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Abstract A new single step, efficient, and scalable

process was developed for synthesis of olivary carbon

microparticles with a diameter of 4–6 lm at the middle and

a length 8–12 lm by pyrolysis (under 600 �C) of ethanol

with manganese acetate as the promoter. The physical and

chemical structures of the olivary carbon were investigated

by X-ray powder diffraction, scanning and transmission

electron microscopy and Fourier transform infrared spec-

troscopy. The content of the olivary carbon in the product

is related to the pyrolysis temperature, the reaction time,

and the dosage of the promoter. The content of the olivary

carbon was over 90% of the product under the optimum

condition. A possible formation process of the olivary

carbon has been put forward according to the experimental

data available.

Introduction

Since the synthesis of molecular carbon structures in

the form of C60 and other fullerenes in 1985 [1], carbon

materials have attracted more and more attention. Con-

siderable efforts have been made on the preparation,

growth mechanism, and application of carbon materials.

Arc discharge [2], laser ablation [3] chemical vapor

deposition (CVD) [4], and hydrothermal processing

[5, 6] were used to synthesize carbon material. And the

solvothermal technique [7] was developed based on the

hydrothermal technique, which was widely used in the

synthesis of carbon materials for the advantages of the

flexible experiment conditions, simple operation, and low

cost. Many types of carbon materials have been synthe-

sized in this way, such as carbon spheres [8], hollow car-

bon spheres [9], hollow carbon cones [10], all kinds of

carbon nanotubes [11–14], iron/carbon core–shell coaxial

nanocables [15], straw-like carbon microbundles [16],

flower-like carbon [17] and so on.

More recently, nonspherical carbon materials may be

more attractive in applications than the spherical because

of their low symmetries. And it is worth finding different

ways to synthesize nonspherical carbon materials. Several

results have been reported about the preparation of olivary

carbon, which is a novel nonspherical carbon material with

olive-like morphology. Luo et al. [18] have synthesized

olivary carbon by pyrolysis of acetone with metallic zinc as

the catalyst at 600 �C. Ma et al. [19] synthesized mono-

dispersed olivary carbon microparticles with copper as

substrate-assisted. Lately, Pol et al. [20] had reported a

synthesis method of olivary-shaped carbon from olive oil

just through one step and catalyst-free. However, there

remains still a blank as to the mechanism of detailed

formation of olivary carbon.

In this manuscript, we synthesized mono-dispersed

olivary carbon microparticles on a large-scale by using

absolute ethanol and manganese acetate as solvent and

promoter. We demonstrate a new single step, efficient and

scalable solvothermal process for synthesis of olivary

carbon, and the yield was up to 90%. The pyrolysis tem-

perature, the reaction time, and the dosage of the promoter

we adopted were investigated. And a new possible sche-

matic illustration for the formation of the olivary carbon

microparticles has been put forward and discussed.
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Experimental section

All reagents were commercially available and used without

further purification. In a typical experiment, 1.5 g Mn

(CH3COO)2�4H2O was dissolved in 40 mL absolute etha-

nol completely, and then the solution was devolved into a

60 mL stainless steel autoclave. After being sealed, the

autoclave was heated from room temperature to 600 �C

(10 �C/min) and maintained at 600 �C for 12 h, then

cooled down to room temperature naturally. The loose dark

product was collected, dipped in dilute hydrochloric acid

for 24 h, then filtered and washed by distilled water and

absolute ethanol, last dried in a vacuum at 60 �C for 6 h.

Structural characterization was performed by using

X-ray powder diffraction (XRD) (Brucks D8 X-ray powder

diffractometer, CuKa radiation k = 1.541874 Å). The

morphologies of the samples were characterized with

scanning electron microscopy (SEM, Philips XL-30s) and

transmission electron microscopy (TEM, Philips Tecnai-

10). Thermal gravimetric analysis (TGA) was taken on a

SDT-Q600 thermal analyzer under N2 flow. Fourier

transform infrared (FTIR) spectra were recorded on an

EQUINOX 55 (Bruker) spectrometer.

Results and discussion

Figure 1 gives the XRD patterns of the as-prepared prod-

ucts before and after the treatment by dilute HCl.

