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ABSTRACT
Two new diamond nanostructures of nanoparticles and multilayer nanosheets were prepared through
cleavage plane crush separation preparation technology by synthetic diamond as starting material. All
samples were characterized by X-ray diffraction (XRD), transmission electron microscopy (TEM), scanning
electron microscopy (SEM), Raman spectroscopy (Raman), and 13C Solid-state Magic Angle Spinning
Nuclear Magnetic Resonance (MASNMR). The influence of precipitation time on the particle size,
crystalline, morphology, structure of the nanostructures was investigated. The crystalline phase of the final
products was determined as diamond phase. More importantly, the morphology of nanodiamond was
closely related to the structure. Nanoparticles consisted of carbon atom dimer structure on the surface,
while the multilayer nanosheets contained unsaturated sp2 hybridization carbon, and the unsaturated sp2

hybridization carbon contents increased with increasing particle size. Possible formation mechanisms of
diamond nanostructures with various structures and morphologies were proposed in detail.

KEYWORDS
Nanodiamond; nanoparticles;
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1. Introduction

In the past two decades, carbon-based nanomaterials including
fullerenes, carbon nanotubes (CNTs), graphene (GN) have trig-
gered a new wave of experimental and theoretical studies due to
their unique structures, extraordinary physical and chemical
properties, and various potential applications.[1–11] Nanodia-
mond (ND), as a very promising member of the carbon nano-
materials family, has received relative less attention compared
to other carbon family members. Recently, the interests in
nanodiamond have been quickly increasing owing to their
unique physical and chemical properties such as high level of
hardness, strength, and thermal conductivity, electrical resistiv-
ity and chemical inertness[12] etc. And nanodiamond (ND) has
been increasingly applied in many fields including electronic,
optics, mechanics, superconducting materials and biological
medicines.[13-17,26] with exhibiting various superior characteris-
tics such as optical transparency, chemical inertness, extremely
high level of hardness, stiffness, and strength, etc.

It is well established that nanodiamond (ND) can be manu-
factured by the application of detonation of carbon-containing
explosives in a steel chamber at high temperature and high
pressure (HTHP, »3,000 K, 300 kbar) instantaneously.[18–20,23]

which is a kind of dynamic high temperature and high pressure
synthesis method).[19] There are also some byproducts such as
nanographite and amorphous carbon in addition to nanodia-
mond.[21,23] The purity of final ND is only 95% – 97% after the

purification treatments with acid oxidation liquid purification
method.[18] The liquid-phase purification is not an environ-
mentally friendly process and requires expensive corrosion-
resistant equipments and costly waste disposal processes and
also results in additional contamination or significant losses of
the diamond phase.[31]

So far, nanodiamond can be only used in an inexpensive
large-scale synthesis of ND with the following three factors
importantly effecting the synthesis results.[18,21] First, carbon-
containing explosives as the starting materials must have the
following conditions, producing enough high temperature and
pressure during the explosion, producing enough active carbon
atoms during the explosion and enough molecular structures
with active groups. Up to now, TNT and RDX explosive mix-
ture are generally used as raw materials. TNT explosive has
been applied as carbon source and RDX explosives as the
booster.[20] Second, explosive charge form and structure deter-
mined the uniformity of the reaction. And the uniformity of
reaction contributed towards the formation of nanodiamond
and the improvement of a production rate. The relationship
between the average nanodiamond particle diameter of d and
the explosive charge diameter of D had been also given as
d/D1/3.[22] Third, the protecting medium had an important
influence on the yield of nanodiamond.[21,23–24] Nanodiamond
rate obtained by water as protecting medium is higher than
other protecting medium such as CO2, air and N2.
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Furthermore, the morphology of ND obtained by explosive
detonation synthesis is usually hard aggregated nanoparticles hav-
ing a truncated octahedral architecture with average particle diam-
eter of about 5 to 10 nm.[19] Due to a large number of unsatisfied
surface carbon atoms and a large surface to volume ratio, ND
exhibits a very high surface reactivity of a single particle compared
to that of other carbon nanostructures. Thus, ND disperses in
aqueous solution usually spontaneously form clusters of tens to
hundreds nanometers with a lower free energy, whether the physi-
cal ultrasonic or chemical dispersion is adopted.[25–30]

