Technical Articles

Catalysis of the Epoxy-Carboxyl Reaction

Werner.J. Blank, Z.A. He, and Marie Pieci—King Industries Inc. *

INTRODUCTION

PO TR rEpTesent 4 cemmoercially important seg-

ment of the pelyimer industry. Lpoxy resins are vsed

ur dilfereni agrplicationg, such ax coatings, adhe-
stves, laminates, castings, encapsulations, and moldings.
Whal distinguishes cpey resins freun other pulymers are
their excellenl chemical resistanoy Properhes, excellont
adbesion, and versatility in crusslinking, The oxtrane, or
epoxﬁ-' ring, can be homapolymerized or reacted with ac
Hwve vdrogen ccmia.ini.l‘lg compuounds, such as arningss,
phonols, o1 acid)? Mearly all of the CPOXY rosins used in
coaling applications are based on bisphenol A diglyidyl
ether resing, To a smaller extent glycidyl ethers of afi-
phatic aleohols are used as reactive diluenls. A siruclure
of a typical bisphenol A diglvcidyl ether resin is shrwn
below. For liquid resins n is close o cerc, For solids resins
m can be between 330 Liquid bisphenol A dishyeidyl
ether resing are used mainly in room tem peratire curing
applications, such as high-solids coatings i conjunction
wilh amine curing agents. The higher MW polymeric
bisphennl & reving ang normally applied in bake a plica-
fons. Bor ingtance, in coalings for cans and i coil primee
applicalions SPOXY resing are used gy polvols and are
crasslinked with aming roging,
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Bisphanc) & diglysidyl sther

Glycidylester resins, predominately glecidyl methacry-
Late: cspar copolymers, are used in powdcr coalings for
exlerior dutable applicalions. Glyeidyl ether and gl idyl
esler resins are usually prepared by reaction of upic%':lnm—
hydrin with either a phenol o a carboxylic acd TUspE-
tivaly.

Glyidyl ester functional acrylc razin, only e Qlywzidy! functional
groups ara showr. Gilyoidy! functional acrylic resine produce
coatings with cxcellent axtariar elerabilily.

Frazeelend al 1y Ir-emnaio Tz Yekarae e ITgl-Bidiczs e Promadig Tl
Furny azlarn 2= S PR R S Mew Crlaom:, L2
"k R, Sereak ) eEs

We have fnvestionted the re-
aclions of glycidyl ether,
glyeidyl ester, and other
oxirane fiunetions] yesins with
carboxyl or anhydride func-
| tional commounds and poly-
Hers i the presence of a wide
range of amine, phosphoiiym,
and metal catalysts,

We confirmed that both
antine and phosphonium componnds can catalyze
the reaction of CPpOXY groups with carboxyl and
anhydride groups. There are certain deficiencies
with these catalysts, such as a tendency 1o yellow
and g reduction i stabifity at anbient or elevated
temperatures. We also observed that many of the
Known amine catalysts contribute to poorer -
midity resistance and exterior durabilify. Sep-
eral nictal salts were found to be effective cafulysts,
buit they alser contributed to a veduction in chesni-
cat vesistance or they led lo piirt instability.

We have discovered a group of metal chelates
that overcomie these problems and provide stable
formulations in a single package that do not wef-
low during cure and that Live improved resistastce
propertics. The new catalysts have beent eoptunted
in high-solids epoxifearboxyl coatings, autonto-
tive clearcoats, and powder coatings.

Another lype of epoxy resin is the creloakiphatic vesin.
Arnexample of these resin are - vevelohexane-me-
t|'|}f]-."i,ﬂrr.-.'p:}X}f(tyrl:_}hcxan ecarboxylale? ’

o
sl T
Cytlogiiphatic epoxies are prepared by aposidalion al Lhe
appropriate unsaturated compaund will a peracid ®
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The reaction of epoxy groups with carboxyl and anhy-
dride groups is of great praclical and econnmic impor-
Fance in the cousting and poly mer industry. Because thiy
reaction s a ring apening condensabion reackon, it does
not produce any Teactive volaliles as substitudion reac-
tions do. The crosslinks formed ave stable linkages with
cxcellent chemical resistance properhos.

For many industial coating, applications, where excel-
lemt resislance propertics and low vellowing ave required,
(e reactiom of cpoxy resing with carboxyl or anhydride
groups s used as a crosslinking mechanism. hMany pow-
der coaling systems use glycidyl ether functional
bisphenol A resins in combination with carboxyl termi-
nated polyestert pesing to achicve outstanding phyvsical
and chemnical resistance propertics, Mosl acrylic powder
voatings utilize glyeidyl esler functional acrylic polymers
and 1,12-dodecancdioic acid ax a crosslinker® Although
the reaction of an epoxy group with a carboxyl group can
procead i the absence of a calalysl lor many applications,
catalysis is required to achieve acceptable reachon rates.

