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Synthetic Conditions and Chemical Structures of
Urea-Formaldehyde Resins I.

Properties of the resins synthesized by
three different procedures®!

Ji-you Gu*?, Mitsuo HIGUCHI®®,
Mitsuhiro MORITA*®* and Chung-Yun Hse**

The properties and chemical structures of urea-formaldehyde (UF) resins synthesized by three
different procedures were investigated.

The procedures employed were: 1) methylolation under the conditions of pH 8 and a formalde-
hyde/urea (F/U) molar ratio of 2, followed by condensation at pH 5 and by the additional incorpora-
tion of urea, 2) condensation under the conditions of pH 4.5 and a F/U molar ratio of 2.5, followed
by the additional incorporation of urea, 3) condensation under the conditions of pH 1 and a F/U
molar ratio of 3, followed by the additional incorporation of urea.

Procedures 1) and 2) gave resing of similar properties ; the bonding strength of the resin synthes-
ized by Procedure 1) was slightly higher than that of the resin synthesized by Procedure 2), whereas
the formaldehyde emission of the former resin was slightly higher than that of the latter resin. The
bonding strength of the resin synthesized by procedure 3) was far inferior to thoae of the other two
resine.  However, this resin showed very little formaldehyde emission.

2C-NMR (Carboma 13 nuciear magnetic resonance) analysis showed that branched structures
increased as the pH of the condensation step lowered. In particular, methylene linkages between
tertiary nitrogen atoms were formed by Procedure 3). The resin synthesized by Procedure 3) also
contained urons, and had a far smaller amount of methylol group than the other two resins.
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Table 1. Properties of the resins synthesized by the three procedures without additional incorporation of urea.
Conditions of the condensation Resins
step and resin properties UF-1 UF-2 " UF-3
F/U molar ratio 2.0 2.5 3.0
Reaction pH - 5.0 4.5 1.0
Reaction temperature (‘C) 85 85 85
Reaction time (min) 60 90 85
Viscosity (B-4 cup, sec) 14.7 12.3 12.8
Solid content (%) 46.9 43.5 37.5
Gel time (100°C, sec) 43 638 not gel
Free formaldehyde (%) 3.19 4.31 4.29

Table 2. Properties of the resins synthesized by the three procedures with additional incqrporation of urea.

Conditions of the condensation Resins
step and resin properties UF-A UF-B UF-C
F/U molar ratio 2.0 2.5 3.0
Reaction pH 5.0 4.5 1.0
Reaction temperature (°C) 85 85 85
Reaction time (min) 60 90 85
Final F/U mlar ratios 1.3 1.3 1.3
Viscosity (B-4 cup, sec) 15.1 13.2 12.8
Solid content (%) 52.1 51.1 49.7
Gel time (100°C, sec) 55 46 No gel
Free formaldehyde (%) 0.58 0.78 0.56
Bond strength/W.F.® Ordinary state 2.19/96 1.91/87 1.09/15
(MPa/%) Water-soak® 1.23/5 1.17/8 0.49/0
Formaldehyde emission® (mg/{) 6.64 4.84 0.93

YW.F.: wood failure, » At 60°C for 3h, © By plywood.
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Fig.2. “C-NMR spectrum of UF-C.
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Table 3. '*C-NMR Chemical shifts of UF.:-®

Structures

UF-1_UF-2_UF-3 UF-A_UF-B_UF<C

Urea residues H,NCONH,
H.NCONH(CH,—)
(CHy~) HNCONH(CH,~)
HOCH,NHCON (CH,0OH),

160.6 160.7 160.6
159.3 159.4 159.5 159.4

Uron HN —CO—NH

cu,—o—cx.
HOCH, #N—QO—NCH,0H

CH,—0—CH,
CH.OCH.N—CO—NCH.OCH.

