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Hard alloys are indispensable materia for many branches of modern industry. However, even with the base
composition (WC-Co) they are quite expensive due to the limited naturd resources of cobalt and the complexity
of their production from the minerals. Therefore, the collection and recycling of hard alloys waste have not only
scientific but practical importance, taking into account that the cost of production of 1 ton of aloy from recovered
waste comes to 20% cheaper than in the core technology. Existing methods of hard alloys waste treatment have
severd disadvantages, the main of which are high power consumption and big load on the environment. As a
result of this research a high-performance, low-energy consumption, eco-friendly way for recycling of hard aloys
waste has been proposed. According to this technology, in a first step the WC powder, and the solution
containing cobalt salts were obtained by autoclaving at 230 °C in a mixture of HCI-H;PO,-HNO; acids, and
followed then metal cobalt recovery from hydrotherma solution a temperatures of 110 — 160 °C.
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I ntr oduction

Cermets WC-Co often called hard aloy are widely
used for industria tools and construction applications
due to their unique mechanical properties [1, 2]. These
properties (hardness, strength, toughness and wear
resistance) are based on that WC and Co most closdy
correspond to requirements for components from which
composite is made namely complete wetting a refractory
component (WC) by easily meted (Co), limited
solubility of refractory component in the easily melted
and practical insolubility of easily melted component in
the refractory portion.

In order to receive the special properties the WC
basis of hard aloy is subjected to doping. The most
known additives are TiC, TaC, NbC. However, even in
basic composition (WC-Co) the hard aloys are very
expensive due to limited natura resources of Co in earth
and complicated technology of preparation of products
from mineral raw materials. On the other hand, 1 ton of
products from regenerated hard alloy wastes has 20 %
low price[3].

There are several methods, and new methods for
utilization of hard alloy wastes are developed from year
to year, for example, exotic method based on the
dispersion in water by eectric discharge has been
proposed [4]. At the same time methods that used in
practice could be divided on 4 groups.

1) mechanical desintegration [5-6],
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2) cobalt extraction by physico-metallurgical
technique (Zn method - melting together with Zn, and
subsequent sublimation in vacuum) [7-8],

3) cobalt extraction by hydrometallurgical
chemical or electrochemica® methods. This group
includes alot of techniques[9-12],

4) chemica desintegration (oxidation-reduction-
carbidization) [3, 13,14].

Obvious characters of all processes are:

a—high energy consumption (1,2,3",4)

b —long duration (3,4)

¢ — high temperature (2,4)

d —restricted purity of products (1,2)

e— pollution of environment (2,3)

f — expensive reagents (3)

g —processing only for graded wastes (1,4)

Despite the fact that latter process applied only for
graded wastes, but it is very efficient in processing of
waste generation, that are formed during the production
of synthetic diamonds, for example. Generally here two
kinds of hard alloys with 6% of Co for press dies and
with 15% of Co for supporting plates are used. Wastes
from both are easily separated by size dies are small and
plates are big. Scheme of such process, which long time
has been used a Inditute of Superhard Materials NASU
isshown in Figure 1.

According to this technology hard aloy wastes after
cleaning and washing were subjected to air oxidation and
then to reduction/carbidization in hydrogen with
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Fig. 1. Scheme of regeneration of WC-Co hard alloys waste.

precisely controlled amount of methane. For both main
stages a low rate of process is main limitation (every
stagerequires at least 24 hours of exposure).

At research stage a limiting step was carbidization
process of oxidized waste in hydrogen with a controlled
amount of methane. However, during exploitation of this
technology it is appeared that the limiting stage is the
oxidation and the milling of the oxidized product due to
low durability of equipment for these operations. In the
air oxidation process at the temperature of 1000 °C the
pansin which oxidation occurs are rapidly destroyed, and
due to the high strength of the resulting oxides, milling
equipment quickly became damaged.

On the other hand air oxidation could be replaced by
autoclave hydrothermal oxidation [15]. Such process can
be referred as thermochemical and has severa obvious
advantages. Sinceit is closed process therefore should be
environmentally friendly, occurs a relatively low
temperatures with high speeds that permits to reduce a
processing time. Resulting product does not require
significant energy expenses for grinding and has a high
purity.

Except for mechanical desintegration process all
above-mentioned recycling methods consist of at least
two stages. Moreover, it well known that carbidization is
most long and power-consuming stage. Elimination of
this stage by etching under high pressureit is possible to
separate metal matrix from the alloy base using special
solutions that is economically favorable. For example,
the authors [16] subjected to treatment a WC-20%Co
hard aloy in concentrated HCI at 110 °C for 48h in order
to separate cobalt and get a highly porous carcass of
easly crushed WC. Most used sorts of hard aloy,
however, contain the 6 or 15% of cobalt. Ther
character, in contrast with 20 % grade, is that most cobalt
forms a g-solid solution and few free Co there is at the
grain boundaries.