In the uncatalyzed reaction of eposg groups wilh car-
boxyl groups lour reaction producls are to be expected®
[ecquations (1-43]. In the ring opening reaction of the epoxy
group wilha carbosyl group, two ditferent reaction prod-
ucks are formed. One is the ester of the primary hydeoxyl

growp, and the secomd is (he ester of the secondary hy-
droxyl group |equallen (1)]. the eaclion docs nol slop
here. Wilh glveldyl ether bype CPOXY ZUOUpS, the Teuction
temnperaiires are high enough that esterification of the
eeaction product in equation (1} to a complele cslerilied
product also lakes place |equalion (23], An additionu]
reaclion one has to contend with is the Teaction of the
hvdrowny] groups oblained in reaction [equalion (13] wilh
epoxy groups leading to other formation [equation {3)].
The waler formed [equabion (23] can also lead to hydroly-
sis of the epoxy group. The furmation of ether sroups
|equation {3)] will proceed only in the presence nf an
excess ol cpoxy groups. Inan open system, auch as s film,
the hydrobysis of cpoxy groups [squation (4] is of minar
corsenquence. Because of the increase o eate of reaction
leguation (1} the resction [equation (2)] is suppressed
under base-vatalyzod conditions. The formation of clher
linkages 13 more of a problem in the presence of an acid
cakalysl” Elher linkage formalion can be & coneern in
extetior durable coatings because of the poorer UV resis-
tance of cther containing polymers.
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Base catalysis is often used to speed up the reaction
between catbuxyl groups and epoxy groups, Under Dase
catalyzed condilions, an anionic mechandsm is most prob-
able. The rate of reaction is continlled by the type and
concentration of catalyst because the rate is delermined by
the decomposition of the acid salt formed between the
catboxyl group and the basic calalyst.?
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Tabla 1—Cure Response of Glycldy| Ester and Carboxyl FuncHoncl, 0405 mol® Catalyst on Resin Solids

Boking Scheduls 110°C, 15 min 140°C. 15 min
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Table 2—Owverbake Yellowing and Humidity Resislonce of Glycidyl Ester and Carboxnd Functional Acrylic Resin,

0.005 maol% Catalyst on Resin Sollgs
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Cartaihyst 180*C, M rmin
Moo cotolyst .
Fa, M-CRE iy BenEvlarmiree L
Z Ethiyl rhicomols
B G by hovarols aoics L L
Tetramathwl Quanidne e o, &
Bezylld netry] amoricmm bromice o e y
Benzytiretly  ammonium byd:oxgle
Terobl ! amman s Pydroside .

b® Fefas ot vl iming Inckes o 1o JIELSE ok wiose', deaolsn Tt 15,

Humildily Resislance Cleveland Condensing, Gloss 207, 5%

0 Dty 21 Doys BEDoys
gy 87,1 871
27 B Lits X!
1.0 g, A4
G0, 7 211 Gk .4
i aak )
2.1 f2 2.4
21.1 Fan XN
ar- 520 Lo

catalysts, is the activalion of the elher linkage as shown in
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The catalytic aclivity of dillerent bases? was found 1o -
decrease in the following order: pyridineYs=iso-
quinelinexquinoline=N,N-dimethyl-cyclohexyl- " P
' - . T v . - a
amine>tributylaminesN-cthyl morpholine > dimethy]- ... = N s
aniline=potassium hydroxide. This order of reaclion ,,_r;: . L R ) - {12
wirmald be different if these comnpoLnds wore used as cur- Boad e e
ing calalysts for coatings, due Lo the evaporation in thin " L !
films. A tertiary amine catalyst con also be incorporaled -
as an internal catalysl into acvlic polymers and this _
approach is often taken for can coatives. DR e Yo g
) [m] . e "-\-':l-"'\-\.,\_.-'lj EH  or Bo= - |;'| a
Quaternary ammonium and phosphoniun compounds ! '
were found to be excellent room tem-
prevabure catal}fsts for avtinmolive re-  Table 3—Cure Response of Ghoidyl and Camboryl Funchional Acrylic Resin,
firtishing ™ 0.28% Me Cefalyst on Resln Solids
_In recenl work the catalyzed reac- gy condiions 140°C, 15 min Viscasity Viscoslty
tion of water dispersed polymershav-  colawsl MEK Doubis Rubs 1 Heurs, cps & Weeks, cps
ing tertiory amine functionality was ~ . .
studied wilh gh-‘t:id‘lr’l csler funchonal M x.._{.‘llu HET e i e A0 _2'?5 220
N atren o cature 2 The Aluminum cealvlncetonato . 49 41 70
TS at room emperature, “The )i actcie o o as P10 155
ﬂctualmcharnsm ‘.:'f CrosslInKIng was  Bismii-a ootamte oo, o 5 310 A0A
not Lhe reaction of the Cpoxy groups  Calciim coteato £d 285 380
with the carboxyl groups, but rather fgc:'r un-i nc‘arlrl:-?ﬂ*ir;ullﬁ ........... T e D (:,2“0(-4 BAD
: o e ; R -orormlurn il E-ethyihssaroals L — =l (=T —
the formatiom of quaternary ANMND oot ORTOaE 1o o _ Gl -
nium groups and subsequent salt for- Copoar] laceasotonote | A8 e 55

