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Figure 7 0-Schematic presentation for the re­
arrangement of the thin /ow-surface free en­
ergy layer, on the exterior surface of a par­
tially methylated melamine-acrylic coating 
exposed to water vapor. 

melamine chain.15 However, because of the hydrogen on 
the N atom, monosubstituted amino chains (primary 
ether) of melamines (i.e., structures I and II) hydrolyze 
30 to 40 times faster than disubstituted amino chains.13-15 

Since the hydrolysis rates of monosubstituted amino 
chains are much greater than those of disubstituted 
amino chains, it is reasonable to conclude that the rapid 
loss of the C-O bonds at 1085 cm-1 bands at the early ex­
posure stage shown in Figures 6 and 7 was due mainly 
to the reactions 1 and 2. 

The appearance of the primary amine band at 1630 
cm-1 probably follows the pathways shown in reaction 
3, where the melamine methylols generated in reactions 
1 and 2, being primary alcohols, deformylate readily to 
form primary amines and aldehydes15: 

3) Tr--HN-CH2-0H (from Rx 1 and 2) ➔
fast 

Tr--NH2 + CHp 
(Primary amine, 1630 cm-1) 

In this case, the methylol group is activated by the addi­
tion of a proton to the N-atom in the side group to 
which the methylol is attached. Since formaldehyde 
formed in the exposure chamber was either removed or 
readily oxidized to form acids (see reactions 4 and 5), re­
action 3 is irreversible. The disubstituted amino methy­
lols (that is, the hydrolysis products of structures III and 
IV) do not undergo deformylation to form primary
amines.15 Therefore, the intensity increase attributable
to the primary amines formed during exposure in hu­
mid environments (e.g., Figure 7) was essentially due to
the deformylation of monosubstituted amino melamine
methylols that were generated from reactions 1 and 2.
The formation of volatile methanol in reaction 1 and the
escape of some formaldehyde molecules produced in
reaction 3 probably account for most the CH losses at
2960 cm-1 during hydrolysis of acrylic-melamine coat­
ings observed in Figure 7c.

The methylols formed in reactions 1 and 2 can also 
self-condense to form melamine-melamine linkages.13 

However, we believe that reaction 3 was the main path­
way in the absence of UV radiation for this model coat-
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ing. This is clearly demonstrated by the substantial in­
crease of the primary amine band at 1630 cm-1 (Figures
6b and 7b) and very small increase in intensity of the 
band at 1350 cm-1 (Figure 6b ), due to melamine­
melamine linkage.13 The 50°C temperature used in this 
study should accelerate this reaction, i.e., reaction 3. 

The formation of carboxylic acids, as observed by the 
band at 1705 cm-1, probably occur by the following re­
actions64: 
4) 2CHp + 02 ➔ 2HCOOH (formic acid, 1705 cm-1). 
The initial oxidation product is a peroxycarboxylic acid 
(HCO-OOH), which reacts readily with another formal­
dehyde to yield two molecules of formic acid. In the pres­
ence of water, acids may be formed by the pathway65: 

5) CHp !:+ CHz(OH)2 ➔ HCOOH
Hp [O] fast

Reaction 5, which is fast, may be favored inside the pits 
because of the hygroscopic characteristics of the com­
pounds in these locations, which adsorb much more 
water than the material outside the pits. Another source 
of acid formation is hydrolysis of the ester groups that 
were formed by the reaction between the acrylic acid 
and the hydroxy-terminated acrylic resin taking place 
during curing. The ester formation is clearly seen by 
FTIR spectroscopy.11 

A number of pathways for the hydrolysis of acrylic­
melamine coatings, several of which produce amines has 
been presented previously.13 However, the formation of 
primary amines and acids has not been discussed. 

SUMMARY AND CONCLUSIONS 
Acrylic-melamine resins are widely used for automobile 
exterior coatings. However, these materials are known 
to be susceptible to hydrolysis. Despite extensive re­
search on etching and hydrolysis, there is little informa­
tion on the mode of degradation for the hydrolysis of 
these materials exposed to water vapor in the absence of 
UV light. This study presented the mode and specific 
pathways for the hydrolytic degradation of a partially 
methylated melamine-acrylic coating exposed to differ­
ent relative humidities in the absence of UV light. The 
coating was prepared by reacting a partially methylated 
melamine resin and a hydroxy-terminated acrylic resin. 
Samples of cured film on a CaF2 substrate were subject­
ed to five different RH levels ranging from approxi­
mately<< 1 % to 9Q.8% at 50°C for more than 60 days us­
ing specially designed exposure cells. Coating degradation 
as a function of exposure time was measured using 
transmission Fourier transform infrared spectroscopy 
and tapping mode atomic force microscopy. The follow­
ing conclusions are made: 

(a) In the presence of moisture and without UV
light, partially methylated melamine-acrylic coatings 
hydrolyze quite rapidly, resulting in considerable mate­
rial loss and formation of various functional groups in 
the film. 

(b) The rate of hydrolysis, which increases with in­
creasing RH, is rapid at the early stage and slows down 
at long exposure time. 

(c) Hydrolysis of the crosslinks and melamine
methoxy groups from monosubstituted amino chains 
are primarily responsible for the degradation of partial­
ly methylated melamine-acrylic coatings exposed to 
m?ist �nvironme�ts in the absence of light.
D1subs_htuted_ ammo chains (i.e., fully alkylated
melamine chams) hydrolyze very slowly and contribute 
little to the hydrolytic degradation. 

. (d) The primary products formed during hydrolysis
m the absence of UV light are primary amines and 
formic acid. Primary amines are formed by the de­
formylation of monosubstituted amino methylols pro­
duced by the hydrolysis, and formic acids are generated 
by oxidizing formaldehydes generated by the methylol 
deformylation. 

(e) Hydrolytic degradation is an inhomogeneous
process where pits, which form locally, deepen and en­
large with exposure time. Such localized degradation is 
a resu�t of an autocatalytic process in which acidic hy­
drolysis products accumulated in the pits catalyze and 
accelerate the hydrolysis reactions. 

Information on the specific mechanism and mode for 
the hydrolytic degradation of acrylic-melamine coat­
ings is essential for understanding the controlling fac­
tors responsible for the failures and for developing ac­
curate methodologies to predict the service life of these 
coatings. Further, a clear understanding of the nature of 
the regions where hydrolysis occurs and of the ensuing 
degra�ation process as offered in this study should help 
to design more hydrolytically resistant coatings. 
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