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INTRODUCTION

Nanocatalysts lead to key changes in energy storage and
conversion. Statistical analysis of the present study on evalua-
tion of non-precious metal catalysts with suitable support
materials for electrochemical applications is still significant
challenge. The effect of fossil fuel-based power generation
has abruptly increased the atmospheric carbon dioxide levels.
Consequently, it stimulates an exceptional energy drive towards
cleaner sources of energy. There now exists a number of method
in which the work can be extended and improved to develop
energy-conversion applications. Fuel cell technology is still a
developing technology that continuously converts the chemical
energy into electricity both in the absence and presence of
membrane by the direct oxidation-reduction reactions. At present,
maximum sensible catalysts are platinum based catalysts for
the higher catalytic activity in low temperature fuel cells. Due
to its global scarcity, high costs and poor stability, recently, a
high level of activity and stability is identified in iron-based
catalysts, which are a promising successor for Pt-based catalysts.
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Biocarbon (BC) supported iron—cobalt-nickel (Fe—Co-Ni/BC) nanoalloy catalysts were synthesized by ultrasonic-assisted chemical |
reduction method. The morphological and physico-chemical characteristics show that the 1:1:1 composition of Fe—Co—Ni/BC catalyst |
has the Fe face-centered cubic (fcc) solid-solution structure showing the incorporation of Co and Ni. The electrocatalytic execution of this
iron-based nanoalloy catalyst and its interaction with biocarbon was explored in a membraneless fuel cell and compared with carbon |
supported Fe-Co—Ni catalyst (Fe-Co—Ni/C). In a single-cell test, the power density obtained for Fe—~Co-Ni/BC (35.4 mW/cm®) was |
better than that of Fe~Co-Ni/C (31.3 mW/cm?), utilizing 0.1 mol/L sodium perborate as oxidant and 1 mol/L ethylene glycol as fuel in an |
alkaline medium. The electrochemical findings revealed that the execution and solidness of the Fe—Co—Ni/BC catalyst is good and
prevalent to that of Fe—Co—Ni/C catalyst. The better execution of BC-supported catalyst is due to its high electrical conductivity, high |
porosity and expansive surface area. It is been concluded that both the advantageous impact and the nature of support have an imperative |
part on the execution of Fe—Co—Ni/BC nanoalloy catalysts for the CO.-free ethylene glycol oxidation. Subsequently, it is accepted that the |
BC-supported Fe—-Co—Ni nanoalloy catalysts are anticipated to be broadly utilized in electrocatalytic energy-conversion applications. |
|
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This was based on more resistant to attrition and much stronger
than commercial Pt/C catalysts [1-5].

Catalysts are generally assisted on permeable and porous
membranes in low temperature fuel cells [6]. It is evidenced
that the supported metal catalysts have enhanced stability and
higher area, porosity, electrical conductivity, electrochemical
stability and functional surface groups characterize the support
[7]. In like manner, numerous sorts of carbonaceous materials
are examined as electrocatalyst supporters [8,9]. For occu-
rrence, broad reports cover carbon blacks (Vulcan XC-72R),
mesoporous carbons and nanostructured carbons with amazing
come about [10]. As of late, the foremost one of the widely-
used carbon support is biocarbon (BC). Because of its surface
zone and high-quality digital conductivity, it has been prepa-
ring many fuel cell catalysts [11-14]. However, only limited
research has been conducted in promoting biocarbon and carbon
based supports for such applications.

In this consider, Fe-Co-Ni/BC and Fe-Co-Ni/C catalysts
were synthesized through ultrasonic-assisted chemical reduc-
tion method from their precursors to study ethylene glycol
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electro-oxidation. The prepared nanocatalysts were characte-
rized utilizing TEM, EDX and XRD examinations. Ethylene
glycol electrooxidation in presence of above catalysts was exami-
ned by utilizing CO-stripping voltammetry, cyclic voltametry
(CV) and chronoamperometry (CA). At lengthy last, the catalyst
was tried as anode in a microfluidic membraneless fuel cell.

