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ABSTRACT

Purpose. To conduct a comparative economic analysis of cermet alloys regeneration technology, to identify the most
“environmentally friendly” and cost-effective processing of solid alloys waste.

Methods. As a research technique, the present article considers analysis of current methods of solid tungsten cobalt
alloys regeneration: pyro and hydro metallurgical, chemical (chlorine, zinc), thermochemical and the method which
uses energy of blasting explosives.

Findings. A comparative economic analysis of cermet alloys regeneration technologies was conducted.

Originality. Fundamental way of shock wave treatment to stimulate destruction of powder product of any configura-
tion in order to obtain a high quality powder for further formation, sintering and tool manufacturing of multiple use is
demonstrated; ecologically friendly technology of hard alloys and cermet components of outdated military hardware
and ammunition recycling has been developed.

Practical implications. Industrial implementation of the developed technology allows to solve the following issues:

— utilizing super hard metal and alloys scrap for subsequent regeneration, which ensures significant savings of stra-
tegic raw material;

— the use of new technology, which excludes ineffective ways of scarce raw materials processing and manufactur-
ing products satisfying international standards;

— gradual reduction of import in favor of hard alloys cermet tools;

— reduction and subsequent abandonment of strategic metals and alloys scrap export, shifting towards the export of
ready products — powders and tools, which will significantly increase foreign currency earnings in the country.

Keywords: tungsten, cobalt, tool, hard alloy, cermet, recycling, heterogeneous medium, defect formation

1. INTRODUCTION The largest source of secondary tungsten is hard
alloys production, which accounts for more than a half of
consumed tungsten.

Hard alloy powder is used to manufacture tools for
metallurgical and engineering industry. At the moment,
scrap of super hard metals is being exported to Russia,

Mining minerals and the resulting waste are among
principal factors which contribute to the environment
pollution. Industrial and household waste of metals, es-
pecially heavy and rare, in the form of soluble salts,

falling into water.basins (rivers, lakes, underground aqui- and tools are purchased by Ukrainian import companies.
fers), pose a serious threat to human health, flora and Production capacities of metal scrap recycling and hard
fauna. Therefore, two major ways to reduce ore mining is alloy powder tools manufacturing allow to produce high
utilization and recycling of its waste — industrial salvage. quality product in Ukraine. The need of Ukraine for hard
alloy powders is estimated at 600 — 700 tons per year.
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There is a high deficiency of main components for
hard alloys manufacturing such as tungsten, cobalt and
nickel. Currently, hard alloys scrap in Ukraine can com-
pensate the raw material shortage for hard alloy manu-
facturing by up to 50%. Due to highly increased necessi-
ty of secondary tungsten usage, it is extremely important
to develop an effective technology for its recycling.

Current methods of hard alloys recycling comprise
dozens technological stages. Despite continuous pro-
cess and equipment upgrading, each stage suggests
inevitable consumption of raw products and materials,
as well as comparatively high product loss and reagent
emission. Some of the lost product and waste pollute
the environment, therefore, while choosing recycling
technology it is necessary to consider scrap origin,
purification and homogeneity.

2. THE MAIN PART OF THE ARTICLE

There are several methods of hard tungsten cobalt
alloys scrap regeneration: pyro- and hydro-
metallurgical, chemical (chlorine, zinc), thermochemi-
cal and using energy of blasting explosives. First two
methods are very complicated, multi-staged and labori-

ous, utilizing equipment which is stable in aggressive
media and consuming a lot of power. Final products of
these methods are composite compounds of tungsten,
which require additional processing. Besides, all of
these imply harmful work conditions and contamination
of the environment.

Hydrometallurgical technology consists in alloying
scrap and niter with consequent leaching of the alloy in
diluted solution of sodium tungsten. Consequent stages
replicate the process of tungsten concentrates processing.
This method makes it possible to obtain tungsten anhy-
drate and cobalt oxide of high purification. This method
is irreplaceable when processing heterogeneous scrap
containing admixtures (unsoldered plates, different
grades of alloys, etc.).

