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A novel leaf-like NiCu alloy composite was prepared by a 

simple solution reduction method. The dendritic hierarchical 

structures were composed of main stem with several 

micrometers and plentiful branches. The NiCu paraffin-

composite containing 40 wt% NiCu dendrite exhibits 10 

excellent microwave absorption properties. The minimal 

reflection loss(RL) of -21.1 dB can be observed at 14.9 GHz 

and the bandwidth with RL less than -10 dB reaches 3.4 GHz 

(13.4-16.8 GHz) with only thickness of 1.4 mm. This novel 

dendrite-like NiCu alloy could be used as a promising 15 

absorbing material with low thickness, high absorption and 

wide-band as well as easy preparation. 

Over the past years, electromagnetic pollution has become a 

serious problem due to the fast development of electronic 

products and communication devices. As a consequence, suitable 20 

electromagnetic wave absorption materials which have strong 

microwave absorption over a broad frequency spectrum are 

attracted a great deal of attention.1-3 It is well known that the 

shapes of materials play an important role on microwave 

absorption capabilities. 4, 5 Recently, the materials with dendrite-25 

like hierarchical structures have shown outstanding microwave 

absorption properties.6-9  For example, the dendritic α-Fe was 

synthesized by an electric field-induced and the α-Fe exhibits 

high absorption efficiency with the minimum reflection loss value 

of ‒32.3 dB. 7 Yu et al. prepared leaf-like CoxFe1-x (x =0.1, 0.3, 30 

0.5 and 0.7) alloys and the leaf-like dendritic Co0.5Fe0.5 alloy 

exhibits the strongest microwave absorption with minimal 

reflection loss of −59.1 dB. 6 In these dendrite-like hierarchical 

structures, the high surface areas of dendrites can tune the 

electromagnetic parameters to obtain good impedance match. On 35 

the other hand, the unique leaf-like structures can induce 

formation of vibrating microcurrent, which is beneficial for 

microwave absorption. 10 

However, to best of our knowledge, the reports on the 

preparation and microwave absorption of NiCu microspheres are 40 

rare.11 In this manuscript, a novel dendrite-like NiCu alloy, which 

has low cost, strong absorption, thin thickness and a wide 

absorption band in the microwave frequency, has been prepared 

through a facile hydrothermal method. This novel leaf-like NiCu 

alloy can be used as a promising absorbing material.  45 

Leaf-like NiCu alloy composite was synthesized by a facile 

liquid  phase process. Firstly, 0.001mol CuCl2·2H2O and 

0.001mol NiCl·6H2O were dissolved in 60 mL H2O and magnetic 

stirring vigorously for 15 min. Then, 4.8 g NaOH was introduced 

into the above mixture. Afterwards, 5 mL ethanediamine and 0.01 50 

mol sodium hypophosphite monohydrate (NaH2PO2·H2O) were 

added into the solution respectively whilst stirring for 30min, the 

above solution was transferred into a Teflon-lined stainless-steel 

autoclave and kept at 140 °C for 15 h. After cooled to room 

temperature, the final products were washed with distilled water 55 

and absolute ethanol for several times and dried for 8 h in 

vacuum. The formation of the NiCu alloy depends on the 

following redox reactions: 

2Cu2+  + H2PO2
-  +  4OH-  → Cu + PO3

-  + 3H2O      (1) 

2Ni2+  + H2PO2
-  +  4OH-   → Ni + PO3

-  + 3H2O      (2) 60 

The crystal phase of the obtained powder was determined by 

powder X-ray diffraction (XRD) analysis. The XRD pattern of 

the dendrite-like NiCu alloys sample is shown in Figure 1. From 

the Figure 1, the three peaks at 2θ = 43.52, 50.84 and 74.98  are 

in an intermediate position in relation to the peaks corresponding 65 

to the pure Cu (JCPDS file nos. 04-0836) and Ni metals (JCPDS 

file nos. 04-0836). which can validate the single face centered 

cubic (fcc) structure of the bimetallic nanoalloy. These results 

suggest that a Cu–Ni alloy was formed by means of the 

substitution of Cu by Ni. Cu–Ni alloys are basically a solid 70 

solution formed by the substitution of Cu by Ni because both 

metals have the same, crystalline structure, ionic radius 
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electronegativity and identical valence, which will be favor of 

meeting the Hume–Rothery rules for a substitutional solid 

solution.11, 12 

 

Fig. 1 XRD pattern of NiCu products obtained at 140 °C for 15 h. 5 

Typical FESEM images of the as-obtained NiCu alloy composite 

with different magnifications are presented in Figure 2(a,b). 

