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a b s t r a c t
The layered double hydroxide (MgAl-LDH) was modified by manganese for obtaining Mn/MgAl-
LDH. The obtained material was characterized by inductively coupled plasma, X-ray powder dif-
fraction, Fourier-transform infrared spectroscopy, scanning electron microscopy and X-ray photo-
electron spectroscopy. The as-synthesized Mn/MgAl-LDH was investigated for the decomposition 
and removal of hydrazine in a batch system. Factors affecting the decomposition and removal of 
hydrazine such as pH, time, initial hydrazine concentration and temperature were optimized. At 
the optimal pH 8, Mn/MgAl-LDH dose (100 mg), time of 90 min and temperature of 293 K, the 
hydrazine decomposition and removal percentage was 100% for initial concentrations of 5, 10 and 
15 mg L–1. Where, the pure MgAl-LDH showed 14% removal at 90 min for 10 mg L–1 of hydra-
zine compared to Mn/MgAl-LDH. The decomposition of hydrazine increased when the tempera-
ture was increased from 293 to 318 K and the time of complete decomposition reduced from 90 to 
45 min, respectively. The decomposition process of hydrazine on Mn/MgAl-LDH depended on the 
formed ions of manganese(II) and (III) as well as Mn3O4 on the surface. The existence of Mn3+ as a 
strong oxidant could decompose hydrazine to nitrogen and hydrogen. The catalytic decomposition 
of hydrazine was best followed by the first-order rate law and the calculated Ea value was found 
to be 24.841 kJ mol–1. The simple methodology regarding the material preparation and the method 
used as well as its effectiveness may provide a promising future for the decomposition and removal 
of hydrazine.
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1. Introduction

Hydrazine (N2H4) is an inorganic compound that has 
been involved in many important applications such as 
medicines, pesticides, plastic chemicals, rocket fuel, oxygen 
scavenger in boilers and catalysis [1]. Hydrazine is highly 
soluble in water and it may be percolated to water sources 
and soil causing pollution. Hydrazine pollution is hazard-
ous for humans leading to serious health problems to the 
skin, lungs, kidney, liver and central nervous system [1–3]. 
Hence, mentoring and the effective removal of its releasing 
to the environment are insistently requested. Additionally, 
the high alkalinity of hydrazine aqueous solutions (pH ≥ 12) 
and its explosive nature make its remedy from aqueous 
solutions a challenge and great concern. Several stud-
ies have been focused on the decomposition of hydrazine 
based on the catalytic oxidation process using various oxi-
dizing agents [4–9]. Hydrazine can be degraded in two 
ways to give N2, H2 and NH3 (Eqs. (1) and (2)) [4].

Complete decomposition:

N2H4(l) → N2(g) + 2H2(g) (1)

Incomplete decomposition:

N2H4(l) → 4NH3(g) + N2(g) (2)

Besides trails for hydrazine decomposition in pres-
ence of catalysts [4–9], many efforts have been made to 
treat the seriousness of hydrazine contamination. Several 
methods have been applied such as: membrane separation 
techniques [10], ultrasonic irradiation [2], sonochemical 
decomposition [11], adsorption [12], and biodegradation 
[13]. Recently, some new materials have been developed 
and investigated for hydrazine removal and decomposi-
tion [3,14–16]. Layered double hydroxides (LDHs) belong 
to a group of ‘non-silicate oxides and hydroxides’ materials 
and they are also referred to as hydrotalcite-like com-
pounds [17]. Their general formula can be presented as 
[M2+