The detonation synthesis of ND was first discovered in Soviet
Union about 50 years ago.[32] As well as we know, nanodiamond
thin films now can be easily produced either as using chemical
vapor deposition (CVD) techniques.[14,33–34] However, the nano-
diamond powders can only prepared by the detonation of carbon-
containing explosives technique, which has not made obvious
progress for long times. Here, we reported a new cleavage plane
crush separation preparation technology by using synthetic dia-
mond as starting material. This new kind of ND preparation
technology demonstrates the possibility of preparation of nanodia-
mond without introduction of defects and it is also simple, inex-
pensive and environmental friendly. In this paper, two new kinds
of ND powders were prepared feasibly by the new preparation
technology with synthetic diamond as raw material, which is dif-
ferent from the detonation of carbon-containing explosives. The
influence of preparation process on the particle size, crystalline,
morphology, structure of the nanostructures was investigated.
Possible formation mechanisms of diamond nanostructures with
various structures and morphologies were proposed in detail.

2. Experimental

2.1. Materials

All chemical reagents are analytical reagent (AR). Artificial dia-
monds (Product model: SCD02) were purchased from Zhengz-
hou Sino-Crystal Diamond Joint-stock Co., Ltd. Deionized
water with a minimum resistivity of 20.0 MV¢cm, was obtained
from a Millipore deionization system. Sodium silicate nonahy-
drate (Na2SiO3¢9H2O) was bought from Tianjin Hengxing
chemical preparation Co., Ltd. Hydrochloric acid (HCl), sul-
phuric acid (H2SO4), and perchloric acid (HClO4) were
obtained from Tianjin Kemiou Chemical Reagent Co., Ltd and
sodium hydroxide (NaOH) was bought from Luoyang Chemi-
cal Reagent Co., Ltd.

2.2. Preparation of products

The preparation process is shown in Fig. 1. First, the artificial
diamonds were fed into the air stream mill by feeding inlet.

The feeding speed is 0.45 kg/h, and the speed of the classifica-
tion of impeller is 18000 r/min, and crushed gas pressure is
0.8 MPa. And then crushed products were obtained with
median particle size (D50) of about 4 mm. The next step is feed-
ing the crushed products into the ball mill. The mass ratio of
the stainless steel ball and crushed products is 7:1. The diameter
of the stainless steel ball is 1 mm. The rotate speed of the ball
mill is 800 r/min, and the ball milling time is 4 h. After the ball
milling, acids were used to remove the impurity in the products
by two steps. First, the mass fraction of 10% dilute hydrochloric
acid was used to remove metal and metal oxide impurities in
products in the reaction vessel at room temperature. The mass
ratio of hydrochloric acid to products is 1:3, and reaction time
is 2 h. When the reaction is finished, the products were cleaned
with deionized water until the pH value of cleaning liquid is
about 7. And then the mixture acid was used to remove graph-
ite impurities in the reaction vessel at 160�C for 1 h. The mix-
ture acid is composed of sulphuric acid and perchloric acid
which the mass fractions are 96% and 70% respectively. The
mass ratio of mixture acid and products is 1:1. When the reac-
tion is finished, the productswere cleaned with deionized water
until the pH value of cleaning liquid is about 7. After the acid
treatment, sodium hydroxide was used to remove pyrophyllite
impurities twice in the reaction vessel at 240�C for 2 h with the
mass ratio of sodium hydroxide and products of 2:1, and then
cleaning the products with deionized water until the pH value
of cleaning liquid is about 7. Next step, sorting process covers
two sorting technology, precipitating separation and centrifugal
separation. Precipitating separation equipment is showed in
Fig. 2, F220 £ 300 mm. According to STOKE’s law