Present research was devoted to recycling of hard
alloy with 6% of cobalt (BK-6) (pieces of destroyed
pistons of high pressure apparatus, 2-4 g weight). Such
parts, after sintering compulsorily are subjected gas-static
treatment, which makes them practically nonporous with
a minimum amount of defects. Therefore, the recycling
of such alloys is completely another problem then model
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samplesin [16].

|. Experimental procedures

Experiments were performed in a stedl autoclave
with a modified PTFE insert that had 80 ml volume that
secured long exposure a 230 °C. Congtruction of
autoclave is given in [17]. Experiments were performed
in the hydrotherma fluid as well as in saturated steam
(Fig. 2).

T

WC-6%Co

infill factor

4(?/

Fig. 2. Scheme of arrangement of samples in Teflon
autoclave. Liquid-solid ratio was 4-6.

Teflon%

support

As source reagents were used ammonium hydroxide
NH4,OH (25 % NH3), hydrogen peroxide 30% H,0,,
muriatic acid 4, 6, 11.2 N and 37 % HCI, nitric acid 30 %
HNQO;, phosphoric acid 85 % H3PO,, phosphorous acid
45 % H3PO,.

After the hydrothermal treatment, the reaction
solution with the pieces of hard alloy and detached
powder was treated in an ultrasonic bath for 10 min and
then settled. Once the solution became clear it was
separated from solid portion and studied by X-ray
fluorescence analysis (XRF). Powder and solid pieces
washed successively with distilled water and a cohol and
dried at temperature of 90 °C.

In the case of complete extraction of Co the solid
residue was easily ground in an agate mortar.

The resulting powders after hydrothermal treatment
were investigated using scanning electron microscopy
combined with energy dispersive analysis (SEM-EDX),
X-ray diffraction (XRD) and X-ray fluorescence
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anaysis.

1. Results and discussion

Despite the fact that hard alloy starts to react with
tested solutions even at the room temperature (colour of
solutions is changed), but the rate of this process is such
low (weight changes are undigtinguished), that usually
more than one-month exposure isrequired. The degree of
conversion (extraction of cobalt) o was defined as the

_mp

my
before treatment, m, - mass of the sample after treatment,
m, - calculated mass of cobalt in the sample on the basis
of its 6 % concentration.

The rate of process is increased at 200 °C in the
autoclave conditions, but concentrated HCl as well as
other tested solutions [18] was found as ineffective.
Calculated process end is about 200 h.

Ancther results were obtained for HCI-HNO;
mixture. Thus adding to the hydrotherma process
oxidant (HNQOs) leads to the appearance of significant
amounts of WO; (bright yellow powder) on the bottom
of the autoclave. This greatly complicates the correct
assessment of the degree of conversion (o) or does it
even not possible in the case of addition of 5 mL HNO:.
In this case the sample was completely oxidized and
destroyed already after three hours at 200 °C. Despite the
fact that WO; was formed as main solid product, but
distinguishable amount of black powder (WC) was aso
collected on the bottom of autoclave.

ratio. a = , Where mo - mass of the sample
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Hence the high temperature oxidation process can be
replaced by highly efficient autoclave process at 200 °C
in amixture of HCl and HNO; acids.

On the other hand the processes of recovery and
carbidization of WO; are quite energy consumable and
prolonged. Therefore further efforts it was reasonable to
spend on etching of cobalt phase at maximum possible
preservation of WC carcass. Experiments were carried
out at 230°C maximum temperature for given
construction of the autoclave.

Beside previoudy used mixture of HCI-HNO; as
working solutions were applied also phosphorous acid,
possessing strong reducing properties [19] or phosphoric
acid, which dissolves a wide range of oxides at boiling
[20-21]. Additive of each in the hydrothermal solution
must slow down or even stop the formation of WO;.

It should be noted that even in the case where degree
of cobalt extraction (o) come near to 80 % the solid
residue remains extremely strong which excludes the
possibility of preparation of powder without using of
special facilities.

If special reactant solution HCI-H3PO,-HNO; was
used then as a result of hydrothermal interaction the
whole cobalt phase (> 99 %) was completely transferred
into solution for 30 h at 230 °C, and WC powder and
easy destructible solid was collected on the bottom of the
autoclave. While degree of extraction in hydrochloric
acid at the same conditions was only 66 % and solid
residue WC had extremely high strength.

