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ABSTRACT

A method is given for the modification of alkyd
resin systems with Bis.Phenol Epichlorohydrin Condensates.

The properties of the modified alkyd resins are
evaluated using similer wemodified alkyd resins as

reference.,

A theory of linear esterification 1s postulated.



STATEMENT OF THE PROBLEM

The object of this paper is to prepare
Bis-Phenol Epichlorohydrin Condensate modified
alkyd resins.

A further object of this paper is to
determine the physical properties of these resins
and explain taese propertiees as a function of the
resin structure,
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INTROTACTION

A search of the literature indicated that the
poasibility of modification of an alkyd resin system
with a Bis-Phenol Epichlorohydrin condensate was considered
impossidle (1). The primery purpose of this paper is to
show that such modification is possible and to explain the
resins produced by the structure envisioned.,

It will be shown that by linear esterification,
prevention of the formation of three dimensional molecules,
it 1is possidle to modify alkyd resins with Bis-Phencl
Epichlorohydrin condensates. It will be further shown
that the physieal properties of these resins are explainsble
a8 lingar polyesters.
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BISCUSSION

An alkyd regin may be defined as the polymseric sater of @
polyhydric alcohol and & polybasic acid Figure 1. The usual
types used by the paint snd vernish industry are phtbalie
anhydride esters of such alcohols as ethylene glyeol, glycerol,
pentaerythritol, tri.-methylol ethane and sorbitol. These esters
are hard brittle resins and rarely used as such for film forming
materials, Modification with vegetable oll fatty acids ranging
from 6 to 22 carbon stoms and contains from O to 3 olefimic
linkages of the conjugated and non conjugated type, is common
practice,

The alkyd resin film is profoundly sffecked by the type of
polybasic seid poly aleohol SME&HSHIESrporated with the vegetable
oil. The viscosity of sn alkyd resin system varies directly with
the molecular weight of the phthalate ester, while the cure or
drying time varies inversely. It 1s therefore usually desirable
to form the highest molecular wight phthaiate ester possible at
any given oll percent. The limit t0 the moleculsr weight of the
phthalate ester is that point at which the molecule becomes three
dimensional or cured., This condition is known as gelation,
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2.

The conditions for the gelation of such condensation polymers
heve boen treated mathemstically by Carothers (2).
o = Degree of functionality {avg, no, of functional
groups per molecule)
No = Number of molecules at beginning of reaction
B = Ruaber of mnlecules at end of reaction
Fo(f) = Nusber of functional groups at the beginning
No-§ = Nusber of molecules having dissppesared
2({Bo-8) Number of funciional groups lost

Extent of Reaction P = 2{No-N
l’kﬂ?}

Pegree of polymerization X
X = No
®

Pa=2/t-2
/ e

As the resction proceeds to completion 2/Xf approeches zero
as a limit, Therefore: P = 2/F,

It can readily be seen that as the value of £ is increased the
sxtent of reaction possible before gelation is sharply reduced, %o
incorporate high phthalate ester into an alkyd system requires the
addition of excess poly aleohol to lower the value of £ to a point
possible to condense the polymer. In this case the functionality
of glycerol would be celeulated as follows: f » 3 , N = number of
moles of excess glycercl. The excess poly a&ecm in such an alkyd
£1lm would effect its quelity deleteriously. A balence of viscosity,
extent of reaction and excess elcohol must be resched in such a system,
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The purpose of this research was to devise a practical method of
incorporating Bis-Phencl Epichlorchydrin condensate resins Figure 2 into
an alkyd structure. These condensate resins, commercially available as
grades of Epon from the Shell Chemical Corporation, are resinous poly
alcohols of molecular weight ranging from 870 to 4000 and having 10 to 20
hydroxyl groups., Extremely smell amouwnts of these resins, as predicted
by the Carothers equation, will result in the gelation of alkyd resin
systems, The expected results of this introduction would be 8 faster
drying rate, for two ressons; (1) the molecular weight increase would be
very large and (2) the olefinic functionalities per molecule would be
greatly increased, Mditm expected results were improved adhesion
due to the epoxy structure and greater viscosity due to the insolubility

