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B oannom uccnedosanuu 0vina noxazana NPUHYURUATLHAS BO3MOMNCHOCHL NPOSEOeHUs Nepeoz2o dmand
svldenenus OnacopoOHbIX MEMAnio8 u3 20pOOCKUX OMX0008, A UMEHHO, UX 2OMO2eHu3ayuu u nepegooa 8
pacmeopumvie HopmMbl HA NpUMEpe MEeMALIUYecKo20 UpUOUsi ¢ UCHOAb3IOGAHUEM Mempagdmopodpomamos
WeNOUHbIX U WeNoUHO3eMenbHblx Memannos. Onpedenén cocmag noayuaemvix npooyKmos, npeoiodtcena cxema
npomeKanua peaxyuil u YmouHeHvl YCI06us Hauana peazuposanus. IIpeonodcennvili Memoo modxcem jedsb 8
OCHO8Y cnocoba nepesoda 61a20POOHBIX MEMALI08 8 PACEOpUMble POPMbL U NOCLEOYVIOUe20 BblOeNeHUs U3

B6MOPUUHO2CO CbIPBAL.

Nowadays there is a rising interest for noble, rare and rare-earth metals extraction and separation from the
urban wastes [1, 2]. Despite the noticeable number of the research works devoted to this problem, the universal
solution has not been found yet.

One of the directions of modern methods is the conversion of the compounds of precious metals into simple
or complex fluorides and their further separation.

In the present research work the possibility of using relatively poorly studied class of fluorine compounds -
alkali and alkaline earth metal tetrafluorobromates - was investigated. The purpose of this paper is to show how
this class of compounds react with one of the noble metals - metallic iridium and what products can be obtained.

All experiments were carried out in the dry box under argon atmosphere. The interaction between iridium and
tetrafluorobromates was carried out in vacuum-sealed fluorine-passivated nickel ampoules. The samples were
pelleted in advance. The ampoules were heated in a muffle furnace up to 400 °C for 120 minutes, then
maintained at this temperature for 150 minutes, next 240 minutes they were cooled slowly.

The diffraction study was done on Stadi-P diffractometer (Stoe, Germany) using CuKa radiation with a
germanium monochromator and a Mythenl1K detector. Further powder pattern processing was carried out in
Jana2006 software [3].

The first sample represents the products obtained after the reaction with a large excess of tetrafluorobromate
Ir:KBrF,=1:12 (mass.). The diffraction study was done by means of X-ray powder diffraction. The
corresponding X-ray powder pattern is shown in the Figure 1. The pattern peaks of the obtained substance were

compared with the corresponding peaks from diffraction database PDF-2 [4]. The sample mainly consisted of
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two products: potassium hexafluoroiridate

K,IrF¢ and the unreacted excess of potassium
us tetrafluorobromate KBrF,. Based on these
o data, it was suggested that the reaction

proceeds according to the following scheme:
Ir + 2KBrF, — KyIrFg + 2BrF?

The stoichiometric interaction of iridium

a2 | and potassium tetrafluorobromate (Ir:KBrF, =
. ' 1:2 mol.) was also investigated. However, the

1) (. v e e e i results of powder X-ray diffraction showed

“l flecg T, the presence of potassium tetrafluorobromate

(Figure 2). This is probably due to the

th 1. X ray pattern of products of interaction
Ir:KBrF, = 1:12 (mass.)R, = 0,1047, R.., = 0,1487
v - between starting materials and products after

establishment of thermodynamic equilibrium

the reaction is completed in a confined space.
In case of lack of the fluorinating agent,

for instance Ir:KBrF,=1:1 (mass.) ratio, there

" are hexafluoroiridate and metallic iridium in
22 the mixture after the reaction. In addition, the
0 pattern has some peaks that belong to some

unidentified substances.

I
a1 l ' For investigation of the fundamental
& I & " ‘ oo iy possibility of interaction between metallic

: B iridium and other tetrafluorobromates such as
Fig. 2 X-ray pattern of products of interaction

Ir:KBrF, = 1:2 (mol.)Rp = 0.0884, Rwp = 0.1230 RbBrF,, CsBrfy u Ba(BrFy), the series of
experiments were carried out. The

stoichiometric amounts of the reactants were calculated using the following equations:
Ir + 2RbBrF, — Rb,IrF¢ + 2BrF 1
Ir + 2CsBrF4 — Cs,lrFg + 2BrF 1
Ir + 2Ba(BrF,), — BalrF4 + 2BrFt

190 T T O (I T

@ RbIF, ) CslrF, " 6) BalrF,
R, = 0.0945, Ry, = 0.1422 R, = 0.0516, Ry, = 0.0696 R, = 0.0641, Ry, = 0.0837

Fig. 3. X-ray patterns of the products of the stoichiometric interaction of metallic iridium with cesium, rubidium
and barium tetraflurobromates.

In all samples the formation of the corresponding metal hexafluoroiridate was observed. In case of rubidium
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tetrafluorobromate there are also peaks which belong to rubidium fluoride, because some amount of fluoride was
present in the initial tetrafluorobromate as am impitiry. As for cesium and barium tetrafluorobromates, the
admixtures were not found. The obtained X-ray powder patterns are shown in the Figure 3.

This investigation shows the fundamental possibility of carrying out the first stage of extraction of noble
metals from the urban wastes with alkali and alkaline earth tetrafluorobromates, namely, their homogenization
and dissolution by the example of metallic iridium. The composition of the products was obtained, a scheme of
reactions was proposed. The initial conditions of the reaction were clarified.

The proposed method can form the basis for transferring the precious metals to soluble forms and the
subsequent extraction from the wastes. Future research works will be dedicated to the separation of metals from
their mixtures and composites.
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Paccmompenvi  mepmoxumuueckue npoyeccel CUHMe3d U PAIOHCEHUS YMOPAMMOHUIHBIX KOMNIEKCO8
peoKozemenvHbuIx  Memannos. Memodom OuggepenyuanvHol  mepmMuuecKou  KaiopuMempuu  onpeoeieHvl
meMnepamypHbixX MAKCUMYMO8 CKOPOCHU 0OPA308AHUS U PAZTONCEHUS KOMNIEKCHBIX COeOUHEHUTl U Onpedenetbl

8e/IUYUHbL Ka:»cyweﬁc;z IHepcuu akmueayuu npoyeccos.
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