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ABSTRACT: Formaldehyde–urea (F/U) reaction prod-
ucts with molar ratios of 1.8, 2.1, and 2.4 were synthesized at
pH 8.3, and the last one also at pH 4.5 using 45% formalde-
hyde aqueous solution. For obtaining the resin, the synthesis
of F/U 2.1 was continued by acid-catalyzed condensation at
pH 4.5 and posttreatment with second part of U (F/U
1.05/1) at 70°C and pH 8.3. The products were analyzed
using 13C-NMR spectrometry. Higher excess of F increases
the dihydroxymethyl content on account of smaller dimeth-
ylene ether content. Certain 13C chemical shifts in carbonyl
and methylene region of spectra were assigned to trishy-
droxymethylurea, being the main trisubstituted urea com-
pound in hydroxymethylated product. Acid catalyst pro-
motes the formation of methylene groups by polycondensa-

tion of hydroxymethyl groups, against the background of
similar content of dimethylene ethers in both catalytic con-
ditions. The ratio of linear/branched chains is emphasized
in characterizing the resin structure. Higher hydroxymethyl
content in acid-catalyzed polycondensation is an advantage
of three-step synthesis technology. The amount of binding
methylene and dimethylene ether groups linked only to
secondary amino groups can be increased by transhy-
droxymethylation with subsequent polycondensation in
posttreatment with U in suitable reaction conditions. © 2006
Wiley Periodicals, Inc. J Appl Polym Sci 100: 1673–1680, 2006
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INTRODUCTION

Urea–formaldehyde (UF) resins have been extensively
used in industry for binding wood particles with ad-
hesive spots or for lamination of wood plies with
continuous adhesive film.1 High reactivity and low
cost are the main attractive properties of the applica-
tion of UF resins. The problems arise from the revers-
ibility of aminomethylene bond causing the low resis-
tance of UF resins against water and formaldehyde (F)
emission from hardened resins. To overcome that,
very low formaldehyde/urea ratio (down to 1.03) in
synthesis is used, as a compromise between lower F
emission and poor mechanical properties of adhesive
joints. Despite that, in-door conditions are preferred
for UF resins’ use.

Regardless of the fact that UF resin is synthesized
only from two reactive components, the broad variety
of reactions in synthesis, storage, and curing makes
this object quite attractive for research. Chemical
structure of UF resins can be described as hydroxym-
ethylated methylene (methyleneether) urea.

Many researchers regard 13C-NMR spectroscopy as
the best analytical tool for the quantitative determina-
tion of functional groups in UF polycondensates.2,3 In
fact, it is not possible to determine exactly the oligo-
meric species to which these groups are linked. De-
spite that, the average macromolecule is described as
consisting of 6–7 linearly bound structural units of
which 3–4 are substituted with branches having 1–2
ureas, and containing about 6 functional end groups of
which 2–3 are bishydroxymethyl groups.4,5

The preferred fragment of UF resin can be repre-
sented as follows:

Some peculiarities of UF resin structure formation
are as follows:

• Trifunctionality of U in reaction with F is ob-
served in weak acid resin formation conditions.6,7

Strong acid conditions mostly are avoided for

Correspondence to: P. Christjanson (peep.christjanson@
ttu.ee).

Journal of Applied Polymer Science, Vol. 100, 1673–1680 (2006)
© 2006 Wiley Periodicals, Inc.



restricting the formation of uronic structures
causing the higher F emission, lower reactivity
and mixing ability of resins.8,9,10

• The branching of macromolecules with methyl-
enes adjacent to trisubstituted amino groups oc-
curs only in acid condensation.11

• The formation of dimethylene ethers in alkaline
hydroxymethylation of U was known much time
before the use of NMR analysis.12

• The substitution degree in U decreases because of
methylene formation during acidic polyconden-
sation, causing the liberation of F from hydroxy-
methyl and dimethylene ether groups.12,13

• The equilibrium between methylene and dimeth-
ylene ether binding groups prevails over other
structure characterizing factors. In case of metha-
nol containing F solution, the methoxymethylene
groups should be considered as part of ether con-
stituent.11