of Bpon,

Alkyd resin synthesis involves many competing reactions. The
esterification of phthalic anhydride with the poly alcohol is the most
rapid resction occurring et temperatures in the range 265-300°F (i), The
phthalic half ester is formed bafore the batch reaches processing
temperature, The half ester reacts at a less rapid rate with the remaining
primary hydroxyls snd them at & comsidersbly slower rate with the secondary

hydroxyl groups.

The ethoxyline resin modified snd standard alkyds proceed initially
by the same reaction; formstion of the phthalic half ester, The remaining
primary hydroxyls are then esterified by the half ester with minor
esterification of the secondary hydroxyls jolntly oceurring. When the
primary hydroxyls are completely esterified the slow esterification of the
secondary hydroxyls is the main resction., In the Epon modification, the



secondary hydroxyls of the epoxy structure cospete with thase of the
poly alcohol for esterification. Esterification of the secondary
hydroxyls of the epoxy resin is probably favored over that of the polyol
since they are less sterically hindered,

Contrsry to normal alkyd formulstion, the addition of extra hydroxyl
groups via the Epon ester 414 not decrease the functionality of the alkyd.
The main factor causing the deviation is y;mbably due to a reduction of
phthalic anhydride oyclic inter ester formation as postulated by Kienle
Etal (3). Cyelic structures of the type given Figure 3 were probably
reduced by the esterification of the secondsry hydroxyls of the epoxy
resin with the phthalic half ester. The reduction of ﬁhia type of inter.
ester would greatly incresse the functionality of the phthalic snhydride,

To incorporate ethoxyline resing in an alkyd system prevention of
eross linking, formation of & three dimensional structure, is accomplished
by & mathod of linesr esterification., Two methods of accomplishing this
resction were developed. The first method was to form the half ester of
the di-basic acid Pigure b with the lower molecular weight poly aleohol
before the introduction of the epoxy resin. This wes accomplisbed with
iso and tere phthalic acid but not with phthalic anhydride. Phthalic
anhydride could not be used because of the reversal of its esterification
yielding free phthalic acid during all stages of the reaction., This
unesterified phthalic acid results in the cross linking and gelakion of
the resction mass. This method was abandoned after completion of a few
alkyds because the isomers of ortho phthaliec scid wers not commercially
available at that time., The second sapproach to the problem was to reduce
the aversge functionality of the epoxy resin by esterification with a
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mono functional fatty acid before combining it inte the alkyd structure.

The alkyd resins prepared for this research vere of the vegetable
01l type. 1Ia this type of alkyd the oil fatty acid tri glyceride
 undergoes o trans esterification reaction Pigurs 5 with glycerol or other
poly alecobol to form mixed glycerides before the phthalic aphydride is
introduced, The phthaliec enhydride esterifies the fress hydroxyl groups
of thg mixed glycerides forming w resinous material., The rsaction progress
is followed by reduction in acid value, grams of KOH muirnd to neutralize
1000 grams of resin, and viseosity incresase, stopping the reaction before
reaching the point of gelstion.

As previously mentioned gelation of alkyd resins vhen modified with
Bis Phenol Epichlorehydrin condensates is a result of phthalic anhydride
ercas linking, Esterification of sixty perceat of the hydroxyl and epoxy
groups available from the epoxy resin with & mono functional fatiy scid
reduces its functionality to & point vhere livear molecule formstion is
possible, At this esterification level most of the remaining hydroxyls
must be condensed with phthalic snhydride to cross limk the structure.
Steric hinderence prevents a stochiometrie esterification and cross

linking is probably very minor.