EXPERIMENTAL

Cobalt(Il) acetate tetrahydrate ((CH;COO),Co-4H,0)
(Merck), Iron(Il) acetate (Fe(C,H30,),) (Sigma-Aldrich) and
nickel(Il) acetate tetrahydrate (Ni(CH;CO,),-4H,0) (Sigma-
Aldrich) were metal antecedents utilized in this study for the
preparation of electrocatalysts. Carbon (Sigma-Aldrich) and
the biocarbon from coconut shell were utilized as support for
the catalysts. Isopropanol (Merck)/water solution (50/50, v/v)
were utilized as a solvent and sodium borohydride (NaBH,)
(Merck) were utilized as a reduction agent. The catalyst ink
was made by Nafion® (DuPont USA, DE 521) dispersion. For
electrochemical examination, ethylene glycol (Merck), sodium
perborate (Riedel) and KOH (Merck) were utilized as the fuel,
the oxidant and the electrolyte, respectively. All the chemicals
utilized have been of analytical grade (99.9 %) and have been
utilized as-received.

Synthesis of Fe-Co-Ni nanoalloy catalysts: Ultrasonic-
assisted chemical method of reduction was used to synthesize
the biocarbon and carbon-supported Fe-Co-Ni nanoalloy cata-
lysts.

The biocarbon from coconut shell was obtained by carbo-
nization at 700 °C for 50 min under a nitrogen atmosphere.
The Fe-Co-Ni nanoalloy catalysts supported by biocarbon were
prepared by the NaBH. reduction process, utilizing cobalt(II)
acetate tetrahydrate, iron(II) acetate and nickel(II) acetate tetra-
hydrate. In the preparation, biocarbon first allowed to disperse
in isopropanol/water solution of 50/50v/v. The blend was made
to homogenized under blending and then the metal forerunners
(CH;C0O0),Co-4H,0 (1.0 g, Merck), Fe(CO.CHa),, (1.0 g, Merck)
and Ni(OCOCHs;),-4H,0 (1.5 g, Merck) were included to get
metal stacking of 40 wt % and put into an ultrasonic shower
for about 15 min. At that point, 10 mL of 0.15 M sodium boro-
hydride in 0.1 mol/L potassium hydroxide was added in single
portion under stirring at 25 °C. The ensuing solution of colloid
was stirred for 15 more min and filtering and washing the solids
were done with water. The precipitate was washed numerous
times and after that dried at 80 °C for 2 h. Finally, the Fe-Co-
Ni/BC (1:1:1) nanoalloy catalyst was dried under vacuum for
5 h. For a comparison, catalyst Fe-Co-Ni/C was moreover
synthesized by the similar strategy as portrayed above.

Formation of working electrode: By mixing 1 mL of
Nafion® solution (5 wt %) in 5 mL ultrapure millipore water
and 50 mg powder of carbon-supported catalyst, the catalyst
ink was prepared. Onto a freshly-polished glassy-carbon terminal,
ultrasonically homogenized ink of about 3 uL was deposited.
Then the solvent became dissipated at room temperature in an
open air. The metal stacking on working terminal was found
to be 0.28 mg/cm>.

Basic catalyst characterization: TEM was utilized to
examine at the morphology of the scattered catalysts (Philips

CM 12 TEM), mean particle size and the particle size distri-
bution. The synthesized crystal structure of nanoalloy catalysts
was characterized with the aid of powder XRD employing a
Rigaku multiflex diffractometer (display RU-200 B) with Cu-
Kol (Aka = 1.5406 A) radiation source running at room tempe-
rature, a tube voltage of 40 kV and a tube current was 40 mA.
The 20 precise regions were recorded between 20° and 90° at
a scan rate of 5°/min. TEM is used to inspect the mean particle
size. The crystallite size is affirmed from XRD pattern by utili-
zing Scherrer’s formula [15]. In order to calculate the crystallite
size and grid parameter of iron, Fe (2 2 0) diffraction peak was
chosen. EDX analyzer chose the atomic ratio of the catalysts,
which was facilitates with the TEM analyzer.

Electrochemical estimations and preparation of electrode
All the electrochemical estimations were carried out by an
electrochemical workstation (CH Instruments, USA - CHI-
6650) in a standard three-electrode cell assembly consists of
the Pt wire as a counter terminal, glassy-carbon disk as a working
electrode and Ag/AgCl as a reference terminal. CO-stripping
voltammetry in 1 M KOH electrolyte solution was used to
calculate the electrochemical active surface area (ECASA) of
the Fe-Co-Ni/BC and Fe-Co-Ni/C.