• The low amount of crosslinking groups in the
structure of resins should be divided uniformly.
Acidic polycondensation can be regarded as a
part of polycondensation. The migration of bound
F from resinous part to secondary added U (tran-
shydroxymethylation), alongside the U reaction
with free F, is an obligatory structure forming
stage.5,11

• The conditions of posttreatment with U are im-
portant, as higher temperature (�60°C) promotes
the migration of hydroxymethyls and subse-
quently the reactions between functional groups
of resinous and monomeric parts.14

• Insufficient migration in posttreatment favors, at
storage of green resin, the formation of methylene
diurea, which in excess is not a very desired com-
ponent in resin.11,14

Today, the three-step procedure for synthesis of UF
resins is mostly used. The accumulation of maximum
amount of hydroxymethyl groups occurs during alka-
line reaction with excess of F. In case of finely elabo-
rated synthesis, the precise constitution of hydroxym-
ethylated ureas should be characterized. In this study,
changing the U/F ratio in possible limits, three hy-
droxymethylated products were synthesized. The
analysis was carried out by 13C-NMR method, de-
scribed previously.11

It can be thought that the synthesis of UF resins is
possible to accomplish without changing the pH dur-
ing the process. Alkaline conditions in synthesis and
storage never produce the branched structures
through the tertiary substituted amino groups.11 De-
spite the gelation, the cured adhesive gives only poor
mechanical properties. Hence, the acid polycondensa-
tion is an inevitable procedure of resin synthesis. Very
low pH (about 1) is not suggested, as the content of
uron rings increases.8 For comparison, the reaction

product at pH about 4.5 was also prepared and ana-
lyzed. In this case, the excessive branching may be the
problem. Some additional data about resin analysis
were used for the discussion of the properties of first-
formed hydroxymethylated products, in close connec-
tion with the constitution of final resins.

Unfortunately, the analysis can be performed on the
level of different functional groups including only the
short-range influence of substituents of neighboring
atoms. The effects of the shape of chains and molar
mass distribution remain out of discussion.

EXPERIMENTAL

Synthesis

Industrial grade 45% formaldehyde aqueous solution
was used with a stirred reactor (1 L) to synthesize
three hydroxymethylated products with F/U molar
ratios of 1.8, 2.1, and 2.4. pH of F solution was adjusted
to 8.2–8.3 with 20% NaOH solution, and temperature
was raised to 40°C. The selected amount of reagent
grade U was added in small portions for 15 min,
bringing the temperature to 80°C. The hydroxymethy-
lation was carried by heating for 30 min at the tem-
perature of (80 � 1)°C.

The molar ratio F/U � 2.4 was used to obtain the
reaction product, without the first step hydroxym-
ethylation. pH of F solution was adjusted to 4.5, and U
was added in three portions (50, 25, and 25%) at
10-min intervals, maintaining the temperature near
80°C. Reaction was terminated by rapid cooling after
30 min procedure.

The hydroxymethylation product F/U � 2.1 was
also used for obtaining the resin by traditional proce-
dure. pH was adjusted to 4.5 with formic acid, and the
polycondensation was accomplished at (90 � 1)°C for
100 min. After that, the reaction was terminated by
setting the pH to 8.5 at rapid cooling to 60–70°C.
Equal to the first one, the other portion of U was
added, and heat-treatment for hydroxymethyl migra-
tion to secondary added urea was carried out at tem-
perature 70°C for 2 h.

13C-NMR spectroscopy
13C-NMR spectra of synthesized products were ob-
tained on a Bruker AMX500 NMR spectrometer with
13C frequency at 125.77 MHz at 25°C from DMSO-d6
solutions using a 5-mm 13C–1H dual probehead. Spec-
tra were accumulated into 32,000 data points and pro-
cessed using exponential multiplication with 2 Hz line
broadening into 128,000 spectra. For the resulting
spectra, 25,000–35,000 scans were accumulated. All
spectra were accumulated at identical conditions, us-
ing power gated Waltz decoupling with 25 degree
measurement pulse and 1 s prepulse delay. Quantita-
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tive information on changes of different structural
elements was obtained by the manual integration rou-
tine of XWINNMR 2.1 software.