Figure 2a is the low magnification FESEM photograph of the 

sample, which indicates the obtained product is composed of 

novel dendritic superstructures with an average diameter of ca. 10 10 

µm. A magnified image of an individual NiCu alloy was shown 

in Figure 2b. It can be clearly observed that on the dendritic 

hierarchical structures, several leaves (first branches) with 

different lengths and widths are connected to the main branch. 

The length of the main branch is several micrometers, and that of 15 

each leaf (second branches) is about 1–2 µm with a width ranging 

from 300 to 600 nm. Interestingly, close inspection of the 

dendritic hierarchical structures shows that each leaf connected to 

the main branch also acts as a secondary main branch to be 

connected by smaller leaves (tertiary branches). X-ray energy 20 

dispersive spectroscopy (EDS) microanalysis of the dendrite-like 

NiCu alloy displays that the as-received sample is essentially 

comprised of Ni and Cu (Figure 2c). Only a very small amount of 

oxygen is detected, which may be due to slight oxidation of the 

surface. The molar ratio of Ni to Cu is about 1.1:1, which is 25 

nearly 1:1. Figure 2d exhibits the transmission electron 

microscopy (TEM) images of the as-synthesized NiCu sample. 

The NiCu alloys with dendrites can be clearly seen in Figure 2d. 

To get more information about Ni-Cu alloy, the mapping data of 

Cu and Ni elements were shown in Figure S1. Both of Cu atoms 30 

and Ni atoms show an uniform distribution in accordance with 

the shape of the examined fractal, which indicates that the alloy is 

a homogenous phase. 

 In this work, the ethanediamine plays a vital role in 

determining the morphology of final NiCu alloy. For comparison, 35 

the NiCu alloy composites without ethanediamine were 

synthesized and the results were shown in Figure S2. It can be 

clearly observed that the NiCu alloys prepared without 

ethanediamine are comprised of plentiful aggregated 

nanoparticles. In present synthesis, a strong basic condition was 40 

adopted, and the two metallic complexes ( Ni(OH)4
2-, Cu(OH)4

2-) 

were formed. When the ethanediamine was introduced into this 

reaction, complexes such as Cu(OH)4
2- and Cu(EDA)2

2+ are 

supposed to be present in solution precursors, together with Ni 

(EDA)3
2+. These complexes are expected to control the redox rate 45 

by slow release of metal ions , which cause formation special 

dendrite-like structures. 

 

Fig. 2 (a,b) Different magnification FESEM images, (c) EDS 

profile and (d) TEM images of dendrite-like NiCu alloy 50 

composite 

Figure S3 shows the magnetic hysteresis loops (M–H loops) 

combined with the expanded low-field hysteresis curves (inset of 

Fig. S3) of NiCu alloy measured at room-temperature, which 

indicate the magnetic properties, including saturation 55 
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magnetization Ms and coercivities Hc, respectively. As can be 

seen, the three samples exhibit typical soft ferromagnetism. The 

Ms value of NiCu is about 27.5 emu/g, which is lower than the 

value of Ni (58.57 emu/g). The decrease in the magnetization is 

mainly attributed to the existence of nonmagnetic Cu component 5 

in alloy. 

The microwave absorption properties were mainly associated 

with the complex relative permittivity (εr = ε′ - jε″) and 

permeability (µr = µ′ - jµ″) as well as their mass ration in the 

paraffin-composite. 13, 14 Figure 3 presents the frequency-10 

dependent electromagnetic parameters of the paraffin-composite 

with various NiCu alloy loadings. The real parts of the complex 

permittivity and permeability represent the storage of electric and 

magnetic energies, whereas the imaginary parts symbolize the 

loss of both energies.15 From the Figure 3a, the real parts (ε′) of 15 

NiCu paraffin-composites increase with increasing the NiCu 

alloy loadings. This result can be explained by the high electrical 

conductivity of  NiCu at high loading that enables strong 

polarization due to the presence of dipoles and other bound 

charges, leading to improved ε′. Notably, the imaginary part (ε″) 20 

of complex permittivity shows the similar trend with the real part 

(ε′). The ε″ values of NiCu paraffin-composites show the increase 

tendency with increasing NiCu alloy contents (Figure 3b). 

