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Abstract 

A low-cost Nanoporous Gold (NPG) has been successfully prepared by chemical dealloying of a 

Au33Fe67 supersaturated solid solution, whose ribbons were obtained by rapid solidification using 

melt-spinning technique. The dealloying procedures were carried out in 1 M HNO3 at 70 C for 

varying durations. As-quenched ribbon and dealloyed samples have been structurally and 

compositionally investigated using XRD, FESEM and EDS techniques. The obtained NPG is 

homogeneous with tunable ligament size and shape, easy-to-handle and free- standing. Most 

notably, a metastable precursor has been favourably obtained from an immiscible Au-Fe system. 

Furthermore, according to the characterization results, a mechanism of dealloying has been 

proposed. Pairing Au with cheap and abundant Fe and fabricating an Fe-rich precursor gives an 

exceedingly cost-effective starting material. No usage of critical raw materials is involved. Then, 

employing a straight-forward and rapid dealloying procedure to obtain the NPG sample, makes for 

an overall inexpensive and sustainable production. 
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1. Introduction 

There has been plenty of emergent interest in Nanoporous gold (NPG) credited to its intriguing 

properties and numerous applications from chemical sensing, electrochemical and optical bio-

sensing to catalysis, mechanical actuation and many more [1–7]. NPG is built in the form of a 3-

dimensional network of interconnected ligaments and pores with adaptable size and shape that 

affect the resultant chemical and physical properties. This scope of tunability and flexibility 

provides the opportunity of influencing the properties according to the targeted application. 

Additionally, NPG has a high surface area-to-volume ratio and is fairly easy to prepare and handle, 

which all work to its advantage. Dealloying is a popular technique for the preparation of NPG 

which is known as the selective removal of a less noble metal from a solid solution alloy [8]. The 

process of dealloying is usually accompanied by surface diffusion, the ad-atoms of the remnant 

more noble metal reorganize and rearrange into interconnected ligaments simultaneously creating 

pores [9–11]. For a successful process of dealloying it is vital to obey the parting limit while 

choosing the composition of the precursor alloy that is defined as the minimum concentration of 

the more noble component in the alloy above which dealloying cannot occur [8,12,13]. The precursor 

alloy is then placed in a suitable electrolyte for a defined period at a specific temperature. This etching 



 

electrolyte needs to be carefully chosen by interpreting Pourbaix diagrams for electrochemical 

techniques such that it selectively eliminates the less noble metal. Altering the experimental 

conditions, i.e., concentration, pH and type of electrolyte, temperature and time of dealloying can 

result in uniquely different NPG properties. This remarkable aspect of the dealloying method provides 

the room for designing, tuning and producing particular microstructures and morphologies [3,6,14]. 

The Au-Fe system has been the subject of interesting studies in the recent past and as a precursor for 

NPG it holds a particular interest. From the phase diagram a strikingly huge miscibility gap can be 

observed between the metals in their solid state [14,15]. The metals can be forced to form a metastable 

supersaturated solid solution by rapid solidification [16,17]. However, studies on the production of 

NPG from this unique system via dealloying are numbered. Differently from our previous works [18] 

where we have dealt with the application of this NPG as a substrate for SERS and as electrocatalyst for 

the hydrogen evolution reaction, this paper presents a detailed study of the fabrication and 

characterization of NPG from a biphasic metastable supersaturated solid solution of Au-Fe with an Fe-

rich composition thereby throwing light on the underlying dealloying mechanism. The precursor is 

composed of 33 at% Au and 67 at% Fe, respecting the parting limit of Au, which was subjected to 

chemical dealloying in 1 M HNO3 at 70 ◦C for durations ranging from 1 minute to 8 hours. The 

samples have been characterized by advanced techniques to investigate their structural, morphological 

and magnetic properties and results obtained are key points to achieve a specific control of the design 

of NPG with peculiar properties. Furthermore, another important objective of this work has been to 

synthesize high quality NPG in a low-cost and sustainable manner. The goal of a cost-effective NPG 

was achieved by pairing Fe, an inexpensive [19] and abundant metals with Au that is expensive but 

added in the precursor in its lowest possible amount, in accordance with the parting limit. Avoiding the 

use of any critical raw material [20] and selecting a diluted aqueous electrolyte of nitric acid, that is 

one of the most common and price affordable chemicals, we made the overall procedure as 

sustainable. 