RESULTS AND DISCUSSION

Hydroxymethylation in case of different
formaldehyde/urea ratio

The main approach to influence the structure of UF
resins involves the change in F/U ratio and pH in the
first step reaction. An excess of F is needed for getting
the high concentration of hydroxymethyl groups.
Only in this case it is possible to obtain the resins with
suitable technical characteristics, e.g., reactivity and
processability. On the basis of integral intensities in
13C-NMR spectra, the distribution of F between differ-
ent compounds in the region of 40–100 ppm was
determined (Table I). In carbonyl region (150–165
ppm), the resolution depends on substitution differ-
ences in urea. Some useful ratios and amounts of
different species have been calculated (Table II).

The ratio F/U of 1.8/1 is already out of optimum
technology because of high condensation rate, and a
somewhat altered technology should be used in resin
synthesis to minimize turbidity.14 Contrary to that,
molar ratio of F/U higher than 2.5/1 leaves great
amount of free F in hydroxymethylation. Because of
equilibrium reaction, the trishydroxymethylurea as
pure compound can be obtained only with a great
excess of F and has nothing common with the actual
F/U ratio in resin synthesis. The following polycon-

densation rate is too low and should be raised with
lower pH. It is not suitable, as the amount of uron
rings increases. So, the best attention is given to the
F/U molar ratio between 2 and 2.5. The initial weak
acid condition should be considered as variant. Molar
ratio of 2.4/1 was suitable for comparison of the prod-
ucts synthesized by both catalytic conditions. Very
high polycondensation rate should be mitigated with
initial large excess of F (here 4.8/1) and by gradual
addition of U in small portions.7 Despite that the
accumulation of hydroxymethyl ureas is quite low.
The acid polycondensation without preliminary alka-
line hydroxymethylation fosters the trisubstitution in
U by the formation of branched chains. Compatibility
with water and adhesion properties of resins are lower
(e.g. Ref. 1).

Because of the equilibrium reaction, quite a great
amount of F remains unbound with U (Table I), and an
increase in bound F is, to a great extent, not suitable.
The resolution in the range of 83–91 ppm occurs,
depending on different polymerization degree of
poly(methylene ether) glycol. Thus, the distinct meth-
ylene 13C chemical shifts are assigned for methylene
glycol (83.5 ppm), for dimethylene ether glycol and
hydroxymethyls of oligomers (87–87.5 ppm), and for
in-chain methylene ether groups (91 ppm) (Fig. 1). The
ratio of integral intensities of signals refers to different
polymerization degree and is strongly dependent on
dimethylene ether glycol amount. The amounts of
hydroxymethyls and in-chain methylene ethers in dif-
ferent products are similar (44–53% and 16–21% ac-

TABLE I
Molar Distribution (%) of Structural Elements in F/U Reaction Products on the Basis of 13C NMR Spectra

Assignment
Typical signal

(ppm)

Alkaline hydroxymethylation pH � 4.5
Resin
F/U

(1.05/1)

Molar ratio F/U

2.4/1 2.1/1 1.8/1 2.4/1

Methylenes � 0 1.2 3.8 14.4 36.2
ONHOCH2ONHO 47–48 — 0.8 2.8 6.4 19.3
ONHOCH2ON � 53–54 — 0.4 1.0 7.7 14.9
�NOCH2ON� 60–61 — 0 0 0.3 2.0

Hydroxymethyls � 68.8 65.0 64.2 33.2 46.1
ONHOCH2OH 65–66 50.0 49.2 50.1 22.0 41.7
ON(CH2)OCH2OH�ON(CH2OH)2

71–72 18.8 15.8 14.1 11.2 4.4

Dimethylene ethers � 18.0 21.2 21.6 22.5 15.2
ONHOCH2OCH2ONHO 69–70 15.9 17.9 18.6 18.3 13.0
ONHOCH2OCH2ON(CH2)O 74.5–75.5 2.1 3.3 3.0 4.2 2.2