1–x·M3+
x(OH)2]x+[An–

x/n·yH2O]x– where M2+ and M3+ are diva-
lent and trivalent metal ions, An– is an n– valent anion and 
x may range between 0.20 and 0.33 [18]. The basic feature 
of such compounds is isomorphous replacing a portion of 
the divalent ions by trivalent ones resulting in positively- 
charged sheets on the layers [17]. LDHs have notable prop-
erties; they are characterized by structural stability due to 
their better crystallinity. They exhibit a high external sur-
face area as well as the internal surface that can offer good 
binding sites for each singular hydroxide sheet. Generally, 
LDHs can be used in a wide range of applications such as 
photocatalysis [19,20] and adsorption of heavy metals from 
aqueous solutions [21–25]. Among the most widely applied 
hydrotalcite compounds, the MgAl-LDHs are non-toxic and 
cheap [18,26,27]. The MgAl-LDH and other LDHs can be 
easily synthesized using diverse methods [17,28]. Recently, 
there have been various studies including the design of 
MgAl-LDHs with various compositions according to the 
intended applications. Several intercalated MgAl-LDHs 
by different compounds have exhibited good environmen-
tal applications [18,29,30]. Manganese is an important ele-
ment that has been involved in several biological systems 
and it is a basic factor in photosynthesis reactions [31].  

It exhibits many oxidation states (+2, +3, +4 and +7) and 
forms different oxides and compounds. Manganese oxides 
have been applied in catalysis and electrochemistry [32]. 
LDHs containing manganese species have been utilized as 
oxidizing catalysts in many industrial processes and envi-
ronmental treatments [31,33,34]. In this study, we intended 
to find out new material for removing hydrazine. The MgAl 
double hydroxides were our concern due to their charac-
teristic properties. Hence, the study initially involved the 
preparation of the MgAl-LDHs which were modified by 
manganese species to obtain Mn/MgAl-LDH. The obtained 
modified MgAl-LDHs were characterized by inductively 
coupled plasma (ICP), X-ray powder diffraction (XRD), 
Fourier-transform infrared spectroscopy (FTIR), scanning 
electron microscopy- energy-dispersive X-ray analysis and 
X-ray photoelectron spectroscopy (XPS), measurements. 
The potency of the obtained material was then investigated 
towards the decomposition and removal of hydrazine. 
All experimental factors controlling the hydrazine removal 
and the mechanism type of its removal were investigated.

2. Materials and methods

2.1. Chemicals

Magnesium nitrate (Mg(NO3)2·6H2O), aluminum nitrate 
(Al(NO3)3·9H2O), sodium hydroxide (NaOH), sodium 
carbonate (Na2CO3), manganese sulfate (MnSO4·H2O), 
hydrazine (N2H4) and hydrochloric acid (HCl) were A.R. 
grade and used as received without any further treatment. 
A hydrazine stock solution (1,000 mg L–1) was prepared 
and used for obtaining the desired concentration range of 
hydrazine solutions by dilution with de-ionized water. 
The solutions pH was tuned using HCl (0.1 mol L–1) and 
NaOH (0.1 mol L–1) solutions.

2.2. Apparatus

The inductively coupled plasma mass spectrometer 
(7800 ICP-MS, Agilent Technologies, USA) was used for 
the determination of Al, Mg and Mn. FTIR spectra within 
the range 400–4,000 cm−1 of samples were obtained using a 
Fourier-infrared spectrometer (FTIR: Nicolet 6700, Thermo 
Scientific, USA). Powder XRD patterns were performed 
on an advanced X-ray diffractometer (Bruker D8 Advance, 
Germany), using Ni-filtered Cu-Kα line as a radiation source 
(λ = 1.54056 Å). The surface morphology was investigated by 
scanning electron microscopy (SEM) (Quanta 250 FEG, The 
Netherlands). XPS analysis was performed using a Thermo 
Scientific ESCALAB 250 (USA) with a monochromatic Al Kα 
source. Peak shift due to charge compensation was corrected 
using the binding energy of C1s peak (C–C) = 284.5 eV. All 
peaks were fitted using the SMART background option. 
A UV-Visible spectrophotometer Agilent Cary 60 UV-Vis 
Spectrophotometer (Agilent Technologies, USA) was used 
for the determination of hydrazine concentrations before 
and after decomposition.