 

2. Experimental 

 

Au33Fe67 master alloy of target composition 33 at% Au and 67 at% Fe was prepared from pure elements 

(99.99 % Au and 99.95 % Fe) by arc- melting in Ti-gettered Ar atmosphere. Several remelting cycles were 

performed to ensure homogeneity. Subsequently, melt-spinning technique was utilized to rapidly quench the 

obtained ingot and produce thin, long ribbons 40 μm thick and 8 mm wide [21]. Quartz crucible of 2 mm 

nozzle size was used through which the molten ingot was ejected onto a cold and hardened Cu wheel (1.5 

mm distance to wheel) rotating at a 25 m s-1 linear speed in a closed chamber kept under Ar atmosphere (1 

bar chamber pressure, +0.2 bar overpressure). 

The as-quenched Au33Fe67 ribbon was subjected to chemical dealloying in 1 M HNO3 at 70 ◦C for different 

lengths of time ranging from 1 min to 8 h. A thickness of 20–25 μm was measured for samples after 

long dealloying time. After dealloying, the sample retains its free- standing and mechanical stability, making 

it easy to handle for various applications. Chemical grade reagents and deionized water were used for the 

preparation of the required electrolytes. As-prepared samples were rinsed in deionized water and dried 

before characterization. 

Compositional and structural investigation of the master alloy, as- quenched ribbon, and as-dealloyed 

samples, was enabled by using a PANalytical X’pert X-ray diffractometer in Bragg–Brentano geometry with 

monochromatic Cu K radiation, scanning electron microscopy (Inspect SEM, FEI), field-emission scanning 

electron microscopy (FIB- FE-SEM/EBSD/EDS/TOF-SIMS Tescan S9000G microscope), and connected to 

energy dispersive X-ray spectroscopy (Oxford Ultim-Max 100 FE- SEM). Metallography studies of the 

nanoporous samples were conducted using ImageJ an open source software for processing and analysing 



 

scientific images; in detail, the average ligament size and its standard deviation was measured at the 

narrower neck of the ligaments by ana- lysing 100 ligaments per sample [22–24]. Rietveld analyses of XRD 

patterns was conducted with Maud soft- ware [25] using the size/microstrain anisotropic Popa model for the 

fitting of reflections. The refining was conducted by modelling the pattern with the four phases that appear in 

the patterns: two are fcc (Au) solid solutions, respectively named fcc (Au) and fcc (Au)#2, which differ from 

each other in the amount of iron in solid solution; a bcc α (Fe) solid solution; and fcc pure Au constituted by 

almost pure gold. The evolution of the pristine phases during dealloying has been studied by evaluating the 

weight percentage of each phase and their lattice parameter as a function of the dealloying time. Magnetic 

characterization was performed by a highly sensitive alternating field magnetometer (AGFM, Princeton 

Measurements Cor- poration) operating in the magnetic field range ± 18 kOe. The magnetic field was 

applied along both the out-of-plane and in-plane direction of the samples. The magnetic parameters such as 

coercive field (Hc) and saturation magnetization (Ms) were directly evaluated from the M(H) curves. 

 

 

3  Results and discussion 

 

3.1 Microstructures of the precursor obtained from rapid solidification 

 

The Au33Fe67 alloy, which composition was confirmed by EDS, was produced by rapid solidification by melt 

spinning. This process induces different solidification rates depending on the side of the ribbon, i.e., the melt 

that is in contact with the wheel (wheel side) experiences faster cooling rates with respect to the opposite 

side (air side). This, in turn, produces a variable microstructure with finer crystalline grains on the wheel side 

and coarser microstructure on the air side. From the Au-Fe phase diagram, it can be observed that at room 

temperature there is no miscibility between fcc Au and bcc Fe, while increasing the temperature, solid 

solutions are formed. When a rapid solidification is performed, supersaturated solid solution is expected at 

room temperature. As can be observed in the SEM images reported in Fig. 1, two phases are visible: bcc 

α(Fe) (dark phase) and fcc (Au) (white phase) on both sides of the ribbon. The microstructure is finer on the 

wheel side, as expected, due to higher solidification rates. 

