., The esters
of epoxy resins may also be used in combination with amino
resins in wide rangs of outstanding stoving enamels. This
is one of the ways of utilising thenm in coatings;where the
resing are used to form esters in which the epoxy end groups
have no particular significance and are egterified along
with the hydroxyl groups. Whilst any type Jf epoxy resin
may be esterified, the type of fatty acid used impdses SOme
lipitations. Experience has shown that for optimam film
properties, it is usually desirable to use the highest
molecular weight resin possible. However, the high func-

tionality of the high molecular weight grades mskes control
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of the reaction very difficult, and the final ester is
characterised by high viscosity and low couwpatibility with

other resins.

The choice of acid or acids, to make epoxy resin
esters, greatly affects the gualities of the product.
Fatty acids derived frowm linseed, castor,dehydrated castor,
tall, soybean and coconut oils and those of abietic acid
are commonly used for the mgnufacture of epoxy resin esters.
In general, the choice of the acid is governed by sinilar
considerations to those which apply in the case »>f alkyd

resing.

Complete esterification of the epoxy resins is net
usually attempted owing to the difficulty of obtaining
gufficiently low acid values. The case is similar to the
manufacture of alkyd resins, where a small excess of the
pclyol is normally used. In mogt cases the degree df
esterification of epoxy resins varies between 30% and 90%
of the theoretical value. There are different methods of
describing the epoxy esters and the most important one is
that based on the oil-length of the esters,depending upon

the degree of esterification as shown in the following table:




Equivalent Equivalent of 0il-length
of Resin Fatiy 4cid
l -0 0.3 - 0.5 Short
1.0 0.5 - 0.7 Medium
100 007 - 0. 9 Long

Choice of "Oil~length® is largely deternined by the
Lethod of appliéation,nethad of drying and perforLance
required. For instance,long—oil esters of drying oil fatty
acids such as linseed oil are used for air drying vehicles.
The rediurc and short-oil esters are quick drying, suitasble

for spray application as well as stoving applications.

Also the choice of oil-length greatly affect to sone
extent the solubility characteristics e.g. the long—oil

esters require aroratic hydrocarbon solvents.

Table 3 may be taken as a guide for the type of solvent

required.

Table 33 Characteristics of Various Oil~length Epoxy Esters

Oil-length Percent Esterification Type of solvent
Short 30 - 50 Toluene or xylene
Medium 50 - 70 White spirit (80%)

Long 70 - 90 White spirit
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The chemistry involved in the esterification of epoxy
resins has been described in many papers and includes the

following types of reactionss

1= Cgrbogxlé-ggogx esterific§t10n127=

The reactions which occur when epoxy resins are heated
in presence of Lonocarboxylic acids are represented by the

following series of equationleG:

0 0
. VRN f
R-COCH + CH,= CH—CH,R ———t ﬁ-COO—CHz-CH-CHER

R“COOH
OCOR ?GOR‘ .
] " )

GH2 - CH—CH2R

In this case the epoxy group is considered to Be equiva-
lent to two hydroxyl groups. The esterification is carried
out,quite simply, by heating the reactants together in an
inert avmosphere, usually at temperatures around 260°C.
When esterification is carried out with drying oil fatty
acids » such as those of linseed or dehydrated castor oil,
air drying varnishes are bbtained while those of non-drying

oils (castor or coconut oils) lead to non-drying varnishes.

Theoretically any type of epoxy resins can be esteri-
fied but, in general, epoxy resins of molecular weight ranges

between 600 to 1400 are the most suitable for the manufacture
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of epoxy ester varnishes. Higher molecular weight epexy
resins (higher than 1400) possess too high functionality
to enable them to be used satisfactory to make esters

and gelling ié likely to occur before a sufficiently lcw

acid value can be obtained.

The effect of acid value on the performance sf the
epoxy ester is important énd has been determined over the
range 1 to 15 mg KOH. There is no appreciable difference
in the perforrarnce between esters of acid values of 1 and
5 ng KOH. At acid values above 5 mg KOH, a difference in
performence begins to be noticeable and becomes mgrked over
10 mg KOH. ZEsters of high acid value show the follewing

tendencies:-

a) Blower rate of drying.
b) Lower chemical and water resistances, and

¢) Greater tendency to "pikle" on recoating.