2.3. Synthesis of MgAl-LDH

The MgAl-LDH was prepared using a conventional 
coprecipitation method previously described [35] with a 
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slight modification. Typically, Mg(NO3)2 · 6H2O (0.36 mol) 
and Al(NO3)3 · 9H2O (0.09 mol) were firstly dissolved in 
distilled water. Then a solution containing NaOH (0.72 mol) 
and Na2CO3 (0.36 mol) in distilled water was added to the 
first solution dropwise, with vigorous stirring at room 
temperature. The suspension was then aged at room tem-
perature for 24 h. The obtained precipitate was filtered 
and washed with excess distilled water. It was then dried 
at 80°C in an oven for 24 h to obtain MgAl-LDH.

2.4. Synthesis of Mn/MgAl-LDH

The Mn/MgAl-LDH was synthesized by a blending of 
2.0 g of MgAl-LDH with a 35 mL aqueous solution of 0.1 M 
MnSO4·H2O. The mixture was heated at about 90°C for 
2 h with stirring at 120 rpm. The obtained precipitate was 
separated by filtration, rinsed with distilled water several 
times followed by drying at 80°C.

2.5. Decomposition and removal of hydrazine

The assessment of hydrazine removal and decomposi-
tion was carried out using the batch technique. All experi-
ments were performed in 150 mL conical flask with 50 mL 
working volume of hydrazine solution at the requested 
amount of the MgAl-LDH or Mn/MgAl-LDH. The exper-
imental factors were studied at requested temperatures 
and time at a stirring rate of 120 rpm. The hydrazine 
concentrations were determined using p-dimethylamino-
benzaldehyde reagent [36]. The removal and decomposition 
percent (%) at a time (t, min) were calculated using Eq. (3):

Removal  %( ) −







= ×

C C
C
0

0

100  (3)

where C0 (mg L–1) was the initial hydrazine concentration, 
C (mg L–1) was the remaining concentration of the hydrazine.

3. Results and discussion

3.1. Characterization of Mn/MgAl-LDH

Table 1 shows the ICP results of the MgAl-LDH and 
the Mn/MgAl-LDH. The MgAl ratio of MgAl-LDH was 
3.591 which changed to 3.31 in the case of the Mn substi-
tuted MgAl-LDH. The percentage of magnesium content 

slightly decreased in Mn/MgAl-LDH comparing to pure 
MgAl-LDH. Moreover, the white color of MgAl-LDH turned 
to dark brown for the Mn/MgAl-LDH probably due to the 
formation of some manganese species [37,38]. The prelim-
inary results imply a perception about the replacement of 
magnesium by manganese in the obtained LDH and/or 
formation of new phases.

The XRD patterns of pure MgAl-LDH and the Mn/MgAl-
LDH are illustrated in Fig. 1. The pattern of pure MgAl-LDH 
displays all characteristic diffraction peaks at the (003), (006), 
(009), (015), (018), (110) and (113) corresponding to hydro-
talcite-like compounds [39,40]. The calculated basal spacing, 
d003 was 7.9 Å indicating the existence of the intercalated 
CO3

2– species and water molecules in the interlayer spaces 
[39]. The diffraction pattern of Mn/MgAl-LDH shows all 
characteristic peaks of pure MgAl-LDH as well as two new 
phases corresponding to MnCO3 and Mn3O4. The observed 
diffraction lines at 2θ = 24.3°, 31.4°, 37.5°, 41.5° and 51.7° are 
indexed to MnCO3 (Rhodochrosite, JCPDS card no: 44-1472) 
[41,42]. The four diffraction peaks around 2θ = 18.0°, 28.9°, 
32.5° and 36.0° correspond to Mn3O4 [38,43].