mation of the quaternary amumominm

lrorilazatiacstonale ... e B ikl 120

groups with Lhe carbosgy] groups [equa- — Mognaslar Zo-Pentacionale | us g5 230
o ()] ’ Mangancas neplibenats e G0 &0
e Hickel noelvlacotonore .., e B 1700 170
Imidazoles have been founsd to be  S'annous actaote oo — o7 KATS Fan
very effectve catalysts [or the EPONY- Ti ahyl ooeloccotote chelale, e e AL 340 =alled
carboxy| reaction.'d A variety ol iII{i- Ti coetvlooatonots che ato, ., T 300 Ze |2
dazoles witl di.f[l . h LU Lo T fristraralaming shalota o, o, — Soilad
soied WIth dulerent subshilubions 3000 gy T T . 200 210 Sl
and pKa values are commercially  Zing cestelecetonate ... . 7. 270 540
available. |midawoles were found o 7ng di2 ctayihesyldi hic-ahoasplome 36 280 Sellec
_l\',h“1|;,1'1' Supefi[]r Cc‘lt'i-lh-'HfE o Snc ATCTE e s fidl 200 &al
P PP T . TS atinmo L s v . el 324 &40
- . . 1" 2
dicyandiamide in pow des coalings. dreonium drmelbyinescnadions . EL: 295 390
Anolher polential mechanism, Flezaniurm aotoots = iZzllad —
which has been suggestod with amine dirconiumdV trlacroacehdacsons i 120 145
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Tabke d—VYiscosity of Carboxyt Functional Acrylle Resin in the
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The reaction of epoxy groups with anhydride groups
can be catalyzed by both acidic and bagic catalysls yield-
ing esters. 1 The reaction is catalyzed by water, hy droxyl,
and catboxyl compounds, which keads (o the following
proposed mechamism®

i) i
ROH 1 bope o+ geDptogn o peson (15
‘g o S
(T . RO
4__.:._H_J.U.IL__JF + i A H,.O..T!_,.-%H__.-lL_G__.--.H___CH [16]
o k' r L] an R
o ] ﬂ.?}
1#0E - i . L
:_H‘H F._."_'.\____.- ol

In the initial reaction step, the anhydride veacls undor
wncatalyzed conditions with the hydroxy! compound
[eepuation {15)] forming a carboxylic acld, which in turn
reacts with an cpoxide [equation (16)]. It was also ob-
served in this reaction that an cxcess of epoxy groups 1y
consumed, Therefore, the catalysis of the hydroxyl-epoxy
reaction [equation {17)] by anbhy dride was proposed
Cationic catalysts fir epoxies also include Lowis ac-
ids.'® Many mnorgane salts such ax halides of AL B, B,
Fo(TILY Sh(V), Sn, 'V Zr and 20,209 sre included in Whis
catogory as active catalysts ™ Inactive as catalysts ave the
halides of As, Sb{IT}, Co, Cu, Feill), and ITg. The most
cummon cationic calalyst used is boron triflooride 2 The
reaction of epoxy groups in the presence of hydrosyl groups

Takle 5—Cure Responss and Stablity of Slycldy Ester and Carbosoyl Functional
Acrylic Resin in the Frezenca of 0.24 % ZIn (as Sai) and 0.48% Ehvlimidozole

procesds via a carbonium ion mechanism [equations (18
and {153). (his reaction leads {o the formatiom of clher
linkages and is, theretore, not very desiralle asa catalysl
tor the epoxy-carboxy | ot anhydride reaction.

i i T g
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. w7 T ek (18
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Metal calalysts (such as metal alkoxides™), metal che-
lates {such as dionate complexes) and metal oxides (such
as barium oxide or strontium oxide), have been used as
anionic catalysts® Some of the aluminum alkyl com-
pounds can be considered coordination catalysts, pro-
ducing very high molecular weight polyether homopoly-
mers, Ancxact mechanism?or this type of catalyst is nol
ke,

