
3

COLLOID JOURNAL, 2025, Vol. 87, No. 1, pp. 3–14

EFFECT OF CONDITIONS FOR OBTAINING DETONATION  
NANODIAMOND ON SURFACE COMPOSITION 

AND STABILITY OF ITS AQUEOUS SOLS1

© 2025   A. V. Volkova*, D. A. Savelev, N. S. Chuikov, V. A. Vodolazhskii,  
and L. E. Ermakova 

Saint Petersburg State University, Saint Petersburg, Russia
*e-mail: anna.volkova@spbu.ru

Received November 15, 2024
Revised December 08, 2024

Accepted December 19, 2024

Abstract. In present work, the effect of additional treatment of detonation nanodiamond (DND) powder 
of basic purification on the surface composition of DND particles, their electrokinetic properties, as well 
as aggregate stability in solutions of indifferent electrolyte (NaCl) in a wide pH range was studied. It has 
been found that a higher degree of purification of the samples and an increase in the number of protonated 
carboxyl groups on the surface of the DND particles due to additional acid and thermoammonia treatment 
leads to a shift in the position of the isoelectric point (IEP) from pH 7.0 for the initial sample to pH 6.3 
and pH 6.0, respectively. It is shown that the coagulation thresholds of hydrosols at natural pH and the 
position of stability zones in 10–3 M sodium chloride solution are in full compliance with the IEP values. 
The highest thresholds are observed at pH 5.8 for the initial DND, while for the dispersion of DND 
particles after thermoammonia treatment, fast coagulation occurs already at a concentration of 10–4 M. 
It is also shown that the aggregate stability zones for additionally treated DND samples almost coincide. 
In the case of DND of basic purification, the stability zone expands in the area of positive zeta-potential, 
and in the area of negative values stability is not observed, probably due to the partial dissolution of 
surface impurities at high pH and their transition in ionic form to the solution, which causes coagulation 
of DND particles.
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INTRODUCTION

Detonation nanodiamonds, due to such classical 
properties of diamond as hardness and chemical 
inertness, are widely used as materials for finishing 
polishing, in electroplating, and in oil compositions 
[1, 2]. It is possible to use DND as sorbents with ion 
exchange properties [3–5]. In recent years, DND 
nanoparticles have attracted increasing interest due 
to the prospect of their use in biomedical applications 
[6–9]. The possibility of effective practical application 
of both dilute and concentrated dispersions of DND is 
largely determined by their electrosurface properties, as 
well as sedimentation and aggregation stability, which 
depend on the surface composition and, consequently, 
on the conditions of detonation nanodiamond 
production. In this case, sedimentation stability in 

concentrated dispersions (for example, when obtaining 
polishing compositions) can be achieved due to the 
formation of periodic colloidal structures, i.e., due 
to the loss of aggregative stability by the system [10]. 
The position of the zero charge point and isoelectric 
point, and, consequently, the sorption properties 
and values of the electrokinetic potential of DND 
particles, other things being equal, can be influenced 
by refining DND base powders from both surface 
impurities, including water-soluble metal-containing 
impurities [11, 12], and non-diamond forms of carbon. 
Unification of the detonation nanodiamond surface, 
often leading to disaggregation of powders due to 
the removal of at least most of the sp2-carbon, is 
performed by chemical and/or thermal treatment of 
DND both basic and deep purification: most often by 
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oxidation or reduction in the liquid or gas phase (air, 
ozone, argon, hydrogen) [13–20]

In addition, aqueous DND sols can serve as a model 
system for studying the electrokinetic characteristics  
and the structure of the boundary layer depending 
on the  functional composition of the surface in 
contact with the electrolyte solution, as well as the 
regularities of aggregation in nanodisperse systems 
[21] containing both nanoparticles and primary 
aggregates. Such fundamental studies are important 
both for the improvement of theoretical ideas about 
the structure of the electrical double layer at the 
solid-solution interface and for the development of 
existing theories of the stability of real dispersions. 
It should be noted that most of the works devoted to 
the study of electrokinetic properties and stability of 
DND sols consider systems in which the sign of the 
surface charge of DND particles does not change 
practically in the whole pH region [22–28]. In turn, 
the IEP position in the neutral pH region (as in the 
case of DND powders studied in the present work) 
makes it possible to study the coagulation behavior of 
sols depending on their colloidal-chemical properties, 
both in the positive and negative surface charge region. 
From the point of view of applied problems such DND 
powders depending on pH can be used, for example, 
as  sorbents for the  extraction of both cationic and 
anionic impurities from the liquid phase, to form 
various kinds of coagulation structures in concentrated 
dispersions. 

