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ABSTRACT: Some results are presented on the studies of reactive solvents for melamine
obtained from acetone and formaldehyde in the presence of potassium bicarbonate or
triethylamine as catalysts. The chemical structure of the solvents, as well as their
ability to dissolve melamine, have been determined. The mechanism of melamine disso-
lution in the reactive solvents has been analyzed by using the 1H-NMR technique.
q 1998 John Wiley & Sons, Inc. J Appl Polym Sci 67: 1039–1049, 1998
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INTRODUCTION are very unstable, the operation is not always an
easy one.

Methods of avoiding the problems with waterMelamine is an amide of cyanuric acid capable of
addition reactions, particularly with formalde- removal have been sought after for many years.

Because melamine fairly dissolve in polyhydroxyhyde1 and oxirane,2 as well as proton substitution
reactions.3 The presence of the s-triazine ring in compounds, an acceptable solubility of this sub-

stance was expected in hydroxymethyl deriva-the molecule of melamine provides the resins ob-
tained from it with an improved thermal stability, tives of acetone obtained in reactions with formal-

dehyde:compared with hydrocarbon resins. The mela-
mine-based resins are also excellent electrical in-
sulators. The main disadvantage of melamine is
its poor solubility in water1 (0.32 g/100 cm3 at
207C and 5 g at 1007C), dimethylsulfoxide4 (6 g/
100 cm3 at 307C), or in glycols or glycerine5 (4–
11 g/100 g). Melamine dissolves pretty well in
formalin at 807C. Here, the dissolution is accom-

H‹C©C©CH‹ 1 3 HCHO

O

H‹C©C©C(CH¤OH)‹ (1)

O

panied by the chemical reaction leading to forma-
tion of hydroxymethyl derivatives and then mela- Indeed, it has been found that the solubility of
mine–formaldehyde resins. An important step in melamine in the product of this reaction at 1407C
the industrial realization of the latter sequence is as high as 150 g/100 g (i.e., corresponds toÇ 60
of reactions is the need for water removal from wt %5). Melamine does not only dissolve in the
prepolymer solutions. Because the prepolymers solvent, but also reacts yielding a thick liquid

hardening when heated (at ú 807C) in the pres-
ence of acidic or basic catalysts.

Correspondence to: J. Lubczak.
Furthermore, it has been found that other hy-
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q 1998 John Wiley & Sons, Inc. CCC 0021-8995/98/061039-11 droxymethyl derivatives of the aliphatic com-
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1040 WIRPSZA, KUCHARSKI, AND LUBCZAK

Table I Conditions of Synthesis and Mass Balance for the Reaction of Acetone with Formaldehyde

Synthesis Conditions Mass Balance

Mass of Product Molar
(g) Excess of

Reactive Sample Temperature Time % CH2O in CH2O in
Solvent No. Catalyst* (7C) (h) Acetone Formalin Formalin Calcd.a Found Product

1-HMA 1 K2CO3 40 26 34.8 100.0 30.1 64.9 52.4 1.0

3-HMA 2 K2CO3 40 26 29.0 150.0 28.6 71.9 71.0 2.8
3-HMA 3 TEA 40 26 17.4 103.8 32.4 51.0 44.4 3.0
3-HMA 4 TEA 80 16 17.4 102.2 28.2 46.2 44.3 3.0

4-HMA 5 TEA 40 26 17.4 104.2 35.6 54.5 52.6 3.9

5-HMA 6 K2CO3 40 40 23.2 213.2 28.2 83.3 80.0 4.7
5-HMA 7 TEA 40 50 17.4 133.2 36.5 66.0 65.6 5.3
5-HMA 8 TEA 40 26 17.4 133.2 36.5 66.0 61.6 4.9

6-HMA 9 TEA 40 46 17.4 153.0 36.5 73.2 71.1 6.0

8-HMA 10 TEA 40 50 17.4 200.4 36.5 90.5 90.0 8.1
8-HMA 11 TEA 80 4 17.4 215.0 36.3 95.3 82.8 7.3
8-HMA 12 TEA 80 8 17.4 215.0 36.3 95.3 85.2 7.5
8-HMA 13 TEA 80 16 17.4 215.0 36.3 95.3 90.0 8.0

10-HMA 14 TEA 40 52 14.5 20.5 37.8 90.9 90.0 10.2
10-HMA 15 TEA 80 10 14.5 223.5 36.3 95.6 90.2 10.1

11-HMA 16 TEA 40 55 14.5 236.5 37.8 103.6 95.6 10.8
12-HMA 17 TEA 40 120 17.4 314.5 36.3 131.6 123.6 11.8

a The sum of masses of acetone and formaldehyde were taken as the mass of product. Water and amine were distilled off under
13–20 hPa.