The obtained results may reveal a possible isomorphism 
substitution of metal ions (Mg2+/Al3+) by manganese due 
to the diversity of ionic radii (Mn2+ = 0.83; Mg2+ = 0.72 Å; 
Al = 0.53 Å) [31]. Meanwhile, in our experimental con-
ditions, we believe that some of Mn2+ may be facilely oxi-
dized to higher oxidation state Mn3+. Basically, the favorable 
converting of Mn2+ to Mn3+ in basic medium may be attributed 
to the low redox potential {E0[Mn(OH)3/Mn(OH)2] = 0.1 V} 
[31,44]. Hence, the obtained dark brown of the Mn/MgAl-
LDH can be attributed to the substantial converting 
of Mn(OH)2 to husmannite (Mn3O4) in presence of air[38].

Fig. 2 presents FTIR of pure MgAl-LDH and Mn/MgAl-
LDH before and after the decomposition of hydrazine. 
Broadband at about 3,470 cm–1 is mainly assigned to the 
stretching vibration of O–H groups. An observed band at 
1,650 cm–1 is attributed to the bending vibration of H2O inter-
calated between the layers. The absorption band at around 
1,376 cm–1 in the pure MgAl-LDH spectrum is indexed to 
the stretching vibration of CO3

2– in the interlayer [45]. The 
intense band at about 650 cm–1 may be related to metal- 
oxygen bonds in the LDH lattice [46]. The FTIR spectra of 
the Mn/MgAl-LDH before and after hydrazine decomposi-
tion show strong bands at 1,450 cm–1 corresponding to the 
anti-symmetric stretching mode of CO3

2– [47]. The spectra of 
both samples also display a weak peak at 1,797 cm–1 assign-
ing to the band related to the combination of CO3

2– anions 
and Mn2+ ion [48]. In addition, the FTIR spectrum of Mn/
MgAl-LDH after hydrazine decomposition does not reveal 
the characteristic peak corresponding to N2H2 at 1,614 cm–1 
[49]. This finding indicates that the process of hydra-
zine removal is mainly based on catalytic decomposition 
rather than adsorption.

Morphology of pure LDH and Mn/MgAl-LDH before 
and after hydrazine decomposition is shown in Fig. 3. The 
SEM images of all samples display a plate-like morphology 
of LDHs that look in the form of rectangular shapes [50]. 
The SEM images show also separate and aggregated spheri-
cal shape particles confirming the formation of MnCO3.

The surface elemental compositions of Mn/MgAl-LDH 
were verified by XPS. In Fig. 4a, all peaks of Mn 2p, O1s, 

Table 1
ICP analysis and molar ratio of MgAl-LDH and Mn/MgAl-LDH 
samples

Sample wt.% Molar ratio Color

Mg% Al% Mn% (MgAl)

MgAl-LDH 23.81 6.63 0 3.591

Mn/MgAl-LDH 20.45 6.18 6.976 3.31
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C1s, Al 2p, Mg 1s, and S 2p are shown in the wide scan XPS 
spectra indicating the presence of Mn, O, C, Al, Mg and S 
elements on the surface of the sample.

The deconvoluted XPS peaks of O1s for Mn/MgAl-LDH 
(Fig. 4b) show three peaks; the first peak at 529.8 eV refer-
rers to the lattice oxygen in MnCO3 and/or Mn3O4, while 
peaks at 531.8 and 533.6 eV are assigned to surface-adsorbed 
oxygen (like O2

–2, O−, etc.) and water at the surface[51–53]. 
Meanwhile, the quantitative analysis shows the high atomic 
percentage of oxygen (58%) implying its abundance on the 
surface.

The high resolution C1s spectrum (Fig. 4c) displays 
three fitted peaks, 284.9 eV for C–C (adventitious car-
bon), 286.8 eV for C–O and 289.8 eV for CO3

2– anion in 
MnCO3 [51,54].

