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Fig.1 Effect of molar ratio of aniline to urea on the
yield of diphenylurea
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Fig.2 Effect of reaction time on the yield of diphenylurea
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40 ? L | L | L | L | L |

140 150 160 170 180 190
Temperature (C)

Bl 3 S Nl RS — R IR A PR SR

Fig.3 Effect of reaction time on the yield of diphenylurea
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Fig.4 Effect of stirring speed on the yield of diphenylurea
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Table 2 The effect of aniline recycling on the
yield of diphenylurea

Ratio of recycling aniline (%) Material molar ratio DPU yield (%)
0 Aniline:urea=5 90.9
50 Aniline:urea=5 94.4
100 Aniline:urea=5 98.9
— Aniline:phenylurea=4 100
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Fig.5 HPLC spectra of phenylurea and aniline filtrate
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Table 3 The effect of separating methods on the
yield of diphenylurea
Reaction temperature ('C) Method of separation

DPU vyield (%)

170 Vacuum filtration 90.9
180 Vacuum filtration 97.3
190 Vacuum filtration 99.0
170 Vacuum evaporation 98.6
180 Vacuum evaporation 99.1
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Fig.6 FT-IR spectra of phenylurea and diphenylurea
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Synthesis of N,N'-Diphenylurea from Urea and Aniline under Atmospheric Pressure without Catalyst

YOU zhi-min*?, PElYi-xia?>, LI Hui-quan?, DAI You-zhi*, ZHANG Yi?

(1. Department of Environmental Engineering, Xiangtan University, Xiangtan, Hunan 411105, China;

2. Key Laboratory of Green Process and Engineering, Institute of Process Engineering, CAS, Beijing 100190, China)

Abstract: The synthesis of N,N'-diphenylurea (DPU) from urea and aniline under atmospheric pressure without any catalyst and
additional solvent was studied. The effects of reaction conditions and process intensification techniques on the yields of product DPU
were investigated. Combining use of nitrogen gas flowing during reaction and vacuum evaporating after reaction, the yield of DPU
reached 99.1% under optimum reaction conditions (reaction temperature 180 ‘C, molar ratio of aniline/urea 5 and reaction time 1.5 h).
The unreacted aniline could be recycled and reused. In addition, the reaction mechanism was also studied by means of HPLC analysis
and proving experiment, it is ascertained that phenylurea is the major intermediate in the reaction.

Key words: N,N'-diphenylurea; urea; cleaner process; process intensification