Adsorption of CO was found to pick up at 0.1 V vs. Ag/
AgCl in a CO saturated solution for 10 min and in order to
remove CO at the surface, the electrolyte was wiped clean
with nitrogen for 10 min.

The electrochemical activity of oxidation of ethylene
glycol response was determined by means of CV at a scan rate
of 50 mV/s in a half cell at room temperature in a 1| M ethylene
glycol and 1 M KOH solution. All potentials in this manuscript
had been scaled towards Ag/AgCl.

RESULTS AND DISCUSSION

X-ray diffraction (XRD): The structural information of
the catalyst was attained by XRD examinations. The XRD
patterns of the prepared Fe-Co-Ni/BC and Fe-Co-Ni/C catalysts
were shown in Fig. 1. The primary wide peak located at 20-
30° within the XRD patterns is inferable to the carbon (0 0 2)
plane. The 26 of (2 2 0) peak for Fe-Co-Ni showed up a better
angle shift than the characteristics of face-centered cubic (fcc)
crystalline Fe. The 20 values of Fe of 40°, 46°, 81° and 67° were
recorded with planes (1 1 1),(200), (31 1) and (2 2 0) indivi-
dually, demonstrating lattice contraction and alloy formations.
These come about moreover showed that the Fe nanoparticles
may well be homogenously alloyed with Co and Ni. The fcc
grid parameters from the angular position of the (2 2 0) crests
were assessed, which reflect arrangement of homogenous alloy
particles. The obtained lattice parameters for the Fe-Co-Ni/
BC (0.3890 nm) catalysts are smaller than those for Fe-Co-Ni/
C (0.3903 nm). It is illustrated that decrease in grid parameters
of alloy catalysts comes about from dynamic increment in the
incorporation of Ni and Co into the alloyed state. The difference
of lattice parameters and the shift of (2 2 0) plane illustrate
interactions between Co-Ni and Fe. Using Scherrer’s equation,
the normal crystallite size was calculated. Table-1 lists crystal-
lite size of the catalysts and lattice para-meters obtained from
the XRD patterns.
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TABLE-1
CHARACTERIZATION PARAMETERS FOR THE Fe—Co-Ni/BC AND Fe—Co-Ni/C NANOALLOY CATALYSTS

Electrocatalysts (2 2 0) Diffraction Lattice Average crystallite Average particle size
Nominal Experimental peak position (26°) parameter (nm) size from XRD (nm) from TEM (nm)

Fe—Co-Ni/BC Fe—Co-Ni/BC 68.01 0.3890 34 29
Fe—Co-Ni/C Fe—Co-Ni/C 67.84 0.3903 3.7 3.5

Transmission electron microscopy (TEM): TEM images

: and the particle size dispersions of Fe-Co-Ni/BC as well as

(111} Fe-Co-Ni/C catalyst were shown in Fig. 2. As shown in Fig. 2,

Fe-Co-Ni nanoparticles were consistently scattered on carbon.

On the other hand, a few agglomerates were shaped on bio-

: ' carbon support, which causes wide particle size dispersion.

C (002)5 (200) ,:e_Co_Ni/B(f; These results were in agreement with the XRD results, demons-
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Fig. 1. XRD patterns of Fe-Co-Ni/BC and Fe-Co-Ni/C nanoalloy catalysts

trating that the size of the Fe-Co-Ni nanoparticles deposited
was delicate to the structure of the biocarbon and it is seen
that Fe-Co-Ni/BC is the foremost proficient catalyst than
Fe-Co-Ni/C. The great scattering of Fe-Co-Ni/BC may be
ascribed to better adsorbability of biocarbon determined from
its high surface area. The catalysts particle size distribution is
reported in Table-1, which was in agreement with TEM images.
The mean particle size found by TEM picture and XRD investi-
gation were comparative.