The microstructure of the as-quenched ribbon has been analysed in detail in a previously published paper 

from our research group and from a former structural analyses no significant preferred orientation has been 

observed, confirming the phases described in the microstructure of the ribbons [18]. Despite no significant 

structural differences from the air and the wheel side of ribbons, for the sake of clarity, all the structural and 

microstructural characterization in this work have been conducted on the wheel side of ribbons that 

experiences the fastest cooling rate. 

In Fig. 2(a), XRD pattern of the as-quenched ribbon reveals the peaks representing the metastable 

supersaturated solid solutions fcc (Au) and bcc α(Fe), marked with orange dash-dots and blue dash lines 

respectively. Peak assignment has been performed according to the ICDD Au reference pattern 03–065–

8601 (pink dash) and Fe reference pattern 03–065–4899 (light green dash). It is worth observing that the 

peaks representing the fcc (Au) phases have shifted towards higher angles away from the typical diffraction 

angles of pure Au [26]. This is because of accommodation of Fe atoms in the Au crystalline structure leading 

to a decrease in the fcc (Au) lattice parameter. A similar observation can be made for the peaks of bcc α(Fe) 

that are shifted to lower diffraction angles as a result of incorporation of Au atoms in solid solution with Fe 

giving an incremented lattice parameter. The calculated lattice parameters of (Fe) and (Au) phases in the as-

quenched ribbon (0.294 nm, 0.399 nm respectively) support the shifting of the peaks. 

It is noteworthy that (Au) peaks have a high full width at half maximum (FWHM) that can be related both to 

the small size of the crystalline grains and to the presence of a gradient in composition of the supersaturated 

solid solution. As the solidification rate is fast and Au and Fe are thermodynamically immiscible at room 

temperature, it can be expected that a higher amount of Fe remains entrapped in solid solution with 

Au during cooling when a higher quenching rate is used, while the system will be prone to go 

toward the thermodynamic stability when lower cooling rates are experienced. 



 

 
 

Fig. 1. Cross-section view of the as-quenched in BSE (Back Scattered Electron). The differences on the air side 

(a) and wheel side microstructure (b) are evidenced. 

 

 
 

Fig. 2. XRD patterns of (a) the as-quenched ribbon, (b) NPG_1min (c) NPG_5min, (d) NPG_10min, (e) 

NPG_30min, (f) NPG_1h and (g) NPG_8h. Pink dash is Au reference pattern 03–065–8601 and light green dash is 

Fe reference pattern 03–065–4899. Attached to each XRD pattern is the respective sample’s SEM image. 



 

This means that a gradient in composition of the supersaturated fcc (Au) solid solution can be 

expected from wheel to air side, with higher Fe solute content on the surface in direct contact with 

the quenching medium (i.e. the copper wheel) and gradually decreasing going toward the air side. 

This effect is observed in the XRD pattern that presents peaks with high full width at half 

maximum. Moreover, a low intensity shoulder can be observed to the right of the (111) peak of 

(Au) phase. This also has to be interpreted as an indicator of low amount of a supersaturated fcc 

(Au) solid solution with a slightly different lattice parameter (0.388 nm) due to a difference in the 

amount of Fe solute in the lattice and it has been named fcc (Au) #2. Owing to the very limited 

amount of this phase that completely disappears after 30 minutes of dealloying, and due to the fact 

that it has the same behaviour as the fcc (Au), it will be included, in the rest of the work, in the 

description of the fcc (Au). 

 

3.2 Chemical dealloying 

Nitric acid was used as the dealloying electrolyte considering the fact that it is a strong and efficient 

electrolyte to easily and selectively remove Fe from the alloy matrix, while Au remains immune to the 

etching action of HNO3. The as-quenched ribbon underwent chemical dealloying in 1 M HNO3 at 70 ◦C for 

1 min, 5 min, 10 min, 30 min, 1 h, 2 h, 4 h, 6 h and 8 h; the resulting samples were respectively named as 

NPG_1min, NPG_5min, NPG_10min, NPG_30min, NPG_1h, NPG_2h, NPG_4h, NPG_6h and NPG_8h. 

