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Abstract

This work reports new results obtained for a stable melamine formaldehyde resin intermedi-
ate. Using thermogravimetry/Fourier transform infrared (TG/FTIR) coupling, qualitative and
quantitative analyses of the effluents which appear during a thermal cycle were performed. Four
successive mass losses appear on the thermogravimetric curve (between 40 and 145°C, 145 and
225°C, 225 and 440°C, and for T > 440°C). The TG/FTIR coupling analysis identifies most of the
effluents (water, methanol, formaldehyde, CO,, amino compounds, ammonia).

Keywords: Environment application; Melamine formaldehyde resin; TG/FTIR coupling
analysis

1. Introduction

Melamine resins provide a wide variety of useful products. For instance, in coating
technology they may be used to modify the adhesion properties of other materials [17;
they also may be included as curing elements for other resins [2] or as fire retardant
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additives for polymeric products [3, 4]. Whatever the goal, a suitable thermal cycle, in
which the temperature can reach values greater than 200°C, must be performed. During
this thermal cycle, crosslinking reactions occur [5, 6] and volatile products are released
[5-71.

In this work, a melamine formaldehyde modified resin is studied. Instead of using
model compounds which extremely difficult to synthesize [5], it was decided to use
commercially available melamine formaldehyde modified resin. Before studying the
curing process itself, it is very important for reasons of environmental protection, to
determine the nature and the amount of effluents which could be released during the
thermal curing cycle.

This work deals with thermogravmetry/Fourier transform infrared coupling investi-
gations performed on a melamine formaldehyde resin.

2. Methods

The melamine resin used is supposed to contain about 20% by weight of water and to
be composed of 2.6 mol% (per melamine mole) of methanol, and 3.7 mol% of formalde-
hyde (supplier’s data). The aqueous solution contains about 0.5 mol % of free formalde-
hyde. This resin is designed as a highly methylated, high-NH melamine formaldehyde
resin and may be written as MF, ,Me, ., where M represents the melamine, F the
formaldehyde, Me the methanol and the different indices are the combined molar ratio
of formaldehyde and methanol per melamine.

The thermal cycle shown in Fig. 1 was chosen because it has a reasonable experimen-
tal duration and because the levels of gas released are sufficient for the analysis. The
same thermal cycle was performed on a TG.DTA 92 Setaram thermobalance and on
a Dupont 951 TGA thermobalance connected to a Fourier transform infrared spec-
trometer (TGPLUS BOMEM) by mean of a multipass gas cell (more details of this
instrumentation are given in Ref. [8]). A mass of 12 mg of liquid was heated and
weighed in the furnace of the balance, while a carrier gas transported the effluents
through a gas cell interface for continuous quantification by infrared analysis. Infrared
spectra were acquired each thirty seconds. To calibrate the infrared signal, a known
flow of the compound to be calibrated was mixed with the fixed flow of sweep gas and
passed through the gas cell. The flow associated with each reference spectrum is
calculated from the weight loss given by the balance. Water, methanol, CO, CO,, and
ammonia were calibrated in this way.

3. Results

The weight losses observed during the heating program on the melamin formalde-
hyde resin (curve a) and the derived curve (curve b) are displayed in Fig. 2. Four peaks
are observed on the derived curve. We may define four temperature ranges where
weight losses appear: from 40 to 145°C, 145 to 225°C, 225 to 440°C and the last one for
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Fig. 1. Temperature program used for thermogravimetry investigations.

temperatures higher than 440°C. For each temperature range, the values of the partial
weight losses and their characteristic temperatures determined from the minimum of
the peak observed on the derived curve are reported in Table 1.

On Fig. 3, the infrared spectra performed at 175°C (curve a), 265°C (curve b), 395°C
(curve ¢), 410°C (curve d), 525°C (curve €) and 660°C (curve f) are displayed. On
each spectrum we have identified different molecular species (the results are re-
ported in Table 1). For temperatures greater than 100°C and for wavelengths
3500 cm ™! > A > 3100 cm ™!, the strong absorption peak is an artefact of the experi-
mental method.

Fig. 4 shows, for each gas, the cumulative weight percent passing through the gas
cell of the TG/FTIR coupling detector versus time. These data are also reported in
Table 1.

4. Discussion

During the first weight loss (T,, = 78°C), the TG analysis gives 14% weight loss while
the IR signal suggests 13.8% of weight loss calculated from water loss. Thus, we may
conclude that this first weight loss is mainly due to the evaporation of water.

During the second weight loss (T, = 185°C), methanol, formaldehyde and amine are
detected by IR spectrometry. By TG/FTIR we found that methanol effluents represent
12% of the 22.7% weight. The difference, i.e. 10.7%, is due to the evaporation of
formaldehyde and amine. The evaporation of methanol and formaldehyde in this
temperature range is not really surprising and is generally discribed by the following set
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Fig. 3. FTIR spectra performed at: a, 175°C; b, 265°C; ¢, 395°C; d, 410°C, ¢, 525°C; f, 660°C.