In connection with the above, the aim of the 
present work was to investigate the aggregative 
stability of aqueous sols of industrial DND powders 
(basic and additional acid and thermoammonia 
purification) in a wide range of concentrations and pH 
of sodium chloride solutions, as well as to establish the 
relationship between the conditions of their production, 
composition of the surface, electrokinetic properties 
and the position of stability and coagulation zones of 
detonation nanodiamond hydrosols.

EXPERIMENTAL PART

As an object of study we used industrial detonation 
nanodiamond powder produced by FSUE SCTB 
“Technolog” (St. Petersburg, Russia), obtained by 
detonation of TNT–hexogen mixture in the ratio 
60/40 and separated from the diamond-containing 
charge by thermoxidation with aqueous ammonium 
nitrate solution with nitric acid additives according to 
the method presented in the patent RU2599665C2. 
The sample is labeled in the article as DND. To establish 
the relationship between the conditions of purification 
and unification of the surface of DND powders and 
the aggregative stability of dispersions obtained from 
them, SCTB “Technolog” also provided samples of 
detonation diamond obtained from the initial DND 
of basic purification (“raw material”) by additional 

thermoammonia treatment (DND-TA) and treatment 
with a mixture of nitric (56%) and hydrofluoric (40%) 
acids (DND-A) at room temperature. 

To remove possible ionic impurities remaining after 
chemical treatment of DND powders, all provided 
samples were purified three times by electrodialysis. 
The purification cycle is described in detail in [29].

The specific surface area values Ssp of the powders 
were determined by BET method by thermal desorption 
of nitrogen with chromatographic registration. The 
average size of primary nanoparticles do was calculated 
by the formula:
	 d So sp= 6 ρ ,	 (1)

where ρ = 3.52 g/cm3 is the density of DND.
The phase composition of the powders was 

determined at the Resource Center (RC) for X-ray 
Diffraction Studies using a  Bruker “D2 Phaser” 
desktop automatic powder diffractometer (Bruker AXS, 
Germany). Phase identification was carried out with 
the help of the PDXL 2.0 software package using the 
Powder Diffraction File database (PDF-2 Release 2020 
RDB, PDF-2/Release 2011 RDB).

Elemental analysis of DND powders was 
performed by X-ray photoelectron spectroscopy 
(XPS) using a  Thermo Fisher Scientif ic Escalab 
250Xi integrated photoelectron and scanning Auger-
electron spectrometer (Thermo Fisher Scientif ic, 
UK) in the Resource Center for Physical Methods of 
Surface Investigation of the SPSU Science Park and 
energy dispersive X-ray f luorescence spectroscopy 
on a Shimadzu EDX-800P spectrometer (Shimadzu, 
Japan) in the RC for Innovative Technologies of 
Composite Materials of the SPSU Science Park.

The surface composition of DND particles was also 
studied by Raman methods on a Senterra instrument 
(Bruker, Germany) in backscattering geometry and 
disturbed total internal reflection (DTIR) on a Nicolet 
8700 FT-IR spectrometer (Thermo Scientific, USA) 
with a DTIR attachment (Smart iTR) with a diamond 
crystal at the Resource Center for Optical and Laser 
Materials Research of the SPSU Science Park. Raman 
excitation was performed using an external solid-
state laser with a wavelength of 532 nm. Spectra were 
recorded in the range of 100–2,200  cm–1. The IR 
absorption spectra after subtraction of the base line 
caused by scattering were given by the maximum value 
in the region of valence vibrations of OH-groups.

To study the electrokinetic properties and aggregative 
stability of aqueous dispersions of detonation 
nanodiamond as a  function of the concentration of 
sodium chloride solutions (10–4–10–1 М)  at natural 
pH (5.8–6.0) and рН (4–11.5) in 10–3 М NaCl solution, 
dilute hydrosols of DND were prepared according to 
the method [29], which retained their dispersibility 
throughout the experiment. The particle sizes of the 
initial aqueous DND hydrosols are given in Table 1. 
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It should be noted that the obtained initial sols diluted 
twice with deionized water had similar values of optical 
density (0.19 ± 0.01 at a light wavelength of 380 nm) 
and partial concentration (2–4)×1010 particles/cm3,  
determined by particle trajectory analysis on 
a NanoSight NS300 device (Malvern, UK).

