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A technology of mechanochemical treatment (MCT) is introduced to modify nanodiamond (ND) surface aiming to
obtaining a stable suspension with well-dispersed ND particles in aqueous medium. ND investigated in this paper
is a purified product of nanometer-sized diamond synthesized by explosive detonation. As obvious aggregation and
sediment were observed when the sample was added into deionized water, it is crucial to conduct deaggregation and
dispersion investigations. Amid a series of mechanical treatments, i.e. grinding, stirring, ultrasonic and classification,
some reagents are introduced to modify the newly created surface during aggregates comminution. For the co-effects
of mechanical forces and surfactants, the mean size of particles was reduced and a stable system containing ND with
narrow size distribution was prepared. Mechanism of surface reaction and modification are discussed, while AFM,
Zetasizer3000HS, XRD, XPS and FTIR are utilized for the analysis. The functional chemical structure of ND particle
surface and surface electrical property changed during the modification processes, and the dispersion character and
stability of suspension can consequently be improved.
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1. Introduction

Mechanochemistry is a tecanological research field
dealing with physicockemical transformations and chem-
ical reactions of solids induced by mechanical action. As
mechanical treatments can activate and intensify the in-
teraction of particulates and chemical reagents during the
modification processes, the combined use of it with chem-
ical force was widely introduced in the synthesis, disper-
sion and modification practices of powder, composite or
polymer(!~5]. Ultrafine Fe powder with a relatively uni-
form particle size of about 10 nm was synthesized through
mechanochemical solid-state reduction of FeCl; by Na
and subsequent removal of the reaction by-productsl®l.
Wollastonite was mechanochemically modified using a jet
mill, the surface features of which have been changed
from hydrophilicity to hydrophobicity and make wollas-
tonite easy to be combined into polypropylenel?).

As a newly developed nano-scale material, nanodi-
amond (ND), obtained from explosive detonation, pos-
sesses excellent characteristics such as superhardness,
round-shape and nanometer size, and thus has promis-
ing application potentials®~12l, But, because of its high
specific surface energy, ND stays in a thermodynamically
unstable state and presents itself as aggregate, so it is
crucial to disperse it in a variety of media to actualize its
application efficiently(!3:14],

Physical and chemical properties of ND and the in-
vestigation on ND dispersion has been carried out syn-
chronously since the beginning of its synthesis research,
both in aqueous and in nonaqueous medial'*~?!]. Among
these researches, the importance of chemical modifica-
tion of ND surface was emphasized, and ND suspen-
sions, which could be reserved without sedimentation for
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ho:zs or couple of days, could be prepared.

Dispersion of ND in aqueous medium was studied in
this paper utilizing mechanochemical treatment (MCT),
while mechanical forces were used associating with chem-
ical treatments for surface modification of ND particles.

2. Experimental

ND sample used in this work is a purified product of
nanometer-sized diamond synthesized by explosive deto-
nation. According to X-ray photoelectron energy spec-
troscopy (XPS), the main chemical elements on the sur-
face of ND sample are C, O and N, which take 90.65%,
8.09% and 1.14% respectively.

Grinding mill, high-speed shearing emulsification ma-
chine and ultrasonic instrument were utilized for com-
minution and deaggregation, while inorganic electrolytes,
surfactants were used in relevant circumstances for chem-
ical stabilization. The whole process can roughly be di-
vided into three stages, named as MCT1, MCT2 and
MCT3 sequentially. During MCT1, inorganic electrolyte
iron chloride (FeClz) and an anionic surfactant which
contains large amount of carboxyl and hydroxybenzene
groups, were introduced (abbreviated as CHB here).
During MCT?2, the suspension was modified with the
presence of some regulators. During MCT3, medium was
regulated further and another anionic surfactant, a disul-
fonic acid (DSA), was added.