Methoxymethylenes � 1.2 1.5 1.7 2.3 2.0
ONHOCH2OCH3 73–74 0.3 1.0 1.4 2.2 1.3
ON(CH2)OCH2OCH3 � urons 79–80 0.9 0.5 0.3 0.1 0.7
Methylene ether glycols 83–95 12.0 11.2 8.7 27.6 0.5

Free urea 162 0.9 2.2 4.5 0.8 17.9
Carbonyl Monosubstituted urea 160–161 19.2 30.2 38.5 35.2 50.1
region Disubstituted urea 159–160 64.8 57.0 48.6 {64.0 32.0Trisubstituted urea 158.5–159.0 15.1 10.6 8.4
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cordingly) and have no clear dependence on molar
ratio. The content of methylene glycol is higher in case
of lower molar ratio. In the presence of acid catalyst,
more signals in ranges of 88–91 and 86–87.5 ppm are
obtained (Fig. 2). Their assignment to certain oli-

gomers is complicated. On the whole, the acid catalyst
promotes the depolymerization to methylene glycol
(37%) and dimethylene ether glycol (18%), and the
remaining part consists mostly of trimers and tetram-
ers of methylene glycol (Fig. 2). The signals in the

TABLE II
Some Characteristics of Urea/Formaldehyde Reaction Products

Assignment

Alkaline reaction pH � 4.5 Resin
(1.05/1a)2.4/1a 2.1/1a 1.8/1a 2.4/1a

Ratio ONHOCH2OH/ON(CH2OH)2 2.7 3.1 3.6 2.0 9.5
Ratio OCH2OH/OCH2OOOCH2O 3.8 3.1 3.0 1.5 3.0
Ratio OCH2O/OCH2OOOCH2O 0 0.06 0.18 0.64 2.4
Ratio OCH2OH/OCH2O � OCH2OOOCH2O 3.8 2.9 2.5 0.90 0.90
Ratio ON(CH2OH)2/OCH2O � OCH2OOOCH2O 1.05 0.71 0.56 0.30 0.09
Ratio � NOCH2O/ONHOCH2O 0.33 0.29 0.25 0.48 0.32
Same, without OCH2OH 0.18 0.21 0.19 0.49 0.59
HOOCH2ONHOCOON � (%F) 7.4 6.2 4.8 4.2 2.8
Same, in TMU, %F 6.3 5.0 4.7 — —
ON(CH2OH)2 in TMU (%F) 12.6 10.1 9.3 — —
Ratio mono/di � tri 0.24 0.45 0.68 0.55 1.6
Ratio tri/di 0.23 0.19 0.17 — —
Ratio mono/di 0.30 0.53 0.79 — —
1,1-BMU (%U) 7.5 6 4.5 — —
Signal at 159.1 ppm (1,3-BMU) (%U) 39 31 21 — —
NH2OCOONHO (160 ppm) (%U) 4.9 7.2 8.6 — —
Dimethylene ethers (159.2–159.3 ppm) (%U) 16 17 18 — —
Signal at 160.3 ppm (MMU) (%U) 14 23 27 — 25

a Molar ratio (F/U).

Figure 1 13C-NMR spectrum in DMSO-d6 of hydroxymethylated urea, obtained at pH 8.2–8.3 with formaldehyde/urea
molar ratio of 2.1.
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range of 94–95 ppm (1.5–2%) belong to methoxymeth-
ylenes because of the use of F solution containing
some amount of methanol. It is clear that, in the syn-
thesis of UF resins, the rate of reactions depends on the
concentration of F solution, but no direct relationship
between oligomeric constitution of poly(methylene
ether) glycol and synthesis characteristics was observed.

Surely, 1,3-bishydroxymethylurea (BMU) is the
main constituent of hydroxymethylated product be-
cause of the preferred substitution in both amino
groups of urea. Actually, quite complicated mixture of
different compounds is formed. There are some dis-
tinct characteristics depending on molar ratio of F/U
(Table I). The whole amount of hydroxymethyl groups
increases with greater F/U ratio. The peculiarity is
that it happens only with hydroxymethyls linked to
the tertiary amino group. The amounts of other hy-
droxymethyl groups are quite different (Table II). Un-
fortunately, because of very small difference in chem-
ical shifts, it is not possible to get the amounts of BMU
and monohydroxymethylurea (MMU) directly from
the signal at 65.1 ppm (Fig. 1) or to divide this amount
between hydroxymethylureas and end groups of
chains. Also, it can only be supposed that hydroxym-
ethyls linked to trisubstituted amino groups are in
monomers or in polymeric chains. The in-chain hy-
droxymethyl groups are also possible in principle. In
case of weak acid reaction due to subsequent polycon-
densation, the content of hydroxymethyl groups is about
two times lower, and the relative amount of hydroxym-
ethyls linked to trisubstituted amino groups is higher.