Particle sizes of DND hydrosols were determined 
by scanning electron microscopy (SEM) using a Carl 
Zeiss Merlin scanning electron microscope (Carl Zeiss 
Merlin, Germany) in the Interdisciplinary Resource 
Center for Nanotechnology at the SPSU Science Park 
and by dynamic light scattering (DLS) on a Zetasizer 
Nano ZS analyzer (Malvern Instruments, UK) in 
a universal capillary U-shaped cuvette (DTS1070) with 
integrated gold-plated electrodes with pre-tempering 
for 2 min at 20°С.

To study the coagulation process of DND sols, 
turbidimetry methods were used (the detailed 
experimental procedure is described in [29]) using 
a  photoelectrocalorimeter KFK-3-01 (optical path 
50 mm, light wavelength 380 nm) and dynamic light 
scattering. Measurements of optical density were carried 
out within 15 minutes from the moment of electrolyte 
addition to the ash, particle size after 20 minutes after 
system creation.

The electrophoretic mobility (Ue) of DND particles 
was determined by laser Doppler electrophoresis on 
a Zetasizer Nano ZS analyzer (Malvern Instruments, 
UK) in parallel with the measurement of particle size 
distributions under similar conditions. The values of 
electrokinetic potential (ζS) in the first approximation 
were calculated by the Smoluchowski equation:

	 ζ η
εε

S
e=

0
U .	  (2)

Deionized water with specific conductivity not 
exceeding 1.5×10–6 Ohm–1cm–1 (Aqualab AL Plus 
water purification system) was used to prepare solutions 
and dispersions. The required pH values were set using 
3×10–2 М and 10–1 М solutions of hydrochloric acid 
and sodium hydroxide. pH of the medium was measured 
using a SevenMulti pH meter (Mettler Toledo).

RESULTS AND DISCUSSION

Phase composition and surface 
composition of DND particles.

Fig. 1 shows the results of X-ray phase analysis 
(XRD) of the investigated DND powders. It can be 
seen that in addition to the main phase of diamond on 
the XRD there are also weak peaks of impurity phases, 
which most likely belong to the phases of zinc sulfide 
and titanium dioxide in the modification of rutile. 
It can also be seen that according to the intensity of 
these peaks, the content of impurity phases is maximum 
in the initial sample of DND, while phase ZnS and 
phase TiO2 are practically undetectable in the DND-TA 

sample and in the powder DND-A, respectively. In this 
connection, it should be noted that each method of 
additional processing is somewhat selective with respect 
to surface impurities.

The results of energy-dispersive X-ray fluorescence 
analysis showed (Fig. 2) that additional treatment of 
the initial powder of detonation nanodiamond leads 
to an increase in the relative content of such elements 
as iron (especially in the case of DND-TA) and 
titanium due to the partial removal from the surface 
of DND particles, apparently, more acid- and alkali-
soluble components: calcium, silicon, aluminum, etc. 
The higher total content of iron and titanium elements 
in the DND-TA sample compared to DND-A may 
indicate a  more effective purification in the general 
case of thermoammonia treatment. At the same time, 
the observed lowest content of zinc and sulfur for the 
DND-TA sample is in good agreement with the XRD 
results.

Fig. 3 shows the FT-IR spectra of the investigated 
DND powders. It can be seen that for all three samples 
at 1,325 cm–1 nanodiamond peak corresponding to 
the valence vibration of the С–С bond in the DND 
crystal lattice is observed [30, 31]. It can also be seen 
that the main differences in the spectra of the samples 
are observed in the range 1,330–1,800 см–1. Thus, the 
noticeable absorption at 1,350 cm–1 for the original 
sample, which is most likely due to symmetric vibrations 
of the deprotonated carboxyl group (COO–) [17], is 
much less pronounced for DND-TA and is practically 
absent in the spectrum of the DND-A sample. 
The change in the ratio of intensities of the peak at 
1,735 cm–1, which characterizes the valence vibrations 
of the carbonyl group С=O as part of the protonated 
carboxyl group, and the peak at 1,555 cm–1, which can 
be attributed to asymmetric valence C=O vibrations as 
part of the deprotonated COO– group, attracts attention. 
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Fig. 1. X-ray radiographs of detonation nanodiamond 
powders.



