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Study of the Analysis Method to Estimate the Average Number of Monomer Units for Urea-Formaldehyde Resin
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In the Customs Tariff Schedules of JAPAN, urea-formaldehyde (UF) resin is normally classified into Subheading 3909.10
(WTO rate: 3.9 %); however, some used for fertilizers are declared as 3105.90 (General rate: free).  In this case, UF resins which
have the average of at least of 5 monomer units are classified as Subheading 3909.10, which has a higher tariff rate. Therefore,
analysis methods to distinguish them are required. In this study, matrix-assisted laser desorption ionization-mass spectrometry
(MALDI-MS) and electrospray ionization-mass spectrometry (ESI-MS) were used to analyze the fertilizer composed of UF resin.
As a result, MALDI-MS could detect UF resins which have up to over 30 monomer units, but those of 5 or less monomer units
were detected only in minor quantity. On the other hand, ESI-MS could properly detect UF resins of 3-9 monomer units but
could not detect a single urea in addition to being unable to measure water insoluble samples. Therefore, the average number of
monomer units could not be confirmed by the sole usage of either MALDI-MS or ESI-MS; however, by combining both methods,

the potential to determine UF resins that are clearly over 5 monomer units has been suggested. ~ However, to estimate the average
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number of monomer units in detail, other analytical methods such as nitrogen analyzers are needed.
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Fig. 1 Chemical structure of urea-formaldehyde resin.
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Table 1 Number of monomer units, molecular weight and nitrogen content (%) of
urea-formaldehyde resin.

Methylene Monomer  Molecular +Na Nitrogen  Nitrogen
urea (MU) unit(s) weight ( ) weight content
o0M1U 1 60.06 83.05 28.01 46.65 %
1m2uU 3 132.12 155.11 56.03 42.41 %
2M3U 5 204.19 227.18 84.04 41.16 %
3M4U 7 276.25 299.24  112.06 40.56 %
4M5U 9 348.32 37131 140.07 40.21 %
5MéU 11 420.39 44338  168.08 39.98 %
6M7U 13 492.45 51544  196.10 39.82 %
7™M8U 15 564.52 587.51 22411 39.70 %
8MouU 17 636.59 659.58  252.12 39.61 %
9M10U 19 708.65 731.64  280.14 39.53 %
10M11U 21 780.72 803.71  308.15 39.47 %
11M12U 23 852.79 875.78  336.17 39.42 %
12M13U 25 924.85 94784  364.18 39.38 %
13M14U 27 996.92 1019.91  392.19 39.34 %
14M15U 29 1068.98 1091.97 42021 39.31%
15M16U 31 1141.05 1164.04 44822 39.28 %
16M17U 33 1213.12 1236.11  476.23 39.26 %
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Fig.2 Relation of Nitrogen content (%) and monomer units of urea-formaldehyde
resin.
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Fig.3 MALDI mass spectra of urea-formaldehyde resin.
((2) m/z = 0-1400, (b) m/z = 50-700)
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Fig. 4 ESI mass spectrum of urea-formaldehyde resin.
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