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Reaction characteristics of glucose-modified urea and its effects
on the urea conversion rate
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Abstract: [ Objectives ] Glucose-modified urea (GMurea) has high fertilizer use efficiency but low
decomposition. We investigated the mechanism responsible for decreasing the conversion rate of glucose-
modified urea from its structural perspective under various glucose addition rate. [ Methods ] Glucose (10%)
was added to molten urea to produce glucose-modified urea. Fourier transform infrared spectroscopy (FTIR), X-
ray photoelectron spectroscopy (XPS) and liquid chromatography-mass spectrometry (LC-MS) were employed to
characterize the chemical structure, material composition and relative molecular mass of the glucose-modified
urea. Glucose-modified urea containing 0.2%, 0.5% and 1.0% of glucose were prepared, then urease solution (1
U/mg) was added and incubated at (25+2)°C for 30 min. The remaining urea was tested using spectrophotometer.

[ Results ] 1) In the mixture of glucose and melted urea, the FTIR at 1599 cm', the primary amide NH, variable
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angle vibration disappeared, and the primary amine NH, at 3441 cm ' weakened the asymmetric stretching
vibration intensity. It was speculated that glucose reacted with the urea amine group. In addition, XPS C 1s and
N 1s spectra showed unknown carbon structure (—Cy) and nitrogen structure (—Ny), and aldehyde-based
carbon (—CHO) disappeared, and the O 1s spectrum showed that the C=O chemical bond of the aldehyde group
was broken, indicating that the aldehyde group of glucose reacted with the amine group of urea to form a new
product. The aldehyde group in glucose underwent a nucleophilic addition reaction with the amine group of urea
to produce a substance containing a C=N structure through LC-MS analysis. 2) All the three ratios of glucose-
modified urea reduced the decomposition rate of urea. The decomposition rate of urea and GMurea containing
0.2%, 0.5% and 1.0% glucose were significantly different vis — 20.16%, 15.5%, 3.3%, and 11.0%, respectively.
Reduction in the rate of urea decomposition was markedly higher by 0.5% modification treatment, with 16.9
percentage points lower than that of ordinary urea. [ Conclusions ] The formation of C=N bond between

glucose and urea slowed down the decomposition of urea by urease. The glucose addition ratio has significant

impact on the decomposition of glucose-modified urea, with an optimal glucose addition of 0.5%.

Key words: urea; glucose; chemical structure; Fourier transform infrared spectroscopy;

X-ray photoelectron spectroscopy; liquid chromatography-mass spectrometry; urea conversion rate
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Table 1 Additive proportion of glucose and N content
in prepared urea
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Fig. 1 FTIR spectra of samples
T U—%G8RE; GluU—## S I 10% 15 25 1l ol M R
: Glu—Hj%atk.
Note: U—Ordinary urea; GluU—Modified glucose urea with 10%
glucose addition; Glu—Glucose.
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Fig. 2 The XPS full spectra of samples
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Note: U—Ordinary urea; GluU—Modified glucose urea with 10%
glucose addition; Glu—Glucose.
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Table 2 Surface carbon atoms content in fertilizer and the contribution of each carbon form to C 1s peak

p=n) KR E S5 HKIEASW & B LL A The proportion of each form of carbon to the total carbon

Sample Surface C content N—CO—N C—OH —Cy C—C/C—H —CHO
GluU 54.6 9.0 45.6 25.2 20.2 0
Glu 51.2 0 35.1 0 49.9 15.0
U 64.2 100 0 0 0

T U550 R 3, GluU—# A MR I 0% I A et PR 3 ;. Glu—Rj A%
Note: U—Ordinary urea; GluU—Modified glucose urea with 10% glucose addition; Glu—Glucose.
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Fig. 4 XPS O 1s peak fitting spectra of samples
HE: U—EIRE; GluU— A as it 10% 107 0 bl e 1 R
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Note: U—Ordinary urea; GluU—Modified glucose urea with 10%
glucose addition; Glu—Glucose.
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Table 3 Surface oxygen atoms content in fertilizer and the
contribution of oxygen species to O 1s peak

AN S LD (%)

P
TS RIHTCH The proportion of each form of
POSE=N
Sample =12 (%) oxygen to the total oxygen
Surface O content
C—OH C=0

GluU 34.8 50.7 49.3
Glu 48.8 51.1 489

U 17.9 0 100

T U—Ei IR, GluU—H AR It 10% ) A A B M R 3R 5
Glu—Hi%h .
Note: U—Ordinary urea; GluU—Modified glucose urea with 10%

glucose addition; Glu—Glucose.

W 55 —Fp AR AIRIE A (—Cy) MZERYIA, HENDE
RS S IR E R AN o
i XPS N 1s forIg4bl 45 5 (8] 5 g 4) nl %,
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Fig. 5 XPS N 1s peak fitting spectra of samples
T U—5lRER s GuU—AgagFasimn 10% ARkt IR &=
Note: U—Ordinary urea; GluU—Modified glucose urea with 10%

glucose addition.
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Table 4 Surface nitrogen atom content in fertilizer and the
contribution of each nitrogen form in N 1s peak

IR SN LB (%)

P
T RIAATTR The proportion of each form of nitrogen
A~ L
Sample F (%) to the total nitrogen
Surface N content
N—CO—N —N,
GluU 10.6 56.8 432
U 17.9 100 0

T U—TRlIRE ;. GluU— &S it 10% 9 B e IR 3
Note: U—Ordinary urea; GluU—Modified glucose urea with 10%

glucose addition.
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Fig. 6 MS spectra of urea (A) and glucose-modified urea (B) characteristic peaks

e U—38 R GluU—FAA N 10% M4kt R & .

Note: U—Ordinary urea; GluU—Modified glucose urea with 10% glucose addition.
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%5 UF GluU BRIEHIE
Table 5 Date for the MS spectra of U and GluU

R AR HEE (%)
Sample

[M+H]*

Relative abundance  (Mass-to-charge ratio)

[M+Na]*
(Mass-to-charge ratio)

4t

Proposed structure

7

Molecular formula

U 100 60.9
GluU 100 60.9
85 /

\\
—NH,
/C 2

HN

CH.N,O

O
\
CHN,O >c—NHz

C;H,.N,O,

" U—3FlPRE ; GluU—H & AN I 10% A B AR PR IR K o
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