According to index JCPDS Card File No. 01-083-1763, the

starting material of Mn (CH3COO)2�4H2O, under the given

reaction condition, was decomposed to form rhombohedral

MnCO3 (see curve a in Fig. 1). The diffraction planes of

hexagonal graphite are showed in curve b. The broad peak

at around 26� could be attributed to the (002) diffraction

planes, and another peak at around 43� corresponds to the

(101) plane of graphite (JCPDS Card File No. 41-1487).

The two peaks indicate that the product has a low graphitic

degree; the olivary carbon is amorphous carbon phase.

The SEM image in Fig. 2a exhibits uniform olivary

carbon of the as-prepared products and indicates most of

the carbon particles are regular olivary, except a few have

defect. It can also be seen in Fig. 2a that the olivary carbon

particles with a diameter of 4–6 lm at the middle and a

length 8–12 lm, and the content of the olivary carbon

particles was estimated over 90% of the product. The solid

nature of the olivary carbon is confirmed by the TEM

image (Fig. 2b) and higher magnification image of half-

particle (Fig. 2c). The olivary carbon has a smooth surface,

but we also find some fragments around it. The SEM image

in Fig. 2d shows the fragment under higher magnification,

which plays an important role in the formation of the

olivary carbon; we will give a further discussion in the

mechanism.

The effects of the reaction temperature and time on the

formation of the olivary carbon were investigated. We have

found that the optimal reaction temperature was 600 �C,

and no olivary carbon was produced when the temperature

was below 500 �C. We carried out comparative experi-

ments adopted 1.5 g Mn(CH3COO)2�4H2O and found out

that reaction time strongly affect the yield of olivary car-

bon. Figure 3a is the SEM image of the sample obtained by

pyrolysis of ethanol maintained at 600 �C for 2 h, in

addition to some nonuniform carbon spheres (the diameter

of the bigger ones are about 4–6 lm, and the lesser ones

are about 1–3 lm), we do not see olivary carbon. When the

reaction time was extended to 5 h (Fig. 3b), a few carbon

spheres have grown into olivary carbon from nonuniform

carbon spheres, and the reaction time of 12 h gave the

largest quantity of the olivary carbon. When the reaction

was maintained at 600 �C for 24 h, nonuniform carbon

spheres fully changed into olivary carbon seen from

Fig. 3d, but some fused together. The experiment results

showed that 2 h was not enough to form olivary carbon,

and the perfect morphology couldn’t be kept when the time

extended to 24 h, so 12 h was considered as the optimal

reaction time.

In order to investigate the role of manganese acetate in

the process, a series of experiments have been done. Dif-

ferent amounts of Mn(CH3COO) 2�4H2O (0.1, 0.5, 1.5, and

3.0 g) was dissolved in 40 mL ethanol and other experi-

ment conditions unchanged. Figure 4a gives the SEM

image of the sample by pyrolysis of ethanol without

manganese acetate. Many carbon spheres and a few olivary

particles can be seen in Fig. 4a, which indicates that eth-

anol has a self-orientation to form olivary morphology in

the process of pyrolysis. Comparing the images in Figs. 3c
Fig. 1 XRD patterns of the products before a and after b HCl

treatment
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and 4b–e, we have found that with the increase of the

amount of Mn(CH3COO)2�4H2O, the content of the olivary

particles are increasing, and the morphology of the olivary

particles become uniform and pretty. At the same time, the

amount of the carbon fragment was increasing with the

augment of the Mn(CH3COO)2�4H2O. With the set of

experiments, the results show that manganese acetate plays

a vital role in the formation of olivary carbon, and 1.5 g

Mn(CH3COO)2�4H2O was selected as the optimum

condition.

Fig. 2 a SEM image of the olivary carbon, b TEM image of a single olivary carbon, c high-resolution SEM image of the olivary carbon

half-particles, and d SEM image of the carbon fragment under higher magnification

Fig. 3 SEM images of the samples obtained by pyrolysis of ethanol maintained at 600 �C for different reaction time: a 2 h, b 5 h, c 12 h,

and d 24 h
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To determine if Mn(CH3COO)2�4H2O or MnCO3 per-

formed a catalytic function, a comparative experiment was

executed, 1.5 g MnCO3 was added to 40 mL ethanol

maintained at 600 �C for 12 h, and the SEM image of the

product is shown in Fig. 4f, we can only see carbon spheres

in the picture, which indicated that MnCO3 do not play a

role to assist the generation of olivary carbon.