Polymerization wilh melal oxides typically involves
the coordination of the metal with the epoxy group, lead-
ing te reaction wilh another cpoxy group.
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EXPERIMENTAL

As substrates for lhe crosslinking teaction, we sclected
commercial polymers having both glyaidy] ether and
lycidyl ester functionality. The ghycidyl ctherTesing were
bisphenol A diglycidyl other resing. The glyridyl ester
Tesans were zivcldyl methacrylabe functional acryhic res-
ins. ¥We used wervlic copolymers as the carboxy] [une-
tinnal resins, The gloidy] ester funelional rosins were
powdet-coaling palymoers. The crosstinking sludies were
comducted om coatings prepared from solutions, We se-
locled a wide range of comimercially available amive cala-
lysis [or Lhis study. The catalysts were sclected based on
P value and lilerahure reports of achivity asa calalyst for
the epoxy-carboxy] reaction. Wheeever possible, we used
commercially available metal sall calalvsts ot =alts avail-
able from the chemical supply houses wilhout further
purification. We followed Lhe lterature examples for the
preparation of a large variely ol experimental metal salt
calalysls, These metal salts were prepared cither in water or
in a solvenl by combining a stoichiometric amount of m
oxide, hydroxide, carbonate, or
afkoxide wilh the acid. The comypo-
sitiomes oof tle zalls weore dotermined
b pl 1, ICF, or Xoray analyses.

Cura Candliions 1402, 15 min 180%C, 15 min
Tast MEK Double Rubs MEK Chouble Rubs
e R T e RS . AC 180
Ainc chelale wilh oroprielory

Al ENTHD e e e 140 =200
D EF i dOZalC s 140 =200

Stablby at 50°C,
GelTime, Darys

A special synthetic roule was
developed for a very effective zing
chelate now commumercially available

“n (Z0CTTE Despite its very jomicna-

ture, this zinc compound has very

& oo solubility in aliphatic and aro-
5.0

fratic h}-‘drm‘érbuﬂs and innonga-

34 laurnal of Coatings Technclogy



Tuble &—Cure Response of Carboxyl Functionol Polyester and
Bisphencl A Dighycidyl Ether, 0.25% of Zn or 0.005% of Aming Cotalysl

MEK Deuksle FUbE
Cobalyst 150°C, 20 min 2207, 20 min
s ol yal a0 /T
FOiill i o 140 190
Totobalylphosobsn urmn broriclo . o
"H-lmldarale, £ 5-dlhydro-2-ph ey, 145 193

Catalysis of the Epoxy-Carbaxyl Reaction

such a system uncatalvzed, since the free car-
boxyl groups provide some catalysis for this
coating. The results are shown in Figure 1,

At g cure temperalure of 110°C, the
uncatalyzed and most of the catalyzed formula-
tions did nod show any indication of cure { Table
1], Coly the quaternary anunonium compounds
showed animprovement in meth vl ethyl ketome

Toble 7—Shability of Corboxyl Functional Polyasier ond Bisphenol &

Dlghy<icyl Ether, 0.25% af Zn or D005 of Amine Cabalyst

{MEK.) resistance. At the 14PC cuwre schedule,
here s some indication of cure wilh the
uncatalyxed tormulalion. Kone of the primary
amines nar the phﬂﬁph{mium compound gave

aly e improvernsent at this lemperalure, A
“proaton sponge,” (NN -Tetramethy]-1,8-

Wiscosity Statilily
Colalyst Initigl Viscosity, cpos 1 Week of 5I°C. cps diaminonaphlhalens) was also incfoctivie as a
calalysl., Terliary amines and imidazoles

M 1{".«11!: Beat o ';':f.‘ ]:;‘.lf} Fil"lﬁ'l."".-'Ei,] act 'v'"lt_'y" at 1407, Slff.'lﬂg].}-' basic L]_Ui:ﬁef-
%25):‘ B FyiEhasphaniim. Bearide .. ]ILg .]3’5?) nary ammeniun compounds were t,hH st ef-
H-ir dasesle, £,5-ditydro-2-phieny oo S feclive calalysls at this ternperature. The viscos-

lar solvents. Addilion of very low amounts of polar sol-
vents has a prosouneed effect un the visciwity and solu-
bility of this catalyst.

