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Abstract 

Temperature profiles and effluent concentrations were measured during combustion of aqueous urea 

and ammonium nitrate at pressures of 1-15 MPa. Pollutant levels decreased, while the combustion 

temperature showed a non-monotonic change with increasing pressure. Experimental temperature 

profiles were applied in kinetic gas-phase simulations, and resulting species concentrations were in good 

agreement with experimental values. Sensitivity analyses indicated the kinetic parameters of isocyanic 

acid hydrolysis are the main source of uncertainty, possibly leading to the lower agreement observed for 

experimental and simulation carbon species. Rate of production analyses indicated that isocyanic acid is 

mainly consumed by hydrolysis to carbon dioxide, while nitric acid reacts with nitrous acid to produce 

water. Ammonia exhibited two channels of decomposition, reacting with either hydroxyl or nitrogen 

dioxide to form amidogen and either water or nitrous acid, respectively. Nitrogen was mainly formed by 

the three-body reaction of diazenyl. As pressure increased, the aforementioned pathways became 

increasingly dominant.  
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1. Introduction 

Synthetic chemical fuels are commonly suggested as a renewable energy storage medium due to their 

high energy densities [1]. The inherent intermittency of major renewable energy sources [2] necessitates 

their use. Although hydrogen offers high specific energy (120 MJ kg-1) [3], bulk mass transport of 

hydrogen is hazardous [4], requiring an overhaul of the current fuel transmission infrastructure [5]. 

Therefore, conversion of H2 to more complex fuels is necessary. Both carbon- [6] and nitrogen-based [7] 

synthetic fuels have been suggested. Aqueous urea ammonium nitrate (UAN) was previously suggested 
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as a nitrogen-based synthetic fuel. Composed of mass-produced fertilizers, UAN is safe to transport and 

store and is completely compatible with current fuel infrastructure [8]. The combustion of UAN (ΔH°rxn=-

3.34 MJ kg-1) produces mainly H2O, N2 and CO2 (R1): 

3𝑁𝐻4𝑁𝑂3(𝑎𝑞)
+ 𝐶𝑂(𝑁𝐻2)2(𝑎𝑞) + 5.56𝐻2𝑂(𝑙) → 𝐶𝑂2(𝑔) + 4𝑁2(𝑔) + 13.56𝐻2𝑂(𝑙)                                               (𝑅1) 

The exothermic decomposition of ammonium nitrate (AN) has been studied extensively [9]. However, 

kinetic models developed for its gas-phase reactions have been met with limited success [10-11]. While 

kinetic models relating to urea exist [12-13], studies addressing the gas-phase kinetic interactions 

between AN and urea have been limited to UAN [14-15]. In these studies, there was insufficient data on 

the internal temperature during combustion and the system geometry was difficult to model properly. 

Nevertheless, the mechanism used in these works successfully predicted the pressure-dependent 

concentration trends of gas species detected by FTIR [14-15]. However, due to the inconsistencies in the 

predicted effluent concentrations, the validity of the proposed reaction pathways was difficult to ascertain. 

To improve on these works, a PFR-like reaction system was designed and built to enable precise 

temperature measurement along the combustion process at pressures up to 15 MPa. The earlier 

mechanism was updated and improved extensively using the latest available data. The experimental and 

simulation results are compared and the resulting combustion pathways discussed. 

 

2. Materials and methods 

2.1. Experimental System 

An experimental system was designed and built to study the effect of pressure on UAN combustion and 

its temperature profile (Fig. 1). A tubular reactor, 800 mm long with a 20 mm outer diameter (OD) and a 

6mm internal diameter (ID), was used. The design was based on experience from previous combustion 

systems [8,15]. The reactor was constructed of SS310, as it has previously shown superior corrosion 

resistance for UAN combustion [8].  A SS316 thermowell tube (TW) with a 3.2 mm OD and 1.7 mm ID 
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was placed along the full length of the reactor. The inner end of the TW was sealed while the outer end 

was open. This TW was used for temperature measurement along the reactor using a movable 

thermocouple (TC1). Thermocouples (TC) 4-16 simultaneously measured the reactor's outer 

temperature inside 2 mm drilled holes (40 holes, every 20 mm). Thermocouples 2 and 3 measured the 

fluid temperature at the reactor's inlet and outlet, respectively. All TC were type K (CT-TCKB, Controtech) 

with a 1.6 mm OD.  Pressure was measured using a pressure transducer (G27M0105M15000#G, 

Ashcroft). 