6	 VOLKOVA﻿ et al.

COLLOID JOURNAL Vol. 87 No. 1 2025

Ta
bl

e 
1.

 S
tr

uc
tu

ra
l c

ha
ra

ct
er

is
tic

s o
f i

ni
tia

l d
ilu

te
d 

aq
ue

ou
s D

N
D

 so
ls.

Sa
m

pl
e

D
N

D
D

N
D

-A
D

N
D

-T
A

SE
M

 im
ag

es

Sp
ec

ifi
c 

su
rf

ac
e 

ar
ea

S sp
, m

2 /g
30

5
29

5
29

0

Av
er

ag
e 

siz
e 

of
 p

rim
ar

y 
na

no
pa

rti
cl

e 

d o,
 n

m
 (e

qu
at

io
n 

1)
5.

6
5.

8
5.

9

Av
er

ag
e 

siz
e 

(r
an

ge
 o

f p
ar

tic
le

 si
ze

s)
 

de
te

rm
in

ed
 b

y 
D

LS
 m

et
ho

d

d I/
 d

V 
/ 

d N
1 , n

m

13
5 

(4
5–

40
0)

/

85
 (4

0–
34

0)
/

65
 (4

0–
19

0)

14
0 

(4
5–

34
0)

/ 

11
0 

(4
0–

40
0)

/ 

70
 (4

0–
25

5)

18
0 

(8
0–

40
0)

/ 

13
5 

(7
0–

40
0)

/ 

11
0 

(7
0–

30
0)

1 �
 d

I  
is

 th
e 

av
er

ag
e 

pa
rti

cl
e 

si
ze

 (d
ia

m
et

er
) f

ro
m

 th
e 

si
ze

 d
is

tri
bu

tio
n 

of
 sc

at
te

re
d 

lig
ht

 in
te

ns
ity

d V
 a

nd
 d

N
 a

re
 th

e 
av

er
ag

e 
pa

rti
cl

e 
si

ze
 (d

ia
m

et
er

) f
ro

m
 th

e 
vo

lu
m

e 
an

d 
pa

rti
cl

e 
nu

m
be

r s
iz

e 
di

st
rib

ut
io

ns
, r

es
pe

ct
iv

el
y.



	 EFFECT OF CONDITIONS FOR OBTAINING DETONATION NANODIAMOND � 7

COLLOID JOURNAL Vol. 87 No. 1 2025

Probably due to the binding of some of the carboxyl 
groups to impurities, the number of deprotonated 
carboxyl groups on the surface of the base purification 
DND particles is greater than the protonated ones. 
Additional chemical treatment leading to the removal 
of part of these impurities from the surface leads to an 
increase in the number of protonated and a decrease 
in the number of deprotonated carboxylic groups, with 
the maximum COOH/COO– ratio observed for the 
DND-TA sample.

Another possible reason for the increase in the 
number of COOH groups for additionally treated 
samples is probably a  decrease in the amount of 
sp2-carbon on the surface of DND particles due to the 
oxidation of С=С bonds. Thus the absorption band 
1,555 cm–1 may also correspond to a possible, but less 
intense than C=O valence vibrations in C=C bonds, 
the presence of which is also confirmed by the Raman 
spectroscopy results.

As can be seen from Fig. 4, in addition to the 
nanodiamond peak at 1,328 cm–1 [32] in the Raman 
spectra, there is a  broad asymmetric peak with 
a maximum at 1,620 cm–1, corresponding to carbon 
in sp2-hybridization. Upon decomposition of this 
peak (on the example of DND-A, Fig. P1 of the 
Appendix), D- and G-lines of graphite are observed 
for all samples. It should be noted that the appearance 
of the graphite D-line in the Raman spectrum of DHA 
is associated in the literature with the formation of 
onion-like carbon shells around the diamond nucleus, 
on which the inclusions of graphite-like phase are 
located [33, 34]. The greater intensity of the graphite 
D-line in the spectrum of DND-TA compared to 
the original DND and DND-A (Fig.  4), apparently, 
characterizes the lower ordering and greater defectivity 
of the graphite-like phase in DND-TA. This probably 

indicates a  more eff icient removal of impurities 
contained in this phase from the surface of DND-TA 
particles, which confirms the results described above. 
It should also be noted that in the Raman spectra of 
all DND powders a peak at 1,735 cm–1 characterizing 
vibrations in the C=O bond is observed.

