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a b s t r a c t

Hierarchical leaf-like cobalt materials have been synthesized by a simple method at relatively low
temperature. The product was characterized by means of XRD, SEM, EDS, and VSM techniques. The ef-
fects of temperature and cobalt acetate amount on the final Co were investigated by a series of ex-
periments. It was found that the temperature played an important role in the formation of such novel
leaf-like cobalt. When the reaction temperature of the mixture was as low as 40–65 °C, the morphology
of final products can be changed from fluffy like to leaf like hierarchical structures. The leaf-like cobalt
possessed hexagonal close-packed (HCP) phase structure. The hierarchical leaf-like cobalt exhibited high
saturation magnetization (Ms) of 151.6 emu/g and coercivity (Hc) of 158.5 Oe. The low temperature
chemical reduction method is quite simple, it will provide possibility for large scale preparation of such
leaf-like cobalt. Due to the specific structure and magnetic properties, these cobalt leafs are expected to
have potential applications as candidates for microwave absorption and sensors.

& 2016 Elsevier Ltd and Techna Group S.r.l. All rights reserved.

1. Introduction

Over the past few years, three-dimensional (3D) hierarchical
nanostructure materials have attracted considerable research in-
terest due to their unique structural, suggesting potential appli-
cation in magnetic, electronics, and other areas [1–4]. One of the
most important challenges in three-dimensional hierarchical na-
nostructure is the synthesis and control of the micro-structures.
For example, nanoparticle-, nanowire-, nanocone-, and nanorod-
based hierarchical materials have been produced [5–8]. Thus, mi-
cro–nano structures were commonly reported in previous studies.

Magnetic materials are very attractive for a range of applica-
tions that include magnetic information storage, biomedical re-
search, solar energy transformers and microwave absorptions.
Besides that, there are also potential applications in catalysis and
medical diagnostics [9–18].

As a typical magnetic metallic material, cobalt has unique
physical properties which are crucial for many applications. Cobalt
possesses high saturation magnetization, and high permeability
could therefore be achieved. Moreover, cobalt has high Curie
temperature, which results in cobalt used as candidate for mi-
crowave absorption and magnetic memory devices. Several

methods have been developed so far to prepare Co with different
shapes, such as mushroom like, sword-like, nanoparticles, hollow
porous structures, flower-like, and so on [19–22]. However, most of
these methods have some drawbacks including long-time reac-
tion, complicated synthetic steps, and high temperature prepara-
tion. Hence, it is necessary to develop a simple and inexpensive
approach to the synthesis of Co 3D hierarchical materials at a re-
latively low temperature.

Herein, we report a new hierarchical leaf-like cobalt material,
which were synthesized under a relatively low temperature con-
dition using hydrazine hydrate as reducing agent in the absence of
any hard templates or ultrasonic equipment. The length and
morphology of the Co can be controlled by the reaction tem-
perature and concentration of initial cobalt salt. The leaf-like co-
balt possesses high saturation magnetization (Ms) of 151.6 emu/g.
The current synthesis method and the structures of the cobalt
reported in this paper will benefit the material synthesis as well as
the applications.

2. Experimental procedure

2.1. Materials and methods

All reagents were analytical grade and used without further
purification. In a typical synthesis, 0.996 g of Co(CH3COO)2 �4H2O
and 4 mL of C2H8N2 were dissolved in 50 mL of deionized water
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with intensive stirring to form a homogeneous solution. Then
25 mL of an aqueous solution with 3 g NaOH was added dropwise
into above solution at room temperature. The mixture was heated
to 65 °C for 30 min under mechanical stirring. Finally, 20 mL
N2H4 �H2O (80 wt%) was added to above solution and reacted 1 h.
After the reaction was completed, the resulting dark gray products
were collected, rinsed three times with distilled water and EtOH,
and then vacuum-dried at 50 °C for further characterization.

2.2. Characterizations

XRD pattern was recorded on a Bruker D8 Advance dif-
fractometer with Cu Kα radiation (λ¼1.5406 Å). The scanning
electron microscopy (SEM) images and energy dispersive X-ray
(EDS) spectrum were obtained using a Hitachi S3400N microscope
and EMAX Horiba, respectively. Magnetic measurement was car-
ried out at room temperature with a VSM (HH-10) by saturating
the sample powder in a maximum magnetic field of 10 kOe.

3. Results and discussion

Fig. 1 shows the typical X-ray diffraction (XRD) patterns of the
products which are prepared at 25, 40, and 65 °C in 1 h. From the
XRD results (Fig. 1(c)), it is confirmed that pure cobalt was formed
at the reaction temperature of 65 °C. All the diffraction peaks can be
indexed to (100), (002), (101), and (110) crystalline planes corre-
sponding to the hexagonal close-packed (HCP) phase of cobalt
(JCPDS no. 05-0727). No other impurities including CoO or Co3O4

were detected, indicating that the product was rather pure [20]. It
should be noted that the (101) reflections is much broader, which
may be attributed to the anisotropic growth of cobalt crystals. The
existence of Co(OH)2 (JCPDS no. 74-1057) phase when the reaction
temperature was 25 and 40 °C (Fig. 1(a) and (b)) may be due to the
incomplete reaction resulted by the low reaction rate.

Fig. 2 display a representative SEM image of the sample with a
panoramic view, from which to leaf-like Co. The magnified SEM
image (Fig. 2(b)) of select area of Fig. 2(a) demonstrate that the Co
possessed hierarchical leaf-like structure, and the leaf length
ranged from 6 to 9 mm. The EDS pattern shown in Fig. 2(c) con-
firms that the final products are Co metal. The EDS results were
well consistent with the XRD conclusions.

In the present system, we find that the reaction temperature is
vital in the growth of cobalt crystallites, and further determines

the final morphology of the leaf-like products. Isolated irregular
particles with size of millimeter level were produced when the
temperature was 25 °C (Fig. 3(a)). When the reaction temperature

Fig. 1. XRD patterns of the products prepared at (a) 25, (b) 40, and (c) 65 °C with
comparison of the standard patterns of cobalt (JCPDS card no. 05-0727). Fig. 2. SEM images (a and b), and EDS pattern (c) of the as-prepared leaf-like Co.
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