 

Figure 1. Experimental system. TC – thermocouple, PT – pressure transducer, FTIR – Fourier transform 

infrared spectrometer. Not to scale. 

The fuel solution was composed of 60%wt ammonium nitrate (≥99%, Sigma-Aldrich), 15%wt urea 

(≥99.5%, Sigma-Aldrich), and 25%wt water (Milli-Q®).  Experiments were conducted at a 10 ml min-1 flow 

rate (±1% accuracy, LC-20AP, Shimadzu) under 1-15 MPa. Before each experiment, the system was 

washed with a water (Milli-Q®) flow rate of 20 ml min-1 for 20 min, followed by 0.2 MPa N2 (≥99.995%, 

Maxima) for an additional two hours. A Fourier transform infrared (FTIR) spectrometer (CX-4000O2, 

Gasmet) was used to measure effluent concentrations. Concentration measurements had an instrument 

error of up to ±2% of the top calibration value. Therefore, calibration for each species was adjusted per 

experiment to minimize the error.  A three zone furnace (3210, Applied Test Systems) set to 550°C was 

used to heat the reactor. Tubing leading from the reactor to the FTIR were heated by a 250W heating 

element set to 300°C. All measurements were taken only after the system reached a steady state. 
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2.2. Plug Flow Reactor Assumption Validity 

Deviation from ideal plug flow reactor (PFR) behavior was evaluated to enable using a PFR model in our 

simulations. The reactor's flow regiment and extent of dispersion were estimated. We refer the reader to 

the Supplementary Information (SI) for details on the Reynolds number and extent of dispersion 

calculations.  

Aqueous UAN entered the reactor as a uniform solution at room temperature and 1-15 MPa. The density 

of aqueous UAN is 1330 kg m-3. The viscosity of UAN was assumed to be 5.00·10-3 kg m-1 s-1, based on 

available viscosity values for UAN mixtures with varying AN to urea ratios [16-18]. Using the hydraulic 

diameter (0.002825 m) and liquid velocity (0.02659 m s-1), the calculated Reynolds number was 6.15, 

well in the laminar regime [19]. Molecular diffusion coefficient values were estimated from an average of 

aqueous urea, ammonium and nitrate diffusion coefficients (10-9-2·10-9 m2 s-1) [20-21]. The calculated 

Bodenstein number is between 37,600-75,100. Therefore, the liquid flow regime is an intermediate of the 

dispersion and pure convection regimes [22]. Applying the Taylor expression for dispersion (appropriate 

for high Bo numbers), the dispersion coefficient value is 1,180-2,360 m2 s-1. The extent of dispersion is 

between 4.70·10-8-9.40·10-8, below the top value for PFR behavior (0.01) [22].  

The fluid's temperature increases along the reactor, evaporating water, and thermally decomposing AN 

and urea. The immediate thermal decomposition products of UAN are HNCO, HNO3 and HNCO [9,23], 

as demonstrated in reactions R2 and R3. These then react, forming the main combustion products of 

UAN: CO2, N2 and H2O (R1). 