* Catalyst: 2 g of potassium bicarbonate or 1 cm3 of triethylamine (TEA)

pounds containing electronegative groupings acti- The novel resins obtained by dissolving mela-
mine in the reactive solvents are expected to findvating C{H links at the a position are good sol-

vents of melamine.5 A new group of reactive applications in manufacturing the same products
as those obtained from the traditional melamine–melamine solvents was thus discovered consisting

of hydroxymethyl derivatives of some aldehydes, formaldehyde resins, but in more convenient
ways. Preparation of a liquid oligomer from mela-ketones, or nitro compound.

Table II The Highest Amount of Melamine Dissolved in the Reactive Solvents (RS) Obtained with
the Amine Catalyst at 407C

Amount of Melamine Loss of RS Mass during
Added Melamine Dissolution Melamine Solubility % of Melamine

Reactive Solvent (g/100 g of RS)a (wt %) (g/100 g of RS)b (wt %)

3-HMA 10 26.0 13.5 11.9
4-HMA 16 11.2 18.0 15.3
5-HMA 16 12.7 18.3 15.5
6-HMA 28 14.8 32.9 24.7
8-HMA 28 14.6 32.8 24.7

10-HMA 32 8.6 35.0 25.9
11-HMA 28 3.2 28.9 22.4

Melamine introduced stepwise; no water added.
a Per initial amount of RS.
b Per final amount of RS.
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REACTIVE SOLVENTS FOR MELAMINE 1041

Table III The Highest Amount of Melamine Dissolved in the Reactive Solvents (RS)
Containing Water

Loss of Mass
Synthesis during Melamine Concentration

Reactive Temperature Water Added Melamine Dissolved Dissolution of Melamine
Solvent (7C) (g/100 g of RS) (g/100 g of RS) (wt %) (wt %)

3-HMA 40 20 55 9.1 34.3
30 80 7.9 41.1

80 20 60 5.8 35.4
30 90 7.2 43.9

8-HMA 40 20 65 6.2 37.5
75 5.4 40.7
80 6.2 42.6

30 90 7.7 44.3
40 100 8.6 45.2

80 20 105 5.7 48.5
30 135 7.9 53.2

10-HMA 40 20 90 4.7 44.9
30 90 5.4 43.1

100 6.4 46.5
105 5.9 47.5
110 7.5 49.6

80 20 100 5.3 47.9
30 130 7.8 53.9

11-HMA 40 20 105 6.7 48.0
30 105 7.8 48.5

12-HMA 40 20 130 7.9 56.5
30 140 5.4 54.8

mine dissolved in a reactive solvent proceeds suf- of acetone were introduced with an appropriate
amount of 36–40 wt % of formalin (see note 1)ficiently rapidly to incorporate it into the pro-

cesses of shaping and hardening. This opens pos- and 2 g of potassium bicarbonate dissolved in 3.5
cm3 of water or triethylamine in the quantity suf-sibilities of the production of parts based on

melamine resins by applying reactive injection- ficient to bring the mixture to pH 11. The reaction
was conducted at 407C (see note 2) for 10–52 hmolding technique. Furthermore, it becomes fea-

sible to use melamine resins in the synthesis of (see note 3). Water and triethylamine were re-
moved under reduced pressure (at 14–21 hPa,polyurethane soft and hard foams,6 various poly-

merizing resins, ion exchangers, and many many not allowing temperature to exceed 507C). When
potassium bicarbonate was used, 1.8 cm3 of con-other products.