CH.—O—CH;

157.5 157.4 157.2 187.7 1S7.7 157.6

155.1 153.9

...
&
~

Methylene structure —NHCH,NH—
—N(CH.—)CH.NH—
—N(CH.—)CH.N(CH.—)—

(= 3
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W

Methylol group ~NHCH,0H
—N(CH,—)CH,OH

Dimethylene ether —NHCH,OCH,NH—
firoup and —NHCH,O0CH,0H
formal form  _ NGl _)CH,OCH,NH—
of methylol group e ’
—N(CH,—)CH,OCH,OH
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Table 4. Quantitative analysis of UF-A resin by *C-NMR spectroscopy.®

Absorption Absorption Relative Relative

Structure ppm) i"‘;pd‘” intenaity ccm
_ Urea residues - 157.7-160.6 1.476 1.00 1.00
—NHCGH,NH- 6.3 0.400 0.27 0.28
—N(CH,—)CH,NH— 54.5 0.312 0.28 0.3
-N(CH,—)CH,N(CH,—)— (59.4) 0 0 0
Total methylene group 0.712 0.52 0.48
—NHCH,OH 64.0 1.000 0.68 0.63
—N(CH,-)CH,0H T2.2 0.209 0.14 0.13
Total methylol group 1.200 0.82 0.7¢
andJor hemitormal srote 6.4 0.062 0.04 0.04
Methyl ether of methylol group (78.4) 0 0 0
Total 1.38 1.28
Combined formaldehyde (by chemical analysis)® - 1.8 ]

* The other resins also were analyzed in the same manner as this example. ™ Calculated on the basis of the
abeorption intensity of urea carbonyl carbon multiplied by (1.38)/(1.28). © (total formaidehyde -free formalde-
hyde)/ (nitrogen/2). Total formaldehyde and free formsldehyde were determined by the acid hydrolysis
method (acid hydrolysis-steam distillation-idometry) and the ammonium chioride method, respectively.

Nitrogen was determined by a Kjeldahl method.
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Table 5. Chemical structures of the six resins determined by '*C-NMR spectroscopy.*

Resins UF-1 UF-2 UF-3 UF-4 UF-B UF-C
Combined formaldehyde 1.77 2.12 2.5 1.28 1.26 - 1.27
—NHCH,NH— 0.19 0.11 0 0.28 0.24 0.13
—~N(CH,—)CH,NH— 0.36 0.45 0.88 0.23 0.2 0.25
—N(CH,—)CH;N(CH,—)— 0 0 0.28 0 0 0.12
Total methylene group 0.55 0.58 1.13 0.48 0.46 0.50
—NHCH,OH 0.58 0.5 0.13 0.63 0.53 0.48
—N(CH,—)CH,OH 0.21 0.2 0.28 0.13 0.16 0.10
Total methylol group 0.79 1.11 0.39 0.76 0.69 0.58
Dimethylene ether and/or hemiformal

form of methylol group. 0.2 0.3 016 004 007  0.01
Methyl ether of methylol group 0.15 0.06 0.88 0 0.04 0.18

¥ Expressed in terms of the molar ratios to uresa.
Table 6. Changes in chemical structure by the additional incorporation of urea®

Resins UF-A UF-B UF-C
—NHCH,NH— - 4012 +0.14  +0.10
—N(CH,—)CH,NH— ) -0.01 -0.10
-—N (CH:")_C_H:N (CH,—)— 0 0 +0.01
Total methylene structure +0.13 +0.13 +0.01
—NHCH,OH +0.19 +0.08 +0.33
—N(CH,—)CH,OH 0 +0.02 -0.01
Total methylol group +0.19 +0.08 +0.32
Dimethylene ether group and hemiformal of methyiol group -0.11 -0.11 -0.08
Methyl ether of methylol group -0.08 +0.01 -0.15
Free formaldehyde® -0.09 —0.10 -0.12

« Expressed in terms of the molar ratios to total formaidehyde. » By ammonium chloride method.
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