- -

2- Carbokyl/hydroxyl egterificationt2°s
In general, epoxy resins may be represented by the
following general formulas

0 i o
i :
Clip— CH-CH;~-0~CgH,~ G = CgH, ~0~CH,~ CE ~CH,
" CH o
| I A
~0=GgH, = G - Cgl,~ OH,~ CH-GH,
CH

3
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By increasing the number of the repeated units (n)
in the general formula, will of course, lead %to an inciease
in the molecular weight and in the sofféning point as indi-
cated in the following table:

Table 4% Characteristics of Epoxy Resins

Number of Molecular Softening Epoxy Hydroxy
Hph Weight Point Equivalent Equivalent
0.0 340=~370 Liquid 0.5 . 0.00
2.0 300 64~71 0.2 032
3=7 1,400 95-105 0.1 0.34
9.0 2,900 125-132 0.05 0.36

12.0 ' 3,750 145-155 0.03 Ou4

In case of esterifying high molecular weight epoxy
resins containing the hydroxyl groups, the following reac-
tion takes place in addition to the carboxyl epoxy esteri-

fication rgsction.

0 OH 0
VRN | , 7\
CH2'- CH - CH‘—'CHZ + (44n) R-COOH ——u.
[ .
Cl)COR ?COR I' OCOR | CI)COR (I)COR
J _ , -t
CH2 CH2 L CH ~— CH2
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(3) Bpoxy/hydroxyl etherification;26=

Another type of reaction which is involved, besides
the esterification, is the etherification of the epcxy
groupswith the hydroxyl groups. The reaction proceeds as

follows:

5 7
/°x ol ,
CH., -~ CH C=-~-CH, 4 HO-CH —
2 2 : .
X I
O _C:H H '
GH2—- CH CH-CHZ-O-?H e
n

Disappearance of epoxy groups in this way means that
for short-oil esters less fatty acid is able to react
additively, and consequently more has to esterify with
hydroxyl groups with the liberation of water. This etheri-
fication reaction leads to higher molecular weight branched
structure and hence higher ester viscogities. In presence
of alkgline mgterial, such as sodium carbonate or sodium
salt of fatty acids, the dissociation of the fatty acids
is promoted and the carbaxylated ions formed react more
rapidly with epoxy groups.
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The esterification of epoxy resins has been applied
widely as a mean for reducing tane functionality of the resins.
For example, the formation of epoxy resin/phthalic alkyds
can be produced on an industrial scale and invelves the
formation of a partial ester of the epoxy resin with the
fatty acids desired, through both the epoxy and the hydroxyl
groups of the resin. The resultant product has a hydroxyl
functionality between 1 and 4. BSuch an Qpoxy rcsin partial
ester is then introduced as a polyhydric alcohol in the

formation of phthalic alkyd resins.

These modified resin alkyds exhibit the combined desi-
rable properties of both epoxy resin esters and conventionsl
alkyds and open the way to improve the phthalic alkyds for

surface coating formulationslaa.

(4) Reactiang asgociated with the unsaturated fatty chain

centres of the acid“54

These¢ reactions are mainly concerned with the addition
reactions between the olefinic centres of the fatty acids
pregsent.. Fatty acids contain conjugated centres are capable
of undergoing addition reaction with other unsaturated
fatty chains through the Diels-Alder type  2'1°7 . mhe
folldwing_example illustrates the addition of 9,ll-lincleic
acid of hydrated caster oil to a double bond:




- - . H=0H = CH-(0H - - = -
cH3 ((,H?_)s CH = CH cd (VPZ)7 COOH + - CH = CH

/CH = CI-E\
CH~(CH,)g — CH CH~(CH,)p~CO0E <«——
=CH = OH=-

The reaction proceeds smoothly with the formabtion of
six-~membered ring.

In case a non—~gonjugated fatty acids, isomerisation
of the isolated (or non-conjugated system) to conjugated
type under the influence of the experimental conditions
occured prior to the addition reaction. This view was
postulated by Bolley °’. Thus taking 9,12-linoleic acid
present in the linseed o0il, the following reaction can be

illustrated:
0H5-—(GH2)4—0H=0H—0H2-GH=GH-(032)7 COOH
9, l2-linopleic acid

1 isomerisaticn
CH 3 (CH2 ) 4—CH2—CH=CH-CH = CH=- (GH2).7 COCH

9, 1i-linoleic acid

+
«CH = CH-
y CH == CH\ l
033-(032)5—03\ /cH-(cﬁa)?-cooa

-CH — CH~-
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It shorld be noted that both types lead to a dimer
fatty acid.

