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Abstract

Fe—P ultrafine amorphous alloy particles have been synthesized by chemical reduction of various iron precursors such as FeCl,-4H,0,
FeCl;-6H,0, and Fe(OAc), under different preparation mediums, viz., H,O, ethanol/H,0, and isopropyl alcohol/H,O. The synthesized materials
were characterized by X-ray diffraction, inductively coupled plasma-atomic emission spectroscopy, N, sorption, transmission electron microscopy,
X-ray photoelectron spectroscopy, and electron diffraction. The results indicated the existence of amorphous nature of Fe—P materials even when
the treatment temperature was up to 400 °C. The structure, morphology, and composition of Fe—P nanoalloys have been significantly influenced
by the iron precursor and the type of solvent. Dehydrogenation of ethanol has been carried out in order to evaluate the catalytic properties of the
Fe—P nanoalloys and related to the surface properties of Fe—P nanoalloys. Sample Fegy 1 P109 prepared with FeCl;-6H,O in isopropyl alcohol/H,O
solvent showed the highest activity owing to its high surface area and high turnover frequency.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Since the introduction of rapid quenching techniques [1] for
producing metal-metalloid amorphous alloys, the metastable
materials with short-range ordering structure have attracted
a lot of attention due to their superior electronic, magnetic,
mechanical, and chemical properties [2,3]. The classical works
of Yamashita et al. and Masumoto et al. [4—14] on hydrogena-
tion of carbon monoxide motivated rapid growth in research
into amorphous alloy catalysis. Various amorphous alloys have
been prepared and employed in catalysis including electroly-
sis [15,16], hydrogenation [4-9,17-34], hydrogenolysis [8,9],
oxidation [35-39], isomerization [28,40], etc. The presence of
high concentration of highly coordinatively unsaturated sites
on amorphous alloys causes adsorption and surface reactions
more easily than on the corresponding crystalline catalysts. In
addition, the nonporous nature of these materials effectively
eliminates the effects of intraparticle limitations on surface reac-
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tions. The amorphous alloys differ from the crystalline alloys
bearing similar compositions in their physical, mechanical, and
chemical properties. However, one of the significant demerits
is the low surface area of amorphous alloys, which limits their
use as an industrial catalyst. A number of new methods have
been developed to prepare nanosized amorphous alloy catalysts
that combine the characteristics of amorphous alloys with a large
disorder and nanometer materials with a small size to attain high
surface area.

Ultrafine amorphous alloy particles (UAAP) constitute an
overlapping area of amorphous alloys [41,3] and nanophase
materials [42,43] and hence attracted a great deal of attention due
to their interesting intrinsic properties, e.g., short-range order,
long-range disorder and high dispersion, as well as their poten-
tial applications, e.g., in powder metallurgy, magnetic materials,
catalysts and ferrofluids, higher activity, better selectivity and
stronger poison resistance in many hydrogenation reactions, par-
ticularly [44,45]. UAAP have properties that are of interest in
catalysis: (i) the presence of a large number of surface coordi-
natively unsaturated sites, (ii) the lack of crystal defects, and
(iii) the isotropic, single phase nature of the materials. Exam-
ples of UAAP include M-B (M =Fe, Co or Ni) [46-53], Ni-P
[54-59], Co-P [60], Fe—P-B (M =Cr, Co or Ni) [61,62], Ni-P-B
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[61,63-65], Fe—Co-B [66], Fe-Ni-B [66,67], Ni-Co-B [68] as
well as ultrafine crystalline particles of Co, Co2B or Co(BO3)»,
and Fe, Fe;B, Mg, Al, Ni, Pd [69], and Cu.

In general, the most widely used preparation techniques of the
amorphous alloy catalysts are the rapid quenching method and
chemical reduction method. The latter has its own advantages
in the preparation of UAAP over the former; the composition
and hence the properties of the catalysts are more adjustable.
In particular, the ratio of different elements being not lim-
ited to the eutectic composition of the alloy. One of the most
prominent methods is to prepare the amorphous alloys by
chemical reduction of the metallic ions with hypophosphite
(H>PO, ™) or borohydride (BH4 ™) to form ultrafine metal boride
or phosphide amorphous alloy particles, as first reported by van
Wonterghem et al. [70] and developed by Linderoth and Mgrup
et al. [51,52,71]. The powder samples obtained by chemical
reduction are highly dispersed to ensure large surface area of
the resultant amorphous alloy catalysts, can be compacted in a
variety of forms suitable for catalysis and can be used in cat-
alytic test without any pretreatment, which makes them more
convenient in catalytic studies.

