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Abstract: Properties of polycrystalline nanodiamond powder after treatment under oxidizing alkali melts of sodium nitrate and sodium 
hydroxide were investigated. It is established that the dried initial product contains the particles with  size up to 100 microns, which are 
easily broken by ultrasonic treatment to size about 15 micron. A comparative grain-size analysis of samples before and after treatment of 
oxidative alkaline melts showed that the average grain size is reduced to 6 microns and the particles of less than 1 micron are formed. It is 
shown that after treatment in the oxidative alkaline melt final material does not contain non-diamond carbon and the dried powder of 
polycrystalline diamond practically does not aggregate. 
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1. Introduction 
Polycrystalline diamond of detonation synthesis is now one of 

the most perspective materials collecting all the most valuable 
properties both micro- and nano- dispersed diamond. But in the 
same time this material has the similar to detonation synthesis 
problems for its technology of production. And this fact defines 
high cost of final product. 

The most difficult problem for this technology is the removal of 
graphite from the initial product synthesis. High dispersiveness of 
nanodiamond particles leads to situation when its reaction ability 
stays similar with reaction ability of graphite particles even with 
more size.  

As result, increase of oxidation degree of graphite leads to a 
loss of fine fractions (nanodiamond) and vice versa, decrease of 
oxidation degree of nanodiamond leads to reducing of efficiency of 
purification process and to possible presence of large graphite 
particles in the final product. 

On the other hand main feature of product synthesis of 
polycrystalline nanodiamond powder is probability of inclusion in 
its grains of particles of graphite. And as result during of cleaning 
from non-diamond graphite by traditional techniques (chrome acid, 
nitric acid, alkaline) both full damage and availability of 
polycrystalline with enhanced concentration of graphite is possible. 
In any case this is leads to loss of quality and utilization properties 
of end product. 

2. Purification of diamond raw materials by 
oxidative alkaline melts 

Our investigations shows that using of oxidative alkaline melts 
for process cleaning of diamond containing materials allow to carry 
out of full elimination of non diamond form of carbon under 
comparatively soft conditions that ensure maximum yield of nano-
diamonds.  

Earlier experimental investigations for products of both static 
and detonation synthesis shown that yield of diamond was not less 
then 99% and most part of its loss was caused of auxiliary 
operations – washing of residue, drying, desintegratin [1,2].  

Moreover, it was established that better wetting ability of such 
melts can remove non diamond carbon from the aggregates 
penetrating in the most inaccessible places of graphite diamond 
aggregates. 

But, theoretically this method also can lead to a negative result 
such as destruction of the agglomerates to an unacceptably low size 
particles or reducing of strength characteristics of final product. 

3. Experimental research and its results 
So to examination of possibility of use of developed technology 

of treatment of product of detonation synthesis of polycrystalline 
diamond the samples of raw material which were reacted with melts 
of hydroxide and nitrate of sodium were analyze on presence of 
graphite and particle size distribution. 
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Fig. 1 Grain-size analysis: 

1- untreated product synthesis; 2 – product synthesis after ultrasonic treatment; 3 – final product after ultrasonic treatment. 
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One lot of raw material was mechanically disintegrated to verify 
existing in the scientific community and among technologists 
widespread assumption about obligatory preliminary opening of 
agglomerates for full graphite removal. 

Additional particle size distribution analysis were carried out 
for samples of end product in the form of slurry suspension, 
suspension of preliminary dried powder of end product and these 
suspensions after ultrasonic treatment. It gives the possibility to 
evaluate the tendency to form aggregates during drying of end 
product. 

As a result, particle-size analysis of product of synthesis shows 
that main parts of particles have size 12-18 microns and 90-110 
microns with roughly comparable amount of these fractions (Fig.1, 
line 1). 

After ultrasonic treatment more than 90% of fraction with size 
90-110 microns was destroyed and basic fraction becomes the 
fraction with prevalent size of particle about 15 microns (Fig.1, line 
2).  

It means that real size of aggregates which react with oxidation 
alkaline melt at average size 12-18 microns. 

Also it should be noted absence of fraction of less than 2 
microns which indicates sufficient mechanical strength of the 
particles of the starting material before chemical treatment. 

For determination of possible impact of the melt on the fine 
fraction of the diamond-like carbon were treated three different 
samples. After reaction of this samples with oxidative alkaline melt 
the amount of diamond-like carbon were 30.4, 30.1 and 30.6 % 
from initial mass of untreated product of synthesis, product of 
synthesis after ultrasonic treatment and product of synthesis after 
mechanic disintegration respectively. 

This difference is within the experimental error, and indicates 
the possibility of purification of polycrystalline diamond powder 
even without prior grinding. 

These conclusions are also supported by almost identical X-ray 
diffraction patterns of all three samples that do not contain non-

diamond carbon reflexes and diamond carbon is represented by two 
modifications with similar reflexes (see Fig.2). 