A certain amount of methoxymethylene groups is
formed on account of methanol added sometimes as
the stabilizing component to F solution. No me-
thoxymethylene groups have been noticed in synthe-
sis using the industrial grade 50% F solution kept at
60°C (e.g. Ref. 14). Evidently this F solution contains
no methanol. In our case, 45% F solution was used,
which may contain the different amounts (up to 4%) of
methanol. Quite low amount of methoxymethylene
groups, in this case (Table I), does not essentially
influence on the results. Some amount of methoxym-
ethylene groups (up to 0.5%) can also arise from F
reduction in resin synthesis.

Polycondensation

In resin synthesis conditions, pure hydroxymethyla-
tion is not possible. The formation of methylene
groups is clearly preferred only in strong acid condi-
tions (e.g., pH � 1). Both alkaline and weak acid
conditions favor the formation of dimethylene ethers
(Table I). Certainly the amount of methylenes, linked
to tertiary amino groups, increases in acid catalysis as
the sign of higher branching. There is a diminishing
tendency in the amount of dimethylene ethers, with
increase in F/U ratio in alkaline conditions (Table I).
Mostly, ethers are formed during the polycondensa-
tion of BMU. It means that greater F/U ratios promote
the formation of bishydroxymethyls from dimethyl-
ene ethers. From the other side, the direct participa-
tion of bishydroxymethyls in the formation of dimeth-

Figure 2 13C-NMR spectrum in DMSO-d6 of reaction product, obtained with formaldehyde/urea molar ratio of 2.4 at pH
4.5.
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ylene ethers should be low because of preferred F
release. The trend to polycondensation in alkaline con-
ditions is mostly connected with the substitution de-
gree in U. Remarkable here is the similar content of
dimethylene ethers in both catalytic conditions.
Hence, the catalytic conditions influence mostly on the
formation of methylene groups from the hydroxy-
methyl groups, on the background of different
amounts of methylene ether glycols. The probabilities
of hydroxymethylation and polycondensation reac-
tions are best revealed by the ratio of different func-
tional groups (Table II).

Predominantly, in alkaline conditions, the mono-
substitution in amino groups of U occurs (e.g., BMU
and MMU). The majority of trisubstituted U occurs as
trishydroxymethylurea (TMU). In addition, the chains
end with hydroxy- or bishydroxymethyl groups. All
functional species include some amount of that linked
to tertiary amino group (Table I). One example can be
pictured as follows:

The ratio of integral intensities of signals for all meth-
ylene containing groups linked to tertiary and second-
ary amino groups decreases with the lower F/U ratio
(Table II). This ratio is not very characteristic because

of the decisive role of the content of bishydroxymethyl
groups, which is greater in case of higher F/U ratio.
The mentioned ratio is higher in acid-catalyzed reaction,
because of increased amount of methylene groups
linked to tertiary amino group (Table I; 8% from F).

Assignments of 13C signals for urea in carbonyl
region of spectra

Integral intensities of 13C signals for urea carbonyls
are assigned according to the substitution differences.
In Figure 3, the carbonyl region of 13C spectrum is
presented for the resin obtained by the classical three-
step synthesis procedure. The content of free urea can
be calculated quite exactly on the basis of signal at
161.8 ppm. The separation to monosubstituted urea
and di/trisubstituted urea compounds is not so cer-
tain. The distinctive chemical shift at 159.9 ppm was
chosen for the following calculations.

