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Abstract 

 
Hierarchical Three-Dimensional Fe-Ni Hydroxide Nanosheet Arrays on 

Carbon Fiber Electrodes for Oxygen Evolution Reaction 

 

Robert Anthony O'Donovan-Zavada, MSE 

The University of Texas at Austin, 2014 

 

Supervisor:  Arumugam Manthiram 

 
As demands for alternative sources of energy increase over the coming decades, water 

electrolysis will play a larger role in meeting our needs.  The oxygen evolution reaction 

(OER) component of water electrolysis suffers from slow kinetics.   An efficient, 

inexpensive, alternative electrocatalyst is needed.  We present here high-activity, low 

onset potential, stable catalyst materials for OER based on a hierarchical network 

architecture consisting of Fe and Ni coated on carbon fiber paper (CFP).  Several 

compositions of Fe-Ni electrodes were grown on CFP using a hydrothermal method, 

which produced an interconnected nanosheet network morphology. The materials were 

characterized by scanning electron microscopy (SEM) and X-ray diffraction (XRD).  

Electrochemical performance of the catalyst was examined by cyclic voltammetry (CV) 

and linear sweep voltammetry (LSV).  The best electrodes showed favorable activity (23 

mA/cm2, 60 mA/mg), onset potential (1.42 V vs. RHE), and cyclability. 
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Chapter 1:  Introduction 

 

The United States Energy Information Administration (EIA) recently released its 

International Energy Outlook (IEO) for 2013 [1].   The report predicts that the world’s 

energy use will rise by 56% between 2010 and 2040, mostly in developing countries. It 

concludes that renewable energy will grow the fastest among all energy sources.   

Renewable energy is increasingly necessary due to current concerns regarding energy 

security, rising oil costs, and the impact fossil fuel emissions have on the environment.  

In the future, many countries are expected to enact policies that favor renewable energy 

over fossil fuels [1]. 

 

1.1 WATER SPLITTING AND OXYGEN EVOLUTION REACTION (OER) 

Much work needs to be done in all areas of renewable energy in order to meet our 

future energy consumption demands. Efficient and economical conversion of electricity 

from sustainable energy sources (e.g., solar, wind, and hydro) into hydrogen and oxygen 

by electrochemical water splitting is one of our greatest challenges [2-18]. 

Hydrogen is the lightest element in the periodic table and has the highest energy 

density by mass at 143 MJ/kg [19].  Myriad uses exist for hydrogen in industrial 

applications: as a reactant in the electronics and petroleum industries, as a coolant in 
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electrical generators, and as an oxygen scavenger to chemically remove O2 to prevent 

corrosion [20].  Perhaps the most important future use for hydrogen will be for fuels. 

Used directly, hydrogen is the cleanest burning fuel.  It is more efficient than 

gasoline, which makes it viable for use in automobiles and aviation with the added 

benefit of reduced emissions.  Hydrogen fuel is already being used in the aerospace 

industry.  One of the biggest areas of concern associated with hydrogen use is the high 

cost of storage [21]. 

Hydrogen can also be used for fuel in fuel cells.  This topic has received 

considerable attention in the scientific community in recent years [2, 22].  Many fuels are 

used in fuel cells, but hydrogen is the most common.  The hydrogen fuel cell process 

consists of water splitting in reverse; it converts hydrogen and oxygen into electricity and 

water.  All of these uses for hydrogen make water splitting a critical concept for further 

study. 

Alkaline water splitting involves the following two half reactions: hydrogen 

evolution reaction (HER) at the cathode and oxygen evolution reaction (OER) at the 

anode, as given by equations (1) and (2), respectively.  Combining these two half 

reactions yields equation (3) [7, 13, 15, 16]. 
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HER  4H2O + 4e- ! 2H2 +4OH-     (1) 

OER  4OH- ! O2 + 2H2O + 4e-     (2) 

H2O ! H2 + 1/2O2      (3) 

 

This research focuses on OER.  OER is a complex four-electron oxidation process 

where each electron transfer corresponds to a proton transfer [13].  This process suffers 

from slow kinetics, leading to large overpotentials and, consequently, reduced efficiency 

[23].  In order to make OER easier with faster reaction kinetics, efficient and economical 

catalysts must be developed. 