The WC find product was identified by X-ray
diffraction, X-ray fluorescence anaysis and observed by
scanning electron microscope (Fig. 3). In the X-ray
spectrum of the powder sample only reflection from

0 &E E] 4 LB

liquid product

Fig. 3. Results of XRD anaysis (a), X-ray fluorescence (b) of initiad WC - 6% Co and extracted WC shown in
SEM images (c) and (d) respectively.



Regeneration of Hard aloy Wastes by Low Energy Consumption...

tungsten carbide WC are visible (Fig. 3,8). A typica conditions a 160 °C[22, 23] or even at 110 °C [24], then
XRF spectrum of initial alloy, solid residue after the regeneration method of hard aloys waste based on
treatment and reaction solution after 100 % extraction of autoclave processes and alowing to process not sorted
the cobalt corresponding mixture of phosphate and waste such as destroyed press dies and supporting plates

chloride of cobalt (CoCl; + Cos(PO,), - 98.421 %) are after diamond synthesis has been devel oped.
shown in Figure 3,b. Morphological features of the

origina structure of the initial alloy and the processed )

product were studied using scanning electron microscopy ~ Conclusion

(Fig. 3,0). It is seen that the alloy BK-6 had very fine

grain structure and extracted grains have typical for ‘As aresult of this research highly effective, energy-
tungsten carbide shape and size that varying from 300  saving and environmentally friendly autoclave process
nm to 3 microns (Fig. 3,d). that alows recycling of not sorted waste of WC - Co

Taking into account that even when hydrothermal hard alloys was devel oped.
oxidation to WO; occurred, the cobat phase is
transferred into solution containing cobalt chlorides and
it is known that cobalt salts solutions can be readily = Kopab6avos C.®. - k. T. H., CT. H. C.
converted to metallic cobalt by hydrothermal recovery
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C.®. Kopabnbos

Ilepepodxka BixxoaiB TBepaux cmiasiB WC-Co0 3a 10noMoroiw eKkoJoriauo
YHCTOr0 ABTOKJIABHOI0 METOAY NPH MOMIPHOMY CIIOKUBAHHI €Hepril.

Incmumym npobnem mamepianosnascmsa im. I.M.Dpanyeeuva HAH Yipainu, Kuis-142, Vrpaiua,
03680, gyz. Kporcusicanoscovrozo 3

TBepai cruiaBu € He3aMiHHMM MaTepiajioM B 0ararbox raiy3sx cydacHoi npoMucioBocti. [Ipore, HaBiTh y
6a3oBiii komnosuii (WC-CO) BOHM IOCHTH IOpOri 4epe3 OOMEXEHICTh HPHUPOIHUX PECypCiB KOOAIbTy i
CKJI[JHOCTI 1X BUPOOHMIITBA 3 MiHEPaJIbHOI CUPOBUHU. TOMY NHTaHHA 300py Ta nepepoOKH BiIXOAIB TBEPAUX
CIUIaBiB MAalOTh K HAYKOBE TaK 1 NPaKTHYHE 3HAYCHHs, OepydH J10 yBaru, IO BapTiCTh BUPOOHMITBA 1 TOHHU
CIUIaBY 3 BiJHOBJICHHUX BigxoaiB ooxoxuthes Ha 20 % nemresine, HiX 10 OCHOBHIN TexHoOJOriil. IcHyroui MeTomu
nepepoOKH BiAXOIB TBEPAMX CIUIABIB MAlOTh PsiJI HEIOMIKIB, OCHOBHUMH 3 SIKMX € BUCOKE CHEPrOCIOXKUBAHHS 1
BEJIIKE HABAaHTAXEHHS Ha ekonorito. B pes3ynprati npoBeneHMX JoclikeHb OyB  3alpONOHOBaHMI
BUCOKOC()EKTHBHHUH, €HEPreTHYHO HU3bKO3aTPATHHUMN, €KOJIONIYHO YUCTHH croci0 nepepoOKH BiIXOIIB TBEPAHUX
crutaBiB. BianosigHo 1o wiei Texnonorii Ha nepiuiit crazii nopomox WC i po3uuH KM MiCTHTB COJIi KOOQJIBTY
OyB oTpuMaHuii B pe3ynbrari aBrokinaBHoi 00pobku npu 230 °C B cymitui HCI-H3PO,-HNO; kucior, micns yoro
MeTalieBui KoOalnbT MoXke OyTH JIerKO BUAUICHUH 3 PO3YMHY 32 JOMOMOIO I'MAPOTEPMAIbHOIO BiJHOBJICHHS
npu Temneparypax 110 - 160 °C.

KurouoBi ciioBa: TBepauii cruias, BiXoau, pereHepaltisi, aBTOKIaB, TiApoTepMallbHUI IpoLec.
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