v0 D d¡ r

18h
gd2 (1)

where d is the density of the particle, d is the particle size, r is
the density of the liquid medium, and h is liquid medium vis-
cosity. Under the condition of the same sedimentation distance,
the speed of sedimentation v0 is only related to the diameter of
the particle d in the same liquid medium. Therefore, according
to the difference of sedimentation velocity of different size of
particles, the particle size is classified. Cleaned products (330 g)
were put into the sodium silicate solution with a mass concen-
tration of 0.05%. The solution of mixed products was treated
by ultrasonic wave for 30 min. After then, deionized water was
added into the beaker to the upper scale line, and keep still after
stir well. And 36 h later, upper liquid was extracted with the
pumping pipe until under the scale line, with the distance h
between upper scale line and under scale line of 150 mm. Cen-
trifugal separated the extraction of the upper liquid. The den-
sity of the upper liquid was adjusted to between 0.9 and 1.
Two-thirds of the upper liquid was taken in the centrifuge tube
after each centrifugation for cyclic centrifuged three times for
each 10 min with the speed of the centrifuge of 8000 r/min.
And then the supernatant liquid precipitation was obtained for
different times after centrifugation at room temperature, the
results are shown in Table 1, and then dried in a vacuum oven
for 6 h at 300�C.Figure 1. The diagrammatic flow sheet illustrating the preparation process.
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2.3. Characterization

XRD patterns of the samples were collected with a Philips X’
Pert Pro MPD X-ray diffraction system (XRD, Cu-Ka radia-
tion, λ D 0.154056 nm) operated at 40 kV and 40 mA. All the
samples were measured in the continuous scan mode in the 2u
range of 10–90�, using a scan rate of 0.02 deg/s. The crystallite
size was calculated using the Scherrer equation. Scanning elec-
tron microscopic (SEM) was performed using Nova Nano-
SEM450, while transmission electron microscopy (TEM)
observation was undertaken under JEOL JEM-2011 microscope
with accelerating voltage of 200 kV and selected-area electron
diffraction (SAED) was employed to characterize the samples.
The Raman spectra were collected using a Renishaw RM-1000
cofocal microscopic Raman spectrometer with an air-cooled

CCD detector, the operating wavelength was 532 nm by He-Ne
laser. 13C solid state NMR spectra were conducted on a
600 MHz Bruker spectrometer.

3. Results and discussion

Figure 3 presents the XRD diffraction pattern and SEM image
of the starting material. The XRD pattern exhibited two pri-
mary diffraction peaks (2u D 43.7, 75.1�) that can be assigned
to the diamond phase. The strong and narrow diffraction peaks
indicated that the raw materials were well crystallized diamond
structure. From Figure 3b, we can find that the raw material is
complete hex-octahedron structure with a narrow particle size
distribution of 100–120 mm.

Different particle size and crystallinity of nanostructured dia-
mond samples were obtained via cleavage plane crush separation
preparation technology using synthetic diamond as raw material.
Figure 4 shows the typical XRD diffraction pattern of the prod-
ucts with different particle size. The phase composition and
purity of all the products had been identified from the XRD pat-
terns in Fig. 4a. The peak locations and relative intensities for
samples are cited from the Joint Committee on Power Diffrac-
tion Standards (JCPDS) database. The diffraction peaks located
at 43.9, 75.3�are corresponding to (111) and (220) reflections of
face-centered cubic (fcc) structure of diamond phase with the
standard lattice constant of a D 3.567 A

�
(JCPDS 79–1473),

respectively. All the products had been confirmed to be diamond
phase, the other phase had not been found. Specially, Fig. 4a inset
map shows the XRD diffraction pattern of sample a, the weaker
and broader diffraction peaks (2u D 43.9, 75.3�) than other parti-
cle size samples b-e. The results indicated that a sample were
poorly crystallized diamond structure and partly amorphous.