Supporting evidence 1s given by the effect of varying the aleoholysis
procedure, When the partislly esterified Epon resin was added to the oll
during the trang esterification reaction an incresse in functionality
was noted, Alcoholysis of the epoxy ester inoressed the number of
hydroxyl groups available from the epoxy resin. In the case of the linseed
oil alkyd gelstion resulted. The other alkyds hed greater viscosities,



indicating & grester amount of phithalic BEpon ester.

The structure envisioned for the Xpon modified alkyd is given in
’W 60
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The alkyd resins described were prepared by the simultsneous
eaterification of alcoholiszed oils and partially esterified Epon
esters with phthalic anhydride, according to the formulations givean
in the following tables. |

Epon Ester Pormulation

siaterial Equivalent Weight Weight
Epon 1004 175 i1
Soya Fekty Acid 280 168

Buse Alkyd Forsuiation

Resin {1) {2) (3) (&)
$ o1 62.0 53.3 53 38.%

Type 011 Soys SBoya Linseed Boya
4 Phthalic Anhydride 24 3k 28 ha

Three neck, 5 liter, glass reaction flasks were employed using
an avtomstic on~off comtroller to maintain the desired tempersuture,
The resction flesk wes equipped with s thermocouple, a stirrer and a
condenser lead for reflux. Cerbon Dioxide wes bubbled through the
reaction mass to prevent darkening., Xylene was used ss reflux solvent
to maintain tempersture and remove the weater of esterification,

In the prepsration of the epoxy ester the bis phemsl-epichlorohydrin
condensate resin and soys fatty seid vere charged to the reaction flask
and held at 525°F under xylens reflux., The reaction progress was
folloved by the reduction in secid value, grams of KDH required to



neutralize 1000 grams of resia., When the acid value was under 10
the remction mass was cooled %o room temperature,

Ina the preparstion of the aliyd, the oil portion was heated in
the reaction flask to 4OO°F in the presence of the glycerine necessary
to form the phthalic ester. At this point litherge was added to
catelize the trans ssterification reasction Figure 5, The temperature
vas them incressed to 450%F and held wmtil one part of reaction mass
wes completely soluble in 4 parts of methyl sleshol. Phthalie
anhydride, Bpon ester eand xylene were then added, the temperature in-
creased and the bateh held under reflux until the scid value vas
below 10,

Bxposure Procedure
Enamels were prepared from the Epon modified end standard alkyd

resing vehicles by grinding the following formula for twelve hours in
2 laboratery pebble mill,

Ensmel Forsuls
Materiel Weight (grams)
Vehicle (4O% Non Volatile) 700
Rutile P10, 200
Csrbon Nlack h

50

Cobalt and lead naphthenate driers were added to the Tinished
ensmels, (0,09 of cobalt metal and 0.9 lead metal based on the
resin content),

Exposure penels were then prepared by spray coating a 16 gauge
hot rolled steel panel with a2 wniform film thickness of enamel., XIn
¢ach cese the panels were primed with s standard alkyd red lead primer.



Panels were exposed at 45° facing south at Metuchen, New
Jersey and Mismi, Florids.

Viscosity
The viscosities recorded in the various tashles were determined

by comparison with oils of standard viscosity in a Gardner Bubble
Tube Viscosimeter, The rate of travel of a standard size dubble
through a tube of 10.50 ms inside dismeter is matched with a standard
and recorded ss & Gardner mumber,

Drying Time
The measurement of drying time is a rather empirical methed

common to the protective coating induatry. Metal salts of naphthenie
acids are added to the resin solution in the required smount, in the
case of the alkyd resins under study 0.09% Co and 0.9% Fb., Metal
caleulated on ths resin were added.