In this article, we report on our studies of reac- centrated hydrochloric solution were introduced
to neutralize the catalyst. Acetone was then addedtive solvents of melamine obtained from acetone

and formaldehyde. We concentrate here on the to facilitate potassium chloride precipitation (see
note 4). The precipitate was filtered off, and ace-structure of the reactive solvent and the process

of melamine dissolution. The possibilities of appli- tone and water were removed under reduced pres-
sure as described previously. Details on individ-cation of melamine solutions for manufacturing

new polymeric materials will be presented in part ual samples are listed in Table I.
II of the series.

Notes:
EXPERIMENTAL

1. To obtain a product with a molar ratio of
Synthesis of Reactive Solvents acetone7 to formaldehyde 1: n , (n / 0.67)

moles of formaldehyde per mole of acetoneTo a round-bottomed flask equipped with a con-
denser, thermometer, and stirrer, 34.8 g (0.6 mol) were used (n Å 1, 2, . . . , 12).
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1042 WIRPSZA, KUCHARSKI, AND LUBCZAK

Table IV Estimation of Functional Group Content in Acetone–Formaldehyde Reactive Solvents (RS)
(from 1H-NMR Spectra)

Sample No. Moles of Groups Per Mole of RS
as in Methylvinyl Ketone

Reactive Solvent Table I {O{CH2{O{ {(CH2{O)x{H {OH CH3CO{ (mol/mol RS)

1-HMA 1 0.03 0.1 0.8 1.0 0.02
3-HMA 2 0.1 0.4 1.9 1.0 Trace

3 0.1 1.4 2.6 0.5 0.05
4 0.6 1.3 1.3 0.3 0.03

4-HMA 5 0.2 1.9 2.8 0.5 0.02
5-HMA 6 0.2 1.9 2.0 0.5 No

8 0.2 2.6 3.1 0.8 0.03
6-HMA 9 0.1 3.7 3.7 0.6 0.03
8-HMA 10 0.0 5.1 3.7 0.6 No

11 0.5 6.7 2.9 0.3 0.05
12 0.4 7.0 2.7 0.3 0.05
13 0.6 7.5 3.4 0.2 0.02

10-HMA 14 1.5 6.0 3.3 0.7 No
15 0.6 7.0 4.0 0.5 Trace

11-HMA 16 1.7 5.3 3.8 1.0 No

2. There were also attempts to conduct the re- formaldehyde molar ratio of 1 : 1 (1-HMA).
This amount increased rapidly with in-action with triethylamine catalyst at 807C.

3. Time to completion was estimated in pre- creasing excess of formaldehyde (e.g.,
Ç 400 cm3 was required for the sample 2-liminary experiments by controlling the

amount of unreacted substrate (formalde- HMA obtained at acetone : formaldehyde
molar ratio of 1 : 2).hyde) by weight. The reaction time was de-

pendent on the acetone to formaldehyde
molar ratio. The samples of reactive solvents are coded in

the text and in tables with the letters HMA (hy-4. The required amount of acetone was 100
cm3 for the sample obtained at acetone to droxymethyl-acetone) preceded by a number de-

Table V Content of Unstable Formaldehyde in the Reactive Solvents (RS)
as Determined by the Sulfite Method

Content of Unstable
Formaldehyde

Sample No.
Reactive Solvent as in Table I Wt % Mol/Mol of RS

1-HMA 1 8.18 0.24
3-HMA 2 12.0 0.59

3 30.6 1.51
4 46.6 2.04

4-HMA 5 39.3 2.33
5-HMA 6 29.0 2.01

8 44.1 3.06
6-HMA 9 52.4 4.16
8-HMA 10 55.2 5.48

13 76.6 7.53
10-HMA 14 51.7 6.17

15 62.9 7.63
11-HMA 16 45.9 5.90
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REACTIVE SOLVENTS FOR MELAMINE 1043

heated until homogeneous while stirring with a
thermometer. The temperature of homogeniza-
tion was recorded. The next portion was then in-
troduced without a delay and heated again to dis-

Figure 1 1H-NMR spectrum of 1-HMA reactive sol-
vent (a) and those of melamine solutions in the reactive
solvent recorded after 3 min (b), 5 min (c) , and 7 min
(d) from the beginning of dissolution.

noting how many moles of formaldehyde were
used per 1 mol of acetone as follows from the mass
balance.