RESULTS

A comvmeraially available glvoidy] esker functional acrvlic
resin™ was dissolved in n-buivl acetate and blended al a
1:1 molae ratio with a commerdally available carboxyl
functicmal acrylic Tesin® that was dissolved in methiy-
propylacetate,

Thiis fortnulation was catalyeed with various comnmer-
vially available amine catalysts at a |:'1tul}s_-.t comcentra-
tiom of (L005% mol% based on lhe lolal resin solids, The
coaling was drawn down on steel panels pretreated w ith
iron phmphate at 2 dry fitm thickness of 1 mil (23 mi-
ceomns). e high molecalar weighl of these coaling poly-
mets procluded the measurement of filin hardness as an
mdicalion of cure,

The uncatalyzed formulation requires a cure schedule
of 160°C for 20 min o reach 200 MLE deuble rubs of
salyveonl resisiance. Tor a cure schedule of 15 min, the cure
termnperature has to be increased to 170°C to achieve 20H)
MEK solvent doulble rubs. Il is probably nol correct to cal!

ity stability of the catalysts was also measured
atroom temperature for seven weeks. All of the
amine catalysls, which showed any indicatiom of being
effective catalysts at 140°C, gelled during the seven week
aging test T he: formulation conlaining the quaternary
arnmorium compound had aclled after curly two weeks,

We tested all of the amine catalvsts with acceptable
cure response for overbake wll::rwmg, and humidity resis-
lance, (Table 2) Telrabutvlammoniuwm hydroxide and
tetramethylguanidine shiowed ac ceptable }-t"”uh ing un-
der these cure conditions. The quatcrnary amunenium
hydrexddes gave the best cure response, but ihey were
deficient in water humidity resistance,

The samue glycidyl estor and carboxy] functional acryl-
s used in the amine catalyst studsy were calalyzed wilh
different metal salts (Takle 3). The metal catalysts were
compared vn an equal metal coneentration of .28% of
metal based on e resin solids, Because of the poor sodu-
bilily of some of the melal salls and chelales, some of them
required the addition of propylene carbonate as a solvent.
' he addition of a metal carbexylate to the carboxy] ftune-
tonal zesin presented an immediate problem for many of
the salls, cllher resulling in precipitalion or gelation, Most
of the metal carboxylate catalvzed formulations were hasy
due to lodal precipitation of the polymer-cathboxy| salt.
The viscosity increase seen ab toom femperatiore aging
was aresult of ionde interaction belween the anien and the

Table 8—Cure Responsa and Resistonce Froperties of Carboxyl Functional Acrylic and Bisphenol A

Diglyeldyl Resln Cured Sl Minutes ot 204°C

Coabalyst Pandulurm Harcrssss
Cetatyst itk (sech
Mo conalysl il ~41
£rH (.25 87
S . DB T
EVTH s e 1.4 193
IrisH e 20 203
2-Etayliimidazelo . na 191
Aring ADMMS-T0 L PR # B |20
“haompboniom salt L 0.3 187

22y FFRI G or et trizber] chospazriunn oo cle caoge,
et Rl bueind Iy bexe= c=ur A3 ar

Bollrey Weiter Tast
Flaxlkxithy Cleveland Condansing Hurmidity A0 Min Appesaranss
T=Bend 457 163 hr Ghess XH)°, % aller Tast

=5 )] Drexstroye

=0 {3 MNestronyad

0] 5 o choage
] o7 Ha change
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Vol 74, Mo, 926, March 2002 27



W . Blank, Z.4. He, and M. Picei

Toble —Stability of Corboxyl Funclongl Acrylic and Sisphancl A

Diglycldyl Resin ot 25°C and 50°C

response at 140700 A level of 0.24% of zinc
and 0.48'% of 2-cthylimidazole based on the:

resin solids was req_uired..Tlv:*. o lts of the

"‘;;f'g";glg'l Viscosity, IC3 cure study are shown below in Teble 5 and
Catalyst 4 Woehks at Room 25°C, Poise indicale an improvement in formulation sta-
Level, wi% Temparature 3 Weales of S0°C ility for the ZnCH calalyslin comparison o
; the irmidawale catalvst,

Flee 23l v o o] 114 B o : )
TPCH o 05 1.15 25 The ZnCH cakalyst wan further lested in
gV 1.0 i7 2 a model formulation based om & carbosyl
ZhEcrH T =4 313 - f:?-“ B s furctional polyester® for poveder coating and
2 ETY TG 520 & v, o D5 . siload cfter .5 doy - e : AT

Arnina ADKAID ... .. 0.5 3.7 Golec cfter 35 cays A Migquid diglycidylether of bisphenol A
PROSEAemurm S0l o, . 0.5 3& galod offer 5.0 aoys This formulation served as a typical cont-

carboxyl groups leading triomic crosslinking. Some of the
melal chelaies did not show this inceease in viseosity.
Only some of the sine compounds gave complete cure and
e than 200 VMEK rubes.