 

1.2 OER ELECTROCATALYSTS 

Electrocatalysts, which function at the electrode surface, increase the rate of 

chemical reactions by lowering the activation energy [13].  Current commercial 

electrolyzers use ruthenium (Ru) and iridium (Ir) oxides as OER catalysts chosen for 

their high stability and catalytic activity [24].  However, the costs of Ru and Ir are 

prohibitive.  Much effort has been expended in attempts to develop alternative, less 

expensive OER catalysts [25]. 

Recently, many catalysts for OER based on abundant 3d metals, such as iron (Fe), 

cobalt (Co), nickel (Ni), and manganese (Mn), have been developed with a focus on the 

efficiency and economics [5, 24, 26, 27]. Ni-containing materials such as binary Ni 
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oxides, Ni-containing mixed-metal oxides, and various Ni-containing perovskites, are 

low cost and abundant.  They also exhibit moderate OER overpotentials under 

alkaline conditions [3, 4, 25, 28, 29].  Ni(OH)2/NiOOH OER electrocatalysts have been 

used to study the role of metal impurities on the OER activity [30-33].  It was found that 

Fe and Ce impurities improved catalytic activity and Cd, Zn, and Pb caused catalytic 

activity to decrease. 

The activity increase had a few possible causes.  As Ni4+ is formed throughout the 

OER process, it is known to increase resistance [33].  The addition of Fe could increase 

the conductivity because less Ni4+ is formed.  Fe-doping could also improve the activity 

because it provides more favorable sites for OER intermediates [30].  Knowing that some 

Fe-doping increases activity, we investigated the optimum amount of Fe needed to 

improve onset potential, catalytic activity, and cycling.  First, we looked into the ideal 

structure and substrates to grow our material. 

 

1.3   LAYERED DOUBLE HYDROXIDE (LDH) ELECTROCATALYSTS AND CARBON FIBER  

SUBSTRATES 

The structure of layered double hydroxides (LDHs) have been known for over 

150 years [20].  They are comprised of a brucite-like structure, Mg(OH)2, where the 

hydroxide ions surround the magnesium ions octahedrally.  Through edge-sharing, these 
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octahedra create layers that can stack and form a three-dimensional structure [20], see 

Figure 1. 

 

 

Figure 1: Structure of layered double hydroxides (LDHs).  Image from [34]. 

 
The general formula for LDHs is [MII

1-xMIII
x(OH)2][An-

x/n]"mH2O where M 

represents the metal ions and A the anions [35].  Recently, due to the unique structure of 

LDHs, research has focused on their many applications [36-42].  LDH applications have 

included use as absorbents [21, 25, 43, 44], anion exchangers [45, 46], biosensors [47, 

48], and catalysts [5, 11, 27, 49-52]. 

Carbon fiber paper (CFP) is inexpensive, light, porous, and conductive.  This 

means it is economically advantageous and multi-functional (e.g., supercapacitors, 

secondary batteries, and water electrolyzers) [17, 18, 53-59].  Carbon fibers have been 

used as a substrate for growing materials [56, 60].   LDHs have been coated on CFP as 

electrodes for supercapacitors and secondary batteries, and have shown good 

performance [53, 54, 57]. 
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Nickel hydroxide, Ni(OH)2, is known to be highly stable, inexpensive, and 

catalytically active.  This makes it a desirable alternative to the more expensive OER 

catalysts mentioned above [13, 16, 61].  The combination of LDHs, CFP, and Ni is 

beginning to show promising results as electrocatalysts for OER [17, 18].   Given this 

background, the objectives of this thesis are given below. 

 

1.4 THESIS AND MAIN CONTRIBUTIONS 

In this work, we investigate the combined role of iron and nickel as an 

electrocatalyst in alkaline media.  We present a new method of loading Fe-Ni LDHs on 

CFP that exhibit excellent OER activity, stability, and onset potential in 0.1 M KOH 

electrolyte (pH = 13).  These results show great promise in terms of design of catalysts 

for OER by using inexpensive and easily prepared Fe-Ni LDH materials. 

Four samples of Fe-Ni LDHs on CFP were synthesized.  They will be identified 

as, Fe-Ni 2:1, Fe-Ni 1:1, Fe-Ni 1:2, and Fe-Ni 1:10, where the ratios represent the relative 

amounts of FeCl2"4H2O and Ni(NO3)2"6H2O  used in the synthesis. 
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Chapter 2:  Experimental Methods 

 

2.1 SUBSTRATE PREPARATION 

The CFP composite used in this work was purchased from Fuel Cell Earth.  