Figure 5a shows the typical TGA curve of the

Mn(CH3COO)2�4H2O sample. The first stage was from

room temperature to about 130 �C which resulted from the

evaporation of crystal water, the second loss occurred at

about 300 �C, it can attributed to the decomposition of

manganese acetate. The residual weight in TGA is about

30%, which implies that the residue is MnO. However, the

Mn(CH3COO)2�4H2O decomposes into MnCO3 under the

autoclave condition, which reveals that the autoclave

offered a special reaction circumstance; high temperature

and high pressure to assist the formation of the olivary

carbon.

We can clearly see from Fig. 5b that there are some

carbon spheres with different sizes. The lesser particles

(1–3 lm) adhere to the bigger spheres (4–6 lm), and then

the olivary carbons are formed with the growing of the

carbon spheres (Fig. 5c). We can also explain the forma-

tion mechanism of such olivary carbon by Fig. 6. First, the

Mn(CH3COO)2�4H2O decomposes into MnCO3, water and

carbon fragments, and the ethanol turns into carbon spheres

with different size at high temperature. Then two small size

carbon spheres adhere to the opposite poles of a big one

under the autoclave pressure and high temperature. With

the assist of the carbon fragments, the carbon spheres fuse

together and grow into pretty olivary particles slowly (as

the route a shown in Fig. 6). With no doubt, not all of the

carbon spheres could grow into pretty olivary particles in

such a growth process, the SEM image in Fig. 5d shows

some defective carbon particles, and the routes b–d in

Fig. 6 reveal their growing process. On the other hand,

these defective carbon particles also demonstrate the

Fig. 4 SEM images of the samples obtained by pyrolysis of ethanol at 600 �C for 12 h with different amounts of promoter: a none, b 0.1 g

Mn(CH3COO)2�4H2O, c 0.5 g Mn(CH3COO)2�4H2O, d 1.0 g Mn(CH3COO)2�4H2O, e 3.0 g Mn(CH3COO)2�4H2O, and f 1.5 g MnCO3
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formation process we proposed well. The olivary carbon

connects with the carbon spheres closely, and the role of

the manganese acetate is to conduct the carbon spheres to

adhere to their right places, which grow into pretty olivary

particles. The carbon fragments generated by the manga-

nese acetate fill in the interstices between carbon spheres,

and assist the olivary particles become smooth.

Figure 7 shows the FTIR spectra of the as-prepared

products. The strong characteristic peak at 3445 cm-1

attributed to the –OH bending vibration, which implies the

existence of residual hydroxyl groups. The peaks at 2920

and 2850 cm-1 due to the stretching vibration of –CH2–

OH, and the absorption peak at 1120 cm-1 corresponds to

the C–OH stretching and –OH bending vibrations. The

infrared spectrum peaked at 1636 cm-1 is due to the

stretching vibration of carboxyl groups. These results

indicate that there are a large number of residues hydroxyl

groups on the surface of the as-prepared olivary carbon due
to an incomplete carbonization, and they play important

roles in the formation process of the olivary carbon [21,

22]. The hydroxyl groups are able to absorb the carbon

spheres together; this also gives a convincing support to the

formation process.

Conclusions

In conclusion, a new economical route was found to pre-

pare olivary carbon by the pyrolysis of ethanol with man-

ganese acetate as the promoter in an autoclave at 600 �C

for 12 h. The olivary carbon microparticles have a diam-

eter of 4–6 lm at the middle and a length 8–12 lm.

Fig. 5 a TGA curve for the

Mn(CH3COO)2�4H2O sample in

N2, b SEM image of carbon

spheres, c olivary particles in

growing, d some defective

olivary particles

Fig. 6 Schematic illustrations for the possible formation process of

olivary particle

Fig. 7 FTIR spectra of as-obtained products
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Manganese acetate plays a vital role in the formation of

olivary carbon. A possible schematic illustration was put

forward to explain the formation of the olivary carbon. The

olivary carbon not only used as templates for the synthesis

of other materials but also has potential applications in

catalyst carrier, gas storage media and electrode materials

and so on.
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