Systeng of this type offer many attractive advan-
tages. |

l- Cure can be effected at room temperatuie by using highly
reactive amines such as ethylehe diamine or diéthylene
triamine.

2—- Films cured at room temperature posses excellent solvent
and chemical registance, are hard, flexible and have
good,adhesioﬁ.

3= Initial "set up" is vexry rapid and films up to 5 mils
dry thickness c;n be laid down in one coat on vertical
surfage_with-out Bagging.

4- Pilms can be forced dried at low temperatures or stoved

in very short time.

Epoxy resins of molecular weight in the region of
1,000 have been found to give the best all round results
taking into account all factors,such as solid content, rate

0f cure and final film properties.

Lately in 1968, Westerenen gg.g;.lzgublished an article
on the water—soluble epoxy resin esters. Their work is
mainly concerned with the preparation of short—oil epoxy

resin esters followed by reaction with cyclic monocanhydrides
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to form the corresponding half-esters. These half esters
are coupletely water~thinnable after addition of certain
amounts of coupling solvents and neutrslization with amines.
Also they concluded that the half-ester technique is a
proxising lead in the devélopment of aqueous epoxy ester

systems to be applied by electro-deposition.

The concept of the formation of water-gbluble half-
ester epoxy resin can be represented by the Fallowing series

of equations:

0 iy
N
CH,, — CH~CHz~ —06H4-0-——C61-I ~0~CH., -—cn-ca

CH5
CH
|2 : /° \
—0-061‘14-— (IJ - CGHQ-O-}Cﬁa——-———CH ----GH2 + RCOOH
i3
(0«4 acid equivalent per
1.0 epoxy equivalent)
OR O T CH OH | CH
?c P2 f 42
- GH 4-0—GcH, = clz —~0~CH,~CH~CH,, 4+—0-C(H, -4'c-
B Cis Jn CHy
?H ?COR
'--CGHQ-O—C.HE-CH-CH2
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CH — €O

CH., — CO”

OCOR CH GH3
| R !

| }

T n -~
OCO—(EH2 Ch3 OCO--('}H2 Ch5
HOOC~CH HOOC CH
2 2
?COR
-06H4—-0-— CHz-QF-CHZ
?Hz-OCO
OHz—GOOH

The resultant resin contains sufficient hydrophilic
groups to ensure its water—solubility upon neutraligation

with a volatile base.

Water—soluble synthetic resins containing epoxy resins
are obtained by the condensation of the resin with heat
reactive components at clevated temperature followed by
treatment with polycarboxylic acid or anhydride. After the
addition of a.base, water—soluble synthetic resins suitable
ag binders for pigmented or unpigmented coating materials
are obtaineal?¥s135
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In 1961, a Britieh Patent described the production of
a water+soluble epoxy rodified alkyd resin was clained. An
exar.ple of this type is forred by heating an unrodified
epoxy resin with linseed fatty acids at 220°C until an
acid value of 85 rg KCH is reached. Then, tris (hydroxy
zethyl) ethane is added, followed by addition of phthalic
anhydride at 215°C until an acid value of 58 is obtained.
The product is then cooled to 90° and neutralized by

direthylaiinethsnol solution witi continuous stirring to
o 5(136,137)

A water~base resins are prepared by the partial
esterification of epoxy resins, ethylene propylene oxide
or glycerol with oleic, linoleic or linolenic acid. The
produced partial ester is then subjected to ralenization
with raleic anhydride which reacts with the rernaining

hyd'roxyl groups of the parent resm(158)0

Spaldingl59

produced water-soluble epoxy esters for
coatings by condensing the itaconic or furaric adduct of
Cy0~C,, Unsaturated fatty{acid with epoxy resins (epoxy
equivalent 1000) at terLperatures which prevent the car-
boxyl/hydroxyl reactions. The product obtained is umed
for various aqueous coating forrulatiocuns and retal

primerslgo.
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A Britigh Patent reported the formation of water-
soluble coatings frou acidic epoxy esters. Buch resins
are prepared by reacting the epoxy resin with various
drying fatty acids such as D.C.O., L.O. or soybean oil
fatty acids to give an epoxy ester which reacts with
funarie acid or maleic anhydride tillan acid value 30-100
is reached. The adduct is dissolved in ethyleneglycol =
zonocbutyl ether or any siiilar solvent and then neutralized
with triethylamine and diluted with more water. These
resins are excellent base media for the formmlation of
stoving primer paints and similar coating compositions.
Because of their high water solubility such foruulations
are useful in electrophoretic processes. The resin coatings
have good alkall and detergent resistanca&‘l.