Fe—P alloys have been electrochemically prepared under rel-
atively simple experimental conditions. The electrochemical
deposition of thin films of Fe—P alloys was carried out under var-
ious experimental conditions and their composition, structure,
and electrochemical properties were investigated and reported
[72]. Fdez-Gubieda et al. [73] studied the Fe and P K edges in a
series of Fejgo—xPx amorphous alloys and found that changes of
short-range order caused by the sample composition were cor-
related with magnetic properties. Perera et al. [74] synthesized
Fe—P nanoparticles from Fe(acac); and P(SiMes)3 as a pure-
phase, discrete particles and reported the effect of the nanosized
dimensions on the resultant magnetic properties. A systematic
analysis of the effects of B and P concentrations on the pore dis-
tribution, coordination number distribution, and the interatomic
distance in amorphous Fe-B and Fe—P alloys was investigated
by Hoang [75].

The objective of the present study was to achieve an under-
standing on the effects of preparative methods on the surface
properties of Fe—P amorphous alloy catalysts. Dehydrogenation
of ethanol was chosen as a test reaction to probe the catalytic
behavior. Emphasis was placed on using different iron precur-
sors and solvents which, in combination with characterization

Table 1
Composition of Fe—P catalysts under various preparation conditions

techniques, would reveal its influence on the morphology and
catalytic activity of Fe—P alloys.

2. Experimental
2.1. Catalyst preparation

A series of Fe-P samples was prepared by a chemical
reduction method. Various iron salts such as FeCly-4H,O,
FeCl3-6H,0, and Fe(OAc), were used in this study. An iron
salt and NaH,PO,-H;O were first dissolved in water separately
and then mixed at 70 °C under vigorous stirring. The pH of the
solution was adjusted to 11 using 50 wt.% aqueous NaOH solu-
tion. The aqueous solution of NaH,PO; was slowly added into
the aqueous solution of an iron salt at the rate of 10 cm?/min.
The Fe—P brown precipitate was washed with NH4OH solution
followed by deionized water and then with a 95% ethanol solu-
tion. The molar ratio of Fe/P in the primary solution was 1:3 for
all the samples. In order to study the effect of solvent, water was
replaced with 50% ethanol in water and 50% isopropyl alco-
hol (IPA) in water. Table 1 shows the preparation conditions
employed to study the effect of iron precursors and solvents.

2.2. Catalyst characterization

XRD analysis was performed using a Siemens D500 pow-
der diffractometer. The XRD patterns were collected using Cu
Ka radiation (1.5405 A) at a voltage and current of 40kV and
30mA, respectively. The sample was scanned over the range
26 =20-60° at a rate of 0.05°/min to identify the amorphous
nature. Samples for XRD were prepared as thin layers on a
sample holder. Elemental analysis using inductively coupled
plasma-atomic emission spectroscopy (ICP-AES) (Jobin-Yvon
Company, France, JY-24) was carried out on the Fe—P samples
to study the effect of preparation method on the compositions
of the samples. In general, the weighed samples were dissolved
in nitric acid and diluted with deionized water to concentrations
within the calibration range of each element. The standard solu-
tions purchased from Merck were diluted and used to establish
the calibration curves. Wavelengths used for elemental analysis
were 259.94 and 249.77 nm for Fe and P, respectively. Nj sorp-
tion isotherms were measured at —197 °C using a Micromeritics
ASAP 2010 instrument. Prior to the experiments, the samples

Sample notation Preparation conditions

Bulk composition® (atomic ratio)

Fe/P (atomic ratio) Surface compositionb (atomic ratio)

Iron precursor Solvent
A FeCl-4H,0 HO Feg77P123 7.1 Fegs 5P1ss
B FeCls-6H,O H,O Fegi2Piss 4.3 Fege3P137
C FeCl,-4H,O EtOH/H,0 (1:1) Fe717P2s3 2.5 Fegp.9P39.1
D Fe(OAc), EtOH/H,0 (1:1) Fegr 6P17.4 4.7 FegssPigo
E Fe(OAc), IPA/H>0 (1:1) Fego 1P1o9 8.2 Fegp.1Pog