Average crystallite sizes of all the products were estimated
using Scherrer equation: D D 0.89λ/ (bcosu),[35] where λ is the
employed X-ray wavelength, u is the diffraction angle of the
most intense diffraction peak, and b is the full width at half
maximum of the most intense diffraction peak (FWHM).
Figure 5 shows the average grain sizes of the different particle
size products with different precipitation separation time. The
average grain size of the different particle size products varied
between 3 nm and 30 nm with increased particle size. More-
over, it should be noted that the average size of sample a is
smaller than other particle size. The average grain size of sam-
ple a is the minimum about 3.5 nm, and increased slightly with
increased particle size and achieved the maximum value of
about 26 nm when the particle size is 200 nm. Then the average
grain size decreased and finally reached the value of about
23 nm when the particle size is 250 nm. Obviously, the average
grain is related to the particle size.

Figure 6 show that as-prepared samples with increased par-
ticle size consist nanoparticles and nanosheets, which is differ-
ent from nanodiamond by explosive detonation. Sample a
shows carbon nanoparticles with particle size of about 5 nm,
and average particle size is about 3 nm which is well consistent
with XRD result, as showed in Fig. 6a. The morphology of sam-
ple b-e is multilayer carbon nanosheets. The enlarged images
(Fig. 6 b1-e1) shows that the layer thickness of the carbon
nanosheets is gradually thickened with increased particle size.
Fig. 6 a2-e2 presents the HRTEM investigations from the

Figure 2. Schematic diagram of the precipitating separation equipment.

Table 1. Table of sorting parameters of different size of products.

Particle size/nm Precipitation separation time/h

5 360
50 228
100 192
200 180
250 168
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carbon nanoparticles and carbon nanosheets, respectively.
However, it should be noted that the existence of the amor-
phous carbon and lattice image showed in Fig. 6 a2, which is in
agreement with XRD result. The lattice images of carbon nano-
particles and carbon nanosheets were clearly observed. From
the distance between the adjacent lattice fringes, we can assign
the lattice plane on the carbon nanoparticles and carbon nano-
sheets. The nanoparticles showed that lattice fringes of d D
0.21 nm for the (111) plane of the diamond phase. The lattice
images of the nanosheets were clearly observed, which

indicated that these nanosheets had high degrees of crystallin-
ity. The distance between the lattice fringes (d D 0.21 nm) in
the aligned nanosheets can be assigned to the interplanar dis-
tance of the diamond phase, which is well coordinated with
XRD results. Further observation by SAED (inset image in
Fig. 6) confirmed that nanoparticles and nanosheets had differ-
ent crystal structure, the nanoparticles had a polycrystalline
diamond structure, and the nanosheets were single crystalline
diamond structure.

Figure 7 presents the SEM results of the different particle
size carbon nanosheets. The insets as shown in Figure 7 are the
cross-sectional images of the different particle size carbon
nanosheets. It is clearly shown that the change of the morphol-
ogy. From Figure 7a and 7b, we can find that the diamond
nanosheets array was random in size with the length distribut-
ing from 10 nm to 200 nm. Figure 7c and 7d show that dia-
mond nanosheets are uniformly distributed with a fairly small
length deviation, which varied between 200 nm and 300 nm. In
addition, the layer thickness of the carbon nanosheets is gradu-
ally thickened with increased particle size, which is agreed with
the TEM results.

From the above results, we supposed that the formation of
diamond nanostructures with various morphologies in the
present research could be thought of as a nonclassical pathway
of cleavage plane stripping crush under the action of mechani-
cal force. The relevant formation mechanism of the nanocrys-
talline diamond with different morphologies can be described

Figure 3. XRD pattern (a) and SEM (b) image of the artificial diamond starting material, respectively.