A film of the resin sclution, plus driers, was cast at a
standard film thickness of 0015 inch on a glass éhte using: & Bird
film applicator. The set to touch time was recorded as that time
lepee that produced e film that left no materisl om a finger lightly
touching it. The tack free time was recorded as thet time lspse which
produced a filwm that bad no tack vhen touched, Print free time was
recorded as that time lapse that prevented a film from being marred by
thued pressure., Tvist free time wes that time lapse that prevented
any material from being removed wpon & twisting thumd pressure,

Alkall Resistance

The alksli resistance of the resins described was measured as the
time lapse required to cause various film defects vhen lmmersed in a
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aqueous 5% NaOH solution at 68%p.

The resin solutions plus driers were flowed over clesn inverted
test tubes and allowed $0 air dry for 3 days before immersion,

Ispact Testing
Impact tests vere performed by use of a Gardner Reverse Impact

Tester, Mmmmotmmnmnnmmﬁtem
miform film thickness over 16 gauge hot rolled steel panels. After
aging the panel wes reversed and s standard weight wes droped from

increasing messured heights until a fracture of the film was noted,
Impect wes messured in imch-pound umits,

An Atlas Twin Arc Weatherometer was used to swbject panels of
enamel prepared from the resins deseribed to alternate cycles of ultra

violet radistion snd water sprey.

The gloss readings were mesasured as a percentage of reflesction
of a standard besm of light intensity using & vitreous panel as 100§.
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TABLE #1 FROPERTIES OF OIL MODIFIED ALKYD RESINS
AND EPON OIL MODIFIED ALXYD RESINS

CODE HO. 1 2 3 k

¢ P.A. 2k,2 24,2 3h.2 3.2 28 28  h2.bh  k2h W24
% 0il 62.0 62.0 53.3 53.3 53 53 38.% 38k 36.k
Type 04l Soye Soya Soya Soys %Lin- Lin- Soys Soya Soya

seed aeed

Epon - 10 - 10 - 10 - 5.2 108
Temp. h500F 450%F &4S00F LS0OF LS0OF hs50°r LOOPP LOOCF LoOOCF
Vise P VW Zy-Z; B- Ly W XY B3 % XY
Acld Bo. 30 7.5 9.0 5.1 9.0 k9 47 5.6 9.k
Color® 6 b 6 6 T 5 5 > 1

Solvent® M.5. M.8. M8, M.8, M.8, 1% 664 664Xy~ Xylene
Xylene Xy- lene
854 leme 3.8,

".s- 3&*
u.s.
PTine - 5&:‘. Shr‘o 6hr8¢ 8 mm. m‘. MQ 7 hrs,
35min, 10min.l5min, 5Tak 20min, 5%5sin,
wv.f 60 60 50 50 5 50 50 5 50

5 modification phemolic resin

Gardner viscosity scale

Gardner (1933) Color Scale

Bpon 1009

K.S. L] m 5911‘1“

Hon Volatile content expressed as & percent of total

Hme o @p



ALXYD

std 624 od1
Epon 62% 011
gtd 629 of1
Epon 62¢ 041
5td 629 o1
Epon 624 011

S0¥A

std 53.3% 011
Epon 53.3% 01l

5td 53.3% o011
Epon 53.3% 04l

Std 53.3% o1l
LINGEED

gtd 53.3% 041

Epon 53.3% 01l

Btd 53.3% o1l
Epon 53.3% Oil

AND STANDARD ALKYDS

Solvent Viscosity (Gardner Scsle)
K.B. 60 B.V. 50 E.V., hOM.V,
25 1] B-r Ap-hy
25 35'«27 Zg R
ho .13 C+p Agehy
ko 2y ~Bg WX ™
100 B+ A+ -4,
100 Yo I-J B
Semi
25 Semi
Solid Est 2
bo Zy-Z, G-R Ap-Ay
ko Z, X-Y 13
100 1-J Ay-A ,
100 QR D-E 2-':‘;
25 Semi . \
goli Bty
25 Semi o !
Bolid %65 bt
ko Semi T, U~

Solid

15.