Melamine Dissolution

With Gradual Melamine Introduction
Figure 2 1H-NMR spectrum of 10-HMA reactive sol-

Melamine was introduced in 0.1–0.2 g portions vent (a) and those of melamine solutions in the reactive
to 5 g of reactive solvent placed in a 25 cm3 beaker. solvent recorded after 3 min (b), 5 min (c) , and 7 min

(d) from the beginning of dissolution.After introducing a portion, the mixture was
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1044 WIRPSZA, KUCHARSKI, AND LUBCZAK

solution. This cycle was repeated until a portion reaction products and those of the mixtures of re-
active solvents with dissolved melamine were re-of melamine failed to dissolve (solution remained

cloudy). corded on an 80 MHz BS587A spectrometer
(Tesla, Czechoslovakia). The solvent was d6-ace-
tone or d6-dimethylsulfoxide. The samples for IRWith Melamine Introduced in One Portion (Table II)
analysis were prepared in the form of capillaryThe amount of melamine determined as in the films. Spectra were recorded on a Fourier trans-previous method was dissolved in 5 g of reactive form IR PARAGON 1000 spectrometer (Perkin-solvent. While the content of the beaker was vig- Elmer Corp., Norwalk, CT).orously stirred and quickly heated, 0.2 g portions

were introduced until the mixture was saturated
or gelled.

RESULTS AND DISCUSSION

With 20–30% of Water (Table III)
Preparation of Reactive Solvents

The amount of melamine determined as in the previ-
The reactive solvents for melamine were obtainedous method was dissolved in 5 g of reactive solvent
in the aldol condensation of acetone with formal-to which 1.0 or 1.5 g of water were added (20 or 30
dehyde, in the presence of potassium bicarbonate.wt %). Then, further 0.2 g portions of melamine
Depending on the initial molar ratio of reagents,were introduced while increasing temperature until
products of different substitution degrees of hy-the mixture became cloudy and gelled. Solubility
drogen atoms in acetone molecule were obtained.measurements were then repeated by using all of
The actual acetone : formaldehyde molar ratio inthe amount determined. Small portions of melamine
the product was determined from the mass bal-were added, if necessary.
ance made for each reaction after water removalThe results of solubility measurements are
(and triethylamine, which later replaced potas-shown in Table III and expressed as the amount
sium bicarbonate as catalyst; cf. Table I) . It wasof dissolved melamine in 100 g of reactive solvent
found that the temperature of the reaction con-or as the percentages of melamine in the final
ducted in the presence of potassium bicarbonatesolution by weight. Because some volatile com-
should not exceed 407C. Water removal shouldpounds present in the reactive solvent (water,
also be conducted at mild conditions (at belowformaldehyde) evaporated during dissolution
507C) under reduced pressure (13–20 hPa). Atabove 1007C, the final mass was smaller than the
temperatures higher than 507C, the resulting al-total mass of introduced components.
dols dehydrate to unsaturated ketones ineffective
as melamine solvents:

Dissolution Chemistry

The chemistry of melamine dissolution was stud-
ied in two solvents: 1-HMA and 10-HMA. The sol-
vents contained no water. The time of dissolution
was Ç 10 min. Samples for structure investiga-
tion were collected after 3, 5, and 7 min from the

©C©CH¤©CH¤©OH

O
temp. .50ƒC

©C©CH®CH¤ 1 H¤O

O

(2)start of dissolution. 1H-NMR and infrared (IR)
spectra of the collected samples were recorded.