Figure 4. Wide-angle (a) and 40–50� (b) XRD patterns of the different particle size nanodiamond products. a 5 nm b 50 nm c 100 nm d 200 nm e 250 nm, respectively.
Inset map is the XRD pattern of the 5 nm product.

Figure 5. Average grain sizes of the different particle size nanodiamond products.
a 5 nm b 50 nm c 100 nm d 200 nm e 250 nm, respectively.
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as follows. It is well known that diamond cleavage plane is
(111) plane. The man-made diamond is easily separated from
the cleavage plane (111) under the effect of external forces. As
showed in scheme 1a, synthetic diamond raw material collided
with each other which caused separation of the cleavage plane
(111) plane under the action of high-speed airflow with a speed
of about 1000 m/s. And then, synthetic diamond raw material
was further crushed by the mutual extrusion of the stainless

steel balls in the ball mill (Scheme 1b). The rolled stainless steel
balls have uninterruptedly strong impact and roll on the artifi-
cial diamond, which can cause further separation and crush of
the cleavage plane (111) plane. At the same time, the free fall
stainless steel balls which reached a certain height collide and
crush to the man-made diamond raw material in the ball mill,
which accelerated the degree of starting material. Finally, the
synthetic diamond raw material was separated into multilayer

Figure 6. TEM and HRTEM images and corresponding SAED patterns (inset) of the different particle size nanodiamond products. a 5 nm b 50 nm c 100 nm d 200 nm e
250 nm, respectively.
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sheets and particles in the cleavage plane (111) under the effect
of external forces (Scheme 1c).

The Raman spectra of the as-prepared samples are shown in
Figure 8. Obviously, Raman spectra show a smooth curve with
the peak at »1320 cm¡1(D band), the peak at» 1580 cm¡1(G
band) and the peak at » 500 cm¡1 (amorphous sp3 carbon) that
are completely absent in sample a compared with sample b-e in
Fig. 8a, which indicating the crystal structure has changed. From
Figure 8b to 8e, the Raman spectra show two characteristic fea-
tures: the D band at»1320 cm¡1, the G band at » 1580 cm¡1,
which correspond to the sp3-bonding carbon (diamond) and
sp2-bonding carbon (graphite), respectively.[36–40] While D band

is narrow and strong, on the contrary, G band is broad
and weak. And more important, the Raman relative intensities
and full width at half maximum (FWHM) of the sp3-bonding
carbon peak at »1320 cm¡1(D band) and sp2-bonding carbon
peak at »1580 cm¡1 (G band) vary strongly with the increasing
particle size, suggesting the crystalline of the samples were
increased when the increase of particle size.

Raman spectroscopy is the powerful tool to determine the
relative content of the sp2 and sp3 bonding in the different par-
ticle size products. The carbon phase of the different size prod-
ucts can be characterized by measuring the position and width
of G-peak and intensity ratio of D-and G-peaks in Raman spec-
tra, rather than by directly measuring their intensities. The frac-
tion of sp3 bonding presents in the different particle size
products can be evaluated by the peak position of the G peaks.
Also, rich information for the confirming the formation of sp3

bonds can be obtained from the area and Full Width Half Max-
ima (FWHM). The sp3 contents can be calculated using this

Figure 7. SEM images and corresponding high magnification SEM patterns (inset) of the different particle size nanodiamond products. a 50 nm b 100 nm c 200 nm d
250 nm, respectively.

Scheme 1. Schematic diagram showing the morphological and structural evolu-
tion of the starting material at the different preparation stages.