The X-ray photoelectron spectra of the C1s of DND 
powders are shown in Fig. 5. It can be seen that the C1s 
spectrum for the basic-cleaned DND powder is shifted 
to the region of higher binding energies compared 
to the additionally treated samples. The results of 
deconvolution of C1s peaks for DND and DND-A 
powders (similarly for DND-TA) (Fig. 6) showed that all 
samples are characterized by the presence of a peak with 
energy 287.7 ± 0.1 eV, corresponding to the C=O bond in 
the carbonyl [35, 36] or carboxyl group [14], and a peak 
286.7 ± 0.1 eV corresponding to the C–O bond in hydroxyl 
and ether groups [14, 35–37] and probably to the С–N 
and C=N bonds according to [32, 38] and N1s spectra 
data (peak 399.3 eV, Fig. P2 of the Appendix). The peak 
at a binding energy of 403.1 eV probably characterizes 
the bonding of a nitrogen atom with three neighboring 
carbon atoms [32]. The least intense peak at a binding 
energy of 288.8 eV, appearing only in the spectrum of the 
initial DND (Fig. 6a), is often attributed to the carbon-
oxygen bond in the СООН-group [39]. It can also be 
seen that, while the peak at 286.7 eV is the most intense 
for the original sample, for the DND-TA and DND-A 
samples (Fig. 6b) the main peak corresponds to a binding 
energy of 285.5  eV, corresponding to sp3-hybridized 
carbon in the diamond crystal lattice, which is absent 
in the spectrum of the original sample. The observed 
changes in the C1s spectrum of the original sample 
after additional acid or thermoammonia treatment 
indicate a deeper purification of the samples from the 
non-diamond phase and, first of all, summarizing 

Fig. 2. Relative content of some elements on the surface 
of DND particles.
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Fig. 3. Infrared absorption spectrum of DND powders 
with base line subtraction and fitting to the maximum in 
the valence vibration region of OH-groups.
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all the obtained results on the study of the surface 
composition, apparently from the bulk graphite-like  
phase.

From Fig. 7 shows that the O1s spectra for all the 
studied samples are quite close. When deconvolving 
the peaks of the O1s spectra (shown on the example of 
DND-A, Fig. P3 of the Appendix), at a binding energy 
of 533.1 ± 0.1 eV, the main peak corresponding to 
bonding between carbon and oxygen atoms in С–О–С 
and  С–О–Н groups is observed, as well as a  peak 
of low intensity with a  maximum of 530.8 ± 0.1 eV 
corresponding to the C=O bonding energy in the 
carbonyl or carboxyl group [35–37, 40].

It is known that surface charging of nanodiamond 
particles in liquid dispersion medium in the presence 

of ionogenic carboxyl and hydroxyl functional groups 
on their surface is described by the following surface 
reactions [23, 41]:

	 –COH –COH + H2
+

s
+



� ,	

	 –COOH –COO + H–
s� � +,	

	 –COH –CO +H–
s
+� .	

Analysis of all obtained results showed that there 
is an obvious increasing contribution of carboxyl 
groups to the formation of surface charge of samples 
with additional acid or thermoammonia treatment 
in comparison with the initial sample of detonation 
nanodiamond.

Fig. 4. Raman spectra of DND powders.
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Stability and electrokinetic properties of 
aqueous DND sols in NaCl solutions.