𝑁𝐻4𝑁𝑂3(𝑎𝑞)
→ 𝐻𝑁𝑂3(𝑔)

+ 𝑁𝐻3(𝑔)
                                                                                                                                    (𝑅2) 

𝐶𝑂(𝑁𝐻2)2(𝑎𝑞)
→ 𝐻𝑁𝐶𝑂(𝑔) + 𝑁𝐻3(𝑔)

                                                                                                                                (𝑅3) 

The fluid temperature undergoes two trends along the reactor: a fast increase in temperature due to 

ignition, followed by a decline in temperature due to heat loss. Therefore, three temperature parameters 
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were used to characterize the gas flow: the ignition, peak and the outlet temperatures. A gas composition 

of either the immediate decomposition products (R2 and R3) or the main combustion products (R1) was 

assumed. The gas velocity and density were calculated using either Dalton's law (P≤5 MPa) or Kay's rule 

(P≥5 MPa) [24,25]. Individual gas viscosities were calculated using the Hirschfelder-Curtiss-Bird 

approach [26]. Mixture viscosities were calculated using the Wilke formula [27]. The average Reynolds 

numbers were 1,141±317 and 1,241±918 for the immediate decomposition and combustion products, 

respectively, correlating with a laminar regime. Gas mass-diffusion coefficients were calculated using the 

Hirschfelder-Curtiss-Bird approach [26], with the Brokaw correction for polar compounds [28]. Bodenstein 

numbers were between 7.35-76.6, correlating with either the Aris or Taylor expressions for dispersion 

[29-30]. The resulting extents of dispersion were 0.023±0.005 and 0.020±0.008 for the immediate 

decomposition and combustion products, respectively. These numbers are slightly higher than the 

recommended top value for PFR behavior (0.01) [22], indicating near plug flow behavior. 

2.3. Modelling 

A simulation model was used to investigate the kinetics of UAN combustion between 1 and 15 MPa. 

Despite the slightly high dispersion values, a PFR model was used to simulate the reactor using 

CHEMKIN-PRO™ [31], consistent with other work [32]. Experimental pressure and temperature profiles 

(see SI section 3) were used as working conditions, and a 10 ml min-1 flow rate was used. The thermal 

dissociation of UAN (reaction R4) includes water vaporization and the thermal decomposition of AN (R2) 

and urea (R3), all of which are non-elementary. Based on previous work [14-15, 33] we can assume that 

UAN fully dissociates to gaseous components, and thus only gaseous phases are utilized as the inlet 

mixture in the CHEMKIN calculations.. 

3𝑁𝐻4𝑁𝑂3(𝑎𝑞)
+ 𝐶𝑂(𝑁𝐻2)2(𝑎𝑞) + 5.56𝐻2𝑂(𝑙) → 𝐻𝑁𝐶𝑂(𝑔) + 3𝐻𝑁𝑂3(𝑔)

+ 4𝑁𝐻3(𝑔)
+ 5.56𝐻2𝑂(𝑔)               (𝑅4) 

A previously developed mechanism was improved in this work. Several rate-determining reactions were 

isolated by sensitivity analyses [14], and the data for these and other reactions was updated.  
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Kinetic data on HNCO hydrolysis was reviewed in the past, with results by Aoki et al. being recommended 

for use in simulations [34]. As discussed by Rasmussen et al. [35], the reaction producing CO2 from CO 

and OH competes with an HOCO formation channel and is sensitive to both pressure and temperature. 

Since our work deals with a pressure range of 0.1-10 MPa (within the pressure range of Rasmussen et 

al. [35]), the pressure dependence of these channels was deemed relevant and therefore included. The 

N2Hx subset was updated using Nakamura et al. [36], and the NHx/NOx/CN subsets from Dagaut et al. 

were adapted [37]. The high temperature kinetic parameters for HONO+NH2 were used herein due to the 

high temperature regime in the reactor [38]. Data for NH2+NO2 was taken from Klippenstein et al. [39]. 

Due to the high sensitivity associated with NH2+NO [40], an improved fit for temperatures of 500K-1400K 

was calculated from work by Song et al. [41] (see SI section 4). The hydrocarbon subset from the original 

mechanism was removed to improve performance, as it did not affect the model's results. Finally, 

thermodynamic data for all species was updated using Burcat's thermodynamic database [42]. The 

resulting mechanism was composed of 379 distinct reactions between 48 species (see Supplemental 

Material). 