It should be noted that the distribution of particle fractions 
indicates the appearance of a small amount (about 5-7%) of fine 
particles with a size from 0.4 to 0.8 microns (Fig.1, line 3). 

It is accompanied by reducing of amount of fractions with a 
maximum of about 8 microns and this process is observed for both 
for suspension and for dry powder. But for last sample the process 
of reducing of particle size is more noticeable and it is suggest that 
dried powder agglomerates consist from weakly mechanically 
interconnected diamond grains in an amount of about 10-12 units. 

4. Conclusions 
Thus, our investigations have shown that the oxidative alkaline 

melts can be used for treatment of product of detonation synthesis 
containing all range of diamond materials - nanoscale, 
polycrystalline, micropowders without prior classification.  

Furthermore, even in the presence of large graphite particles in 
the raw material, the amount of the residual graphite can be reduced 
to less than 0.05% within 1 hour of treatment. 

It is found that the quality of the final material is not changed in 
the absence of prior mechanical grinding to opening of graphite and 
the final product does not contain graphite grains even more than 2 
microns. 

It has been shown that after reaction the average grain size is 
reduced by about 3-fold to 5 microns but at the same time it is 
formed particles with size less than 1 micron. 

The resulting powder of polycrystalline diamond is resistant to 
agglomeration and can be easily recovered to the suspension by 
ultrasonic treatment. 

5. References: 
1. Patent of Ukraine № 78915 from 25.04.2007 

2. Patent of Ukraine for Utility Model № 99893 from 25.06.2015 
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Fig.2 Data of X-Ray analysis for purified polycrystalline diamond powder 

43


	2
	titul_cheren
	contents
	tqlo
	1_7_Demirtas_MTM12
	1. Introduction
	2. Experimental Procedures
	3. Results and Discussion
	3.1. Microstructure characteristics
	3.2. Hardness properties
	3.3. Compressive properties
	4. Conclusions

	2_15_ МТМ-2015_ eng
	KEY WORDS: Friction, wear, SHEAR strength oF ADHESIVE BONDS, molecular component OF THE friction coefficient, thermodynamics, ultrafine-grained structure, adaptation, entropy production, secondary structureS

	3_113_Дидук-Баглюк_engl
	1. Introduction
	2. Experimental procedure

	4_126_Sveto
	1. EN 10083-1 steel for quenching and tempering
	conditions for case hardening steels
	3. BS EN 10060:2003 Hot rolled round steel bars for general purposes. Dimensions and tolerances on shape and dimensions
	4. ISO 6508-3 Metallic Materials – Rockwell hardness test (scales A, B, C, D, E, F, G, H, K, N, T) – Part 3: Calibration of reference blocks, 1999-09-01
	5. F. Nürnberger, Microstructural Behaviour of Tempering Steels during Precision Forging and Quenching from Hot-forming Temperatures, © Metallurgical and Mining Industry, 2011, Vol. 3, No.
	6. Harichand, Krishan Kumar and S.K. Jha, Heat Treatment for 16 MnCr5Material International Journal on Emerging Technologies 3(1): 60-64(2012)

	5_11_Adel K. Mahmoud_mtm15
	1. Introduction
	2. Experimental works
	3. Results and Discussion
	4. Conclusions
	References

	6_111_Kaputkina
	7_124_VARNA_final
	1. Introduction
	2. Experimental methods
	3. Results
	At the Figure 3 we can see that the sorption isotherms of studied plasters are different, they correlate with basic material characteristic in Table 1 and with the pore size distribution curves at Fig. 2. The highest value of water sorption was achiev...
	Fig. 6 presents the dependence of the thermal expansion of lime plasters on temperature upon 40%RH of environment. These measured values have the same order as values of moisture deformation. The coefficients of linear thermal expansion for plaste...
	Fig.6: Temperature induced strain of the lime plasters 2.

	4. Conclusions
	5. Acknowledgement
	6. References

	8_62_Burak, Ozkal
	1. Introduction
	2. Experimental
	3. Results and Discussion
	4. Conclusions
	References

	9_24_CRISTEA_mtm15
	1. Introduction
	2. Experimental details

	10_61_extended abstract_Odesskiy PD
	11_114_Technology of PCD
	1. Introduction
	2. Purification of diamond raw materials by oxidative alkaline melts
	3. Experimental research and its results
	4. Conclusions
	5. References:

	12_74_Prokhorov_mtm15
	Keywords:  NANOSTRUCTURED COMPOSITES, HPHT TREATMENT, MECHANICAL PROPERTIES

	13_18_Markovicova _ MTM 2015 _ UV degradation of
	1. Introduction
	2. Experimental methods and materials
	3. Results and discussion
	Acknowledgements