EDX analysis: EDX investigation was performed to test
the presence of metallic particles. The prepared catalysts had
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Fig. 2. TEM images and histograms of (a, ¢) Fe—Co—Ni/BC and (b, d) Fe—Co—Ni/C nanoalloy catalysts
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specified components with a few variations in composition.
The EDX investigations of the Fe-Co-Ni/BC and Fe-Co-Ni/C
catalysts were shown in Fig. 3a and b. The Fe and Co-Ni
signals found on all the figures show the effective deposition
of these atoms on both biocarbon and carbon supports. The
results of EDX examination assist affirm that the Fe:Co:Ni
atomic ratio are closely 1:1:1, which was in understanding
with the concentration proportion within the antecedent arran-
gements and is conceded to be the foremost active composition
for the ethylene glycol electro-oxidation reaction.

Cyclic voltammetry (CV): The electrocatalytic activity
of ethylene glycol oxidation on BC-supported Fe-Co-Ni
nanoparticles was characterized by CV and compared with
Fe-Co-Ni/C with and without ethylene glycol in an electrolyte
of 1 M KOH at 50 mV/s. The voltammograms of each sample
got to be comparable and steady after completion of tenth cycle.
Fig. 4 shows the final voltammograms from the tenth cycle.
The Fe-Co-Ni nanoparticles efficiencies were in comparison
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Fig. 4. Cyclic voltammetry of Fe-Co-Ni/BC and Fe-Co-Ni/C nanoalloy
catalysts in 1 M KOH at room temperature with a scan rate of 50
mV/s
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Fig. 3. EDX spectra of (a) Fe—Co-Ni/BC and (b) Fe—~Co-Ni/C nanoalloy catalysts

with oxidation peak current density, oxidation potential and
the proportion of the forward peak to the reverse peak current
density; this information were tabulated in Table-3.

Fig. 4 shows the CV of Fe-Co-Ni/C as well as Fe-Co-Ni/
BC electrocatalysts deposited onto glassy-carbon electrode
without ethylene glycol. Normal hydrogen adsorption/hydro-
gen desorption peaks were noted within potential extend from
—0.2t0 0.1V (vs. Ag/AgCl). Hence, range of hydrogen adsorp-
tion or hydrogen desorption on CV bends can be utilized to
calculate the ECASA of Fe catalysts. It is known that the ECASA
reveals the accessible number of active sites on catalyst surface
for electrochemical reactions. It decides the effective transport
routes for electrons on electrode surface; in this manner, bigger
the ECASA, higher the electrocatalytic movement for ethylene
glycol oxidation responses (MOR) [16]. The ECASA of Fe-
Co-Ni/C and Fe-Co-Ni/BC nanoalloy catalysts can be calcu-
lated concurring to eqns. 1 and 2 [17]:

: Q (“Cj
S [m_ j _ cm
ECASA/H
g 210(“(:2j><0.77><[Pt] M
cm
gl
S [m_zj = —QCO (sz j
g 420(”C2j><[Pt] @
cm

where Qy the charges corresponding to desorption of hydrogen
on the Fe surface, [Fe] (mg/cm?) iron stacking on the electrode
surface; the charge needed to oxidize a monolayer of hydrogen
on the Fe surface is 210 uC/cm and the hydrogen monolayer
coverage is 0.77 [18]. The ECASA of different catalysts were
reported based on eqn. 1 and were recorded in Table-2. The
calculated ECASA of Fe-Co-Ni/BC (67 m*/g) were higher than
that of Fe-Co-Ni/C (37 m*/g). Due to the smaller size and uni-
form dissemination of Fe-Co-Ni nanoparticles, electro-
chemically active surface zone of Fe-Co-Ni/BC is the most
noteworthy.
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TABLE-2
COMPARISON OF HYDROGEN DESORPTION CHARGE AND CARBON MONOXIDE