Oxidation-reduction method is of interest because it
uses the same type of equipment as is used for hard
alloys production. The approach presupposes that lump
scrap (thoroughly purified, WC + Co grade) is oxi-
dized, milled and reduced, extracting tungsten and
cobalt compound. The obtained compound is carbon-
ized and processed by the typical technology of hard
alloys manufacturing.

Utilizing hard
alloys scrap
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Figure 1. Technology of tungsten cobalt and tungsten nickel alloys regeneration

Thermochemical approach, which implies oxidizing
scrap with consequent reduction and carbonizing of oxi-
dized products, can be performed in different ways,
which can be split into 2 groups: traditional technologies,
which use black carbon for carbonization, and so called
“non-black carbon” technologies, which anticipate car-
bonizing in methane hydrogen medium.
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In both cases, oxidized product is being reduced in
hydrogen, after which reduced powders are either be-
ing burdened with black carbon and carbonized in
hydrogen or are being carbonized with help of methane
hydrogen compound.

Nonetheless, mixtures of such compound do not guar-
antee stability of produced hard alloys with regards to
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carbon content. That is why in order to regulate the carbon
content of produced powders, it is necessary to apply vari-
ous approaches which complicate the technology by far.

Zinc method is based on the process when cobalt, tied
into hard alloys, can be diluted in zinc at 600 — 800°C,
which leads to destruction of hard alloy product.

Ammunition was intensively engineered and pro-
duced both during war and peace times. Military ware-
houses and arsenal of the country have accumulated huge
amount of such, out of which over 1.6 million tons are to
be utilized (Shikunov, 1997). While outdated ammuni-
tion is of no use, its components, such as high quality
metals, can be used effectively.

Highly effective technology of cutting, breaking and
forming tools production from tungsten cobalt and tung-
sten nickel alloys by means of direct scrap regeneration,
omitting the use of thermochemical and metallurgical
methods was developed (Didyk, 1997; Schneider, 1999).

This technology is fundamentally different from the
existing ones due to high technical and economical pa-
rameters, its productivity, low power consumption and
ecological compatibility.

In practice, finished product results from a combina-
tion of technological channels of hard alloys utilization,
preparation of reactive capsules, EM charges, regenera-
tion, classification, fine grinding and caking (Fig. 1).
Reduction of tungsten compound is performed under high
gradient pressures and load speeds in the cylindrical reac-
tion capsules, which undergo explosion treatment generat-
ed by the detonation of the axisymmetric charge of the
explosive material (EM) (Fig. 2).
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Figure 2. Capsule

Cermet alloys are such heterogeneous mixtures that
contain in their medium surfaces on top of which any
microscopic parameters can burst.

The results of known theoretical and experimental
studies show that presence of components of different
compressibility, density, and uneven distribution by
volume cause significantly different nature of shock
wave distribution compared to the shock wave distribu-
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tion in homogeneous compact mediums (Stanyukovich,
1971). It is necessary to note that contrary to the mechan-
ical-thermal ways of impact, limited in both mechanical
and physical-chemical effect, shock wave treatment
causes structural changes at each large-scale level. Due
to this, the idea of stimulating defect formation processes
and chemical activation of tungsten alloys with shock
waves has proved vital and productive (Savchenko,
2014; Savchenko & Gurenko, 2014; Savchenko & Ver-
ner, 2014; Savchenko & Gurenko, 2016).

The conducted research into the effect of load on
powder reactivity have shown significant increase in
internal energy, which essentially accelerates powder
compaction and caking processes. Besides, the growth of
number and density of the defects (dislocations) leads to
decrease in power consumption of the grinding process
as a result of shock wave treatment.

Figure 3 contains data which illustrate the results of
industrial testing of WC + Ni powder wet grinding,
after shock wave treatment. It also shows duration of
powder grinding to the equal level of dispersion without
shock wave pre-treatment.

Figure 3. WC + Ni alloy grinding time: (1— shock-wave treat-
ment; - without shock-wave treatment

The diagram clearly states that grinding of powder
treated with shock waves takes 30 times less time in
comparison to the existing grinding technology, which
results in reduction of power consumption by 25 — 30%.