In 1H-NMR spectra of the products heated to
° 507C, signals appeared from protons of {CH|

Analytic Methods and CH2| groups at 6.1 and 5.9 ppm, respec-
tively.The content of bound and free formaldehyde in

the reactive solvents were measured by the sulfite A disadvantage of using potassium bicarbon-
ate as a catalyst was the need to remove themethod.8

The change in composition of the reactive sol- product of its neutralization with hydrochloric
acid : potassium chloride. It was removed by pre-vents was controlled by keeping them at 1057C

for 3 h. The changes in 1H-NMR spectra of the cipitation with acetone from the dehydrated
product. This method of catalyst removal wassamples during the thermal treatment were re-

corded. effective for the products containing at most 2
mol of formaldehyde per mole of acetone (ace-1H-NMR spectra of the acetone–formaldehyde
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REACTIVE SOLVENTS FOR MELAMINE 1045

tone : formaldehyde Å 1 : ° 2) . For the products The main sought-for quality of the reactive sol-
vents was their ability to dissolve high amountscontaining more formaldehyde, the precipita-

tion method became inefficient because more of melamine. This ability improved with the num-
ber of moles of formaldehyde reacted with ace-and more acetone was required. Furthermore,

as shown in ref. 5, the products obtained in the tone. The best were the products 8-HMA and 10-
HMA with an acetone : formaldehyde ratio of 1 :presence of potassium bicarbonate or hydroxide

required a high temperature (up to 1407C) to 8 and 1 : 10, respectively (cf. Table II) . With a still
higher amount of formaldehyde in the product, nodissolve melamine. This was the reason why tri-

ethylamine was eventually used as the catalyst. increase in melamine solubility was observed. It
was also noticed that, from the reactive solventsIt was easy to remove by distilling it off along

with water. The amount of triethylamine was obtained with an acetone : formaldehyde ratio of
1 : ¢ 8, a white precipitate appeared sometimechosen to provide the same basicity as that in

the potassium bicarbonate solution ( i.e., pH after water removal. The precipitate vanished
again upon heating the solvent with melamine.11) . The presence of triethylamine was found to

alter the course of reaction compared with that The melamine solutions in these solvents re-
mained clear.of potassium bicarbonate. Formation of hemiac-

etal groups in the product seemed favored in The addition of 20% water to the reactive sol-
vents increased the solubility of melamine by 2.2–expense of direct reaction between acetone and

formaldehyde. A clear signal at 4.04 ppm from 2.3 times. The addition of 30% water further in-
creased this number to 2.8. The amounts of waterthe protons in the {O{CH2{O{ grouping 7

was found in the spectra of products obtained higher than 30% only slightly improved melamine
solubility (cf. Table III) . During melamine disso-in the presence of triethylamine. The intensity

of the same signal in the products obtained with lution, which took place at Ç 1057C, water evapo-
rated and its final content was reduced to severalpotassium bicarbonate catalyst was very small.

The reason is the ability of triethylamine to sub- percents.
To summarize results of the study on the prepa-tract protons from hydroxy groups with forma-

tion of alcoholate anions 9 that easily react with ration of reactive solvents, one may state that the
highest solubility of melamine had reactive sol-the next formaldehyde molecule:
vents 8-HMA and 10-HMA. The solubility was
75–80 g or 81–98 g/100 g of solvent, respectively,
and depended on the amount of water (up to 30%
of the latter) introduced into the system. The per-
centage of melamine in the solutions ranged from
Ç 43–50 wt %.

Even higher solubility of melamine was ex-

©C©CH¤©CH¤©OH 1 NR‹

O

©C©CH¤©CH¤©O2 1 HNR1‹

O

(3)
pected from solvents prepared at the tempera-
ture of formaldehyde addition to acetone as high
as 807C (just below the triethylamine boiling
point ) . The second methyl group of acetone
should have then reacted, too, and increased the
number of hydroxy groups in the molecule to
favor melamine solubility. Two products with

©C©CH¤©CH¤©O2 1 H©C©H

O O

©C©CH¤©CH¤©O©CH¤©O2

O

(4)
acetone : formaldehyde ratios of 1 : 8 and 1 : 10
were prepared at 807C. The reaction time re-
duced from Ç 50 h (at 407C) to õ 10 h (c f. Table
I ) . The products were found to dissolve higher
amount of melamine than their analogues ob-
tained at 407C. The structure of these solvents
was studied by 1H-NMR to find the reason for
the solubility difference.