Fe/P ratio in the starting material = 1:3.
2 Determined by ICP-AES.
b Determined by XPS.
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were dehydrated at 100 °C until the vacuum pressure was below
0.1 Pa. The measurement of the surface areas of the samples was
achieved by the Brunauerr—Emmett-Teller (BET) method for
relative pressures in the range P/Py =0.05-0.2. The morphology
and particle size of the samples were determined by transmission
electron microscopy (TEM) on a JEM-1200 EX II instrument
operated at 160kV. Initially, a small amount of sample was
placed into the sample tube filled with a 95% ethanol solution.
After agitating under ultrasonic environment for 10 min, one
drop of the dispersed slurry was dipped onto a carbon-coated
copper mesh (300#) (Ted Pella Inc., California, USA), and dried
in an oven at 100°C for 1h. XPS spectra were recorded on
a Thermo VG Scientific Sigma Probe spectrometer. The XPS
patterns were collected using Al Ka radiation at a voltage and
current of 20kV and 30 mA, respectively. The base pressure
in the analyzing chamber was maintained in the order of 10~
Torr. The spectrometer was operated at 23.5 eV pass energy. The
binding energy of XPS was corrected by contaminant carbon (C
1s=285.0eV) in order to facilitate the comparisons of the values
among the catalysts and the standard compounds.

2.3. Catalytic activity

The dehydrogenation reaction was carried out in a contin-
uous, U-shaped, quartz microreactor. About 40mg of fresh
catalyst was placed on a layer of quartz wool. The catalyst was
first reduced with 5% H; in Ar at 250 °C for 30 min. A saturator
containing 99.8% ethanol was kept at a constant temperature of
22 °C. Nitrogen was used as a carrier gas at a constant flow rate
of 40 ml/min. The experiments were carried out at a constant
temperature of 250 °C under atmospheric pressure. To prevent
possible condensation of reactant and products, all connection
gas lines and valves were analyzed by a China Chromatography
8900F gas chromatograph with a thermal conductivity detector.
The column was 5 m long and packed with Hyesep D, which was
maintained at 150 °C. Product gas concentrations were deter-
mined with a SCSC2.01 integrator by comparing the peak areas
with those for a standard mixture.

3. Results and discussion
3.1. Catalysts characterization

The bulk compositions of the as prepared Fe—P nanoalloys
prepared using FeCl; (in H,O and EtOH/H;,0), FeCl3 (in H>0),
and Fe(OAc); (in EtOH/H, O and IPA/H;O) were determined by
ICP-AES. The outcome of the effect of three protonic solvents
and iron precursors on the substitution degree of P for Fe in Fe—P
islisted in Table 1. The results show that the preparation methods
significantly affected the concentration of phosphorus bonded to
the iron metal. Although large amount of phosphate was used,
Fe/P ratios in bulk materials were greater than the stoichiomet-
ric ratio (Fe,P or Fe3P) in most cases. When water was used as
a solvent for FeCl, and FeClj, the Fe/P atomic ratios were 7.1
and 4.3, respectively. In contrast, in the case of ethanol as a sol-
vent for FeCl,, the Fe/P atomic ratio was 2.5, which proved the
influence of solvent on the composition of Fe—P materials. Inter-
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Fig. 1. XRD patterns of Fe-P samples. (A) Feg77P123, (B) Fegi2Pig3g, (C)
Fe717P2s 3, (D) Fega 6P17.4, and (E) Fego 1P10.9.

atomic distance between Fe—Fe pairs increases with an increase
in the P concentration up to 20%. Due to the large size of P
atoms, it creates large cavities in Fe—P alloys and tends to dis-
order the amorphous nature at higher P concentrations, like in
Ni—P alloys [75]. The density of Fe—P alloy decreases with an
increase in P substitution and the replacement of P atoms reduces
the self-diffusion coefficient of Fe atoms. Ethanol in water com-
paratively increases the concentration of phosphorous in Fe-P
than water or IPA/H;O. It may be due to the different dielectric
constant, dissociation constant, viscosity, and thermal conduc-
tivity of the solvents [76]. There is no significant trend in the
effects of starting materials and solvent used.