XRD pattern for NPG_1min in Fig. 2(b) conveys the presence of the gold rich fcc(Au) phases while, at this 

stage, XRD pattern is devoid of peaks of bcc α(Fe) phase. The corresponding SEM image, on the right, 

displays that the dendrites originally present on the air side are partially empty, confirming the only presence 

of remnant fcc (Au) lamellae that were alternated in the as-quenched ribbon with the bcc α(Fe) phase. It 

means that the less noble phase in the sample, i.e., the iron rich bcc α(Fe) phase, has been eliminated as a 

result of a galvanic effect in play during the first minute of dealloying, from the surface of the sample and 

from the inner part reachable by the electrolyte due to percolation in the spaces left empty by the removed 

bcc α(Fe) grains. 

When the time of dealloying is increased to 5 min, for NPG_5min we can observe in Fig. 2(c) the emerging 

peaks of a new fcc phase (marked by a full garnet line) with lattice parameter and structure close to that of 

pure Au. It denotes that a proper dealloying mechanism is in action causing removal of Fe atoms from the 

fcc (Au) solid solution that starts after the dissolution of the reachable bcc α(Fe) phase into the electrolyte. 

The accompanying surface diffusion leads Au adatoms to migrate and self-assemble on the surface of the 

pristine fcc (Au) phase resulting in formation of Au-rich ligaments. The peaks of the pristine fcc (Au) phase 

are also clearly visible in the pattern, not being fully dealloyed after the short duration of dealloying (Fig. 

2(d)). The lower peak intensities of the new fcc phase (i.e., fcc pure Au) compared to those of the pristine 

fcc (Au) phase indicate that the dealloying process has impacted only a small volume of precursor at this 

stage, generating a limited number of ligaments. It is worth noting that by XRD, just the surface of the 

sample can be investigated, so the presence of remaining bcc α(Fe) phase in the bulk of the ribbon cannot be 

evidenced. We can expect that part of this phase remains surrounded by fcc (Au) phase and therefore, not in 

contact with the electrolyte. 

Afterwards, as a function of the dealloying time, the fcc pure Au peaks intensity increases while the 

intensity of the fcc (Au) peaks decreases as shown in Fig. 2(e) to (g). Fig. 3 reports SEM images of the top 

surface of NPG_5min in SE on the left (a, c) and BSE on the right (b, d). As expected from the XRD 

pattern, it can be observed that the process of dealloying has been initiated. Fine ligaments can be located 

throughout the surface forming small networks within adjacent regions. The morphology seems rough at this 



 

stage with interconnected yet slightly separated regions. The remnant Au lamellae, initially interconnected 

to the bcc α(Fe) phase in the as-quenched sample, are also merging with their neighbouring ligaments. 

Similarly, for NPG_10min and NPG_30min the intensity of the pure Au phase gradually enhances with the 

dealloying time at the expense of the pristine fcc (Au) phase, implying further elimination of Fe leading to a 

surge in the number of ligaments being formed, evidenced by the XRD patterns in Fig. 2(d) and (e) 

respectively. From the corresponding SEM image of NPG_10min, it seems that the continuing dealloying 

process and gradual ligament formation is producing areas of small ligaments while the rest of the 

surface, i.e., the pristine fcc (Au) phase, remains comparatively compact. These zones of 

ligaments are certainly originating from the coalescence of the fcc Au lamellae with ligaments in 

the vicinity as a result of diffusion of nearby Au atoms on the surface of the pristine phases. The 

compact areas seem to require more dealloying time to overcome passivation and form ligaments. 

As for NPG_30min, the surface cannot be differentiated based on morphologies as was in the case 

of NPG_10min. Further dealloying treatment seems to overcome the compactness of the surface and 

enable formation and merging of ligaments. When it comes to NPG_1h, the intensity of the pure 

Au peaks overcome that of the fcc (Au) pristine phase, visible in Fig. 2(f). The estimated lattice 

parameter value of 0.396 nm endorses the existence of the Au-rich fcc (Au) pristine phase. 

