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ABSTRACT

As a terrific hydrogen carrier, NH; can be wildly used as non-carbon gas fuel in energy area,
because NH; can store a high density of H, and can be liquefied easily in ambient tem-
perature and pressure. Chemical Looping Ammonia Generation (CLAG) is known to be a
novel, efficient and environmentally friendly synthesis method for ammonia, in which the
N-sorption/desorption of nitrogen carrier are included. The N-sorption step, which is
known as the carbothermal reduction, is well studied while there are few reports on N-
desorption step. Therefore, in this paper, stationary bed reactor and thermo-gravimetric
analyzer (TGA) were used to study the N-desorption performance of the TiO,-loaded Al-
based N-carrier and the corresponding NH; generation during the N-desorption reaction.
The results showed that, TiO, performed a good catalytic effect on the N-desorption re-
action, which is due to the good dissociative adsorption performance of H,0 on TiO, sur-
face, and the released hydroxyl (OH—-) plays an important role in the N-desorption reaction.
The conversion amount of aluminum nitride and the yield of NH3 increased with the TiO,
loading in the reactants, the reaction temperatures and the steam concentrations in the
atmosphere, while the conversion efficiency of NHs;, which is significantly affected by
temperature, didn't affected by the TiO, loadings.

© 2018 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

Introduction

Ammonia (NHs) is a promising hydrogen carrier [1,2] because

pressure [3,4], which is beneficial to the storage and trans-
formation of hydrogen as well as the energy containing [5,6]
and so on. Also, NH; is an important raw material for chem-
icals in industrial and civil applications and wildly used to

NH; is easy to be liquefied in ambient temperature and
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synthesize explosive [7], chemical fertilizer [8,9], refrigerant
[10], and medicine [11] and so on. Actually, the energy density
of NH; is high, and the combustion products are water and
nitrogen (in the absence of catalysts and pure oxygen), which
have no harm to the environment. The combustion reaction is
[4,12]:

NH; + Zoz HgHQO + %Nz AHYg, = —317.5 kJ/mol R1

Also, compared with H,, a widely accepted clean energy,
the energy density of NHj; is higher (about 1.5 times that of H,)
[13]. Therefore, NH; could be regarded as a hydrogen carrier or
a promising clean fuel and the corresponding synthetic
technique needs to be further developed [14,15].

Nowadays, global production of NHj is about 130 million
metric tons annually, and more than 90% of the world's
ammonia are synthetized with the Haber—Bosch synthesis
(HBS) process [13,16]. The reaction is shown as below:

N, + 3H, &% oNH, R2

Intensive studies were reported about the HBS process and
various catalysts were used to reduce the energy barrier to
fracture the N—N bonds, which is the speed control step of
HBS [17—19]. In order to further improve HBS, Aziz M et al.
integrate NH; synthesis with N, production to maximize the
energy efficiency [6]. However, due to the limitation of the
unfavorable thermodynamic equilibrium of NH3, the conver-
sion efficiency per pass of NH; in HBS is only around 25%—30%
[20]. Accordingly, people are trying to find a better method to
synthesis NH; with a higher NH; yield. Ankur] et al. found NH;
could be produced easily through hydrolysis of metal nitrides
while the metal nitrides could be reproduced to make a close
cycle [19]. Based on this situation, a two-stage thermochem-
ical process or chemical looping ammonia generation (CLAG)
was proposed to decrease the cost needed for NH; production
[20,21], and it consists of two reactions:

>1300°C,kp3,Kg3

3C + N, + Al,O4
= 708.1k]/mol

2AIN +3CO AHj...

R3

>900°C gy Kry

2AIN + 3H20 A1203 =+ 2NH3 AHgSDC
= —274.1kJ/mol R4

where R3 is N-sorption step or carbothermal reduction
[22—25], R4 is N-desorption step. Compared with HBS, the
source of raw materials (coal and N,) for CLAG is extensive,
and the raw material utilization efficiency of CLAG is higher.