Fe—P samples prepared with an Fe/P molar ratio of 1:3
were characterized by XRD to study their crystallinity and
phase purity. As shown in Fig. 1, all the Fe-P samples pre-
pared with various Fe precursors and preparation media indicate
the amorphous nature of the sample. Thermal treatment of the
Fe—P sample was carried out at different temperatures (400 and
500 °C) for 2 h to study the influence of temperature on the struc-
ture of Fe—P catalysts. The typical XRD patterns of sample B
(Feg1.2P1g.8) alloys with and without heat treatment are shown
in Fig. 2. The as-synthesized sample shows only a broad Fe,
(1 10) peak in the XRD pattern, indicating the amorphous nature
of the nanoalloy. However, after heat treatment, peaks related to
Fe3P and Fe—P are observed in the XRD patterns along with
the Fe, peak, which indicates the formation of intermetallic
phases upon heat treatment. Accordingly, sample B retains its
amorphous structure at temperatures below 400 °C and tends
to crystallize at 400 °C. From the XRD patterns, it can also be
observed that the amorphous Fe—P catalyst gradually separates
into two crystalline phases, FeP and Fe3P. The strength of the
diffraction peaks corresponding to Fe,, FeP, and Fe3P increased
with increase in temperature. During the crystallization pro-
cess, gathering of small Fe-P particles and rearrangement of
the Fe—P particles are expected due to diffusion and migration
of the composition elements in Fe—P amorphous alloys. The
electron diffraction image (Fig. 3) of sample B further confirms
its amorphous nature.
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Fig. 2. XRD patterns of sample B upon various treatment temperatures.

The distinct differences in the morphology and particle size
of the samples were observed in TEM micrographs. Sample A
had a spherical or chain-like morphology with apparent bound-
ary, as shown in Fig. 4. Sample B (Fegj2P1g3) possessed a
spherical or needle-like morphology as observed in Fig. 5. A
spherical or square morphology was observed for the sam-
ple C (Fe71.7P2g.3) and sample D (Feg, ¢P17.4) as depicted in
Figs. 6 and 7, respectively, while sample E (Fegg.1P109) had a
rectangular morphology (Fig. 8).

Most of the nanoparticles are found to be spherical. Further-
more, by assuming that the Fe—P powder particles are spherical
and nonporous, their average sizes can be estimated by the equa-
tion: d (nm) = (6/SBgTP) X 103, where Sggr denotes the surface
area and p represents the density of a particle using the value

Fig. 3. Electron diffraction image of sample B.
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Fig. 4. TEM images of sample A (FeCl, and H,O) with spherical or chain-like
morphology.

of 7.86 g/cm? (the density of iron). The results of particles sizes
from TEM micrographs and estimated values from BET surface
area resemble each other as tabulated in Table 2. The particle
sizes as observed in TEM micrographs are all in nanosize. The
particle sizes estimated from BET surface area measurement are
in consistency. Sample D prepared with Fe(OAc); in EtOH/H,O
solvent demonstrates very high surface area, which has not been
reported in literature. In our knowledge, this is the highest sur-
face area of Fe—P prepared by chemical reduction method. The
samples were treated at 120 °C before BET surface area mea-
surement. The results of particle size from TEM and those from
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Fig. 5. TEM images of sample B (FeCl3 and H>O) with spherical or needle
morphology.

BET measurement are consistent, which further confirm that the
materials did not sinter after treatment at 120 °C. The key point
in attaining high surface area of Fe—P is to add the aqueous solu-
tion of NaH,PO; very slowly into the aqueous solution of iron

Table 2
Surface area and particle size of Fe—P catalysts under various preparation
conditions

Catalysts Surface area (mZ/g) Particle size (nm)
TEM Estimated average size
A 179 10-20 4.3
B 56 20-30 13.6
C 106 10-20 7.2
D 456 1-10 1.7
E 22 1-50 34.5

50 nm

(1] S
ST3670 1680V X100 Shme

Fig. 6. TEM images of sample C (FeCl, and EtOH/H,0) with spherical or
square morphology.

salt at the rate of 10 cm>/min. Most of previous works reported
in literature used high feeding rates. The viscosity coefficients of
water, ethanol, and IPA are 0.89, 1.08, and 2.00 x 10° kg/(ms).
The increase in viscosity presumably inhibits the mobility of
the reactants thereby giving rise to larger particle size, which is
evident from the values presented in Table 2.

The surface compositions of the materials are calculated from
XPS spectra by the analysis of relative peak areas. Table 1
reveals that the Fe/P ratios in the starting materials significantly
affected the surface compositions of the catalysts. For exam-
ple, the atomic compositions on the surface and in the bulk
were Fegs 5P15.5 and Feg7 7P12 3, respectively, for sample A. The
results concluded that the surface stoichiometry were similar to
that of the bulk for Fe—P powder.
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Fig. 7. TEM image of sample D (Fe(OAc), and EtOH/H,0O) with spherical or
chain-like morphology.

