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Investigation on catalytic decomposition mechanism and
kinetic model of SCR urea deposits

Xia Chong, Zhu Yuanqing, Zhou Song, Feng Yongming
(College of Power and Energy Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: Urea deposits in a selective catalytic reduction (SCR) system can be effectively suppressed by adjusting
injector parameters, adding mixers, and coating catalysts on the pipe wall. Based on samples of urea deposits in a
marine SCR system, V,05-WO;/TiO, catalyst and pure urea (CH;N,O) , etc., the urea catalytic decomposition
characteristics and the chemical composition of samples were firstly analyzed using characterization techniques such
as thermogravimetric analysis (TGA) and Fourier transform infrared spectroscopy (FT-IR). Secondly, based on
density functional theory (DFT) , a detailed urea decomposition mechanism was proposed, which complemented
the formation and decomposition path of cyanuric acid (C;H;N;0;) and its homologue. Finally, a non-catalytic and
catalytic coupled kinetic model of urea was developed using TGA experimental data and chemical reaction kinetics
methods. The results showed that the main chemical components of urea deposits in marine SCR system are cyanu-
ric acid and its homologue, and ammelide (C;H,N,4O,) . Increasing the quantity of catalyst can accelerate urea de-
composition, thereby blocking the conversion of urea and biuret (C,H;N;O,) to cyanuric acid. However, as the
decomposition temperature of the by-products increases, a greater amount of catalyst is required.

Keywords: selective catalytic reduction; urea deposits; catalytic decomposition; decomposition mechanism;

kinetic model
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Tab.1 Main technical parameters of test bench

SR pAgIEN
HTEL 6
BRINH KW 140 (1 500 r/min)
HRE/C 377
HE R/ (m® - 1Y) 659
PREW R/ (L - h™) 3.0
SCR I BY/mm’ 53 361
SCR K J¥/mm 500
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Fig.3 Schematic of urea catalytic decomposition model
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Fig.12 Reaction pathways of urea catalytic decomposition
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Fig.13 Prediction model of urea decomposition
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Tab.3 Kinetic parameters of urea decomposition model

X hAkEe/ 7%

311 o N E ;
ez SN 844 IS (& - mol™) ik
R1: C3H3;N;059—3HNCO 0 1.0 x 10° mol/s 118.4 [71
R2: CHsN;0, 0 —CHN,Oy + HNCOy, 1.1x10%s" 208.2 [7]
R3: CHyN;O¢y + HNCO(—CoHsN305m 1, 1 35x10" mL/(mol - s) 75.4 [7]

R4. CH4NZO(mJ_>HNCO{l> + NH;@

03  2.0x10*mL""/(mol® - s) 74.0 [71

-~
AR R5: CoHsN;Ozqm + HNCO —C3H3N303¢) + NHz 1,1 9.4x10% mL/(mol - s) 158.7 [7]
R6: C3H3N;05( + NH3—C3HN,O2 + HoO 1, 1 6.7 x 10" mL/ (mol - s) 2153 —
R7: C;HiN,O19—CsHNOs 1 1.0 x 10" mL/(mol * s) 201.7 [7]
R8: HNCO;—HNCO — Herz-Knudsen J5 & [7]
R9: HyO + TiOs + CHsN;O4y—COs(p + 2NH; () + TiOs 1, 1, 1 1.6x10° mL/(mol - s) 63.9 —
1&1{}’[] R10: HzO@ + Ti02<5) + C2H5N302<m)—>C02<g) + NH}@ + TiOg(s) + CHANZO(m) 1 N 1 N 1 24 x 1012 mL/ (mol M S) 145.8 -
I R11: 3H2O<g) + TiOz(S) + C3H3N3O3\'5)—>3C02<g) + 3NH3(g‘; + Ti02<5) 1 5 1 5 1 1.3 x 103 mol/s 90.0 -
R12: H;O + TiOs + C3HaN,O29—NH; (g + C;H;N;059 + TiOs 1, 1, 1 7.6 x 10" mol/s 175.2 —
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Decomposition test and prediction of urea and its
by-products
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