Table 1 shows physical-mechanical properties of the
new alloy produced from conversion scrap waste of
WC + Ni alloy. It is a two-phase alloy, 0.1% volume
porosity, 77;-type phase is absent, the binder is evenly
distributed, layer thickness is 0.5 — 1.5 micron, uniform
coarseness of 1 —3 microns with random grains up to
20.0 microns (Fig. 4).

Figure 4. Microstructure of the alloy WNC, x400
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High effectiveness of the new technology was proved
by industrial testing of ZR4-80 picks of 1K101U coal
shearer executive screw members used for extracting

coal from a seam of thickness m =1 m and roof cut
m = 0.43 m (sandy slate). 3150 tons of coal were extract-
ed, using the experimental picks ZR4-80.

Table 1. Physical-mechanical properties of the alloy, produced by recycling of conversion scrap waste

Grade of the alloy Bending strength, N/mm?® Density, g/cm’ Hardness, HRA
WC +Ni 1519 14.02 85.0
New alloy WNC
WC +Ni+ Co 1627 13.45 87.5

Experimental picks had advantages over traditional
ones, since no chipping and tearing of hard alloy cutting
plate from the holder was observed. The consumption of
experimental picks is 75% less than consumption of
conventional picks produced in Ukraine and Russia.
38 RKS-1S picks were installed for testing in “Pav-
lohradska” mine on GPKS-1 shearer in the coalface of
551 tail gate of C5 seam. Development passage was
performed through durain — clarain fusainized seam with
coal strength 2 according to Protodiakonov scale, argil-
lite, strength — 1.5-2.0, soil — alevrolit, strength I,
B-2 mm. PKC-1C picks operated in lava throughout
24 complete shifts. The main reason for the breakdown
was complete abrasion of the insertions, tearing from the
holder was not observed.

16 ZR4-80M picks were installed onto KA-85 shearer
for testing in lava 555, C5 seam. Coal extraction was
performed through durain — clarain fusainized seam with
coal strength 3 —4 according to Protodiakonov scale.
ZR4-80M picks operated in lava throughout 24 complete
shifts. The main reason for the breakdown was complete
abrasion of the insertions, tearing from the holder was
not observed. Based on the conducted studies, ZR4-80M
picks have shown high quality results, operating time and
can be recommended for serial production and usage.

Exporting high quality hard alloy scrap, Ukraine
imports hard alloy tools at the same time, continuously
increasing import volumes. This is explained by a large
number of metallurgical, engineering and mining enter-
prises in Ukraine which are the main consumers of
these tools.

The proposed project implies constructing of the
unique center for utilization of super hard materials
(tungsten, cobalt, molybdenum, nickel, tantalum) scrap
in Ukraine, with production capacity of 60 tons of hard
alloy powder a year. In future, it is reasonable to increase
its capacity depending on the market demand.

Marketing strategy suggests offering international
quality standard product at a price of 5— 10% less than
the market price.

The new technology is resistant towards negative fac-
tors. The center can operate at no loss, selling over
11 tons of products a year. In case of price drop by
10 — 20% or direct materials cost increase by 20 — 50%,
the output profitability will reach 60 — 70%, which is still
rather high.

Economical indices of the project are as follows:

— net present value (NPV) for the settlement period of
project realization (5 years) is over 1265 thousand USD,
which corresponds to the effectiveness condition, where
NPV should be > 0;

— investments profitability index (JR) — 6.0 (JR > 1);
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— recoupment of capital investments is 8 months from
the issuance of the loan.

Industrial development of the above technology,
within short timeframe, will allow to solve several im-
portant problems:

— hard alloys scrap utilization, its further reduction and
consequent significant cut down on raw material usage;

—making use of new technology which omits low
productive ways of scarce raw material utilization and
manufacturing products of international quality standard;

— subsequent refusal from import in favor of hard al-
loy cermet tools;

—reduction and subsequent termination of strategic
materials’and alloys scrap export from Ukraine, in favor of
exporting ready products — powders and tools, which will
increase foreign currency earnings of the country.