Specifically, Toray Paper 120 with 0% wet proofing (no Teflon treatment), dimensions of 

40 cm x 40 cm and thickness of 370 μm was used.  Before pretreatment, the CFP was cut 

into 2.3 cm x 8 cm strips to fit in a standard 40 mL autoclave.  The CFP was pretreated 

with concentrated nitric acid (HNO3) solution for 30 min.  After nitric acid treatment, the 

CFP was cleansed four times using an ultrasonicator.  The first cleaning was with 

deionized water, followed by acetone, a third with ethanol and finally finishing with 

deionized water.  Each lasted for 10 min, after which the CFP was allowed to dry at room 

temperature [53]. 

 

2.2 FE-NI NANOSHEET SYNTHESIS 

A typical synthesis procedure of Fe-Ni with nanosheet morphology is as follows: 

a combined total of 2 mmol of FeCl2"4H2O and Ni(NO3)2"6H2O  (Sigma-Aldrich) were 

dissolved in 40 mL of deionized water, as well as 30 mmol urea [35].  For Fe-Ni 2:1, 4/3 

mmol of FeCl2"4H2O and 2/3 of Ni(NO3)2"6H2O  were mixed together.  For Fe-Ni 1:1, 1 

mmol each of FeCl2"4H2O and Ni(NO3)2"6H2O were added.  For Fe-Ni 1:2, 2/3 mmol of 
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FeCl2"4H2O and 4/3 of Ni(NO3)2"6H2O were added.   For Fe-Ni 1:10, 2/11 mmol of 

FeCl2"4H2O and 20/11 of Ni(NO3)2"6H2O were added.  The compositions are given in 

Table 1. The solution was then stirred for 10 min and transferred to a 40 mL Teflon-lined 

stainless steel autoclave. The treated CFP was put into the solution at 90° C for 6 h with a 

ramp rate of 3°/min up and 5°/min down.   Afterwards, the sample was thoroughly 

washed with deionized water and dried at room temperature for 24 h [35].  

Table 1: Sample compositions. 

 

 

 This synthesis technique resulted in a uniform coating of material on the CFP, 

see Figure 2 (see Figures 4 and 5 for a microscopic view).  The mass loading was 

approximately 0.4 mg/cm2 for all samples. 

 

Fe:Ni

 (mmol) (grams)  (mmol) (grams)
2:1 4/3 0.1940 2/3 0.3880
1:1 1 0.1988 1 0.2910
1:2 2/3 0.1325 4/3 0.2651
1:10 2/11 0.0362 20/11 0.5290

FeCl2!4H2O Ni(NO3)2!6H2O
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Figure 2: Uniform coating of Fe-Ni 2:1 on carbon fiber paper (CFP). 

 

2.3 ANALYSIS TECHNIQUES 

X-ray diffraction (XRD) analysis was performed with a Phillips X-Ray 

Diffractometer using Cu Kα radiation between 10° and 70°, with a step size of 0.2° and 

an integration time of 3 s.  Scanning electron microscopy (SEM) images were collected 

with a JEOL-JSM-5610 microscope operated at 20 kV.  Electrochemical tests were 

carried out with a three-electrode setup in a 0.1 M KOH aqueous solution made with 

deionized water (pH = 13), a Pt counter electrode, a saturated calomel electrode (SCE) as 

the reference electrode, and a 1 cm2 electrode sample as the working electrode.  Cyclic 

voltammograms (CVs) were recorded between 1.2 and 1.55 V vs. RHE at scan rates of 

10, 20, 40, 80, 100, and 200 mV/s using a combined potentiostat/galvanostat (Autolab).  
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Linear sweep voltammetry (LSV) curves were gathered between 1.2 and 1.8 V vs. RHE 

at a scan rate of 20 mV/s.  RHE values were calculated from experimental SCE values: 

ERHE = 0.241  – 0.0591*(pH) V = 0.241 – (-0.0591*(13)) V = ESCE + 1.0093 V.  
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Chapter 3:  Results and Discussion 

 

3.1 X-RAY DIFFRACTION (XRD) 

The XRD patterns of all four samples are shown in Figure 3.  Peaks were 

observed at 11.54°, 23.65°, 26.56°, 34.51°, 43.12°, and 54.49°.   The peaks at 26.56°, 

43.12°, and 54.49° can be indexed to carbon from the CFP.  The peak at 23.65° is only 

observable in Fe-Ni 1:1 and Fe-Ni 1:2 due to interference by the larger peak 26.56°.  