Small angle X-ray scattering (SAXS), Zetasizer-
3000HS and atomic force microscope (AFM) were
adopted for size distribution measurement, while Zeta-
sizer3000HS was used to measure the surface zeta (¢)-
potential as well. The crystal structures of ND were stud-
ied using X-ray diffraction (XRD) diffactometor D/max-
rA, and infrared spectra were obtained using the stan-
dard technique of KBr-pellet with Nexus 470. Samples
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Fig.4 Surface electrical property of ND during MCTs
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used for FTIR analysis were washed for 5 times in or-
der to eliminate the influence of ions in suspension or
physically adsorbed on ND surface.

3. Results and Discussion
3.1 Properties influenced by MCTs

3.1.1 Size distribution  The size distribution of ND sam-
ple was measured using SAXS, while particulates have a

primary dimension smaller than 60 nm with the average
size of 12 nm. Obvious flocculation and sedimentation
were observed when this powder was added into deionized
water. Zetasizer3000HS was used to measure the size of
ND particles in water, see Fig.1. Before treatment, the
size distribution of ND takes a quite broad range, and
the diameter of most particles is over 2000 nm, while no
more than 6% particles are smaller than 100 nm. So,
it is crucial to conduct a surface modification to achieve
the stable dispersion of ND particles in aqueous medium.
After MCT2 and a classification process, significant re-
duction of particle size was observed, as all the particles
in the suspension are less than 100 nm. Size distribution
of ND remains quite narrow after MCT3. ND diameter
after MCT2 was also examined using AFM (Fig.2). It
testified the small size and dimensional uniformity (with
an even shape and size) of ND particles.

3.1.2 Crystal structure  XRD patterns were investigated
to check the quality of ND after these MCT processes
(Fig.3). No obvious change of particle crystal structure
was found. When the scan angle 29 ranging from 20° to
110°, typical intense diffraction lines of diamond are ob-
served for both the samples before znd after MCTs with
26 angles of 44°, 76° and 92°, which agree well with the
reystal faces of {111}, {220} and {311} respectively. As
no trace of graphitization of ND was detected, it can be
ccncluded that the characteristics of ND remain uninflu-
enced during MCTs.

3.1.3 Surface electrical property  Figure 4 shows the in-
fluence of MCTs on ND surface electrical property. Four
curves reflect respectively the relationship of surface (-
potential of untreated ND particles and samples after the
three MCT stages vs pH value of the aqueous medium.
As the existence of Fe (III) ions in MCT1 and the remov-
ing and substitution of Fe (III) and CHB in the suspen-
sion and on ND surface by other cations, the {-pH curve
moves stepwise upwards, and the isoelectric point (IEP)
moves rightwards from 4.3 to 5.6 and 8.4. After MCT2,
ND particles were positively charged with electricity in a
wide range of pH value, of which a considerable high ab-
solute value of {-potential was achieved while the medium
pH value ranging from 3 through 5. And a relatively sta-
ble dispersion can thus be realized. When anionic DSA
wasg added in MCT3, no IEP was observed, and parti-
cles were negatively charged, while comparatively high
absolute value can be measured in alkaline medium.
3.1.4 Surface functional groups FTIR-spectrum of
ND sample before MCT (Fig.5(a)) consists of absorption
bands with the peak of 3433.76 cm ™! (stretching O-H and
N-H vibration), 1764.89 cm~! (stretching C=0 vibration
in carbonyl, carboxyl groups) and 1629.29 cm™! (defor-
mation NH vibration). In addition, absorption bands of
stretching C-H vibrations are observed at 2923.16 and
2855.02 cm™! (representing asymmetric and symmetric
vibration, correspondingly), and the broad band with the
peak of 1117.43 cm™! may connect with the stretching
C-OH vibration of hydroxyl groups and stretching C-O
vibration of carboxyl groups.