3. CONCLUSIONS

A comparative economic analysis of cermet alloys re-
generation technologies was conducted. The study allowed
to define fundamental potential of shock-wave treatment
as a stimulating factor for destructing powder products of
any configuration, in order to obtain high quality powder
for further formation, caking and production of multiple-
purpose tools. Environmentally friendly technology for
recycling super hard materials, cermet components of
outdated ammunition and different types of military
equipment was suggested.

ACKNOWLEDGEMENTS

Scientific work is done in the framework of complex
special purpose program “Organizing collection, utilization
and recycling processes of hard alloys containing tungsten,
tungsten scrap, molybdenum, cobalt and their alloys”.

The authors extend their thanks to Rostyslav Didyk,
Professor with the Department of Mining Engineering of
the National Mining University.

REFERENCES

Didyk, R.P., Viunnyk, O.M., Hriaznova, L.V., Antsyferov, O.V.,
Savchenko, Yu.V., Pashchenko, M.I., Tubeliacva, H.D., &
Masakovskyi, E.A. (2000). Sposib  reheneratsii  volf-
ramovmisnykh tverdykh splaviv. Patent No 15322, Ukraine.

Savchenko, Yu. (2014). Stvorennia burovoho instrumentu z
vysokym resursom i vlastyvostiamy. In: Sovremennye inno-
vatsionnye tekhnologii podgotovki inzhenernykh kadrov
dlya gornoy promyshlennosti i transporta 2014 (pp.295-
301). Dnipropetrovsk: Natsionalnyi hirnychyi universytet.

Savchenko, Yu., & Gurenko, A. (2014). Ekonomicheskiy analiz
tekhnologiy regeneratsii metallokeramicheskogo instrumen-
ta. In: Razvitie informatsionno-resursnogo obespecheniya
obrazovaniya i nauki v gorno-metallurgicheskoy otrasli i na



Iu. Savchenko, A. Gurenko, O. Naumenko. (2016). Mining of Mineral Deposits, 10(4), 105-110

transporte 2014 (349-354). Dnipropetrovsk: Natsionalnyi
hirnychyi universytet.

Savchenko, Yu., & Verner, I. (2014). Vysokoeffektivnyy in-
strument iz modifitsirovannogo tverdogo splava. In: Sov-
remennye materialy, tekhnika i tekhnologii v mashi-
nostroenii  (pp. 25-27).  Dnipropetrovsk:  Natsionalnyi
hirnychyi universytet.

Savchenko, Yu., & Gurenko, A. (2016). Ekonomicheskaya
otsenka tekhnologii regeneratsii sverkhtverdykh materialov
s ispol’zovaniem energii vzryva. In: Sovremennye inno-
vatsionnye tekhnologii podgotovki inzhenernykh kadrov

dlya gornoy promyshlennosti i transporta 2016 (pp.215-
219). Dnipropetrovsk: Natsionalnyi hirnychyi universytet.

Schneider, A., Anciferov, A., Didyk, R., Savcenko, Ju., Vju-
nik, A., & Masakovskij, E. (1997). Verfahren und einrich-
tung zur wiedergewinnung von harten legierungen und
gesinterten materialien. Patent No WO 1997005295 Al,
Germany.

Shikunov, V. (1997). Novaya zhizn’ korpusov snaryadov.
Voennyy parad, 7(1997), 37-39.

Stanyukovich, K. (1971). Neustanovivshiesya dvizheniya splo-
shnoy sredy. M: Nauka.

ABSTRACT (IN UKRAINIAN)

Merta. [IpoBecTr NOpPIBHSUIEHUN €KOHOMIYHHMH aHAJi3 TEXHOJIOTIH pereHepanii MeTaJloOKepaMiyHUX CILIaBiB i BUOpa-
TH HAHOUTBII “€KOJIOTIYHO YHCTY” Ta PeHTA0eIbHY TEXHOJOTII0 IepepOOKH BiTXO/IiB TBEPAMX CILIABIB.