Peaks at 11.54°, 23.65°, and 34.51° were indexed to hexagonal Fe2Ni2(CO3)(OH)8"nH2O.  

The prefered orientations of the samples are (003), (006), and (0012).  Although 

Fe2Ni2(CO3)(OH)8"nH2O is most abundant, α-Ni(OH)2 may exist in the samples.  α-

Ni(OH)2 shows peaks at 11°, 23°, 34°, 39° and 60° (JCPDS No 38-0715).  While no 

observable peak at 60° exists in our samples, the existence of α-Ni(OH)2 in small 

amounts cannot be ruled out, and it may explain some electrochemical results discussed 

later in section 3.3.3. 
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Figure 3: X-ray diffraction (XRD) of all four Fe-Ni samples synthesized. 

 

3.2 SCANNING ELECTRON MICROSCOPY (SEM) 

Figures 4 and 5 show detailed morphology of the Fe-Ni LDH material uniformly 

coated on CFP.  A closer look at this morphology reveals thin, smooth nanosheets of 

approximately 2 μm in length, estimated to be 10 nm thick.  This morphology increases 

the surface area, thus increasing the catalytic activity.   Conductivity is also aided because 

of the interconnectedness of the sheets; it allows multiple paths for ions to travel 

throughout the sample.  The Fe-Ni 1:10 sample has slightly different morphology and 

excess material.  The different morphology is likely due to the composition of the sample, 
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which is Ni-rich.  The other compositions have a more even balance of Fe and Ni, which 

may facilitate the uniform nanosheet morphology. 

 

 

Figure 4: Scanning electron microscopy (SEM) images at a lower magnification of 
Fe-Ni 2:1, Fe-Ni 1:1, Fe-Ni 1:2, and Fe-Ni 1:10, showing uniform coating 
and morphology.  The exception is Fe-Ni 1:10, which has excess material. 
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Figure 5: Scanning electron microscopy (SEM) images at a higher magnification of 
Fe-Ni 2:1, Fe-Ni 1:1, Fe-Ni 1:2, and Fe-Ni 1:10, showing uniform coating 
and morphology with the exception of Fe-Ni 1:10. 
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3.3 OXYGEN EVOLUTION REACTION (OER) 

3.3.1 Cyclic Voltammetry (CV) 

The cyclic voltammograms (CVs) for the first cycles of all four samples are 

shown in Figure 6 and Table 2, normalized to the electrode's geometric area and taken at 

sweep rates from 10 - 200 mV/s.  For all samples, no anodic peaks were apparent prior to 

the onset of the OER during the forward sweep.  During the reverse sweep, some of the 

samples exhibit a cathodic peak that is likely related to the reduction of Ni3+ 

(electrochemically generated during the forward sweep) to Ni2+. At a 10 mV/s scan rate, 

Fe-Ni 2:1 shows no peak cathodic current (ipc), and at a 100 mV/s scan rate, a very small 

ipc of -0.03 mA exists at the peak cathodic potential (Epc) of 1.42 V vs. RHE.  Fe-Ni 1:1 

shows a small ipc of -0.04 mA at 1.46 V vs. RHE at 10 mV/s, and a larger ipc of -0.46 mA 

at 1.46 V vs. RHE at 200 mV/s. Fe-Ni 1:2 has an ipc of -2.68 mA at 1.37 V vs. RHE at 10 

mV/s, and -5.07 mA at 1.34 V vs. RHE at 200 mV/s.  Fe-Ni 1:10 shows an ipc of -1.91 

mA at 1.37 V vs. RHE at 10 mV/s, and an ipc of -4.49 mA at 1.33 V vs. RHE at 200 mV/s.  

The magnitude of the cathodic peak is likely related to the amount of Ni in the sample.  

Fe-Ni 2:1 and 1:1 show no shift of Epc with changing scan rates, while Fe-Ni 1:2 and Fe-

Ni1:10 show a negative shift of Epc with increasing scan rates.  This trend may be 

indicative of the relative electronic conductivities of the electrodes: more Fe leads to 

higher conductivity, which in turn decreases the effects of electrode polarization with 

increased sweep rates and thus decreases the cathodic peak shift.   
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Figure 6: Cyclic Voltammetry (CV) profiles of Fe-Ni 2:1, Fe-Ni 1:1, Fe-Ni 1:2, and 
Fe-Ni 1:10, respectively. 
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Table 2: Variations of peak cathodic current and voltage with composition at 
different scan rates. 