DESORPTION CHARGE WITH ITS ECASA AND ELECTRODE ROUGHNESS
Catalyst Qu/bic QuiC Sulffl:ccf;)r‘g r(iﬁl », ECASAH (nfgy Ec(?ng,//;aco Roughness
Fe—Co—Ni/BC 541.6 1491 35 67 71 99.4
Fe-Co-Ni/C 299.1 882 2.1 37 42 58.8
“The ECASA area (Sgcasam and Sgeasaco) were calculated from eqns. 1 and 2.
Fig. 5 shows Fe-Co-Ni/C and Fe-Co-Ni/BC catalysts’ CO- 50
stripping voltammograms were recorded in 1 M KOH between i #== == Fe-Co-Ni/BC :,-""\.,\
0.05 and 0.9 V against Ag/AgCl at a scan rate of 50 mV/s. A smem=ms Fo-Co-Ni/C ! A
CO.q oxidation crest is noted at 0.26 and 0.32 V against Ag/ 408 '\I .'\..
AgCl for Fe-Co-Ni/C and Fe-Co-Ni/BC, separately. For the - i "-‘
Fe-Co-Ni/BC nanoparticles, a cathodic move of at least 100 20N ,’ Fal ‘3(
mV due to CO oxidation was happened, compared with Fe- = i '
Co-Ni/C. The crest positions within the voltammograms of < ' : 4 ‘=‘
Fe-Co-Ni/C and Fe-Co-Ni/BC nanoparticles are comparative, = 50 ! § \ £
. . i \ ;
but the crests of BC-supported nanoparticles are higher | Vo Vi ‘\",.-’.,-'
symmetric than those of carbon-supported substrates. The J‘f / *‘ 4 i
higher symmetry of Fe-Co-Ni/BC of oxidation crest in voltam- 10 = ;i /.-1' ‘} :'
mograms recommends that successful, strong electronic inter- i /’ /7 \'-‘Q“..\ : i
actions take place between the Fe-Co-Ni nanoparticles and ,'.‘1.5-9_“"- "
the biocarbon. 0 —71 v 1 - 1 - 1 ' 71T 7
0 0.2 0.4 0.6 0.8 1.0 1.2
E/V vs. Ag/AgCI
Fig. 6. Cyclic voltammetry of Fe-Co-Ni/BC and Fe-Co-Ni/C nanoalloy
Fe-Co-Ni/BC catalysts in 1 M KOH and 1 M ethylene glycol at room temperature
with a scan rate of 50 mV/s
current (Ig) is utilized to determine the resistance of catalysts to
aggregation of intermediate carbonaceous species [8,19-22].
2 A higher I¢/Ig value shows higher tolerance of intermediate
< T T T | T T T T T carbon species. The data obtained from Fig. 6 were also listed
E Fo-CoNi/G in Table-3.
3
TABLE-3
CV RESULTS OF Fe-Co-Ni/BC AND Fe-Co-Ni/C
NANOALLOY CATALYSTS AT ROOM TEMPERATURE
Forward Backward
Catalysts anodic peak anodic peak I/1; ratio
. r . . . (Ip) (mA/em?) (1) (mA/em’)
g - . i s 5o  FeCoNi/BC 487 18.4 26
EN vs. AGAGCI Fe—Co—Ni/C 32.6 18.5 1.7
Fig. 5. CO stripping voltammetry of Fe-Co-Ni/BC and Fe-Co-Ni/C

nanoalloy catalysts in 1 M KOH at room temperature with a scan rate The nanoalloy CatalyStS in this StUdy’ the Fe-Co-Ni/BC
of 50 mV/s

catalysts shown a esteem Ii/I; value (2.6) than the Fe-Co-Ni/C

(1.7), showing the much more complete ethylene glycol

Fig. 6 shows the CVs of ethylene glycol electro-oxidation  oxidation in the forward scan and also the effective evacuation
catalyzed by Fe-Co-Ni/C as well as Fe-Co-Ni/BC catalysts in  of harming CO-like species from the catalysts surface. The
1 M ethylene glycol and 1 M KOH solution at room temperature.  high electrocatalytic activity of Fe-Co-Ni/BC concurs well with
In carbon as well as BC-supported Fe-Co-Ni electrodes, two  the little particle size and the catalyst excessive electro-
oxidation crests can be noticed on the forward scan and a single chemically active surface area. As shown in Fig. 6, the onset
crest can be noted on the reverse scan towards oxidation-reduction  potentials of Fe-Co-Ni/BC for ethylene glycol electrooxida-
responses. The crest within the forward scan is related with the tion were noted at 0.25 V, whereas the onset potentials of
oxidation of ethylene glycol and the crest in the reverse scan  Fe-Co-Ni/C were at0.32 V vs. Ag/AgCl, individually. In addition,
is related to the carbonaceous intermediate products due to  the results not only demonstrate that the onset potentials move
oxidation formed from deficient ethylene glycol oxidation. to negative direction on Fe-Co-Ni/BC compared with Fe-Co-
The proportion of forward crest current (Ir) to backward crest  Ni/C, but also reveal that the peak current densities become
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much bigger, demonstrating ethylene glycol electro-oxidation
is more dynamic on BC-based catalysts than that on carbon
support catalysts.