Underneath the pure Au-rich layer produced by Au ad-atoms via surface diffusion, the pristine phase 

resides in the ligament core being almost unsusceptible to the dealloying action as deduced from 

the slight change in the amount of Fe in the fcc (Au) phase, proved by a slight change in the lattice 

parameter of the fcc (Au) phase calculated with Rietveld analysis. The surface achieves a wide- 

spread dual morphology: zones of fine ligaments (29 nm approximately) bounded by relatively 

thicker ligaments (52 nm approximately). The pristine fcc (Au) phase experiences slower 

dealloying rate due to passivation offered by the high Au content with surface-diffusion mediated 

coarsening which yields thicker ligaments. As discussed earlier, due to a gradient in quenching 

rate, Au and Fe content has been variedly distributed in the as-quenched ribbon which influenced 

the kinetics of dealloying and that clearly instigated the bimodal morphology. For NPG_8h, the 

XRD pattern in Fig. 2(g) depicts further enhancement in the peak intensities for pure Au indicating 

generation of more Au-rich ligaments from the pristine phase, whose peaks are conversely 

diminished in intensity, credited to the prolonged dealloying action. However, this longer treatment 

has not entirely dealloyed the pristine phase with an amount of Fe still prevailing in the solid 

solution phase. The SEM-SE images of top surface of NPG_2h, NPG_4h, NPG_6h and NPG_8h, in Fig. 

4, reveal that the morphological distinction seen in NPG_1h has begun to vanish and the overall 

morphology continues to progressively acquire homogeneity by fusion of nearby ligaments with 

extended dealloying time. At the same time slight coarsening is also evident that, consequentially, 

leads to coverage of some nanopores as seen in NPG_8h. 

The cross sections of the NPG samples from 1 min of dealloying to1 h and 8 h are presented in Fig. 5 which 

can be seen as acquiring a homogeneous nanoporous morphology slowly and progressively, starting from the 

rough morphology of NPG_1min (Fig. 5(a)) to the most homogenous and widespread in NPG_8h (Fig. 5(f)). 

The EDS analysis gives the Au and Fe composition of each sample as follows: 61 at% Au and 39 at% Fe for 

NPG_1min; 62 at% Au 38 at% Fe for NPG_5min; 43 at% Au and 57 at% Fe for NPG_10min, 74 at% Au 

and 26 at% Fe NPG_30min, 65 at% Au and 35 at% Fe for NPG_1h; 71 at% Au and 29 at% Fe for NPG_2h; 

81 at% Au and 19 at% Fe for NPG_4h; 88 at% Au and 12 at% Fe for NPG_6h; and 92 at% Au and 8 at% Fe 

for NPG_8h. Compositional analyses of ligaments is reported in Fig. 6 for all samples from 1 to 8 hours of 



 

dealloying; shorter durations of dealloying were not reported since the fluctuation of composition might be 

attributed to the smaller size of ligaments compared to the beam spot, thus the values reflect an average of 

the alloy composition instead of the composition of ligaments itself. The EDS analyses conducted in the 

cross section is in agreement with the previous results and thus, it does not show a gradient of composition 

from the surface to the inner part of the ribbon. Moreover, in the same figure the ligament size increases as a 

function of dealloying time and it seems to stabilize around 50 nm after 6 hours. 

 

 

Fig. 3. Top surface view of NPG_5min; a) and c) SEM-SE images, b) and d) BSE images. 

 

Fig. 4. SEM-SE images of (a) NPG_2h; (b) NPG_4h; (c) NPG_6h; and 

(d) NPG_8h. 



 

 
Fig. 5. The SEM-SE images of the cross sections of (a) NPG_1min, (b) NPG_5min, (c) NPG_10min, (d) 

NPG_30min, (e) NPG_1h and (f) NPG_8h. 