  

 

3.3.2 Linear Sweep Voltammetry (LSV) 

Several trends are evident when we examine LSV curves for our samples (Figure 

7) taken at 20 mV/s and normalized to the electrode's geometric area.  First, the Fe-Ni 1:2 

and Fe-Ni 1:10 have very similar curves, with Fe-Ni 1:10 exhibiting a slightly lower 

onset potential (1.42 V compared to 1.45 V vs. RHE) but a lower activity (22.4 mA/cm2 

compared to 23.4 mA/cm2) at 1.8 vs. RHE.  Second, Fe-Ni 1:1 and Fe-Ni 2:1 have similar 

onset potentials (1.54 V compared to 1.55 V vs. RHE) as well, but different slopes. The 

OER current of Fe-Ni 1:1 increases faster and, at 1.8 V vs. RHE, is close to the activity of 

Fe-Ni 1:2 and Fe-Ni 1:10. 

The results indicate that when the ratio of Ni to Fe increases, the OER onset 

potential decreases. We also see that, up to Fe-Ni 1:2, as the Ni to Fe ratio increases, the 

Fe:Ni ipc (mA) Epc (vs RHE) ipc (mA) Epc (vs RHE)

2:1 x x -0.03 1.42

1:1 -0.04 1.46 -0.46 1.46

1:2 -2.68 1.37 -5.07 1.34

1:10 -1.91 1.37 -4.49 1.33

10 mV/s 200 mV/s
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activity increases. At Fe-Ni 1:10, the activity slightly decreases.  This slight reduction in 

activity could be due to the morphological differences. 

Table 3 shows a summary of the onset potentials and activity for the samples.  We 

can conclude that the best performing materials, based on onset potential and activity 

criteria, are Fe-Ni 1:2 and Fe-Ni 1:10.  Since Fe-Ni 1:2 and Fe-Ni 1:10 performed the 

best electrochemically, we next tested their cyclability. 
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Figure 7: Linear sweep voltammetry (LSV), showing variations in onset potential and 
activity with composition, measured in 0.1 M KOH at a scan rate of 20 
mV/s. 
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Table 3: Variations of onset potentials and activity with composition 

 

 

3.3.3 LSV Cycle Tests 

To test the electrochemical stability of the catalysts, we cycled the Fe-Ni 1:2 and 

Fe-Ni 1:10 samples 500 times with LSV at a scan rate of 20 mV/s.  Figure 8 shows 500 

cycles of Fe-Ni 1:2.  We see that after 500 cycles, the onset potential shifts lower (from 

1.44 to 1.39 V vs. RHE) before overlapping the cycle 1 curve and reaching a similar 

activity of 22.7 mA/cm2.  This material cycles very well, only losing 3% of its initial 

activity after 500 cycles. 

 

 

Onset 
Potential Activity Mass Activity

Fe:Ni V vs. RHE mA/cm2 @ 
1.8 V vs RHE

mA/mg @ 
1.8 V vs RHE

2:1 1.55 12.8 32

1:1 1.54 21.1 52.75

1:2 1.45 23.4 58.5

1:10 1.42 22.4 56
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Figure 8: Linear sweep voltammetry (LSV) of Fe-Ni 1:2 for the 1st and 500th cycle. 

 

Such similar activities after 500 cycles indicate that Fe-Ni 1:2 is a very stable 

material.  The onset potential shift could correspond to a transformation of α-Ni(OH)2 to 

β-Ni(OH)2 [7, 32, 61-66].  It is posited that as the Fe-Ni material ages in an electrolyte, 
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500th cycle.  The activity increase is likely due to the α to β-Ni(OH)2  transformation, 

incorporation of Fe, or the general activation of the catalyst.  The subsequent decrease is 

most likely due to the degradation of CFP support or deactivation of the catalyst  [61].  

As the material is cycled, bubbles form on the electrode surface, disrupting access, and 

may lead to decreased activity over time. 

 

 

Figure 9:  The increase and subsequent decrease of OER activity over 500 cycles at 20 
mV/s for Fe-Ni 1:2, taken at 1.8 V vs. RHE. 
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When we focus on the onset potential range of Fe-Ni 1:2 throughout 500 cycles 

(Figure 10), we notice that the onset potential continuously shifts to lower values.  The 

onset potential shift is likely due to Fe incorporation during cycling [61] or the α-

Ni(OH)2 to β-Ni(OH)2 transformation as discussed previously.  