The study of electrokinetic properties and 
aggregative stability of aqueous sols of the provided 
DND powders was initiated in 10–3 M sodium chloride 
solution at different pH values. The results of the 
electrokinetic properties are summarized in Fig. 8 and 
Table 2. It can be seen that acid treatment of the initial 
DND powder leads to a shift of the IEP position from 
pH 7.0 to pH 6.3, and thermoammonia treatment – to 
pH 6.0, which is in good agreement with the results of 
the study of the surface composition of these samples: 
both with an increase in the number of surface carboxyl 
groups and a decrease in the content of impurities as 
a  result of additional treatment. It can also be seen 
that the slope of the linear part of the dependences Ue 
(ζS) – logC for DND and DND-TA samples coincides 
and is equal to about 16 mV/pH unit, and for DND-A 
is 34 mV/pH unit. It should be noted that at the same 
offset from IEP (∆рН = рН – рНIEP) (Fig. P4 of the 
Appendix) in the region of positive values the values 
of electrokinetic potentials coincide within the error 
limits for all investigated DND samples, which is 
apparently due to the contribution of only hydroxyl 
functional groups to charge formation (Eq. 3). In 
the region of negative values, small differences are 
observed: so the minimum absolute values of zeta-
potential correspond to the initial sample, while the 
maximum values correspond to DND-A. This is 
probably due to the different degree of influence of 
surface impurities on the electrokinetic properties 
of DND particles at pH change, which is mainly 
manifested in the alkaline pH region, and the different 
contribution of carboxyl groups to the formation of 
negative charge.

The results of studying the coagulation kinetics 
and determining the average particle size of DND 
sols on the background of 10–3 M NaCl solution as 
a function of pH are shown in Fig. 9, P5–P7 of the 
Appendix and Fig. 10, respectively. It can be seen 
that rapid coagulation of sols occurs in the region of 
the isoelectric point, as the distance from it towards 
higher and lower pH, a transition to the zones of slow 
coagulation accompanied by a  decrease in optical 
density and average particle size is observed, and 
then to the regions of aggregative stability. It should 
be noted that in the region of slow coagulation at 
some pH a  bimodal particle size distribution was 
observed (the value of average peak sizes in Fig. 10 
are connected by a dashed line). As can be seen from 
Figs. 9 and 10, for aqueous DND-TA and DND-A 
sols, the zones of aggregative stability practically 
coincide (hydrosols are stable at рН  ≤ 4.9 and at 
pH ≥ 8.4 – regions of positive and negative values 
of electrokinetic potential, respectively), which is 
apparently due to the close position of isoelectric 
points. The shift of the IEP to pH 7.0 for the 
baseline purif ication DND causes an extension 
of the stability zone in the region of positive zeta 
potential values up to pH 5.8. It should be noted 
that for the initial DND, in contrast to the samples 
subjected to additional treatment, no stability in the 
region of negative values of ζ-potential is observed. 
Apparently, at high pH values, partial dissolution of 
surface impurities, which are removed in the case of 
DND-A and DND-TA during additional treatment, 
may occur, accompanied by the appearance of multi-
charged cations in dispersion medium, which cause 
coagulation of DND particles. It can also be seen that 
in the region of negative values of zeta potential in 
the stability zone for DND-TA and DND-A, in some 
cases, optical density values are observed even lower 
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Fig. 7. X-ray photoelectron spectra of O1s of DND 
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Fig. 8. Dependence of electrophoretic mobility (Ue) 
and electrokinetic potential (ζS) of hydrosol particles 
of different DND samples on the pH of 10–3 M sodium 
chloride solution.
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than for the initial aqueous sol. This, apparently, can 
be related to the partial disintegration of primary 
aggregates and the increase in the fraction of smaller 
particles with increasing absolute values of surface 
charge and electrokinetic potential.

Due to the fact that most often manufacturers 
of DND are primarily interested in their stability in 
aqueous medium at natural pH, coagulation thresholds 
in sodium chloride solutions were determined for 
the sols of the studied DND. For this purpose, the 
coagulation kinetics of DND sols was studied (the 
results are shown in Figs. 11–13) and the average 
particle sizes of dispersions were determined (Fig. 14) 
at different concentrations of NaCl solutions and 
natural pH 5.8 ± 0.2. On the basis of the obtained 
kinetic data, concentration dependences of the 
optical density of sols at 0.5 and 15 minutes of 
observation were plotted, from which the values of 
the slow CSC and fast СFC thresholds were found 
graphically (according to the method described in 
[29]). An example of the determination of coagulation 
thresholds is shown in Fig. P8 of the Appendix. The 
values of threshold electrolyte concentrations thus 
found are summarized in Table 2. It can be seen that 
the values of the coagulation thresholds of the studied 
samples agree well with the results of particle size 
determination (Fig. 14) and are in good agreement 
with the provisions of their IEP. Thus, the highest 
values of zeta potential (Fig.  15) and, accordingly, 
the thresholds of both slow and fast coagulation are 
observed for the basic purification DND (Table 2), 
whereas for the dispersion of DND-TA particles, 
which are practically in isoelectric state at natural 
pH, the threshold of slow coagulation could not be 
determined, and fast coagulation occurs already at 
a concentration of 10–4 M. As can be seen, detonation 
diamond sols are characterized by a  rather narrow 
zone of slow coagulation, possibly due to the relatively 
high Hamaker constant of DND particles; however, 
it is noteworthy that additional acid treatment leads 
to the expansion of the slow coagulation zone of the 
DND-A sample compared to the initial DND.