The XPS for the Mn 2p emission line (Fig. 4d) shows a 
spin-orbit doublet with Mn 2p3/2 at 641.1 eV and Mn 2p1/2 at 
653.6 eV. The peak fitting deconvolution Mn 2p3/2 exhibits 
two peaks at 641.1 and 642.4 eV assigning to Mn2+ and Mn3+, 
respectively [55]. The shake-up peak located at 646.7 eV 
was also assigned to Mn2+ species These results are in agree-
ment with XRD and certainly prove that the Mn2+ and Mn3+ 
are loaded on the surface as Mn3O4 [56]. In the same con-
text, the observed S in the wide scan XPS spectra can be 
attributed to the presence of a little residual amount of SO4

2–.

3.2. Performance of Mn/MgAl-LDH towards the hydrazine 
decomposition

The decomposition of hydrazine was investigated 
using Mn/MgAl-LDH sample in a batch-type process. 
The experimental factors related to the hydrazine decom-
position process like pH, reaction time, an initial hydrazine 
concentration and reaction temperature were investigated.

3.2.1. Influence of pH

Fig. 5a displays the pH influence on the decomposition 
of hydrazine over the pH range from 3 to 10 for an initial 
hydrazine 10 mg L–1, stirring time 60 min and an Mn/MgAl-
LDH dosage of 100 mg. It can be seen that the removal 
and decomposition ratio of hydrazine increases with an 
increase in solution pH from 3.0 to 8.0 and thereafter slightly 
decreases for pH greater than 8.0. The decomposition ratio 
is found to be 65% at pH 3 and reaches a maximum value 
of 88% at pH 8. The decomposition of hydrazine is mainly 
attributed to the already presence of the Mn3+ ions and 
Mn3O4 on the surface. Basically, Mn(III) is a strong oxidiz-
ing reagent involving one-electron transfer. Moreover, the 
composition of Mn3O4 is influenced by the pH value. It can 
be dissolved to form Mn2+ rather than Mn3+ at a low acidic 

Fig. 1. XRD patterns of pure MgAl-LDH and Mn/MgAl-LDH.

Fig. 2. FTIR spectra of pure MgAl-LDH and Mn/MgAl-LDH after and before hydrazine decomposition.
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medium [53]. Hence, the enhanced decomposition of hydra-
zine at basic pH can be referred to the existence of more Mn3+ 
[31,44,53] which assists the decomposition of hydrazine.

3.2.2. Influence of time

The decomposition of hydrazine vs. time was inves-
tigated by varying time in the range from 5 to 90 min for 

an initial hydrazine concentration of 10 mg L–1 and pH 8.0 
at 20°C (293 K). In Fig. 5b, the decomposition of hydrazine 
gradually increases with time to reach 100% degradation at 
90 min. Meanwhile, at the same experimental conditions, 
the pure MgAl-LDH sample shows about 14% of hydra-
zine decomposition and removal in comparison with the 
Mn-substituted MgAl-LDH. This result confirms the ability 
of modified MgAl-LDH by Mn for hydrazine decomposition.

Fig. 3. SEM of pure MgAl-LDH (A,a), and Mn/MgAl-LDH before (B,b), and after hydrazine decomposition (C,c) at different magni-
fications; (A–C) 500× and (a–c) 3,000×.
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3.2.3. Influence of the initial hydrazine concentration

Fig. 5c depicts the decomposition ratio of hydrazine 
vs. the initial hydrazine concentration ranging from 5 to 
150 mg L–1 at the solution pH of 8.0 with Mn/MgAl-LDH 
dosage of 100 mg in 50 mL at 20°C (293 K). The hydrazine 
decomposition is totally accomplished (100% removal) 
at hydrazine concentrations of 5, 10 and 15 mg L–1. The 
decomposition ratio then decreases from 92.7% to 35.6% 
as the initial hydrazine concentration increases from 25 to 
150 mg L–1. The higher decomposition ratio at lower hydra-
zine concentrations can be assigned to the available many 
active sites that have the ability for the decomposition of 
the particular amount of hydrazine.

3.2.4. Influence of reaction temperature

Fig. 5d shows the influence of temperature on the 
decomposition of hydrazine at 293, 303 and 318 K. In gen-
eral, the decomposition ratio of hydrazine increases with 
increasing the temperature from 293 to 318 K. Moreover, 
with increasing temperature in the same order, the time 
required for complete hydrazine decomposition reduces 
from 90 to 60 and finally becomes 45 min.