 

3. Results and Discussion 

3.1. Validation with experimental results  

Five species were measured with FTIR within the combustion effluent of UAN: NH3, NO, N2O, CO and 

CO2. Both HNCO and HNO3 were not detected, and were therefore completely consumed in the 

combustion process. Experimental uncertainty due to measurement error was assessed and error bars 

were added to the experimental data presented herein. Excluding N2O and CO2, the error bars were too 

small to be legible. While NO2 was previously detected in UAN combustion [14], none was measured in 

this work possibly due to the PFR reaction conditions. Since all nitrogen and carbon species were 

measureable, the CO2 and N2 yields were calculated using carbon and nitrogen atom balances. The 
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experimental effluent concentrations and yields are presented in Fig. 2. Results indicate that higher 

pressures decrease pollutant concentrations (Fig. 2a – Fig. 2d) while increasing the product yields (Fig. 

2e-Fig. 2f). An increase from 1 to 10 MPa resulted in a 101-102 fold reduction in nitrogen pollutants (Fig. 

2a-Fig. 2c), and a 102-103 fold reduction is CO concentration (Fig. 2d). The CO2 and N2 yields rose from 

90% and 75% at 1 MPa to 100%  and 99% at 10 MPa, respectively (Fig. 2e – Fig. 2f). These values differ 

from previous works on UAN combustion due to higher pollutant levels at low pressures [14-15]. While 

the resulting yields at P≤5 MPa are lower than previously reported values, they are approximately the 

same at P≥10 MPa [14-15]. However, these previous works were performed using systems with 

geometries, temperature conditions, and fuel flow rates that differ both from each other and this work [14-

15]. Conversely to previous works, the present experimental system's design enabled measurement of 

the combustion temperatures along the reactor. Thereby, application of detailed kinetic modeling to 

investigate the effect of pressure on UAN combustion reaction pathways is possible. Simulation 

concentrations and yields obtained using CHEMKIN-PRO™ [31] (see section 2.3) are presented and 

compared to experimental values in Fig. 2. Agreement between experimental and simulation NH3, NO 

and N2O values (Fig.2a – Fig. 2c) and the resulting N2 yield (Fig. 2f) was excellent throughout the whole 

pressure range. This behavior contrasts previous works, where agreement was poor under similar 

conditions and simulations overestimated the concentrations of nitrogen pollutants [14-15]. The 

simulation concentration of CO was higher than the experimental value, leading to lower agreement for 

both CO (Fig. 2d) and the CO2 values (Fig. 2e). A possible reason for this discrepancy is discussed later 

in the text (see section 3.3). Nevertheless, the experimental trends were well followed in all cases and 

agreement was significantly improved over previous modeling works. 
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Figure 2. Comparison of experimental (♦) and simulation (■) results at pressures of 1-15 MPa for: (a) 

NH3, (b) NO, (c) N2O, (d) CO, (e) CO2 and (f) N2. Excluding N2O and CO2, error bars were too small to 

be legible. 

3.2. Reaction pathways of UAN combustion  

Rate of production (ROP) analyses were performed to investigate UAN combustion pathways and their 

dependence on pressure. Overall species consumptions/productions were calculated from ROP data to 

discuss the combustion process. This was done to address the entire combustion process' pathways 

rather than a specific point in the process. The accumulative consumption of HNCO, HNO3 and NH3, and 

production of CO2, N2 and H2O were calculated at each pressure. The changes in the consumption of 

HNCO, HNO3 and NH3, and generation of CO2, N2 and H2O as a function of pressure are presented in 

Fig. 3. Only reactions with ≥1% consumption/production share were included in Fig. 3. The reactions and 

their modified Arrhenius equation parameters are listed Table 1. Consumption of HNCO (Fig. 3a) 

proceeds mostly by HNCO hydrolysis producing NH3 and CO2 (R5). This reaction consumes 72%-100% 

of HNCO at 1-15 MPa, respectively. This reaction consumes most HNCO due to the high concentration 

of H2O. The reaction rate constant for R5 is the lowest of all HNCO consuming reactions (R5-R9) with 

the exception of R9, and even R9 overtakes R5 at T≥884K (Table 1). The share of HNCO consumed by 

R6-R9 decreases to 0% at 10 MPa. Hydrolysis of HNCO has been investigated extensively in the 

literature, mostly in relation to selective catalytic reaction (SCR) processes using a TiO2 catalyst [43]. 