To [urther clucidate Fhe cffect of the wine counterions an
solubility and interaction with the carboxy] groups of the
acrylic Tesin, mine salty of different acids wore prepared.
Tl lest solulion was prepared with 4 comumerdially avail-
able aceylic resin with a carboxyl equivalent weight of
T4, Fifty patts by weight of this resin were dissulved in 50
parts by weight of 2-methoxypropy] acetale and the cata-
lyst was dissolved in 3.5 parls by woight of melhanol. A
concentration of catalyst was used which corresponded
to D.4% of zinc based un the weight of the acrylic pulymet.
The viscosily of lhe blend was immediately measured.
Exchange of the zine salt with the carboxy] groups of the
resin can lead to jonic crosslinking and e an increase in
wiscosily [couation (22},

RO, H=¥n(RCL ), 2 (RCO, ), Zn+ IR

W o observed that the hydroxy acids and the acids with
ahisher pKa showed a reduced increase in viscosity, Zine
sulfonic acid salts gave excellent slability, but poor cure
response {Fulle 4.

{Ume of the zine salts chelated with a propriclary acid™
{ZnCH) exhibiled a minimal viscosily morease. A formu-
lalionwas prepared comparing the ZnCH catalyst and 2-
ethylimidasole as o catalyst. The catalyst levels wete ad-
justed for the ZnCH and Imidazole b give the same cure

pound for a powder coating, The molar ratio
of carboxyl to epoxy groups was L1l in the
formulation, The ZnCH was used oy a catalyst al a con-
contration of (.25% Za {0058 mel“) based on total binder.
Tor compariscmn, an imidazde and a phosphoniuem cata-
lyst were used at the recommended concentration of the
manufacturer of 0005 mal% on resin solids, The formula-
lions were furmulated at an epoxy to carboxyl ralio of 1:1.

The resubts of the cure test and stability are shown in
Talies 6 and 7. The cure responses at 1407 and 220°C arc
equivalent for both formulations. The Zni H catalveed
[ormulations show superior viscosity stability al 50°C.

A coating was formulated using an experimental car-
buxy] functional acrvlic polyimer with an copivalent welght
of 1130 and a bisphenol A diglycidyvl resin™ The ratio of
carboxyl to epoxy nsed was 1:1. Ag solvenl, a mixture of
Aromatic 100 and 2-methoxypropy! acetate was used.
Thes frmulation was tested uncatalyzed and with diftet-
ent comcentrations of ZnCTL Tor comparison with 2-
sthylimidazole, dodecyldimethylamine (Amine ADMA-
10 and tetrabutylphos phontum bromide were used as
catalysts. Applications were made on tin frec steel ata dry
{ilm hickness of 0015 mil and ored six miowles al $00°F
{2014°C). The resulls are reporled in Talte 8. All of the
formulatioms gave good cure response, as measured by
hardness development. The flexibility and humidiby re-
sstance of the uncalalyzed formulation and the formula-
tiom catalyzed with 0.25% of lhe ZnCH {(1.0253% Zn) were
deficient.” | he ADMA-10 amine cataly wed formulation had
poor [exibility snd showed blistering in the huumidiby
test, indicaling poor cuse or a lack of adhesiuon. The ZnCH
catalvat showed good perforimance over the wide rimge of

Takde 10—Formukalicn of Carkoxyl Acryllc ond Bisphencl A Diglycidyl Resin

Eaind:

Paris by waighl

Azrylic resin, cortbowyl functongl, 75.0% (cavalotils Inowlas i Batonah

Equivalant wsslghl or S0l ts = 1T s e s s - 8.6
2-Matnoneepropy] acstabo L .. . 1.0
Arorriali: 180 scheont 1.4
Tipare F-F00 rotile Hhen s diaomlces 264
bat Down: —;
Ayl resing caroomyl fancticnl, aqubealent walghi o soids = 1130

AEER (norvolatle noswens r-stamoll e e . 202
=oen 1001 blsphenol epory rebin 100 50l ds EW= 528 L o 1743
P homy oropyl acchots |13
Floaw card levwis Ing agart ne
Z0I0IEL i T e T e WA
TOMAL ..\ eoee e seesesmeme st smnmn ot mm g ememe 55 Semm e s £enm e e e et Famea 11t SRR s et mmem et e o
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Taible 11—Fiim Properties of Carbeecyl Acrylle ond Blsphenol A Diglyclcyl Resin