3.3. Kinetic studies

The decomposition kinetics of hydrazine was investi-
gated by applying the linear forms of the zero (Eq. (4)), first 
(Eq. (5)) and second (Eq. (6)) order rate law.

C C k t0 0− =  (4)

ln
C
C

k t0
1









 =  (5)

1 1

0
2C C
k t− =  (6)

where C0 and C represent the concentrations of hydrazine 
at time zero and t, min, respectively. Values of k0, k1 and k2 
show the rates constant of zero, first, and second-order 
kinetic models, respectively. The fitted experimental data 
to the proposed models are shown in Fig. 6. Obviously, the 
experimental results are incompatible with both zero and 
second-order models (Figs. 6a and c) which display correla-
tion coefficients (R2) of 0.923 and 0.841, respectively. While 

(a) (b)

(c) (d)

Fig. 4. XPS spectra of Mn/MgAl-LDH: survey spectrum (a), O1s (b), C1s (c), and Mn 2p (d).
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Fig. 5. Effect of pH (a), reaction time (b), initial concentration of hydrazine (c), and reaction temperature (d) on hydrazine 
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the derived data points of the first-order model (Fig. 6b) 
exhibits a well straight line with a higher correlation coef-
ficient (R2) of 0.992. The obtained k1 value from the slope of 
the straight line is 0.034 min–1. The activation energy (Ea) of 
the hydrazine decomposition can be obtained from the slope 
of plotting lnk against 1/T (Arrhenius Eq. (7) and Fig. 6d).

ln ln k A
E
RT
a= −  (7)

where k is the rate constant, R is the universal gas con-
stant (8.314 J mol−1 K−1) and A is the pre-exponential factor. 
The Ea value is found to be 24.841 kJ mol–1.

3.4. Possible mechanism of hydrazine decomposition on Mn/
MgAl-LDH

Due to the characteristic nature of MgAl-LDH and 
the experimental conditions, some metal ions (Mg2+/Al3+) 
were undergone isomorphous substitution by Mn2+ which 
could be facilely oxidized to higher oxidation state Mn3+. 
The detailed XPS and XRD results proved that the Mn/
MgAl-LDH contained Mn2+, Mn3+ ions and Mn3O4 on the sur-
face. Meanwhile, the FTIR spectroscopy indicated that the 
process of hydrazine removal was mainly based on catalytic 
decomposition than adsorption. Basically, the direct com-
plete decomposition of hydrazine on the surface at a lower 

Fig. 7. Mechanism of hydrazine decomposition on Mn/MgAl-LDH.

Table 2
Comparison of the hydrazine decomposition and removal by Mn/MgAl-LDH with some other studies

Material Method Conditions Results Reference

Tremelliform Co0.85Se 
nanosheets

Catalytic 
decomposition

50 mg Co0.85Se catalyst; 
(N2H4) = 2 × 10–3 M, pH = 11.3; 
temperature = 298 K, time = 50 min

Hydrazine 
conversion rate up 
to 95% after 50 min

[58]

Sargassum ilicifolium Biosorption Biosorbent dose = 0.1 g L–1; 
(N2H4) = 135 mg L–1; pH = 7.5, 
temperature = 298 K; time = 90 min

Biosorption capacity, 
(qm = 189.1 mg g–1)

[13]

Coal ash Ultrasonic irradiation 
and decomposition

Coal ash dose = 2 g L–1; (N2H4) = 3.2 mg L–1; 
pH = 8; temperature = 293 K; time = 60 min

Removal capacity, 
(qm = 0.16 mg g–1)

[11]

Coal ash Ultrasonic irradiation, 
decomposition and 
adsorption

Coal ash dose = 2 g L–1; (N2H4) = 3.2 mg L–1; 
pH = 8, temperature = 293 K; time = 60 min