©C©CH¤©CH¤©O©CH¤©O2 1 HNR1‹

O

©C©CH¤©CH¤©O©CH¤©OH 1 NR‹

O

(5)

Structure of Reactive SolventsLater, the presence of hemiacetal groups in the
reaction products turned out to be advantageous, The analysis of the course of reaction between

acetone and formaldehyde by 1H-NMR (Table IV)because it improved melamine dissolution.
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1046 WIRPSZA, KUCHARSKI, AND LUBCZAK

revealed that, in 1-HMA, the main component
(i.e., 4-hydroxy-butan-2-on) was accompanied by
small amounts of side and subsequent products
so that the surface areas under peaks were at the
ratio SCH3 : SCH2 : SOH Å 3 : 3.6 : 0.7, whereas for
4-hydroxybutan-2-on, it should be SCH3 : SCH2 :
SOH Å 3 : 4 : 1. Small signals at 4.65 ppm and
4.50 ppm were also observed. The first came from
methylene protons of hemiacetal groups formed
in the reaction

©C©CH¤©CH¤©OH 1 H©C©H

O O

©C©CH¤©CH¤©O©CH¤©OH

O

(6)

This conclusion was confirmed by the increase
of the signal intensity after the product was
treated with gaseous formaldehyde at 407C. On
the other hand, the intensity of this signal de-
creased when the sample was heated to 907C. The
hemiacetal groups are known to decompose rap-
idly at this temperature.

The signal at 4.50 ppm came from protons of
{O{CH2{O{ bridges formed during linear
condensation of hemiacetal groups with hydroxy-
methyl groups of the product:

Figure 3 IR spectrum of 10-HMA reactive solvent (a)
and those of melamine solutions in the reactive solvent
recorded after 3 min (b), 5 min (c) , and 7 min (d) from
the beginning of dissolution.

©C©CH¤©CH¤©O©CH¤©OH

O

©C©CH¤©

O

1 HO©CH¤©CH¤©C2

O
2H¤O

©CH¤©O©CH¤©O©CH¤©CH¤©C©.

O

(7)
The presence of õ 1 mol of hydroxy groups per

mole of product in 1-HMA can be explained in
This conclusion seems to be justified by: terms of:

• A ‘‘waste’’ of some formaldehyde in hemiace-• The presence of the same signal in 1H-NMR
spectra of dimethoxymethane and diethoxy- tal formation

• Condensation of some hydroxy groups as con-methane10

• A higher signal intensity in the spectra of firmed by the presence of a signal at 4.5 ppm
• Dehydration of the aldol product to an unsat-acetone derivatives containing more formal-

dehyde urated ketone.
• An increase of its intensity in the products

heated at 1057C [i.e., at the temperature at The presence of methylvinyl ketone, which is
the product of aldol dehydration, is confirmed bywhich the bridge formation (dehydration) is

fast] . the signals of vinyl group protons at 5.9–6.4 ppm,
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REACTIVE SOLVENTS FOR MELAMINE 1047

as well as those from methyl protons of methylvi- prepared with a potassium bicarbonate catalyst.
The only difference was the presence of a highernyl ketone at 2.2 ppm.10 The surface area ratio of

these signals is SCH3 : SCH2|CH Å 1 : 1, as it should amount of protons from {O{CH2{O{ groups
in the range of 4.4–4.6 ppm. The reason for thatbe. The product of reaction between acetone and
explains reactions (3) – (5).formaldehyde (for 1-HMA) conducted at tempera-

In the products 3-HMA through 6-HMA, oneture higher than 407C or heated at 1007C for sev-
can still find some amount of methylvinyl ketone,eral minutes contains an increased amount of
although its concentration becomes smaller themethylvinyl ketone (increased intensity of signals
more formaldehyde has been used. In 8-HMA orat 5.8–6.4 and the signal at 2.2 ppm).
products with more formaldehyde, methylvinylFormation of unsaturated ketones is sup-
ketone has not been detected in 1H-NMR spectra,pressed when an excess of formaldehyde is used
anymore.with respect to acetone. The reasons are: (1) a