The simpler constitution of hydroxymethylation
products allows to use the carbonyl region more suc-
cessfully. The signal at 158.8 ppm for trisubstituted
urea (Fig. 1), almost not met in spectra of UF resin,
belongs to TMU. This conclusion is drawn by the
coincidence of chemical shifts for typical components
in both products—for MMU at 160.3 ppm and for
BMU at 159.1 ppm (Figs. 1 and 3). In the spectrum of
UF resin, where the trisubstituted U occurs in more

Figure 3 13C-NMR spectrum in DMSO-d6 of resin obtained from hydroxymethylated urea (Fig. 1) after polycondensation
at pH 4.5 and posttreatment at pH 8.5 with second part of urea.
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complicated species, the typical signals appear in
lower field and are not resolved from other signals
(Fig. 3). In the calculation of the constitution on the
basis of carbonyl region, it was presumed that TMU is
the only component containing trisubstituted U (Table
I). The resolution to mono- and disubstituted U is
quite clear (Fig. 1). In the presence of acid catalyst (Fig.
2), the spectrum is more complicated. It is not compa-
rable with others, as quite a high content of dimeth-
ylene ether and methylene groups is obtained at high
F excess (ratios in Table II). Here, there is even the
problem of evaluating the amount of monosubstituted
urea, not to mention the resolution of di- and trisub-
stituted urea.

The increase in F/U ratio results in lower content of
free and monosubstituted urea and higher content of
di- and trisubstituted urea (Table I). The increase in
content of TMU is more pronounced. Knowing the
amount of TMU from the carbonyl region, some other
contents can be calculated approximately. The pres-
ence of TMU is revealed, in methylene region, by two
signals for hydroxymethyls with twofold difference in
intensity (Fig. 1). The content of bishydroxymethyl
groups for TMU (Table II) obtained from carbonyl
region covers 64–67% from hydroxymethyls linked to
trisubstituted amino group (Table I). Hence, the signal
at 70.8 ppm (Fig. 1) can be assigned to TMU. From
TMU content, the amount of hydroxymethyl adjacent
to secondary amino group (65.6 ppm in Fig. 1) is
directly known. It covers more than 80% of the content
of mentioned groups (Table II). The remaining part
belongs to end group of branched structure pictured
as follows:

The extension with chains containing dimethylene
ether groups is one variant giving the signals at 74.5–
75.5 ppm (Fig. 1). From the structure of signal at 71–72
ppm, it can be concluded that there should also be
some other species containing hydroxymethyl group
linked to tertiary amino groups. The content of these
compounds was calculated as 1,1-bishydroxymethylu-
rea (1,1-BMU) (Table II). Considering dimethylene

ether and methylene groups in hydroxymethylation
product, one more complicated variant should be pre-
sented as well:

In principle, one can compare the amount of dim-
ethylene ethers proceeding from methylene region
(Table I) or carbonyl region by characteristic signals at
159.2–159.3 ppm (Fig. 1). Quite similar contents are
obtained (Tables I and II). The contents of BMU and
MMU can be evaluated from the carbonyl region (sig-
nals at 159.1 and 160.3 ppm), but are slightly overes-
timated because of uncomplete resolution from sig-
nals for other compounds.

MMU covers the most part of monosubstituted
urea. We cannot see here (Fig. 1) the characteristic
signal at 160.8 ppm for the other possible compound,
methylenediurea (MDU), which is a typical com-
pound in UF resin after treatment with secondary
added U (Fig. 3). In acid-catalyzed product, the role of
polycondensation is higher, and MDU is the constitu-
ent (Fig. 2). Also the structure of signal at 47–49 ppm2

shows that acid promotes the formation of longer and
more complicated chains besides MDU. The other sig-
nificant signal can be met at 160 (incl. 160.1) ppm (Fig.
1), the integral intensity of which lessens with higher
F/U molar ratio in alkaline reaction conditions (Table
II). This signal is assigned to the end urea of chains
and can be presented in the following way:

NH2OCOONHOCH2OOOCH2ONH

OCOON(H)O

It is understandable, considering the trend in con-
tent of dimethylene ether groups in hydroxymethyla-
tion products. Since the chains are quite short, this
amount can be evaluated as low, and dimethylene
ethers mostly contain hydroxymethyl end groups.
Otherwise, essentially greater signal intensity at
159.7–160.1 ppm is obtained in acid-catalyzed synthe-
sis (Fig. 2). High amount of unbound F and greater
condensation degree at the same F/U ratio lead to
substantially higher content of monosubstituted U
(Table I). At a two times lower hydroxymethyl content
and high amount of dimethylene ether groups, the
chains include branches that are terminated with sin-
gly bonded urea rather than with hydroxymethyl
group. One of the commonly occurring structure can
be presented in the following way:
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Structure of UF resins

Despite the success in 13C-NMR analysis, the question
remains unsolved how to divide the hydroxymethyl
groups between BMU and end groups of chains. The
posttreatment with U increases the amount of MDU
and methylene-containing oligomers (Fig. 3; by 160.8–
160.6 ppm 12% from U) in resin. It causes relative
increase in the intensity of signal at 47 ppm, in com-
parison with signals at 48–49 ppm in methylene re-
gion. The structure of signal from methylenes adjacent
to secondary amino groups refers to the ratio of lin-
ear/branched chains. The signal at 48–49 ppm ap-
pears mostly from ONHOCH2ONHO fragment of
chain containing also the branch linked to the follow-
ing tertiary amino group of U.

The product obtained in weak acid conditions (Fig.
2) in technology of resin synthesis becomes more com-
plicated in additional polycondensation. About two
times higher amount of methylene groups is needed
for normal rheological properties. The excess of meth-
ylenes adjacent to tertiary amino groups increases in
acid-catalyzed polycondensation. It means that the
resins obtained by polycondensation without prelim-
inary accumulation of hydroxymethyl groups are of
other structural characteristics. Practical experiences
show that the resins do not suffer the long-time post-
treatment with U and gather viscosity more quickly at
storage.

The lowered F/U ratio in posttreatment (Table I)
causes the migration of bound F to monomeric part. It
is indispensable for obtaining the even distribution of
crosslinking groups in final structure of cured resins.
The content of 4–5% of hydroxymethyls, adjacent to
tertiary amino groups (mostly bishydroxymethyls), is
the sign of proper extent of migration of hydroxym-
ethyls (Table I). The posttreatment increases the
amount of monosubstituted U compounds, including
MMU, MDU (Fig. 3; about 50%). The changes at 159.1–
159.8 ppm (Figs. 2 and 3) refer to decrease in amount
of di/trisubstituted U including BMU and dimethyl-
ene ethers (159.1–159.2(3) ppm), and appearance of
methylene-containing structures with di/trisubsti-
tuted U having the characteristic signals for carbonyl
groups at 159.5–159.8 ppm (Fig. 3). The reaction be-
tween MMU and U in combination with MDU (char-
acteristic signal at 160.8 ppm) as well reduces the
amount of free U in resin. Finally, it follows that the
resins with alkaline hydroxymethylation step have
another but more purposeful distribution of methyl-
ene groups (Table I and resins in Ref. 11).

CONCLUSIONS

1. The accumulation of high content of hydroxy-
methyl groups is possible only in alkaline hy-
droxymethylation with excess of F to U (2.4–
2.1/1) before acidic polycondensation.

2. Higher excess of F increases the amount of bishy-
droxymethyl groups in place of the condensation
of hydroxymethyl groups to dimethylene ethers.

3. Trishydroxymethylurea as constituent of hy-
droxymethylated mixture was identified by 13C
chemical shifts at 158.8 ppm in carbonyl region
and at 70.8 and 65.6 ppm in methylene region of
NMR spectra.

4. Dimethylene ether oligomers of hydroxymethy-
lation product are ended mostly with hydroxy-
methyl groups and rarely with singly bound urea
groups.

5. Only acid catalyst promotes the formation of
branched chains with methylenes linked to ter-
tiary amino groups.

6. Transhydroxymethylation from bishydroxym-
ethyl groups to urea is the most important tem-
perature-promoted process of posttreament with
secondary added urea.

7. The amount of methylene and dimethylene ether
groups linked to secondary amino groups in-
creases essentially in alkaline posttreatment by
condensation between hydroxymethyl groups
and amino groups of urea.
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