	14_19_Zatkalikova MTM 2015
	1. Introduction
	2. Experimental material
	3. Experimental conditions and methods
	4. Experimental results and discussion
	5. Conclusion
	Acknowledgements
	References

	15_76_Ivanov,Dineff,Gospodinva
	16_77_Ivanov,Dineff,Gospodinova
	17_78_Ivanov,Gospodinova, Dineff
	1. Introduction
	2. Experimental Investigation

	18_83 Котенева_полные тезисы доклада
	19_84 Nechaykina_T_полные тезисы доклада
	20_79 Nikitin_1_полные тезисы
	21_82 Rogachev_1_полные тезисы
	22_85-Статья_Заболотникова В.И.
	23_87 Белов_полные тезисы доклада
	24_95_kovaleva_mtm15
	Keywords: coolant-lubricant dispersions, potassium titanates

	25_96_vikulova_mtm15
	Keywords: potassium titanates, nickel, utilization, photocatalyst, methylene blue

	26_123_syuzeva_mtm15
	Keywords: carbide-free bainite, continuous cooling, structure

	27_32
	28_33
	29_51_krivtsova_on_art болгария
	30_72_RELATIONSHIP BETWEEN PARAMETERS OF TEMPERING
	Table 1 Variations in the electromagnetic property {Zi;i= 1, 2, 3, 4} for the i shaft in relation to the tempering duration τ at 225 C.
	Fig.1 Electromagnetic property variations {Zi;I = 1, 2, 3, 4} in relation to the tempering duration for different shafts  at 225 C.
	(2)
	where Y↔ Z mean, X↔ Time τ  [h].
	(3)
	(6)
	The Pa values, calculated in (5) are given in Table 2 and Fig.3 with the constant a=15.
	Fig.3 Variations in the tempering parameter Pa in relation to the duration of tempering τ.
	The HRC hardness variations in the course of the experiment are represented by Fig. 4.
	Fig. 4 Variations in HRC hardness during low-temperature tempering at increasing temperature and duration.
	The interpolation of data on the mean hardness values for the four shafts during the different tempering stages is given by a third-degree polynomial:
	-
	and Correlation Coefficient Rsq=0.9858.
	The variations in the electromagnetic property Z are given in Fig.5.
	Fig.5 Variations in the electromagnetic property Z during low-temperature tempering
	The experimental data on the electromagnetic property is also given in a third-degree polynomial:
	The values calculated for the tempering parameter Pa from equation (1) are given in Table 2.
	Table 2. Experimental data on HRC and Z for the studied temperatures and duration, given by means of the tempering parameter Pa.
	Fig.6 Variations in the hardness HRC and the electromagnetic property Z in the course of the experiment
	Fig.7 Changes in the hardness at different tempering parameters
	The representation of the variations in the two quality indicators HRC and Z as a function of the tempering parameter reveals a range of capabilities of recalculating and achieving the necessary combinations of the two technological factors, so that t...
	6. Discussion
	The eddy current inspection of low-temperature tempering is sensitive to the changes in the structure and the inside tension of carburized and quenched parts. It is evident in Fig.1 and Fig.4 that the changes in the hardness and the electromagnetic pr...
	7. Conclusions
	Carburized and quenched parts pose a challenge in inspecting and grading after low-temperature tempering. Commercial production creates prerequisites for big deviations in quality indicators. In the last stage of thermochemical treatment, control by m...
	8. References

	31_102_KorzhovVP-2
	ИЗМЕНЕНИЕ СТРУКТУРЫ И ЖАРОПРОЧНОСТЬ МНОГОСЛОЙНОГО ТИТАН-АЛЮМИНИЕВОГО КОМПОЗИТА, ПОЛУЧЕННОГО ДИФФУЗИЕЙ В ТВЕРДОЙ ФАЗЕ
	Keywords: MUTILAYER COMPOSITE, HIGH-RESISTANT MATERIAL, INTERMETALLIC COMPOUND, DIFFUSION WELDING, LAYERED STRUCTURE, INTER-DIFFUSION, BENDING STRENGTH.

	32_104_chernega-hard al-NTUU-KPI
	32_22_gokayugur
	1. Introduction
	2. Computational Methods
	3. Results and Discussion
	4. Conclusion

	33_23_suleugur
	1. Introduction
	2. Computational Methods
	3. Results and Discussion
	4. Conclusion

	34_28_nihatarikan
	1. Introduction
	2. Computational Methods
	3. Results and Discussion
	4. Conclusion

	35_29_nihatarikn
	1. Introduction
	2. Computational Methods
	3. Results and Discussion
	4. Conclusion
	3. Yamabe-Mitarai Y, Aoki H, Hill P, Harada H. Scripta Materialia 48 (2003) 565.


	36_53_Article Janutiene EN
	37_44_sadullahnazli
	1. Introduction
	3. Results and Discussion
	4. Conclusion