Van Westrenen et.al. in 1967 studied the preparation
of water—thinngble epoxy resin esters. These binders are
characterised by good pH stability end show good hardness,
inpact strength, appearance and salt-spray resistance. The
resin forration involved the use of stanous octoate as
catalystlaa.

A sinilar water—-dilutable epoxy resin esters of imp-
roved filn performance are obtained by:

1~ Pormation of partial esters containjng free hydroxyl
and epoxy groups by esterification of the resin with
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pono carboxylic acid nLixtures.

2- Reacting the partical esters with poly—basic carboxylic
acid to give epoxy resin esters containiuvg free carbo-
xlic and hydroxyl groups.

3- Neutralization of the product with azronia or strong .

organic nitrogenous base in presence of water“" .

A Japan Patent reported the preparation of wateregoluble
epoxy resins suitable for electro-deposition coatings. It
{nvolves the polycondensation of the cis and trans epoxy
succinic acid or their alkyl derivatives with polhydric
alecholg in a manner sigilar to those of alkyd mgina;%,

Bapsnov et.al. in 1972 reported the additiop of
« -isopropyl S —isobutyl acrylic acid during the gonQQI;agv
tion of epoxy resins with fatty mono acids of oils, pely~
acids, polyols aml acid anhydrides leads to the formation

of water-soluble bright weather reaigtant epoxy o_};ig:arsll"s,

Reaently, Jeffery et-al. in 1972 and Zusmichev in 1973
prepared a water-thinnable binders by the treatmefit 6f
maleated oils with oligoepoxy esteralqs’lq'?. -

Modified epoxy resins which can be formulated as
water-dilutable costingsare described by Marcel in 1974.
These coatings exhibit good flexibility and impact rasisw

tancer o,
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Various water-soluble comting formulation baged on epoxy
oy modified epoxy resins were described for application by

J_L —
electrodeposition153’1 2 55

Fast-drving water—soluble epoxy resins coating compo-
gitions ane prepared by mixing the epoxy resin with silicon
tetracetate and a hardening agent156. '

iWater—soldble epoxy or modified epoxy resins in COf=
bination with other water soluble resins are also mention,
Thus a water-dilutable resin is prepared by mixing partially
esterfied epoxy resin with phenolic or aminoplast'résins |
followed by neutralization with amines.’>’. Aa example
of this‘type of water—soluble formulation involveg_the'
partial esterification of epoxy resin with 11nseea,oil
fatty acids followed by dilutjon with ethylene glycol gnd
water. The product is treated with triethylamine, to
increase the pH to 8 and then a rescl type of phepolie
¢esin ig added. Similar products were also repor?ed‘gnd

xevealed frox patentsl58'16°

Japan patent was reported the use of aerylic rauins
as nodifying agents for epoxy resins. The product obtained
can be applied to steel surfaces and hardned by heating.
They show good adhesion to the substrate and also show
excellent water and sclvent resistancedr. '
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Bajoras et.at. in 1972 reported the preparation of
water-ééluble adduets of epoxy esters of ricinole#c- acid,
The eateriﬁcation process was conducted in presence of
sodium benzoate as catalyst. The ester formed was aub;lectqd
to nglenization at 13500 and the asdduct was dissolved in
butyl csllosolve. 4 water—soluble vehicle is obtained |
upon neutralization with sumonia or triethylamine. These
coating compositions were successfully applied over
oluminium, nickel, steel and phosphatized steel by elec-
trodeposition technique. The following structure representa
the skelston of the prepared sadduct 162,

CHOH CHOH
| i
GHZOZGR 03202012

02003 3CHCOH

GHB
" :
sents |
OHB

and R~COCH represents ricineleic acids

Gl (CH,) QEi~CiL,~CEH=CH~ (CH ,)-,=COCH
[ > - Rl
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A German Patent in 1973 reported the preparation of
soluble resins for use in paint. They are based on the
reaction of epoxy resins or nodified suitable phenol—epoxy
resin with free fatty acids and acrylic acid in presence
of catalys%. The product is then neutralized and electro-
phoeretically coated over steel'plate to give a corrosicn

resigtont £ilu after <=\J.r.'i.:t:mg:l'65 .