According to the free-electron theory 16, 17, fρπεε 0/1≈′′ , where

ρ is the resistivity, the high ε″ indicates the high conductivity. 25 

The high ε″ value of NiCu paraffin-composite with 50 wt% NiCu 

implies the high conductivity, which maybe suggests high 

dielectric loss of microwave. It is well known that one of the key 

conditions to achieve a low reflection is the impedance matching 

that the microwave can enter into the absorber as much as 30 

possible. However, too high values of complex permittivity could 

lead to bad impedance match between absorber and air, which 

will result in more microwave reflection rather than absorption. 

Thus, the materials with the appropriate conductivity favor 

microwave absorption. 18, 19  35 

 

Fig. 3 Frequency dependence of (a) real parts and (b) imaginary parts of complex permittivity, and (c) real parts and (d) imaginary parts 

of complex permeability of various NiCu paraffin-composite. 

Figure 3(c,d) shows the complex permeability, real part µ′, and 

imaginary part µ″ of NiCu paraffin-composite with various NiCu 40 

loadings in the frequency of 1–18 GHz. The paraffin-composite 

with 40 wt% NiCu contents shows the high µ′ values compared 

with other three paraffin-composite. In Figure 3d, the µ″ values of 

four paraffin-composite exhibit decline trend with increasing the 
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measured frequency. Notably, the 30wt% NiCu and 30wt% NiCu 

paraffin composites show multiple peaks in the µ″ curves, which 

are attributed to natural and exchange resonances.20, 21 Moreover, 

it is interesting to note that the paraffin-composites with high 

CuNi loadings (30 wt%, 40 wt%, 50 wt%) signify negative µ″ 5 

values in the high frequency (12-18 GHz). This can be explained 

that magnetic energy is radiated out and transferred into the 

electric energy. 22, 23 

Reflection loss (RL) of the NiCu paraffin-composite can be 

calculated based on Eqn (3) and Eqn (4). The microwave 10 

absorbance of the samples can be predicted from the value of RL 

in which the larger the negative value of RL, the greater the 

microwave absorption properties of materials. 13, 24 
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where 
0Z , Zin, ƒ, c , and d  are the impedance of free space, 

input impedance of the absorber, the measured frequency, the 

velocity of electromagnetic waves, the absorber thickness. Figure 

4a depicts the reflection losses of various NiCu paraffin 

composites with absorber thickness of 1.6 mm. It can be found 20 

that the 40 wt% NiCu paraffin composite shows the best 

microwave absorption with the minimum RL of -20.0 dB with the 

thickness of 1.6 mm. The absorber thickness also affect the RL 

peaks and location. Thus the RL values of 40 wt% NiCu paraffin 

composite with different thicknesses are also calculated (Figure 25 

4b). The optimal RL is -21.1 dB at 14.9 GHz with only thickness 

of 1.4 mm. The absorption bandwidth with RL below -10 dB 

(90% absorption) can be monitored between 6.4 GHz and 18 

GHz f with the thin absorber thickness of 1.1–2.8 mm In addition, 

the absorption band shifts to lower frequency range if the 30 

absorber thickness increased when measuring, which is the result 

of quarter-wavelength cancellation. 25 

     To reveal the effect of dendritic hierarchical structures on the 

absorption properties, the absorption behaviors of NiCu alloy 

without dendritic hierarchical structures which are synthesized in 35 

the absence of ethanediamine are also discussed. As shown in 

Figure S4, the NiCu alloy composites prepared without 

ethanediamine show weak microwave absorption capabilities, 

which exhibits the minimum reflection loss of -6.22 dB. 

 40 

 

Fig. 4 (a) Reflection loss of NiCu paraffin-composites with 

different NiCu loadings for the thickness of 1.6 mm; (b) The 

simulated reflection loss of 40 wt% NiCu paraffin composite with 

various thicknesses. 45 

In summary, a facile solution reduction was used to synthesize 

novel dendrite-like NiCu alloys. The microwave absorption 

properties of NiCu paraffin composites were vitally influenced by 

the NiCu loadings. The NiCu paraffin-composite with 40 wt% 

NiCu alloy exhibits outstanding microwave absorption properties. 50 

The minimum reflection loss is -21.1 dB at 14.9 GHz with only 

thickness of 1.4 mm. This novel leaf-like NiCu alloys may pave a 

way to prepare the promising absorbing materials with the 

features of strong absorption, small thickness and wide-band. 
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