 

 
Fig. 6. Ligament composition and ligament size as a function of the dealloying time 

 

 



 

 

3.3. Structural analyses and mechanism of dealloying 

 

Rietveld analyses of XRD patterns at different etching times was helpful to clarify the evolution of phases 

and together with micro- structural and morphological characterization has led to unveil the mechanism of 

dealloying in Au33Fe67 crystalline metastable precursor. The refining was conducted by modelling the 

patterns with the four phases that appear progressively as a function of the time: two fcc (Au) solid 

solutions, respectively named fcc (Au) and fcc (Au)#2 with different iron amount, a bcc α (Fe) solid solution 

and fcc pure Au constituted by almost pure gold. The lattice parameter of the above- mentioned phases was 

reported for shorter durations of dealloying in Fig. 7(a) and for longer times in Fig. 7(b). Since the bcc α 

(Fe) solid solution is rapidly dissolved after one minute of dealloying from the sample’s surface, solely the 

lattice parameter of the ICDD Au reference was considered for comparison. The error bar was measured as 

the variation of the lattice parameter due to a z-displacement equal to the thickness of the samples itself. The 

lattice parameter of fcc (Au) and fcc (Au)#2, within the error bar, does not change significantly during the 

dealloying process; at the same time the fcc pure (Au) displays a lattice parameter compatible to that of the 

Au reference pattern 03–065–8601. The fraction of phases in weight percent is reported in pie charts within 

the corresponding microstructure image as a function of dealloying time in the scheme of Fig. 8. As already 

mentioned the as- quenched ribbon contains three phases, fcc (Au), fcc (Au)#2, and bcc α(Fe); since fcc 

(Au)#2 is very limited in amount and displays the same behaviour of the main solid solution, the description 

of the mechanism will consider the fcc (Au) phase as comprehensive of both phases. As a consequence, the 

as-quenched ribbon is described with the fcc (Au) and bcc α(Fe) phases, whose weight fraction is 78.2 % 

and 21.8 % respectively. After one minute of dealloying, the bcc α(Fe) completely disappears due to 

galvanic effect from the surface and, at this stage, the system is composed solely of the fcc (Au). 

As the dealloying process continues, the removal of the Fe atoms from the solid solution and the surface 

diffusion of Au ad-atoms lead to the growth of a fcc pure Au phase, whose fraction increases progressively 

as a function of time. After eight hours of dealloying only the fcc pure Au and fcc (Au) phases remain with a 

weight fraction of 60 % and 40 % respectively. Considering that the dealloying proceeds from the surface to 

the bulk of the ribbon and due to the limited penetration depth of the XRD technique, this dealloying 

mechanism describes the changes acting on the surface in contact with the electrolyte. Then, the inner 

portion of the sample that contacts the electrolyte will experience the same mechanism when the first layer 

is dealloyed. 

 
Fig. 7. Lattice parameter of phases as a function of dealloying time; a) short durations and b) longer durations. 

 



 

 
Fig. 8. Scheme of the dealloying mechanism as a function of time in 1 M HNO3. Pie charts represent the weight 

fraction of phases at different stages as evaluated from the Rietveld refinements of the diffraction patterns. 

 

 
Fig. 9. Scheme of the compositional gradient inside a ligament due to the dealloying mechanism. 

 

As a result of this dealloying mechanism, each ligament of the nanoporous structure experiences a gradient 

of composition along its cross section. As represented in Fig. 9, the inner core of each ligament is made up 

of the pristine fcc (Au) solid solution while the external part is constituted by the fcc pure Au phase that 

increases in weight fraction due to the aggregation by surface diffusion of Au ad-atoms freed from the other 

phases. The external pure Au layer passivates the surface, making the inner layer unavailable to the 

electrolyte. All these considerations are related to the information of the XRD on the sample surface. It can 

be expected that a limited amount of bcc α(Fe) phase is still pre- sent in the inner core of the ribbon, being 

prevented from dissolution owing to the presence of Au rich phase that passivates the region. 

 

 

3.4. Magnetic characterization 

Room-temperature hysteresis loops of the as-quenched Au33Fe67 ribbon and the NPG samples are shown 

in Fig. 10 (a). The magnetic moment is normalized to the sample mass to improve the comparison. The 

magnetization reversal process of the precursor ribbon is characterized by a hysteretic behavior with 

coercive field (Hc) and magnetization remanence (Mr) values of about 93 Oe and 22 emu/g, respectively. 