Figure 8. Raman spectra of the different particle size nanodiamond products. a
5 nm b 50 nm c 100 nm d 200 nm e 250 nm, respectively.
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relation as well as from the D- to the G-band area ratio.[41] Both
methods yield rather similar values when particle size varied
between 50 to 100 nm.

sp3 contents D 0.24 – 48.9(vG ¡0.1580).[42]

sp2 contents D 1- sp3 contents

In this equation, vG is the G peak position, which can be
taken in the unit of inverse of micrometer unit, as shown in
Table 2. However, a reverse trend is observed for both parame-
ters with increased particle size, the FWHM decreases from
12.2 to 9.4 rapidly, whereas, the value of vG decreases from
1592.3 to 1586 cm¡1. The variation of sp3 contents with particle
size shows a linear relation as shown in Figure. 9. According to
the result, the sp2 contents increased with increasing particle
size, due to layer thickness increased, which is coordinated with
the TEM and SEM results.

Micro-Raman analysis of the region shows that the D and G
band of sample b (Fig. 8b) exhibits a blue shift of 8 cm¡1

compared to sample e (Fig. 8e), due perhaps to the particle size
and compressive stress at the sp3:sp2 composite layer interface
and interlayer.

Comparisons of the different particle size samples pro-
duced in the same procedure also showed little difference in
structure. Figure 10 shows a typical directly observed, magic
angle spinning (MAS), solid state 13C NMR (SSNMR) spec-
trum of the different particle size products. The experimental
spectrum has been fitted to the components, and it is possi-
ble to clearly distinguish them all. A resonance centered at
d»34.6 ppm and additional resonance centered at
d»29.8 ppm are indicative of parenthetically influenced sp3

hybridization carbon shown in Fig. 10b.[43] C1 and C2,
respectively, which suggests that existed two different carbon
atoms in sample a product. The prominent feature is the res-
onance at 34.6 and 29.8 ppm that are broadened by chemical
shift distribution and corresponds to variations of carbon
atom environments. The chemical shift Dd between C1 peak
and C2 peak is only 4.8 ppm, which indicates two different
carbon atoms C1 and C2 are similar in the chemical environ-
ment. In addition, the C2 carbon atom contents can be
obtained from the ratio of area of C1 and C2 peaks, A2/A1.
The ratio A2/A1 is about 0.5, which indicated that the C2 car-
bon atom content is about 33.3%, as shown in Table 3.
Moreover, simple calculations show that for ND particles
with a diameter less than 5 nm almost 20% of the total num-
bers of atoms are on the surface.[18] With the further
decrease of particle size, this value increases drastically, and
properties of ND crystals become mainly determined by their
surface. Hence, we can conclude that C2 carbon atom is the
surface carbon atom, and exist a carbon atom dimer struc-
ture which composed of C1 and C2 carbon atom on the sur-
face. The carbon atom dimer perhaps leads to the change of
the structure and performance, which is well consistent with
the XRD, TEM and Raman results.

Table 2. Quantities derived from the Raman spectra: FWHM of the D peaks, peak
positions vD and vG of the D and G peaks, sp3 content calculated from the
G-band position and from the ratios of the area of the D and G-band, respectively.

sp3 contents

Particle size/nm FWHM vD vG G-position AD/AG

50 12.2 1324.3 1593.5 0.174 0.192
100 10.7 1325.9 1592.3 0.18 0.22
200 10 1319.2 1588.3 0.2 0.48
250 9.4 1316 1586 0.21 0.90

Figure 9. Variation of sp3 contents with different particle size products.

Figure 10. (a) Solid-state 13C MAS NMR spectra of the different particle size products, a 5 nm b 50 nm c 100 nm d 200 nm e 250 nm, respectively. (b)Solid-state 13C MAS
NMR spectra of the sample a (5 nm) corresponding chemical shift varied between 50 to 0 ppm.

Table 3. Detailed information derived from the solid-state 13C MAS NMR spectra of
sample a: peak positions vC1 and vC2 of the C1 and C2 peaks, chemical shift Dd
between C1 and C2 peaks, C2 content calculated from the ratios of the area of the
C1 and C2 peaks, AC2/AC1 or AC2/ (AC2CAC1), respectively.