30 M.V, 20 M.V,

MyAg
Ag-hy

A3h,

U-v

c-»

Fy

-

L3



624 011 std 1k mins, 12hrs, 24 hrs, -

62% 011 Epon Mod, h ming,  6hrs.lhmin, O6hrs,lbimins, 6hrs.3kmin,
SOYA

53.3% 031 Std b mine,  2hrs.Skmin, 2hrs.Simins, 2hrs. Skmins
53.3% 01l Epon Mod, b mins,  1kr, blmins, lbr kimins., 1hr, bl mins,
LINSEED

53% O1l Std. 3 mins, Shre.3ming, bLhrs.l2mins, 5 hrs,

53% 011 Epon Mod. 3 mins, 2hre.5imins, 2hrs,Simins, 2hrs, Shains,
38.4% 011 std 6 min, 49 mine, 1lbr, 7 mins. 1lhr, 7 mins,
38.4% 0il 104 Epon 1009 3 mims, 11 mins, 22 mins, 22 mina,
38.%% 011 5% Epon 1004 3 mins, 11 wins, 49 mins, ko mins,

Prying spesds of the Epon modified alkyds were improved over
the standard products. The through cure of the Kpon modified alkyds
was far swperior, especially during the early stages of dry, and a
noticeable improvement in sdhesion was evident,

& ,0015 wet film; 0500 + 5Pb ealculated as percent metal on
the non volatile of the resin solution.
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TABLE #4 WEATHEROMETER EXPOSURE RESULTS

GLOGS READINGS

629 041 std 95 75 65 36 20
624 01l Epon Mod, 91 6 69 36 15
S0YA

53.3% 041 std 90 55 29 15
53.3% 01l Epon Mod, g2 66 38 19
LINZEED

53% 011 std 95 712 56 29 1b
53% 011 Epon Mod, 92 70 6k 36 18
38.4% 01) std 95 68 60 b1 18
38.4% 0il Xpon Mod. 87 75 63 ko 19



18,

PYPE RESIN DISCOLOR  FIIM DEFECT BLISTER FAILUAR

SOYA

62% 011 sta k min, 22 min, Lo min, 61 min,

624 011 Epon Mod., 9 min, 52 min, 127 win, 180 min,

EOYA

53<3% 011 gtd 7 min, 22 min, 50 min, 180 wmin,
at 300 min,

#53% 041 3td 2% min, 66 min, ) Discontinved at

53% 04l Epon Mod. 19 min, 81 min, ) 300 min,

BOYA

38.4% o011 std 9 min, 31 min, zh min, 60 min,

38.4% 011 Epon 25 min, 5% min, " 180 min.

#5% Mod. phenolic resin
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TABLE #6 IMPACT TESTING OF EPON MODIFIED VS

STANDARD ALKYDS
FIIM

ALXYD TYPE FAILURE IMPACT THICKNESS MILLS
SOYA

629 041 s%d. 80 in/ibs {Puua) 0.6
624 0il Epon Mod, 80 in/ibs (Pesees) 0.8
80xa

53.3% 011 sta. 80 in/ibs (Passes 0.8
53.3% 011 Epon Mod, 80 in/1bs gm.ug 0.8
LINSERD
#53% 011 8td, 15 in/lbs 0.8
53% 01l Rpon Mod., 80 in/1bs (Passes) 1.0
SoYa
38.0 011 sta. 17 in/lbs 0.6
38.4 041 104 Eponm 1009 12 in/ivs 0.6
38.4% 011 5% Epom 100k 15 in/lbs 0.8

* 55 Modification phenolic resin
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Vineesitz
The Epon modified alkyds exhibited uniformly highsr viscosities

than the stondard resins from which they vere prepared (Tadle I).
This viscosity pattern is a fumction (Table 2) of the solubility of
the poly ester structure in the solvent selscted, A practical result
of this reduction pattern is & grester degree of formulation