Nevertheless, non-catalytic hydrolysis is known to be active at high water concentrations [44], as further 

evidenced herein. The impact by R5 implies that HNCO hydrolysis needs to be added to mechanisms 

containing HNCO. Consumption of HNO3 (Fig. 3b) proceeds mostly by reacting with HONO to generate 

H2O and N2O4 (R10). This reaction was addressed in previous studies on nitrogen-based fuel ignition 

[45-46], and is the main source of NO2 in the system via reaction R22: 

𝑁2𝑂4(𝑔) + 𝑀 → 2𝑁𝑂2(𝑔) + 𝑀                                                                                                                                            (𝑅22) 
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The reaction HNO3+NH2 (R11) never reaches more than 5% share, and is reduced to 1% at 15 MPa. 

Consumption of NH3 (Fig. 3c) is highly affected by the system pressure, showing a switch in the main 

reaction channel at 5-10 MPa. At 1-5 MPa NH3+OH generates H2O+NH2 (R12), while at 10-15 MPa 

NH3+NO2 forms HONO+NH2 (R13). This switch is linked to the effect of pressure on R5 and R22. As 

pressure increases, formation of NO2 via R22 becomes faster. Thereby, the rate of R13 increases, which 

in turn generates more HONO which reacts with HNO3 to form N2O4 (R10). Furthermore, the higher 

HNCO to NH3 conversion due to higher water pressures provides more NH3 for R13. These coupled 

mechanisms increase NH3 consumption via R13 with pressure. Production of CO2 occurs mostly by 

HNCO hydrolysis (R5) (Fig. 3d). Formation of CO2 by other reactions (R9, R14-16) decreases with 

pressure due to the increase in HNCO consumption by R5 at high water pressures. Thus, both the CO2 

flux through R5 is increased and less NCO, which is required for reactions R14 and R15, is generated 

(R6). Nitrogen is mostly produced by the three-body decomposition of NNH (R17) (Fig. 3e). A slight 

increase followed by decrease in R17 flux with increasing pressure, is mirrored by an opposite change 

in R18 flux. This behavior results from the effect of temperature on R17 and R18 reaction rate constants. 

The temperature in the reactor rose at P≤5 MPa, but decreases at P≥10 MPa (see SI section 3). The 

reaction rate constant of R17 overtakes R16 at T=870K and increases faster than R16 with temperature 

(Table 1). Since the temperature increases and then decreases with pressure, R17 initially produces 

more N2, followed by less N2. Finally, H2O production proceeds mostly through HNO3+HONO (R10) (Fig. 

3f). This reaction is only weakly affected by pressure (Fig. 3b), yet the formation distribution of H2O is 

highly affected by pressure. An initial decrease in R10 share is due to higher flux through R20, where an 

HONO self-reaction forms N2O3 and H2O. This behavior is linked to the effect of pressure on the 

temperature and reaction R23. 

𝑁𝑂(𝑔) + 𝑂𝐻(𝑔) + 𝑀 → 𝐻𝑂𝑁𝑂(𝑔) + 𝑀                                                                                                                             (𝑅23) 

At 1 MPa R23 decomposes HONO to NO and OH. However, at the pressure range of 2.5-5 MPa the 

reaction reverses and produces HONO. The increase in HONO due to R23 and R13 (Fig. 3c) affects the 
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rate of HONO consumption by R20 to the second power ([HONO]2) and R10 linearly to the HONO 

concentration. Therefore, R20 is more affected by this than R10, resulting in an increased share of H2O 

formation by R20. However, since the combustion temperature decreases at P>5 MPa, HONO 

decomposes through to NO and OH, restoring the behavior observed at 1 MPa. The new information 

discussed above sheds new light on the chemical processes involved in UAN combustion and the effect 

of pressure on them, demonstrating that at high pressures (10-15 MPa) only 1-2 reactions are responsible 

for the consumption and production of major species. 
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Figure 3. Comparison of accumulative consumption/generation share by reaction at pressures of 1-15 

MPa for: (a) HNCO, (b) HNO3, (c) NH3, (d) CO2, (e) N2 and (f) H2O. The y-axis' in Figures 3a, 3b, 3d and 

3e start from 50%-80% to improve legibility. The x-axis is not linear. 