C2 contents

Particle size/nm vC1 vC2 Dd AC2/AC1 AC2/ (AC2CAC1)

5 34.6 29.8 4.8 0.5 0.333
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Figure 10a illustrates comparative solid state 13C MAS
NMR data associated with sample b-e products, with Fig. 11
showing the directly observed 13C MAS NMR spectra at
d»127.8 ppm (£ 10), respectively. The 13C MAS NMR spec-
tra indicate significant structural change induced by
increased particle size. A distinct resonance is observed cen-
tered at d»34.6 ppm, which corresponds to sp3 hybridization
carbon, and a weak resonance corresponding to sp2 hybrid-
ization carbon is also observed at d»127.4 ppm.[44–47] C1

and C3, respectively, while the peak at d»29.8 ppm is disap-
peared. The weak peak centered at »34.6 ppm suggests that
existed unsaturated carbon.[45–47] which is well consistent
with the Raman results.

Previously, we have employed Raman spectroscopy to ana-
lyze the sp2 contents. In brief, the Raman results clearly indicate
the sp2 contents increased with the increasing particle size. In
addition, detailed information for confirming the formation of
sp2 hybridization carbon can be obtained from the area and the
position of C1 and C3 peaks. The sp

2 hybridization carbon con-
tents can be calculated by using the relation as well as from the
C3 to the C1 peak area ratio, as shown in Table 4. However, a

forward trend is observed for sp2 hybridization carbon contents
with increase of particle size, the ratio AAC3/AAC1 increase from
0.031 to 0.053, suggesting sp2 hybridization carbon contents
increase from 3.1% to 5.3%, whereas, the value of vAC1 and
vAC3 are always at d»34.6 ppm and 127.4 ppm, respectively.
The variation of sp2 hybridization carbon contents with particle
size shows a linear relation as shown in Figure. 12. According
to the above result, the sp2 hybridization carbon contents
increased with increasing particle size, due to the increased
layer thickness, which is consistent with the Raman results.

4. Conclusions

Two new pure nanocrystalline diamond of nanoparticles and
multilayer nanosheets were prepared through a new cleavage
plane crush separation preparation technology by using artificial

Figure 11. Magnification (10£) of solid-state 13C MAS NMR spectra of the different particle size products corresponding chemical shift varied between 150 to 100 ppm, a
50 nm b 100 nm c 200 nm d 250 nm, respectively.

Table 4. Information derived from the solid-state 13C MAS NMR spectra of sam-
ples b-e: peak positions vC1 and vC3 of the C1 and C3 peaks, C3 content calcu-
lated from the ratios of the area of the C1 and C3 peaks, AC3/AC1 or AC3/ (AC3CAC1),
respectively.

C3 contents

Particle size/nm vC1 vC3 AC3/AC1 AC3/ (AC3CAC1)

50 34.6 127.4 0.031 0.031
100 34.6 127.4 0.036 0.034
200 34.6 127.4 0.047 0.045
250 34.6 127.4 0.053 0.049 Figure 12. Variation of sp2 hybridization carbon contents with different particle

size products.
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diamond as raw material. The precipitation time affected not
only the particle size but also the morphologies of the products.
Nanoparticles were obtained in the maximum precipitation time
of 360 h, and while multilayer nanosheets were obtained for a
broader precipitation time range from 168 h to 228 h. Nanopar-
ticles contained carbon atom dimer structure on the surface,
while multilayer nanosheets contained unsaturated sp2 hybrid-
ization carbon, and unsaturated sp2 hybridization carbon con-
tents increased with increasing particle size.

These results demonstrate the use of artificial diamond as
starting material for the preparation of nanodiamond is a new
and feasible nanodiamond preparation technology, different
from the traditional explosive detonation. Moreover, this tech-
nique is also capable of improving the morphology and struc-
ture of nanodiamond significantly, which opens avenues for
numerous new applications of nanodiamond.
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