Even in the products obtained at a high formal-smaller number of protons at position b with re-
dehyde : acetone ratio, one can clearly observe thespect to the hydroxy group that can form a
presence of unreacted methyl groups of acetone.water molecule, and (2) the presence of more and
Thus, despite reagent molar ratio, as well as themore hemiacetal groupings that hinder subtrac-
type of catalyst used, mostly one methyl group oftion of b protons (a higher intensity of signals at
acetone has reacted. In 1 mol of 3-HMA through4.60 ppm).
8-HMA, as much as 0.5–0.8 mol of methyl groupsA shift toward low field of the signal from hy-
have been found. Formaldehyde was bound in thedroxy protons has been observed. This is usually
product in the form of polyoxymethylene groups,attributed to intermolecular hydrogen bonding
rather than just hydroxymethyl groups. For ex-that is facilitated by the presence of hydroxy
ample, 10-HMA contains Ç 0.8 mol of unreactedgroups.
methyl groups, 3 mol of hydroxy groups, and 6With some accuracy, one may assume that the
mol of {O{CH2{O{ bridges.surface area per one proton in the 1H-NMR spec-

The presence of polyoxymethylene groups intra of the successive products of acetone–formal-
the products has been confirmed by the total form-dehyde condensation is:
aldehyde analysis made by using the sulfite
method (Table V) combined with 1H-NMR spec-SH Å (SCH3 / SCH / SOCH2O / SOH)/(6 / 2n )
tra. The highest fraction of hydroxymethyl groups
in the products with the excess of formaldehydewhere S is the surface area under signals from
with respect to acetone equal or exceeding 6 wasprotons of respective groups, and n is the number
only 3.7–3.8, which confirms the poor reactivityof moles of formaldehyde that reacted with 1 mol
of the ‘‘second’’ methyl group of acetone.of acetone. By comparing the values of SH, the

According to the literature,10 protons ofaverage amount of certain functional groups has
{O{CH2{O{ groups in five- or six-mem-been estimated in the products of reaction (Table
bered rings have chemical shifts of 4.85–4.9 ppm.IV). From the results, one may conclude that the
Although small, signals at Ç 4.8 ppm have beenproduct of, say, 1 mol of acetone with 3 mol of
found in the reactive solvents prepared in thisformaldehyde (3-HMA) has the structure
work. This is not a conclusive presumption on the
presence of ring structure. The signals in ques-
tion may also be a result of the presence of
{ [CH2{O]n{ chains. Protons in these chains
may have chemical shifts dependent on the value

H‹C©C©CH
CH¤©OH

CH¤©O©CH¤©O©©H
0.4

O

1 2
of n . A good consistency between direct formalde-
hyde determination (Table V, column 4) and 1H-
NMR spectra (Table IV, column 4) seems to con-that contains exactly one methyl group. Thus, ad-

dition of the first formaldehyde molecule activates firm the conclusions on the structure of reactive
solvents.the methylene group formed, and the subsequent

reaction takes place with the remaining proton of In 1H-NMR spectra of the reactive solvents ob-
tained at 807C, the signal at 2.1 ppm was consider-that group.

The spectra of products obtained in the pres- ably smaller than the same signal in the solvents
obtained at 407C. This suggests that, at the ele-ence of triethylamine contained signals from the

same functional groups as those in the products vated temperature, the ‘‘second’’ methyl groups of
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1048 WIRPSZA, KUCHARSKI, AND LUBCZAK

acetone enter the reaction easier than at 407C. The melamine dissolution experiments were
Another point supporting this conclusion is a de- made in anhydrous 1-HMA and 10-HMA. To ex-
crease of signal intensity at 3.5–3.6 ppm. The amine the dissolution process, the spectra of
number of hydroxy groups per molecule, however, melamine and its hydroxymethyl derivatives
does not increase, as one might have expected. It were recorded beside those of the solutions. The
is, on average, about three groups per molecule. spectrum of melamine is very simple; it contains
This suggests that, at elevated temperature, the just one signal at 6.6–6.5 ppm from all six
condensation of formaldehyde proceeds to a protons of the amino groups.12 In the spectra of
higher degree of polymerization than at 407C. the hydroxymethyl derivatives of melamine,

there are signals from protons in {NHCH2-Dissolution Process
OH, {NH2, {CHOH, {N(CH2OH)2 , and