Coabalyst Cotalysl Level, 5 Ghoss M, % Fess &0, % Pendulum Hardnass (sec) Flaribdily T-bend
W oata yat 0] &0 Fh (=] =0
ZriizH 0,80 &5 an 140 =0
nizH 83 70 Rl |52 [N
ZrzH 1.28 75 el 152 i
Pk | 1.70 53 2 1oz I}
arzH . 200 g Gh 143 i
2-=taylimidarols 0,55 a7 = 102 ]
Amrire ALDRA- D . MRS 4 s 140 P
Fhospharlum solt ..., . 0,5E (3] Gh 140 a
Tatla 12—Film Froperles of Carbexyl Aciylic and Bisphencl A Diglycidyl Resin
Impacl Restslanse
MHracl/Ravarse
Cafayst Cortallysl Lewal 5 =loss 20, % Zlogs 80, % ParrtiLllmT Herdnass {5ec) in.flty
I = i . C.HBG n A T2y A0 8
M= et e 1.7 il o7 TR It z0
N i o .. 2083 1 G Tal TE0T 30
2-Fth -'|II'I'IIdL"ZI.‘.I|I."' ......... 0,85 il el "4 1504740
Arving ADRA-TD L .25 a5 il 122 a0 =a
Fransabomium &0t FTEA ... 0.85 G 5 1.3 A0f <0
catalvst concentrations 0.3 to 2.0% (0.05-0.2% 20 based Cettalysis of Epoxy Groups
o resin solids) with Anhydrides

The formulations were (esled for stability atroom tem-
perature and at 50°C. The armine and plmhplmnium caka-
Iyzed formudations gelied at MPCind.5-85 days (Table 93,
The ZnlIT vatalyzed formudalions showed av inerease in
viscewity after Hinee weeks al 50°C, but did not el

A titanium dioxide. pigmented formulabion was pro-
parced. The epoxy resin was a bisphenol A diglycidyl
cther resin with a molecular weight of approximately
18t and the acrylic was a carboxy] functional regin with
an equivalenl weight of 1130, The formulation is shown
in Takle 101,

This formulalton was applied over tin-free steel at a
[im thickness of 0.2 mil (3 micron) and cured al 2047
{#H10"F) for six minutes. With lhe exception of the
uncatalveed formulalion and the formulation catalyeed
wilh ¥mCH al the lowest (h36%, {40 056 lovel, all
formulalions gave adequate solvent resislance, The im-
pact of the uncatalyzed formudaiion and the
formudatiens with Bie ZnCH catalyst at the Tow-

To demonstrate the catal yicactivity of lhe ZnCH cata-
lyst, a casting was propared from a liguid bisphenol A
diglycidy! ethoer resin and methyl teteaby drophthalic an-
hydride (1007 50). The formulatioms woere catalyzed wilh
0.5% of ZnCT T cataly st and 2-cthylimidazole, respectively.
The ZnCTT catalyzed formudalion nol enly shows a supe-
rior pothife, bul also does not yellow under the core condi-
lLions shown in Table 14,

The use of epoxidized oils an orosstinkers for ]1igh—
solids coatings s very attractive. T'oillustrate the calal ﬁfsls
of the reactiom of anhydrides and carboxyl groups with an
epoxidized oil, we crosslinked trimettitic anhydride with
cpoxidized :-ohbecm oil. Twenty-five parts by weighl ol a
teimellitic anhydride and 73 parts by weight of an
epuncidived soy boan oil cpoxy equivalent weight of 223,
wore dissolved nacelone The formudation was catalyzed
wilh 1.5% ol calalyst based on the resin weighl. The [or-

Tabkke 13—Yellowing Carboxyl Acrylic and Rizphensl A Diglyoidyl Resin

esl level pave poor T-bend ﬂ:—.-mhlhh, The tor-
mulation with the AL A-10 catalyst also pave

b Value afler Cure

i poor T-bend, presumably duc Lo poot adhe- Cotalyst Calalyst Level, % ot 400°F for & min
sion, The results are shown in Table 11, InCH .85 1.71

Mhe forrmulations were also applied vn cold- ZREH e s |42 -1.70
rolled d.'.-.' reased steel manels ab a ﬁl.'lﬂ t]."lj.l:'k" INCH G 1.70

U CESLCASEr Ste panets of a fim Fcs ZEYIPICOZCI s e 0,85 2,36
ness of L mil {25 micron) and cured for six  apming ADMA 10 . o 0.55 12
mirmates at 20470, (H0°F), The resulls aes shonwn SR U ST e, 0,54 018

mtakle 12, The yellowing results of these fin-
andations are shown in Tabde 13, The ZnCH
Catalyzed [ormulations show no vellowing at
any “al the catalyst lovels lested, The 2-
ethylimidazole is most prone to yellow, the

R SRR BRI

Lo el D gl o inndz s ol o0 IELAS Sl Wosdsl Thi: maocen i The 383or o wis e
aooptad by D ozIe [Yescsmacel i o el iy i
[n 2 GFE"“D'.‘-“'.\'F;‘E'GI’I’I boses onttasorier {1 Y aahern S Kb o r Huntar o zles _ S0z Codorapee on
soncweerkon e coreied 1400 ey L
reclizhozla sirmndl cre frenekzred Int -2l etk catvaar I2nt zrddank rexed I =
walizw, SlzLAE Mrelones thees values warh b sovee 1) 2 s b TTme Ul T OMER G U | 19260

i ZICLAS G0

e bl gz T b

arnsadeee b oweeen lnsigs i s and "he brar,
rzzeepcnd Liloanisl

ADMA-UY showes only slight tono yellowing, ool Eg s Y11 e B

and the phoqphnmum catalyst yellows
slightly.
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Table 14—Anhydnide Curs of Bisphenal A Diglycldyl Resln