 

 

Figure 10: Close-up of the OER onset potential region for Fe-Ni 1:2 during LSV cycle 
tests. 
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Figure 11: LSV of Fe-Ni 1:10 after 500 cycles. 
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Figure 12: The increase and subsequent decrease of OER activity over 500 cycles 
during LSV cycling for Fe-Ni 1:10. 

 

When looking at activities over 500 cycles for Fe-Ni 1:10 (Figure 12), we see the 

same trends as with Fe-Ni 1:2.  The activities increase for the first 100 cycles, stay more 

or less constant from cycles 100 to 200, and decrease for the remaining cycles.  Figure 13 

shows that the reduction current occurring between 1.3 and ~1.39 V increases as the 

22.4$

22.6$

22.8$

23.0$

23.2$

23.4$

23.6$

23.8$

24.0$

24.2$

0$ 100$ 200$ 300$ 400$ 500$

Cu
rr
en

t'
D
en

si
ty
'(m

A
/c
m
2)
'a
t'
1.
8'
V
'v
s'
R
H
E'

Cycle'

Fe:Ni$=$1:10$



 26 

cycle number increases.  Furthermore, the onset potential for the OER appears to increase 

from the 1st to the 200th cycle. 

 

 

Figure 13: Close-up of the onset potential region for Fe-Ni 1:2 LSV cycle tests. 
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first several cycles, OER produces a few small oxygen bubbles on the electrode surface.  

As the cycle number increases, the OER positive current increases due to activation of 

the catalyst, and more oxygen is formed.  The oxygen bubbles could be interfering with 

the OER process and cause the degradation.  The baseline loss is exclusive to Fe-Ni 1:10 

and we must investigate why.  One explanation has to do with the nature of the LSV 

cycling:  the linear sweep stops at 1.8 V, and the subsequent cycle begins at 1.3 V, with 

no reverse scan.  The Ni3+ generated at highly oxidizing potentials in the linear sweep will 

be reduced at the beginning of the subsequent cycle, giving rise to a negative current. 

Fe-Ni 1:10 is unique in its morphology; this presumably is related to the extreme 

composition, high Ni content, and low Fe content. The morphology and composition 

could amplify the CFP degradation, Ni3+ reduction, or any other reasons for the trend. 
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Chapter 4:  Conclusions and Future Work 

 

This work examines OER catalysts, composed of Fe-Ni LDHs on CFP, for water 

electrolysis in alkaline medium.  The CFP has shown to be a stable, scalable, support 

material.  The different compositions had very similar morphology, but Fe-Ni 1:10 being 

slightly less uniform than others.  Onset potentials decreased as the Fe:Ni ratio increased, 

and the activity increased as the Fe:Ni ratio increased.  Based on these two criteria, we 

concluded that the Fe-Ni 1:2 and Fe-Ni 1:10 performed the best, and therefore, they were 

chosen for further cycle tests. 

When the Fe-Ni 1:2 and Fe-Ni 1:10 samples were cycled 500 times, the activity 

increased for the first 100 cycles and then decreased, most likely due to catalyst 

activation followed by subsequent degradation.  For Fe-Ni 1:10, the lack of 0 mA current 

baseline region requires further study but may be due to the reduction of Ni3+, formed 

during the previous cycle, to Ni2+.  The Fe-Ni 1:10 onset potential was only slightly less 

than the Fe-Ni 1:2 but its activity was lower and its cyclic performance was worse.  As a 

result, Fe-Ni 1:2 is the best material overall. 

Future work should be aimed at how these electrodes would function in a device, 

either for electrolysis or in metal-air batteries, with a divided cell with separate OER and 

ORR catalysts.  Future work should also focus on finding the cause of the baseline 
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degradation.  If it is related to the CFP, work should include growing Fe-Ni LDH 

material on different substrates as others have done [16].   

We have successfully grown Fe-Ni material with the same morphology as on Ni-

foam, as seen in Figure 14.  Using the same initial amounts of FeCl2"4H2O and 

Ni(NO3)2"6H2O as on CFP, the loading was approximately ten times more, 4.3 mg/cm2 as 

opposed to 0.4 mg/cm2.  No electrochemical tests have been performed. 

 

Figure 14: Fe-Ni 1:2 coated on Ni-foam, showing the same morphology as grown on 
CFP. 
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