The analysis of spectra of reactive solvents that
{NHCH2OH at 7.4, 6.5, 5.4, 5.1, and 4.8 ppm,

were heated at 1057C for 3 h has revealed the kind respectively. For melamine dissolved in reactive
of processes one may expect to take place during solvents, one observes the following changes in
melamine dissolution. Exposition of the solvents its spectrum:
to elevated temperature led to a reduction in the
intensity of the signals at 4.80, 4.70, 4.65, and
4.40 ppm. This indicated that a decomposition of

1. For systems in which melamine dissolution
{O{CH2{O{ occurred in which both polyox-

took 3 min, no signal at 6.5 ppm (primaryymethylene chains and hemiacetal groups took
amino groups) was present (Figs. 1 andplace. From the point of view of melamine dissolu-
2). This means that all amino groups oftion, this was a favorable feature because formal-
melamine immediately react with the sol-dehyde thus liberated could directly react with
vent.melamine amino groups yielding its hydroxy-

2. The reaction converts the primary groupsmethyl derivatives that further reacted with the
into secondary ones, as indicated by thesolvent. On the other hand, the intensity of the
presence of the signal at Ç 7.4 ppm (Fig.signal at 4.5 ppm has been found to increase dur-
1). The secondary groups react furthering heating. This increase indicated that the reac-
when the system is heated. At the sametion of hemiacetal groups with hydroxy groups
time, a signal at 4.8 ppm (hydroxymethyltook place according to eq. (7). This reaction was

not a desirable one for melamine dissolution, be- groups, {NHCH2OH) appears, as well as
cause it reduced the amount of functional a signal at 8.3 ppm that comes from the
groups capable of reaction with melamine. By aldehyde proton of free formaldehyde pres-
comparing the ratio of signal areas SCH3 : SCH2 ent in solution. This suggests that mela-

mine dissolution is accompanied by forma-in 1-HMA (1 : 2.2) with that after thermal treat-
ment (1 : 3.7 ) , one may conclude that the frac- tion of its hydroxymethyl derivatives:
tion of acetyl grouping CH3CO{ decreases
upon heating. This means that at high tempera-
ture formaldehyde released from hemiacetal
groups condense with the acetyl one to the suc-
cessive substitution products

©C©CH¤©CH¤©O©CH¤©OH

O

©NH¤ 1 CH¤O ©NH©CH¤©OH (10)

©C©CH¤©CH¤©OH 1 CH¤O

O

(9)

3. The increase in intensity of the signal at
4.0 ppm in the spectra recorded at the start
of heating indicates that water has been
formed in the system. It was a product of
condensation of newly formed melamine
hydroxymethyl groups with hydroxy
groups of the solvent:

H‹C©C©CH
CH¤©OH

CH¤©O©CH¤©OH

O

H‹C©C©CH 1 CH¤O
CH¤©OH

CH¤©OH

O

HO©CH¤©CH¤©C©CH (8)
CH¤©OH

CH¤©OH

O
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droxymethylmelamines formed in this sol-
vent contained amino group substituted by
two hydroxymethyls (a signal at 5.0 ppm).
A release of free formaldehyde was ob-
served during melamine dissolution (sig-
nal at 8.3 ppm).

©NH©CH¤©OH

1 HO©CH¤©CH¤©C©

O

©NH©CH¤©O©CH¤©CH¤©C©

O

(11) IR spectra of melamine solutions in the reactive
solvents (Fig. 3) fully confirmed the mechanism
of dissolution. The intensity of bands in the rangeUpon further heating, water evaporated
of 1660–1550 cm01 (deformational vibrations offrom the solution and the intensity of the
melamine amino groups) decreased due to reac-signal decreased again. Additional water
tion with formaldehyde. Another proof for incor-present in the solvent facilitated mela-
porating melamine structure into that of the sol-mine dissolution. Water seems to have
vent provided the peak at 815 cm01 due to vibra-two effects: (1 ) physically dissolves some
tions of the s-triazine ring.melamine and (2) facilitates decomposi-

tion of hemiacetal groups and the reac-
tion of released formaldehyde with mela-
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