The XPS binding energies of Fe—P catalysts are tabulated
in Table 3. Two main peaks of Fe were observed with binding
energies of 711.0 and 724.0 eV, attributed to the Fe 2p3,, and Fe
2p12 levels, respectively, of Fe 2p core-level due to spin—orbit
coupling. The broadening of the Fe 2pj» and Fe 2p3» peaks
indicates the existence of Fe?*. The peaks around 711.0 and
724 eV correspond to the Fe 2p components of oxidized iron
species such as FeOOH and Fe;O3. Similarly, the peaks around
710.0 and 723.1 eV observed after 10 min Ar* sputtering could
be assigned to Fe3O4 and FeOOH species. The XPS spectrum

100 nm

13 —

STUTE 168 MU SHE [0Gen

Fig. 8. TEM image of sample E (Fe(OAc), and IPA/H,0) with rectangular
morphology.

Table 3

XPS binding energy of Fe—P catalysts through different treatments

Fe-P catalysts® Fe (eV) P(eV)

2p3n 2pin 2p

Before Ar* sputtering
A 711.0 724.0 133.1
B 711.0 724.0 133.1
C 711.4 724.3 1332
D 711.1 724.1 133.1
E 711.0 724.0 133.0

After 10min Ar" sputtering
A 710.0 723.1 133.0
B 706.4 719.8 129.4
C 710.1 724.1 133.0
D 710.0 724.0 133.0
E° 706.8 719.9 129.1

4 Binding energy was corrected by carbon (C 1s=285.0eV).
b Sample after 20 min Ar* sputtering.

of P 2p core level region shows a peak at 133.1 eV, which can
be assigned to the oxidized phosphorus species. From the XPS
spectrum recorded after 10 min Ar* sputtering, it appears that
phosphorus exists in oxidized state in the bulk Fe—P alloy.

Fig. 9 shows the Fe 2p core-level region XPS of sample B
and the same after 10 min Ar* sputtering. It can be seen that

Fe2p
Fe2p,,
o~ — L
& [After 10 min Ar’ sputtering
é\ ........................
w [T
= o S
g + P
k= Before Ar sputtering
T T T T T T
730 720 710 700
Binding energy (eV)
P2p
-
3
<
2
©v
=
2
= Before Ar” sputtering
.................................................................. Aﬁerfoml nA{spuner mg
T T T T T T T T T
138 136 134 132 130 128 126 124 122

Binding energy (eV)

Fig. 9. XPS spectra of sample B.
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Fe 2p and P 2p components on the surface of Fe—P catalysts
are the same irrespective of the iron precursors and solvents
used. Depth profile XPS spectra of the sample showed peaks at
706.4 and 719.8 eV. The binding energy at 706.4eV is close
to that observed for bulk metal iron [77] and the peak at
719.8 eV is characteristic of Fe**. The binding energy of P 2p
is only 129.4 eV, which is close to that of elemental phosphorus
(129.1 eV), indicating that metallic iron and phosphorus coexist
in the bulk Fe—P alloy. The Fe 2p binding energy of samples
C and D corresponds to Fe304 and FeOOH species, while the
peak at 133.1eV can be assigned to the oxidized phosphorus
species. Samples A, C, and D did not show any elemental iron
and phosphorus even after sputtering for 10 min.

In sample E, two main peaks of iron observed with binding
energies of 706.8 and 719.9 eV are attributed to the Fe 2p3,, and
Fe 2py» levels, respectively. The binding energy of 706.4 eV for
Fe 2p3/; is consistent with that for pure iron metal. The relative
areas of the main and shoulder peaks of the Fe 2ps/, level sug-
gest that iron is mainly in its metallic state on the bulk of the
sample. XPS spectrum of the P 2p level on the bulk of the sample
shows a peak with a lower binding energy of 129.1eV arising
from the elemental phosphorus bounded to metallic iron. The
binding energy of 129.1 eV for the P 2p level is lower than that
of red phosphorus (130.0eV). The chemical shift of —0.9eV
results from the electron transfer from iron to phosphorus. In
conclusion, the starting materials of iron precursor had signifi-
cant influence on the properties of Fe—P alloys. Metallic iron and
phosphorus species are present in the bulk Fe—P alloy prepared
using FeCl3 and Fe(OAc); in H,O and IPA/H,O, respectively,
whereas oxidized iron and phosphorus species are present on
the surface and bulk Fe—P alloys prepared with FeCl, (H;O,
EtOH/H,0) and Fe(OAc), (EtOH/H,0).