- flexibility, Esamel and flat paint vehicles have been prepared from
the long and nedium oil base alkyds by using solvents of keurl butanol
veluss ranging from 90 to 25, When reduced to 35% nmon volatile with
minersl spirits varnishes suitable for wood fimishing were obtained,

Drying Time (Teble 3)

The melting polat of the Epon modified alkyd is higher then that
of the standard due to its grester moleculsr weight, Sinece the Rpon
mumxnammmmatMmmwmnw
into any given molecule, an ineresse in olefinic functionality 1s

experienced. Cross linking by formstion of peroxide structures wpon
exposure to air is thereby enhanced yielding & three dimensionsl or
cured film, 7The practical result of these properties iz e faster set
of touch and tack free time. A contributing factor to the early
through cure noted with the epoxy alkyds is probably dus to the polar
nature of the hydroxyl and epoxy groups, which results in grester
sdhesion during all stages of cure.

Inpect Resistance
%he impact limitations of the Gexdner instrument was insufficlemt

to rupture cured films of standard and Epon modified alkyds in the



2h to 34 percent phthalic snhydride range. (B0 in-lbs meximm), It
was interesting to note that % of & hard phenolic resin reduced the
flexivility of a 204 phthalic anhydride alkyd to that obtained with a
k2% phthslic resin, Modification of this same alkyd with twice the
hard resin content as Epon 4id not reduce its impact resistence at
all. A more sensitive testing device might show an increase in
flexibility, perhaps as a fumction of adhesion, ss compsared with tﬁe

Exposure

Exposures of ensmels prepared from the standsxd and Epon wodified
alkyds vere run st Metuchen, New Jersey and Mlasi, Ylorida on exterior
test fences and compared with sccelerated teat results obtained by
the use of an Atlas Twin Arc Weatherometer {Pable 4). The purpose of
thase sxposures wes to determine if the ineorporatiom of Epon would
result in the early chalking and loss of gloas experienced with Rpon
fatty seid esters. After 500 hours of scgelerated exposure, one year
sxtarior exposure at Metuchen, N, J., and alx months st Miami, Plorida,
no difference in gloss, chalking or clean up was noted.

Alkali Resistance

The Rpon modified alkyd resins exhibited greater resistance to
slkali thar their standard counter parts. In relating this property
to the limenr poly ester structure postulated two factors are important:
(1) Molecular weight {2) nature of ester bonds,




In the csse of the Epon modified alkyd both of these properties
teud to give the polymer greater alkali resistance. 1If the Carothers
equation, previously mentioned, i1s rvewritten ss follows:

i e« Ve of in
% lﬁe.; «  {f1l) (Mf acid 4 A)

M¥r = Molecular Welght Number

Mf{alc) = Moles of aloohol of £ fumetionslity

Mf acid » Moles of scid of £ funcbionality
it can be calculated that the moleculsr weight of such sn alkyd is
infinite at the gelstion point. Therefore grester alkali saponification
is necessary before film dsfects become obvious. It has also been
previcusly proven that the Epon ester bond is much more resistant to
" ssponification than the mormal fatiy acid or phthalic ester bond,.(5)



23.

COBCLUSIONS

Bis-Phenol Epi Chlorobydrin condensate modificetion of slkyd resins
is possible by prevention of thres dimensional molesular formation.
This is accomplished by reducing the functionality of the condengate
by esterification with a momo functional fatty acid in the case of the
ortho phthalic anhydride alkyds. Pare or meta phthalic acid may be
used by this method or by reducing thelir funetionality to the half
ester using & simple polyol before the epoxy resin is introduced,
These methods enable the synthesis of high molecular welght linesr
poly esters of high olefinic functionality per molecule,

The properties of these resins, speed of dry, viscosity reduction
pattern, alkall resistance, flexlbility aud adhesion have been related
4e the high molecular weight linear poly ester described,

Formulation of flat, glosz and non pigmented base coatings Crom
the same resin indicutes a greater degree of end proiuct flexidility
than possible with a standsrd oil modified alkyd.
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