Table 1 
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Main reactions involved in the consumption of HNCO, HNO3 and NH3, and production of CO2, N2 and 
H2O. Units: mol, cm, s, K and cal.   

ID Reaction A β Eₐ 

(R5) HNCO+H₂O=NH₃+CO₂ 1.15E+09 0.00 12704 

(R6) HNCO+OH=H₂O+NCO 3.60E+07 1.50 3600 
(R7) HNCO+H=NH₂+CO 3.50E+04 2.50 2345 

(R8) NCO+NH₃=HNCO+NH₂ 2.80E+04 2.50 980 
(R9) HNCO+NO₂=HNNO+CO₂ 2.50E+12 0.00 26200 

(R10) H₂O+N₂O₄=HNO₃+HONO 2.52E+14 0.00 11590 
(R11) HNO₃+NH₂=NH₃+NO₃ 3.08E+01 3.22 -139 
(R12) NH₃+OH=H₂O+NH₂ 2.00E+06 2.00 566 

(R13) HONO+NH₂=NH₃+NO₂ 4.84E+02 3.36 -4577 
(R14) NCO+NO=N₂+CO₂ 1.50E+21 -2.70 1824 

(R15) NCO+NO₂=N₂O+CO₂ 3.00E+12 0 -707 
(R16) CO+OH=CO₂+H 8.80E+05 1.77 954 

 P=1 (atm) 8.80E+05 1.77 954 
 P=10 (atm) 9.30E+07 1.10 0 
 P=20 (atm) 4.50E+07 1.20 0 
 P=50 (atm) 5.80E+06 1.50 0 
 P=100 (atm) 1.87E+05 1.94 0 

(R17) NNH+M=N₂+H+M 1.00E+13 0.50 3060 
(R18) NNH+NO=HNO+N₂ 5.00E+13 0.00 0 

(R19) HNO+OH=H₂O+NO 3.60E+13 0.00 0 
(R20) H₂O+N₂O₃=2HONO 3.79E+13 0.00 8880 

(R21) H₂+OH=H+H₂O 2.16E+08 1.52 3430 

 

3.3. Sensitivity Analysis  

Sensitivity analyses were performed to examine the species concentrations' sensitivity to the reactions 

in the mechanism. The peak absolute normalized sensitivity coefficient (NSC) values of HNCO, HNO3, 

NH3, CO2, N2 and H2O were calculated. All NSC values within 101 difference of the highest NSC value at 

each pressure were included in the analyses. An example of the change in NSC values with pressure for 

reactions to which NH3 was sensitive is presented in Fig. 4. The NSC values for the other species are 

provided in section 5 of the SI. The reaction to which HNCO is most sensitive to is HNCO hydrolysis (R5). 

This reaction is a source of sensitivity for N2 and CO2 as well. The kinetic data for R5 by Aoki et al. was 

used herein, as recommended by Zanoelo [34]. However, the kinetics of this reaction suffers from 

significant uncertainty [34], and requires further research for more accurate parameters to be obtained. 

All species with exception of N2 are sensitive to R13. The most recent parameters for R13 were used in 
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this work [38], as mentioned in section 2.3. Both HNCO and NH3 (Fig. 4) are sensitive to the hydrogen 

abstraction reaction of NH3 by OH (R12). The kinetic data used for R12 was previously suggested by 

Miller and Bowman in 1989 [47] and was thoroughly validated since. Reaction R24 is a source of 

sensitivity for H2O and NH3 (Fig. 4). An improved fit for the temperature range relevant to the experimental 

temperatures herein was calculated from recent work [41] and implemented in this study (see SI section 

4), reducing uncertainty regarding its kinetic parameters. 