C. Devallencourt et al./Thermochimica Acta 259 (1995) 143-151

148

8y 0D L99/v9€T
sauny 0091
81l 0D 61127/€81C 099 'y
NOHD 86 0060t
006-S¢tP 10 HOH 0$TT/18TT
91 ‘0D L99/v9¢€T
L6 ‘HN 996
soumy TSPI/S6S1T 449
6§ ‘HN 996 o1y
60 ‘0D Y9ET
SEP—09¢€ g HOHO pE0T
TSPI/S6sT S6¢ §91
soufy 8SPE/LLSE LOY ovy—STT
OHDH ShLY
90 ‘0D IPET/P9ET
09¢£—00C OHDH SPLL §9¢ $'6
\4 HO'HD P01
sounuy YOS T/E6ST/¥9VE
00C-S11 I OHDH 0TL1/08LT SLT LTt S81 STC-Sv1
(4| HOHD pEOT
S0y g€l O‘H oL 4! 8L SYI-0F
Q1 F 2ANR[AI %01 F Wyt D1+ JanePRI %01 + D1+ DI+
(D,)/28uel (%) 91 woij sasso| sed (; _u)/15quinu D.) (%) sasso[ (D,)/28uex
arnjerodwa] 1ySiam [e1ed Pa199133 aAeM Y14 Jarmjesadwa | 1ySom rened O ameradws
sisAfeue Suigdnod Y1L4/OL sIsA[eu® Y] sisA[eue Anouwnaesdowsay |,

o407 =g + v Kimuenb ay) ‘o[qe) siyy uf “erep sisAjeue Sundnod parerjuy/AnsuwiaeiSouay) pue Anouwonsads pareljur ‘Anowraeidowsay ]

1919eL



C. Devallencourt et al./Thermochimica Acta 259 (1995) 143-151 149

40
—e— % H20

" 357 —s wCHIOH
~ — H3 = Gl [} =—8—f] o
€ 30 - %N f
E --® - %COo2 3

25 7 - -A- %CO j
§201 b g
3151 d’f
3
107
L

0 ¢ - '

0 50 100 150 200 250
Time/min

Fig. 4. Partial FTIR spectra for quantitative analysis performed on: a, H,O gas; b, CH;OH gas; ¢, CO, gas;
d, CO gas; e, NH, gas.

of reactions [9].
-NH-CH,0OCH, + H,0 — -NH-CH,0H + CH,OH
~
-NH-CH,0H — “NH +CH,0

However, the absorption bands of the triazine ring (1504 and 1462 cm ™ ') and of the
primary amine groups (3464 and 1593 ¢cm ') which appear on the IR spectra per-
formed at this weight loss indicate that the amine effluents come from evaporation of
the melamine. This means that some molecules of melamine can be sublimated at
a temperature lower than the sublimation temperature generally observed (= 345°C).

During the third weight loss (T, = 407°C), formaldehyde, methanol, amine, and also
CO, and NH, gas are detected by IR analysis. The origin of the small quantity of CO,
(0.6%) observed during this step is not clear. Indeed, no acid or ester are included in
the resin formulation; thus, the origin of CO, cannot be explained by the degradation of
a part of the resin. Although all our experiments are made under nitrogen or helium
flow, the presence of some traces of O, in the apparatus may explain the presence of
CO,. The existence of some impurities, like catalysts, is also a probable cause of the
presence of CO,.

The characteristic absorption peak at 966 cm ~ ! indicates that the thermal condensa-
tion of the melamine takes place with elimination of ammonia [7]. This mechanism is
described by Costa et al. [7]
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However, the presence of methanol, formaldehyde and amine shows that other
reactions also take place, in particular the sublimation of a part of the melamine.

For the last weight losses (temperature greater than 435°C), the results are consistent
with what is generally observed for the thermal degradation of melamine [7], except for
the presence of CO and CO,. For temperatures in the range 410-525°C, IR analysis
shows that HCN or CH,CN are evaporated (Table 1). Thus according to Costa et al.
[7], we assume that melamine formaldehyde progressively deaminates forming cy-
ameluric structures.

Above 660°C, the melamine formaldehyde condensate undergoes extensive degrada-
tion with quantitative formation of volatile products among which HCN, CO and CO,
have been identified at this stage by TG/FTIR coupling analysis.

Taking into account the different weight losses observed by TG and TG/FTIR
coupling methods, we observe that the actual quantities of methanol which are
evaporated are greater than those expected from the supplier’s formula. In fact, it
appears that our melamine formaldehyde resin must be written as MF, ,Me, ,.

5. Conclusion

We have determined the different natures of the effluents which appear during
a heating program by thermogravimetry, infrared spectroscopy and thermo-
gravimetry/infrared coupling analysis. From the calculation of the partial weight losses
we have found that the actual formula of the commerical resin is MF , , ;Me, , instead
of MF; ,Me, ¢ proposed by the supplier. We have also observed that melamine
effluents may be obtained in a temperature range lower than that expected one.



C. Devallencourt et al./ Thermochimica Acta 259 (1995) 143-151 151

Acknowledgement

This work is supported by the Haute Normandie region (contract no. 3006-674-R3).

References

[1] R. Brainbridge, Sail, 8(1) (1977) 142.

[2] Chem. Eng. News, 61(18) (1983) 13; 61(24) (1983) 93.

[3] M. Kay, A.F. Price and 1. Lavery, J. Fire, Retardant Chem., 6 (1979) 69.

[4] J.R.A. Broadbent and M.M. Hirschler, Eur. Polym. J., 20 (1984) 1087.

[5] W.J. Blank, J. Coating Technol,, 51 (1979) 61.

[6] U. Samaraweera and F.N. Jones, J. Coating Technol., 64 (1992) 69.

[7] L. Costa and G. Gamino, J. Therm. Anal,, 34 (1988) 423.

[8] A.Fafet, E. Ubrich and L. Le Squer, Proc. Journées de Calorimétrie et d’ Analyse Thermique, Corte, Cal.
Therm. Anal., 24 (1993) 117.

[9] H.P. Whonsiedler, A.C.S. Div. Org. Coatings & Plastics Chem., 20/2 (1960) 53.