Metoauka. B sK0oCcTi METOIUKH TOCTIHKEHHS IS TIPEICTaBIeHOI poOOTH OYJI0 MpOoaHalli30BaHO KiNbKa iCHYIOUHX
METOJIB pereHeparii BiAXoaiB Boib(paMoM KOOAThTOBHX TBEPIUX CIDIABIB: MipO- W TiApOMETaNypriiHAHN, XiMIYHHN
(X7I0pHUH, THHKOBHIA), TEPMOXIMIYHHH Ta i3 3aCTOCYBaHHSAM €Heprii BHOyXy OpM3aHTHHUX BHOYXOBHX PEUOBHH.

PesyabTaTu. [IpoBeneHo nopiBHAIbHIN €KOHOMIYHMI aHAITI3 TEXHOJIOTIH pereHepartii MeTaroKepaMidyHIX CIUIaBiB.

HaykoBa HoBu3Ha. [loka3aHa MPHUHIIMIIOBA MOXKJIMBICTh BUKOPUCTAHHS yIapHO-XBHIBOBOI 00poOKH sIK (hakTopa,
110 CTUMYJIIOE TIPOLIECH PYIHYBaHHsI TIOPOLIKOBUX BUPOOIB Oyab-s1K0i KOH(DIrypariii, 3 METOI0 OTpHUMaHHS BUCOKOSKiC-
HOTO MOPOUIKY JUIsS NOAAIBLIOr0 (POPMYBaHHS, CHIKaHHS W BUPOOHMLTBA IHCTPYMEHTY Pi3HOTO MPH3HAYEHHS; 3aIpo-
MIOHOBAHO €KOJIOTIYHO YUCTY TEXHOJIOTIIO MepepoOKM HAATBEPANX MaTepiajiB, METaJOKEpaMIUHUX CKJIQJIOBHX 3acTapi-
7101 BifiCbKOBOT TEXHIKH Ta pi3HUX BUAIB OOENpunacis.

IpakTnyna 3HaYnMicTh. [IpomicioBe 0CBOEHHS PO3pO0JIEHOT TEXHOJIOTIT 103BOJIsIE BUPIIIMTH HACTYIIHI Tpo0JIeMu:

— YTWIIi3aLio JIOMY HaJITBEpAMX MAaTEpialiB i CIUIABIB 3 1X IMOJATBIINM BiJHOBJICHHSIM 1 BiIIOBITHO 3HAYHOK €KO-
HOMI€IO CTPATETiYHOI CHPOBUHU;

— BUKOPUCTaHHS HOBOi TEXHOJIOTII 3 BUKIIOUCHHSIM BXKHBAHHS Malloe(peKTUBHUX cHoco0iB mepepoOku aedinutHOi
CHUPOBHHH 1 BUITYCK IPOAYKIIii CBITOBOTO PiBHS SIKOCTI;

— IOCTYIIOBA BiZIMOBA Bij IMIOPTY y OiK TBEPIOCIUIABHOTO METAIOKEPaMidHOTO 1IHCTPYMEHTY;

— 3MEHIIIEHHS, a TOTIM 1 BiZIMOBA, Bi/I EKCTIOPTY 32 MEXi YKpalHM JJOMY CTPATETi9YHUX MaTepialiB i CIUIaBiB, 3 epexo-
JIOM JIO €KCIIOPTY TOTOBHX BUPOOIB-IIOPOIIKIB Ta IHCTPYMEHTY, 1110 3Ha4HO 30UIBIIUTH BAIIOTHI HAJIXO/PKEHHS B KpaiHy.

Knrouosi cnosa: sonvppam, kobanvm, iHcmpymenm, meepoull Cnias, Memaiokepamixa, nepepooka 6ioxooie, ceme-
pocenHa cepeda, deghexm YmeopenHs.

ABSTRACT (IN RUSSIAN)

Ieun. [IpoBecT cpaBHUTENBHBIN 3KOHOMUYECKUI aHAIN3 TEXHOJIOIMH PEereHepaly MeTaJUIOKEPAMUIECKHX CIITIABOB
1 BBIOpaTh HanOoJIee “OKOIOTHYECKH YUCTYIO” U PEHTA0CIIBHYIO TEXHOJIOTHIO IIepepabOTKH OTXO0B TBEP/BIX CIUIABOB.