𝑁𝑂2(𝑔) + 𝑁𝑂(𝑔) → 𝑁𝑁𝐻(𝑔) + 𝑂𝐻(𝑔)                                                                                                                                (𝑅24) 

As seen in Fig. 4, NH3 was found to be sensitive to three additional reactions (R25-R27). The kinetic 

parameters for these reactions were taken from Dagaut et al. who validated their mechanism with 

experimental data for HCN and NOx/HNO3 amongst others [37]. Due to the similarity in species, the 

kinetic data was adapted directly from that mechanism. 

𝐻𝑁𝑂(𝑔) + 𝑂𝐻(𝑔) → 𝐻2𝑂(𝑔) + 𝑁𝑂(𝑔)                                                                                                                                (𝑅25) 

𝐻2𝑁𝑂(𝑔) + 𝑁𝑂(𝑔) → 2𝐻𝑁𝑂(𝑔)                                                                                                                                           (𝑅26) 

𝐻𝑂2(𝑔) + 𝑁𝑂(𝑔) + 𝑀 → 𝐻𝑁𝑂3(𝑔)
+ 𝑀                                                                                                                            (𝑅27) 

Overall, uncertainty in the simulation results is deemed to be mainly caused by the kinetic parameters of 

HNCO hydrolysis (R5). While additional reactions caused sensitivity for the examined species, their NSC 

values were considerably smaller (see SI section 5) and their kinetics were better validated. Therefore 

we conclude that reaction R5 is the main source for the discrepancy in the experimental and simulation 

CO and CO2 values presented earlier (Fig. 2d-2e). 
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Figure 4. Normalized sensitivity coefficients of the reactions to which the concentration of NH3 was most 

sensitive to along the reactor as a function of pressure. 

 

4. Conclusions 

A newly designed tubular reactor with an internal thermocouple well along the full reactor length was 

used to measure the temperature profile and effluent concentrations as a function of pressure during the 

combustion of aqueous urea ammonium nitrate (UAN) monofuel. Combustion temperature profiles 

showed a non-monotonic dependence on pressure, increasing at P≤5 MPa and decreasing at P≥10 MPa. 

Detected concentrations indicated that increasing the pressure reduces pollutant levels and improves 

product yields. Kinetic gas-phase simulations using an updated model for UAN combustion were applied 

to calculate the effluent concentrations. Excellent agreement was obtained for nitrogen species at 1-15 

MPa, and for carbon species at 10-15 MPa. Rate of production analyses were used to calculated the 

consumption and production distribution for several species. Isocyanic acid was found to be consumed 

mostly by HNCO hydrolysis, thereby producing the bulk of the CO2. This behavior supports the need to 

implement this reaction in any mechanism involving HNCO. Nitric acid reacted with HONO to form N2O4 

and H2O. Ammonia reacted with either NO2 or OH, producing NH2 and either HONO or H2O, respectively. 

Together, the reactions consuming HNO3 and NH3 produced most of the H2O. Finally, nitrogen was 

produced by the three-body decomposition of NNH. Sensitivity analyses indicated HNCO hydrolysis to 
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be the main source of uncertainty in the mechanism due to large errors in its kinetic parameters. This 

issue was linked to the lower agreement observed for simulation and experimental carbon species 

values. Therefore, additional research on the kinetics of this reaction is needed. The work herein is the 

first to include detailed temperature measurement based kinetic simulations for UAN combustion, and 

marks a significant improvement from previous attempts in both model agreement and scope. The 

combustion pathways were examined and expanded the previous knowledge on the kinetics involved in 

UAN combustion processes. The successful use of the PFR-like reaction system and nitrogen-based fuel 

mechanism enables future use of these resources for more detailed investigations into the effect of 

relevant parameters on nitrogen-based fuel combustion.  
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