The saturation magnetization (Ms), achieved with a slow approach by increasing the magnetic field, is about 

80 emu/g; this value is fully compatible with the ribbon microstructure observed by structural 

characterizations. In fact, it results from a balance between the high saturation magnetization proper of the 

bcc α(Fe) grains and the low saturation magnetization of the fcc (Au) solid solution [27]. 

In the NPG_1min sample, the M(H) curve maintains similar hysteretic properties. However, the saturation 

magnetization drops to 31 emu/g. The halving of the Ms value is closely related to the substantial and rapid 

dissolution of the bcc α(Fe) phase present on the ribbon surface, as revealed by the XRD spectra in Fig. 



 

2(b). 

By increasing the chemical dealloying time to 30 minutes, the Ms value progressively decreases to 20 emu/g 

with a lower slope compared to the first minute of treatment, see Fig. 10 (b), suggesting that the rate of bcc 

α(Fe) dissolution progressively slows down during the chemical attack infiltrates the ribbon and the 

ligaments are formed. 

The further increase of the dealloying time from 30 minutes to 8 hours does not affect the magnetic 

properties. In fact, the shape of the hysteresis curves and the saturation magnetization value remain 

substantially unaltered within the measurement uncertainty. This result indicates that part of the bcc α(Fe) is 

still present in the inner part of the ribbon not reached by the electrolyte. 

Structural and magnetic characterization agree in describing the dealloying mechanism of this metastable 

Au33Fe67 precursor except for the presence of the bcc α(Fe) phase that is still observed in magnetic 

measurements of samples dealloyed for longer durations but not in their corresponding XRD patterns. This 

seems reasonable considering that the magnetic characterization is a bulk technique, exploring the whole 

thickness of the sample, while the XRD measurements are limited to the surface; indeed, the X-rays 

penetration depth depends both on the experimental setup (i.e., intensity of the incident beam and angle), 

and largely on the density and linear absorption coefficient of the sample. The magnetic 

contribution of the bcc α(Fe) phase is still evident but reduced in magnetic measurements of 

samples after long dealloying durations. 

 
Fig. 10. a) Room-temperature hysteresis loops of as-quenched Au33Fe67 ribbon and NPG samples treated for 

selected dealloying time; b) Evolution of saturation magnetization (Ms) as a function of dealloying time. 

 

4. Conclusion 

 

Nanoporous Gold has been successfully produced by chemical dealloying in 1 M HNO3 at 70 ◦C using as 

precursor a metastable supersaturated solid solution of Au33Fe67 obtained by melt-spinning techniques. 

The obtained NPG is homogeneous with tunable ligament size and shape, easy-to-handle and free-standing. 

From the study of samples dealloyed for different times, it was possible to propose a mechanism of 

dealloying that starts with the dissolution, due to galvanic effects, of the bcc α(Fe) phase, followed by a 

progressive dissolution of Fe atoms from the fcc (Au) phase, with the creation of a passive layer on the 

ligaments formed of almost pure Au crystals. The results from magnetic investigations confirmed the 



 

interpretation of the dealloying mechanism made on the basis of the microstructural and structural analysis 

of the samples. Few trends are noticeable, i.e., with the increase in the dealloying time, there is an increase 

in - (i) the atomic percentage of Au; (ii) the size of the ligaments, and; (iii) the homogeneity of the surface 

morphology. 

Combining structural and microstructural analysis with magnetic characterization has resulted in a 

multidisciplinary approach to the study of NPG, leading in the discovery of the mechanism of dealloying. 

Authors believe that this piece of science will contribute, as first, to extend the knowledge of dealloying of a 

Fe-rich biphasic metastable supersaturated Au-Fe solid solution. Secondly, it will positively impact the 

production of NPG by employing a fast, simple, and sustainable synthesis procedure combined with a cost-

effective starting material, thus contributing towards the development of nanoporous materials for cutting-

edge technologies. 
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