Thus, we would like to note that the approach often 
used to assess the prospects of using DND powders 
by their stability and zeta potential value in water with 

Fig. 9. Dependence of the optical density of aqueous 
detonation diamond sols on the pH of 10-3 M sodium 
chloride solution for 15 minutes of observation.
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Table 2. IEP pH values of DND samples and thresholds of fast and slow coagulation of their hydrosols in NaCl solutions 
at natural pH value 

Sample рНIEP 
(10–3 М NaCl)

Threshold of slow 
coagulation СSC, М

Fast coagulation threshold 
СFC, М

DND 7.0 2.5×10–3 7.5×10–3

DND-A 6.3 2.8×10–4 1.5×10–3

DND-ТА 6.0 – ≤ 10–4 М



	 EFFECT OF CONDITIONS FOR OBTAINING DETONATION NANODIAMOND � 11

COLLOID JOURNAL Vol. 87 No. 1 2025

differences in the position of their IEP is incorrect, 
since, despite the lowest coagulation thresholds, 
the most promising for further use (e.g., obtaining 
carboxylated or hydrogenated DND on its basis) seems 
to be the DND-TA sample.

CONCLUSION

Analysis of the results of the study of the phase 
composition and surface composition of detonation 
diamond particles with different prehistory of 
production showed that additional acid and especially 
thermoammonia treatment of initial DND leads to 
a more complete purification of the surface of DND 
particles from the non-diamond phase. This leads 
to an increase in the number of surface protonated 
carboxyl groups due to both the removal of some 
impurities remaining in the graphite-like phase after 

primary treatment and the oxidation of C=C bonds 
of the sp2-hybridized shell around the diamond  
core. 

It was found that the main contribution to the 
formation of surface charge for all samples is made by 
surface dissociation-association reactions of hydroxyl 
groups, while the increase in the number of carboxyl 
groups for DND powders with additional treatment 
and different efficiency of acid and thermoammonia 
treatment to dissolve different types of surface 

5 .10 М–4

5 .10 М–3

7.5 .10 М–3

3 .10 М–3

3 .10 М–2

10 М–3

10 М–2

10 М–1

0 2 4 6 8 10 12 14 16
t, min

Initial sol
0.16

0.18

0.20

0.22

0.24

0.26

0.28

0.30
D

Fig. 11. Dependence of the optical density of 
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impurities leads to differences in the electrokinetic 
properties and aggregative stability of the studied 
samples especially in the region of negative values of 
zeta potential.

It was found that acid treatment of basic 
purification of DND powder leads to a  shift in the 
position of the isoelectric point from pH 7.0 to 
pH 6.3, and thermoammonia treatment – to pH 6.0 
on the background of 10–3 sodium chloride solution. 
The zones of aggregative stability of DND sols were 
determined: hydrosols of detonation nanodiamond 
with additional treatment are stable in the region of 
positive values of electrokinetic potential at pH ≤ 4.9 
and at pH ≥ 8.4  – in the region of negative ones 
according to the change of their electrokinetic 
properties. Aqueous sol of positively charged DND is 
stable at pH ≤ 5.8, in the whole investigated region 
of negative values of ζ-potential the sol coagulates, 
probably, due to dissolution of part of surface 
impurities at high pH values and their transfer in ionic 
form into solution.

The thresholds of slow and fast coagulation in 
NaCl solutions at natural pH were determined and 
compared for the studied DND hydrosols. It is shown 
that the values of coagulation thresholds of the studied 
samples are in full compliance with the provisions of 
their IEP.
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