Removal capacity, 
(qm = 0.16 mg g–1)

[12]

DQ-COF/Ni composite Adsorption Adsorbent dose = 10 mg; 
(N2H4) = 100 mg L–1; pH = 7; 
temperature = 298 K; time = 90 min

Removal capacity, 
(qm = 1,108 mg g–1)

[16]

Mn/MgAl-LDH Decomposition and 
removal

Mn/MgAl-LDH dose = 100 mg; 
(N2H4) = 5, 10 and 15 mg L–1; pH = 8; 
temperature = 293 K; time = 90 min

100% removal [This work]

Mn/MgAl-LDH dose = 100 mg; 
(N2H4) = 25–150 mg L–1; pH = 8; 
temperature = 293 K; time = 90 min

92.7%–35.6% 
removal

Mn/MgAl-LDH dose = 100mg; 
(N2H4) = 10 mg L–1; pH = 8; 
temperature = 303; time = 60 min

100% removal

Mn/MgAl-LDH dose = 100mg; 
(N2H4) = 10 mg L–1; pH = 8; 
temperature = 318 K; time = 45 min

100% removal
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temperature can follow Eq. (1) [4,57]. The superiority of Mn/
MgAl-LDH for hydrazine decomposition than MgAl-LDH 
was mainly attributed to the existence of manganese species. 
Hence, the proposed mechanism of the hydrazine decom-
position by Mn/MgAl-LDH can be illustrated as shown in 
Fig. 7. The coexistence of both Mn2+ and Mn3+ ions as well as 
Mn3O4 is essential for the oxidation of hydrazine and decom-
position. When hydrazine molecules get in contact with the 
surface of Mn/MgAl-LDH, they are oxidized by Mn3+ ions 
on the surface of MgAl-LDH and that present in Mn3O4. 
Thence, hydrazine molecules are decomposed to N2 and H2.

4. Conclusions

The Mn/MgAl-LDH sample has been synthesized by 
a facile approach using manganese sulfate. The obtained 
sample exhibited a good effect on the decomposition 
and removal of hydrazine. The results showed that the 
hydrazine decomposition and removal is pH, time, initial 
hydrazine concentration. At pH 8 and time of 90 min, the 
hydrazine decomposition was 100% at lower concentra-
tions (5, 10 and 15 mg L–1), while the decomposition ratio 
decreased from 92.7% to 35.6% for the increased hydrazine 
concentration from 25 to 150 mg L–1. The decomposition of 
hydrazine was greatly influenced by temperature, in which 
the decomposition ratio increased with increasing the tem-
perature from 293 to 318 K. Moreover, the time required for 
complete hydrazine decomposition reduced from 90 to 60 
and finally became 45 min with the same increasing order of 
temperature. The catalytic decomposition of hydrazine was 
best followed by the first-order rate law with calculated Ea 
of 24.841 kJ mol–1. The superior performance of Mn/MgAl-
LDH was recognized by comparing the efficacy of pure 
MgAl-LDH sample for hydrazine decomposition, which 
showed 14% of hydrazine decomposition and removal. 
Here, due to the characteristic nature of MgAl-LDH and 
the experimental conditions, an isomorphism substitution 
of metal ions (Mg2+/Al3+) by manganese certainly occurred 
and some of Mn2+ could be facilely oxidized to higher oxi-
dation state Mn3+. Consequently, the considerable enhancing 
of hydrazine decomposition by Mn/MgAl-LDH was mainly 
due to the existence of Mn3+ ions Mn3O4 on the surface. The 
obtained results were reviewed and compared with other 
performed studies (Table 2). The results show the ability and 
effectiveness of the current material for hydrazine removal 
compared with some instrumental techniques. Moreover, 
the simplicity of the Mn/MgAl-LDH preparation as well as 
the method of hydrazine removal (patch technique) give 
the study a distinct advantage for application and can be 
extended for further studies concerning hydrazine.
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