Intensive studies including influence of the carbon agent
and catalysts have been well reported to decrease the syn-
thesis temperature and increase the AIN conversion of R3
[23—27]. For example, Forslund B et al. found AIN can be
converted from Al,O3 in graphite furnace with flowing nitro-
gen gas between 1200 °C and 1500 °C using powder mixture
with Al,03:C molar ratio of 1:3 [24,25]. The structure and
existing form of Al,0O3; affect its reactivity in R3, while the
reactivity of Al,0; is of the order of y-Al,03 > Al(OH); > a-Al,05
[26]. In order to further increase the yield of AIN and lower the
reaction temperature, several catalysts, such as CaF,, Y,03

and Na,COs;, were added to the compound [23,27]. However,
there are few reports on how to enhance the N-desorption
reaction or R4 because AlN is widely used as ceramic material
and semiconductor and the mechanisms of R4 are intensively
studied to inhibit the hydrolysis of AIN or promote the sta-
bility of AIN (R4). C.J. Bartel et al. reported that the fracture of
the Al-N bonds is the speed control step of N-desorption re-
action and the reduction of hydroxyl (OH™) on the AIN surface
can well increase the activation energy of N-desorption reac-
tion or inhibit the hydrolysis of AIN [28]. So, the addition of
hydroxyl on the AIN surface is supposed to enhance the re-
action kinetics of R4. How to increase the hydroxyl on the AIN
surface is considered in our researches. Our previous studies
found that Fe,O3 is a good catalyst to decompose H,0 and
enhance R4 by reducing the activation energy by 30% [20].
However, the yield of NH; is low because Fe,03 also promotes
the decomposition of NHj. Therefore, other kinds of catalyst
should be used to accelerate R4. In fact, it has wildly reported
that TiO, performs an excellent H,O dissociative adsorption
ability to release hydroxyl. For example, Zhao W et al. found
H,0 is easy to be captured on TiO, surface [29]. Furthermore,
density functional theory (DFT) also shows H,0 is easy to be
dissociated on the TiO, (1 0 0) surface [30,31]. The reaction is
shown as R5:

TiO, + H,0 < TiO(OH)" + OH~ RS

Based on this situation, we tried to use TiO, as a catalyst to
enhance the N-desorption reaction and NHj generation. The
results in our work show it really performs a good catalytic
property. In this paper, N-desorption performances of AIN
under different conditions including reaction temperatures,
TiO, loadings and steam concentrations were studied with
stationary bed reactor and thermo-gravimetric analyzer
(TGA). Also, characterization methods, such as The X-ray
diffraction (XRD), Scanning electron microscope (SEM) and X-
ray photoelectron spectroscopy (XPS) were used to evaluate
the catalyst.

Materials and methods
Sample preparation and characterization

The aluminum nitride (AIN) powder was obtained from
Advanced Technology & Materials Co. Ltd. (N>32.5%, 2 pm of
partial size), and the titanium dioxide (TiO,) powder was ob-
tained from Sinopharm Chemical Reagent Co., Ltd (pu-
rity>99.0%). Considering the impurity of TiO, and the N-
desorption reaction temperature is over 800 °C, the fresh TiO,
powder was calcined under the atmosphere of Ar at 900 °C for
1h toremove the water and volatiles in the powder. After that,
each sample was prepared by mixing predetermined amounts
of AIN and TiO, in a mortar and grinded for 30 min, the
resulting powder is the TiO,-loaded AIN sample (hereafter
called “TAN sample”). Target weight percentages were 20, 40,
50, 60, 70, 80 wt % of TiO, in samples and the corresponding
names are 20 wt % of TAN, 40 wt % of TAN, 50 wt % of TAN,
60 wt % of TAN, 70 wt % of TAN and 80 wt % of TAN respec-
tively. XRD data for mixed sample before and after reaction
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