Metoaunka. B xauecTBe METOJUKHU HCCIECIOBAHUS B HACTOSAMIEH paboTe OBLIM MPOAHAIM3HPOBAHBI HECKOJIBKO CY-
IIECTBYIOINX METOJIOB pereHeparii OTX00B BOIb()PaMOM KOOAIIbTOBBIX TBEPIBIX CIUIABOB: MHPO- U THAPOMETAILTYP-
THYECKUH, XUMIUECKUH (XJIOPHBIA, TUHKOBEIN), TS PMOXUMHUYECKIA W C TIPUMEHEHHEM >HEPTHH B3pBIBa OpH3aHTHBIX
B3pPBIBUATHIX BEIIECTB.

PesyabTarsl. [IpoBeneH CpaBHUTENbHBIH 3KOHOMHUYECKUM aHAJIM3 TEXHOJIOIMM pereHepaluy MeTajuloKepamuye-
CKHUX CIUTaBOB.

Hayunasi HoBu3Ha. [loka3aHa npuHIMITHATIbHAS BO3MOXKHOCTh MCIIOJIB30BAHUS YAapHO-BOJHOBOM 0OpPaOOTKH Kak
(axTopa, CTUMYJIMPYIOILETO MPOLECCHl Pa3pyILSHHUs TOPOIIKOBBIX U3/ENuil J1I000H KOHPUTYpalMy, C LEeNbI0 MoJyde-
HHUS BBICOKOKQUYCCTBCHHOI'O IMOPOIIKaA JJIsd uanbﬂeﬁmeﬁ (bOpMOBKI/I, CIICKaHUs U MIPOU3BOJACTBA MHCTPYMECHTA PA3JIMIHO-
r'O Ha3HAYEHUS; MPEJIOKEeHa SKOJIOTHYECKH YHCTAasl TEXHOJIOTHSI TepepabOTKH CBEPXTBEPABIX MaTepHalioB, METAJLIIOKe-
pPaMHUYECKUX COCTABIIIOIINX YCTapeBLIel BOCHHOW TEXHUKH U Pa3IMYHBIX BUIOB OOETIPHUIIACOB.

IpakTHyeckasi 3HAYMMOCTb. [IpOMBINITIEHHOE OCBOEHHE Pa3paOOTaHHOIN TEXHOJOTUH ITTO3BOJIAET PELIUTH CIIeNy-
FOIIHE TTPOOIIEMEI:

— YTHIIM3AIUIO JIOMa CBEPXTBEPIBIX MAaTEPHUANOB M CIDIABOB C WX IMOCIECIYIOIINM BOCCTAHOBICHHEM H COOTBET-
CTBEHHO 3HAYUTEIHHOI SKOHOMHUEH CTPATETHIECKOTO CHIPHS;

— HMCIOJIb30BAaHUE HOBOHM TEXHOJIOTMHU C MCKIIIOYCHUEM YNOTpeOsieHHs: Manod(eKTUBHBIX CIIOCOOOB mepepaboTKu
JNe(UIUTHOTO CHIPHS U BBIITYCK MPOIYKLUK MUPOBOTO YPOBHSI KA4eCTBA;

— IOCTETEeHHBIN 0TKa3 OT UMIIOPTa B CTOPOHY TBEPOCIUIABHOTO METAJNIOKEPAMUYECKOT0 HHCTPYMEHTA;

— YMeHbIIIEHHE, a 3aTeM U 0TKa3, OT HKCIOpPTA 3a Mpeeibl YKpauHbl JIoMa CTPAaTETHYeCKUX MaTepUaoB U CIIJIaBOB,
C IepexXoa0oM K SKCHOPTY T'OTOBBIX l/ISJICJ'II/Iﬁ — IOPOHIKOB M MHCTPYMCHTA, YTO 3HAYUTCIBbHO YBCJIHWYUT BAJIIOTHBIC
MOCTYIJICHUS B CTPaHy.

Knroueswle cnosa: éonvppam, kobarem, uncmpymenm, meepobvlil CHias, MemaiioKepamuxd, nepepabomrka omxo-
008, eemepoeennas cpedd, Oeekmoobpasosanue
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