3.2. Catalytic activity

Dehydrogenation of ethanol was carried out to compare
the catalytic activity of the Fe—P catalysts. The reaction con-
versions of various preparations of the Fe—P catalysts versus
time-on-stream at 250 °C are shown in Fig. 10. The selectiv-
ity of acetaldehyde on all the catalysts was nearly 100%. In

45 1 —m— Fe-P (FeCl,/H ,0)

v —&— Fe-P (FeCl,/H,0)
40 .
35 4 \
—_—
T

—¥— Fe-P (Fe(OAc),/EtOH and H,0)
Fe-P (Fe(OAc), /IPA and H, O)

Fe-P (FeCl ,/EtOH and H, 0)
30
25
20

Conversion (%)

Time (min)

Fig. 10. Reaction conversion on Fe-P catalysts vs. time on stream (reaction
condition: 250 °C, F/W =0.01725 mol ethanol/(g catalyst h)).

120
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B2 molex10"

m' . sec
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80

60

Activity

40
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Fig. 11. Dehydrogenation activity of Fe—P catalysts (reaction condition: 250 °C,
1 atm).

this study, the results of all Fe—P catalysts showed deactivation.
Sample D gave the highest activity.

The activities of the Fe—P catalysts are exhibited in Fig. 11.
For the dehydrogenation of ethanol, the influence of Fe/P mole
ratio in the mother solution on the catalytic activity of ultra-
fine amorphous alloy catalysts can be observed. The catalytic
activity per gram of the catalyst was in the following order:
D>B>E>A>C. The order of the specific catalytic activity per
surface area of the ethanol dehydrogenation (E>B>C>D>A)
was manifested. Sample E gave the highest activity among all
the catalysts, mainly due to its high surface area. According to
our results, the Fe/P molar ratios in the starting materials sig-
nificantly affect the concentration of phosphorus bonded to the
iron metal, subsequently affecting the activity of the catalysts.
Experimental results indicated that the different preparation
methods significantly affect the surface area and surface compo-
sition of the Fe—P catalysts, subsequently affecting the catalytic
activity [78]. The specific activity per weight of sample D, pre-
pared with Fe(OAc), and EtOH/H, O showed the highest activity
among all the Fe—P catalyst. This catalyst had the highest surface
area. In contrast, the specific activity per surface area (named
quasi-turnover frequency, QTOF) of sample E, prepared with
Fe(OAc), and IPA/H,O showed the highest activity among all
the Fe—P catalyst. The high QTOF of this catalyst was possi-
bly due to the high content of metallic iron on the surface; it is
known that iron is the active site of the catalyst.

4. Conclusion

Amorphous Fe-P nanoalloy catalysts were prepared by
chemical reduction of various iron salts such as FeCl,-4H50,
FeCl3-6H,0, and Fe(OAc); under different preparation medi-
ums, viz., HoO, EtOH/H;0, and IPA/H;O. The catalysts were
characterized by XRD, TEM, and electron microscopy to con-
firm the amorphous alloy structure. The results revealed that the
use of ethanol led to higher phosphorous concentrations com-
pared with those of the catalysts prepared using water or IPA. The
Fe—P samples show the amorphous structure up to 400 °C after
which they start to crystallize. The influence of different prepa-
ration parameters on the composition and surface morphology
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of the alloy particles was investigated in some detail; especially
the influence of iron precursor (FeCl,, FeCls, Fe(OAc);) and
preparation medium (H>O, EtOH/H,0O, IPA/H,0) were sys-
tematically studied and found to be of vital importance on
the physicochemical properties of amorphous Fe—P nanoalloys.
XPS results of the catalysts revealed the significant influence
of the starting materials of iron salt on the properties of the
prepared materials, as evidenced by the metallic iron species
obtained when FeCls was used, while FeCl, and Fe(OAc), did
not result in elemental iron species. Dehydrogenation of ethanol
was tested over these catalysts to study their catalytic activity.
The selectivity of acetaldehyde on all these catalysts was nearly
100%. Among the catalysts, sample E, prepared using H,O and
IPA, showed the highest activity due to both high surface area
and high QTOF. The activity of the catalysts was found to be
affected by the different preparation procedures.
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