The upgraded activity of Fe-Co-Ni/BC catalyst can be
clarified as follows: biocarbons have plenteous and consistently
dispersed mesopores, which is advantageous for the uniform
scattering of Fe-Co-Ni particles. In expansion, the mesopores
of biocarbon have special 3D interconnection, which is in
favour of the productive dissemination of fuel (ethylene glycol)
and reaction products. In contrast, the carbon support appears
to be a nonporous material. Fe-Co-Ni particles were scattered
arbitrarily on the surface of carbon nanoparticles and thus were
inclined to agglomerate. Also, so-called nanopores in carbon
were from an arbitrary stack of carbon particles and their inter-
connection ought to not be as great as that of mesopores in
biocarbons. As a result of the above contrast of pore structure,
the Fe-Co-Ni/BC catalyst has higher capacity to exert the cata-
Iytic activity of Fe-Co-Ni particles and in this way has better
electrochemical exhibitions than the Fe-Co-Ni/C. The CV
consequences of synthesized electrocatalysts including positive
peak potentials, the onset potentials and the corresponding
peak current densities of MOR were tabulated in Table-4.

TABLE-4
POSITIVE PEAK POTENTIAL AND PEAK CURRENT
DENSITY OF Fe—Co—Ni/C AND Fe—-Co-Ni/BC NANOALLOY
CATALYSTS AT ROOM TEMPERATURE

Scan rate 50 mV/s
Onset Positive peak Peak current
Catalyst . B
s potential (V) potential (V vs. density
Ag/AgCl) (mA/cm?)
Fe—Co-Ni/BC 0.26 0.71 48.7
Fe—Co-Ni/C 0.32 0.74 32.6

Chronoamperometry: The electrocatalyst performances
of Fe-Co-Ni/C and Fe-Co-Ni/BC for oxidation of ethylene
glycol were examined for 2 h by chronoamperometry at 0.7 V
vs. Ag/AgCl to examine both the electrocatalytic activity of
the catalysts and poisoining of active surface under persistent
operation conditions. Chronoamperograms obtained for the
distinctive electrocatalysts and its current densities were norma-
lized by Fe mass were shown in Fig. 7. Amid primary 5 min,
a sharp decrease within the current density and followed by
relative stabilization turned into noted. This happens since
active sites were at first free from the adsorbed ethylene glycol/
oxidized ethylene glycol molecules. Fe-Co-Ni/C gave rise to
extremely quick rates of poisoining of catalytic sites, resulting
in an awfully low activity. In any case, the BC-supported Fe-
Co-Ni catalyst had a great capacity to overcome catalyst poiso-
ining, thus furnishing a high current density. The BC-supported
(Fe-Co-Ni/BC) electrocatalysts illustrated higher current than
the C-supported (Fe-Co-Ni/C) electrocatalysts. Higher current
obtained for the Fe-Co-Ni/BC may be because of mesopores
structure and high surface area of biocarbon.

Single cell performance: The microfluidic design of lami-
nar flow-based membraneless fuel cells overcomes the water
administration problems and fuel hybrid that plague memb-
rane-based fuel cells (PEMFC, DMFC) and empowers auto-

50

emmem = Fe-Co-Ni/BC
semmem= Fo Co-Ni/C

I (Ag™s)

0 20 40 60 80 100 120
Time (min)
Fig. 7. Chronoamperometry of Fe-Co-Ni/BC and Fe-Co-Ni/C nanoalloy
catalysts with a scan rate of 50 mV/s