InCH
Driginal wasasthe, SRS 25 L e . .
Wikcoalhy afrer 240 b e, PRAC 00

Fotlifo, 255, DOVE o i i
Curgs Syl 1 he ol 807 ther 2 ral 15252 .
ACTEnEss, 3harE T s e e

9o

=l yrenke

2-Eltvyfmigdozols Lincalalyzed
o0l L0G
4,200 200

e doys =T weesehs

B5

| .uid

Table 15—Anhydride Cure of Epoxidized Sovbaon Cil

InCH ZElhwlimickzola o catolyst
G 200 A0 % e e 100100 100100 Ty 1e0
Senci Pordnczs B 2B A8
Dreec fmpac| reslstonse, moiE .. [lah] b o]

mulatinnhad a nonvolatile content of 83% md a viscosity
ol 900 cps. The coaling was applied on iron-phosphated,
cold-rolled, steel panels at a dry film thickness of 1.4 mil
(23 microns}and cured for 20 min at 140°C. 'he results are
shown n Table 15,

CONCLUSIONS

$ase calalysis of glvoid vl groups with carboxyl groups is
very etfective. The reaction proceeds at & low temperature,
which leads to coalings wlﬂi ch have limited stability at
roomer elevated termperalures. By reducing the basicity of
thie amine or using amine salls, it is possible to improve
the stability of amine catalyzed coatings, Olher potential
catalysts are the quaternary avumonium and phospho-
nium salts, however amine, quateenary ammonium, und
phosphomium catalyzed coalings have a len dency toyel-
low o overbake. The strong basicity of these catalysls
also can fead to humidity resisiance problems.

Melal salts ¢ be used as catalysls for the EPey-
carboxyl reaction. The alkali salts of weal: acids are alsa
potential catalysts. The introduction of an alkali salt leads
o water sensitive coatings. Zine salts have boon used in
powder coatings as catalysts and as flalling agents. It has
been recognived that wine carboxylates arc offoctive cata-
Lysts for the epoxy-carboxyl reaction. The divalentnatare
of the vine can result in ionic crosslinking that again leads
to instability, viscosily increase, and goelabon. We found
that it is possible, with the chaice of the right connterion,
b ervercome Tonvie erosshinking and develop coatings that
arcstable at room and elavated lerperatures.

We altribule Hic cxcellent stahility of formulations con-
taining the ZnCH catalyst tov its lack of dissociation at kow
lemperatures. As shown in equation (237, at Toom tem-
perature a formulation containing the ZnCTT catalyst deows
not faver an exchange of the “nA compound with the

A0 Journal of Coafings Technology

catbuxyl groups. Therefore, this does nel lead to lomic
crosslinking inthe solubion and to an increase in viscos-
ity. At higher terperalures there is a faster exchange,
although the equilibrium is still shifted Lo he left side of
aquation equation (24).

QP00+ Lol (AGDGT v Sdk f;j:;:,
ERTOEH v Enf o~ (RCOpGEn + ZHA [24)

Athigher temperatuuees there is some reaction of (e free
HA with epoxy groups [equalion (25)), shifting the equi-
libriwm Jequation (243] ) more (RICOw L7 Zincwill fune-
tion as a base and form |equation (26Y] a carboxy] anion
that com lead to an sttack of the epoxy group [équation
{273, To disprove that the reaction of the winc is not Lewis
acid catahysis, we also prepared Zn sulfonate salts. 'hese
compounds are not effeclive catalysts for the epoxy-rar-
boxy! reaction,

i ey

Ect - a3,
HA P h “*-xfj“c.u (230
(MCOLRER = WRCOE  + Frpe [2a]

. . L =
oo 3 i i ~ [T 2
B g ™ e q] o J e {27

o R E o 2 70
. L - ' 25
H""H":."'L"-"'J" + g - .-{.-" ] 1--"""';_-, L"‘-v'rq ':—':’:'

We found 7inc unique in effectively calakyzing the re-
action of epoxy groups with carboxyf groups, By proper
chaice of the counterion, we were able to achieve ol
wiscusiby stability at loweor terperatures and excellent
cuTe atelearatod temperabures.

The ZnCH catalyst has been shown to give excellenl

cuTe Tesponse combined with good stability, corrosion
resistance and absence of yollowing,
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