After MCT1 (Fig.5(b)), an obvious change of spec-
trum is the disappearance of absorption band of stretch-
ing C=0 vibration of carbonyl, carboxyl groups, which is
substituted by absorption bands of carboxylic acid anions
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with the peaks of 1611.74 and 1324.48 cm™! (asymmet-
ric and symmetric vibration, respectively). This may be
originated from the transformation of carboxyl groups
to carboxylate during MCT1 as a result of reaction on
ND surface and the formation of ferrite carboxylate. An-
other phenomenon is that the peaks of stretching O-H,
N-H vibration, peaks of stretching C-OH vibration of hy-
droxyl groups and stretching C-O vibration of carboxyl
groups move towards lower wavenumbers, to 3405.94 and
1087.29 cm™! respectively, which may be due to the
bonding between functional groups like hydroxide, car-
boxyl or amine and surfactants during surface modifica-
tion. According to FTIR spectra, the adsorption of CHB
on ND surface is not so apparent comparing with the
influence of iron ions, as no apparent absorption of aro-
matic groups was detected, and its contribution to par-
ticle dispersion may lie in the abundance of hydrophilic
hydroxybenzene groups in its structure.

Absorption bands of carboxylic acid anions disap-
pear after MCT2, and those of carbonyl, carboxyl groups
present themselves again (Fig.5(c), 1756.42 cm™!), as a
result of the disassociation of carboxylate and the re-
moval of iron chloride and CHB, and as hydrolysis and
ionization of carboxyl groups are restricted because of
medium modification. The adsorption of hydrophilic
groups like carboxyl and hydroxyl are strengthened,
which may contribute to the hydrophilicity and stabil-
ity of particles.

After MCT3, bands of stretching O-H and N-H vibra-
tion moved to 3383.50 cm~?! after DSA was added, and
asymmetric and symmetric vibration absorption bands
with peaks of 1218.35 and 1043.92 cm™! of functional
group -50, were observed (Fig.5(d)), which indicated the
chemical adsorption of DSA on ND surface.

3.2 MCT process illustration

While mechanic forces are introduced to crush the ag-
gregate, surfactants and inorganic electrolytes are added
to modify the newly created surface. Through this way,
an instant surface coating ~an increase the electrostatic
repuision among particles an< improve the hydrophilicity.
Stakility of systems from different treatments was inves-
tigated by consccutive measurement of particle diame-
ter (Fiz.5). When mechanical treatment was introduced
sotely, the size of ND climbed rapidly although initially
the agglomerates can be smashed into small pieces. Sus-
pension with the presence of surfactant (only chemical
treatment conducted) can be somewhat more stable, but
ND particles were still coarse. Only after MCT modi-
fication considerable stable system can be prepared, as
average size of ND remained almost unchanged for more
than one year, and, absolutely, no sediment was detected.

MCT procedure can be illustrated as Fig.7. During
MCT1, iron chloride and CHB adsorbed on and reacted
with ND surface, but after MCT2, they were removed,
which has been testified by chemical analysis and XPS
analysis as well. As what has been proved in FTIR anal-
ysis, the spectra before MCTs and after MCT?2 are quite
alike not withstanding particle size reduction. The reac-
tion mechanism of Fe (III) and CHB may be classified
as catalysis. After MCT3, anionic DSA attached on ND
surface, just as what was observed in (-pH relationship,
an electrostatic repulsion state was reached.

4. Conclusions

(1) During MCT process, surface modification of ND
was accomplished, and the stable dispersion of ND in
aqueous medium was realized. Suspension with a narrow,
even particle size distribution and excellent stability can
be prepared, while all ND particles are less than 100 nm,
and no obvious change of ND crystal structure occurred
in MCTs.

(2) Surface (-potential of ND shifts accordingly when
different reagents were presented during MCTs, and elec-
trostatic stabilization plays an important role in disper-
sion practice.

(3) Composition of surface functional groups changes
according to MCTs. Hydrophilic carboxyl and hydroxyl
groups, intensified after the modification, may contribute
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to the improvement of dispersion and stability.
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