nomous stream characteristics control (i.e. composition and
flow-rate). Here, in terms of power density it is targeted on
maximizing cell execution by fitting different structural traits and
catalytic activity of biocarbon and carbon supported Fe-Co-Ni
catalysts. A single membraneless ethylene glycol fuel cell
(MLEGFC) was tried utilizing the Fe-Co-Ni/C and Fe-Co-Ni/
BC catalysts as anode. Power densities and polarization curves
are shown in Fig. 8. The catalyst loadings at both electrodes
are 0.28 mg/cm” and Fe/BC was utilized as cathode catalyst.
The OCVs of Fe-Co-Ni/BC are higher than that of Fe-Co-Ni/
C and the arrangement of OCV was precisely the same as the
onset potentials. In spite of the fact, that the distinction between
Fe-Co-Ni/BC and Fe-Co-Ni/C is moderately little within the
low-current-density region, the critical support effect of bio-
carbon gets to be larger as the current density increments.
Moreover, a fast initial fall in cell voltage was occurred for
both catalysts, which was because of the moderate beginning
of electrooxidation reaction of ethylene glycol at the electrode
surface. After a beginning drop of 50 mV, alter in incline of
polarization bend was seen for Fe-Co-Ni/BC faded and begun
drawing greater current. This occasion can be credited

0.8 . ' ' . 40
07 ~e—Fe-CoNifBC]
' ——Fe-Co-Ni/C .
0.6 {30'g
o
— ] ]2
3 >
5 0.4- J20 %
£ 0.3 11538
o
0.2 J10 3
o
0.1 15
0 . r T T 0
0 50 100 150 200 250

Current density (mA cm )

Fig. 8. Polarization and power density curves of Fe-Co-Ni/BC and Fe-Co-
Ni/C nanoalloy catalysts at room temperature
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to the more compelling catalytic ability of Fe-Co-Ni/BC, once
the ethylene glycol oxidation reaction is initiated. The results
of MLEGFC receiving to C and BC-supported catalysts were
tabulated in Table-5. On basis of drawn peak power density
using single cell, Fe-Co-Ni/BC is the finest anode catalyst with
36.3 mW/cm?as crest power density.

TABLE-5
PERFORMANCE OF SINGLE FUEL CELL TESTS USING
Fe—Co-Ni/BC AND Fe—Co—Ni/C NANOALLOY CATALYSTS

. Maximum Maximum
c{:tg?dsis (32;2 c;rz:\u]l)t power density  current density
y 2 (mW/cm?) (mA/cm?)
Fe—Co-Ni/BC 0.73 36.3 224
Fe—Co-Ni/C 0.70 30.2 185
Conclusion

Carbon supported Fe-Co-Ni nanoalloy catalysts were
synthesized by chemical reduction method and their electro-
catalytic activity for oxidation of ethylene glycol in memb-
raneless fuel cell was well explored and compared with
Fe-Co-Ni/BC. The crystallite measure, grid parameter, compo-
sition and particle size of metals within the catalysts were
determined by XRD, EDX and TEM strategies, individually.
The XRD designs of the prepared Fe-Co-Ni/C and Fe-Co-Ni/
BC nanoalloy catalysts revealed the fcc crystalline charac-
teristics of Fe at 20 values of 40°, 47°, 67° and 81° ordered
with planes (1 11),(200),(220)and (3 1 1), individually. The
diminish within the grid parameters of the Fe alloy catalyst
reflects the dynamic increment in the incorporation of Co-Ni
into the alloyed state. TEM images have diameter of 2.9-3.5
nm with spherical shape and were consistently scattered on
the surface of biocarbons. Cyclic voltammetric results showed
that the Fe-Co-Ni/BC was more dynamic in ethylene glycol
electro-oxidation than in Fe-Co-Ni/C. CA results showed that
the BC-supported Fe-Co-Ni nanoalloy catalyst gave higher
current than the carbon-supported Fe-Co-Ni catalysts. The
power density gotten for Fe-Co-Ni/C (30.2 mW/cm?) was lower
than that of Fe-Co-Ni/BC (36.3 mW/cm?) utilizing 0.1 M sodium
perborate + 1 M KOH as cathode nourish and 1 M ethylene
glycol + 1 M KOH as anode support. The higher catalytic
execution of Fe-Co-Ni/BC may be ascribed to the mesopores
of biocarbon advancing the mass transportation of ethylene
glycol in catalyst layer. This concludes that both the surface
chemistry and the morphology of the support have an vital
effect on the scattering, particle size and activity of Fe-Co-Ni
nanoalloy catalysts. Hence, the BC-supported Fe-Co-Ni nano-
alloy catalysts are anticipated to be broadly utilized in electro-
catalytic energy-conversion applications.
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