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The paper deals with the characterization of platinum-based tailings derived from a recovery
boiler of the production of nitric acid. The composition of the tailings was determined and
the calcination process was investigated in order to improve the extraction of platinum
group metals (PGM) into concentrate. According to the results of the research, the size of
the majority (81.6%) of particles of the tailings is less than 0.1 mm. The results of X-ray
diffraction and laser mass-spectral analyses indicate that the tailings contain 7.82 wt.% of
platinum, 1.56 wt.% of palladium and 0.09 wt.% of rhodium. It also contains carbon and
ferromagnetic iron. It is shown that magnetic separation used as a preparatory stage allows
extracting about 20 wt.% of ferromagnetic iron from platinum-based tailings of nitric acid
production. The influence of various technological parameters on calcination of PGM
tailings from recovery boiler was investigated in the temperature range of 1023 to 1173 K.
The largest mass loss of the tailings is up to 9 wt.% at 1123 K during 60 min of calcination.
X-ray structural analysis of calcinated samples of PMG tailings from recovery boiler of
nitric acid production revealed that palladium oxide decomposes and carbon is burned out
in the course of calcination. The mass loss of carbon is 1.34 wt.% during 60 min of the
heat treatment. It was found out that calcination leads to cracking of PGM which improves
extracting process of platinum-based tailings of nitric acid production.

Keywords: platinum group metals, catalyst, nitric acid, ammonia, oxidation, slurry,
technology.
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Introduction

Nowadays the global usage of platinum group
metals (PGM) is getting higher from year to year
unlike their average production rate that stays the
same. Chemical industry is one of the main
consumers of platinum. Platinum is used as catalyst
in various technological processes including the
production of nitric acid at the stage of ammonia
oxidation [1—4]. There are losses of platinum group
metals from the surface of catalyst nets in this process
as the result of their oxidation, destruction and
followed carryover. Small parts of PGM deposit on
the surfaces of the equipment. Lifetime of PGM
catalyst is 2800—3400 hours. After this term, catalyst
loss comes up to 30—50% of the total catalyst weight.

According to the studies [5—8], the main
reasons of PGM loss are the oxidation of platinum
with the formation of volatile platinum oxides and
catalytic erosion of the wire surface of nets during

the catalytic process at high temperature. Due to
these factors, the surface of the platinum wire
becomes friable. It allows the flowing gas to capture
small parts of metallic Pt and remove them from the
reaction zone. In order to solve this problem, special
absorption masses and mechanical filters made of
quartz wool, asbestos, fiberglass, etc. were developed.
The absorption masses are based on the mixture of
CaO and ALO; [9,10]. The capture rate of Pt in
both methods is 40—50%. Nowadays, chemical
industry uses catching mixtures based on alloys
Pd/W-5 or Pd/Ni-5 (95% of palladium and 5% of
tungsten or 5% nickel) [11,12]. During the operation
of these packages, smooth surface of the initial
catching wire transforms into conglomerate of large
Pt grains with the size of up to 0.1 mm. However,
tungsten or nickel completely burn out and the
capture rate comes up to 85—94%.

There is an extra source of PGM (0.1—60 wt.%)
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Fig. 1. X-ray pattern of the tailings derived from a recovery boiler

in this case. It is the slurries obtained by cleaning
surfaces of equipment located after the ammonia
oxidation reactor. Despite this fact, there is a big
problem in PGM recycling connected with the
presence of poorly soluble oxides and base metals in
the slurries.

The purpose of the research was to substantiate
and develop an efficient way to utilize the slurries
from the equipment of nitric acid production.

Experimental design

As a research object, we used a sample of the
tailings from a recovery boiler. The lifetime of
platinum nets in the contact oxidation reactor was
3100 hours. Their fractional composition was
determined by the method of manual dry sieve
analysis with a set of sieves No. 004, 01, 025, 05, 08;
the results are presented in Table 1. The tailings
were dried beforehand at 105—110°C to achieve a
constant weight with the accuracy of 0.1%.

Table 1
Fractional composition of the tailings

Fractional composition Content, wt.%
> (0.5 mm 3.66
0.5-0.25 mm 3.62
0.25-0.1 mm, 11.50
0.1-0.04 mm 31.79
<0.04 mm 49 .81

According to the obtained results, the size of
the majority of particles (81.6%) of the tailings is
less than 0.1 mm.

X-ray structural analysis revealed that the
tailings contain Pt in metal state and Pd in oxidized
state. There were also other compounds: Al,O;,-SiO,,
Fe,0,, Si0O,, TiO,, C, Ni and others (Fig. 1). The
definition accuracy of a particular phase is from 2 to

5%.

The obtained data on the state of PGM are
confirmed by findings of various authors. Chemical
erosion results from platinum evaporation from the
catalyst surface. It is considered [5] that ammonia
oxidation process proceeds only on platinum oxides
but not on metal platinum. The evaporation of the
oxides leads to irreversible losses of Pt. In addition,
mechanical erosion of the catalyst nets occurs as a
result of dust bombarding (ammonia-air mixture
always contain some small amount of dust).

The quantitative composition of PGM in
tailings collected from the recovery boiler was
determined by the methods of atomic absorption
spectrometry and laser mass spectrometry. The results
exhibited showed that tailings contains (wt.%):
7.82 Pt; 1.34 Pd, 0.12 Rh [13,14]. They also contain
elements that present in the ammeonia-air mixture.

Derivatographic analysis of nitrate acid tailings
showed the occurrence of four processes in the
temperature range of 283 K to 1273 K (Fig. 2).
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Fig. 2. Derivatograms of tailings derived from a recovery boiler
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The first process is endothermic, it is associated
with the removal of physically bound water from
platinum sludge from nitrate production. This process
starts at 373 K and ends at 443 K. The weight loss is
about 3%.

The second process is exothermic. It begins at
613 K and practically ends at 693 K. In this case,
the allotropic transition of a-Fe,0, to y-Fe, O, and
their decomposition occur. This is also confirmed
by the results of X-ray analysis. The weight loss of
the tailings sample is about 1%.

The third process is exothermic, it is associated
with the burnout of carbon which begins at 873 K
and practically ends at 993 K. The weight loss of the
sludge sample is about 5%.

The fourth process is endothermic and
connected with the decomposition of PdO with the
formation of metallic palladium. This process takes
place within the temperature range of 1093—1183 K
and leads to the weight loss of about 4%.

Results and discussion

Nowadays the main utilization method of
slurries is a selective leaching of PGM with
subsequent extraction into a concentrate. The
research of slurries from recovery boiler of nitric
acid production showed that it also contains carbon
which promotes foam formation at the stage of
extraction and reduces its efficiency.

In order to solve this problem, we proposed to
calcine tailings which leads to the carbon removal
and, at the same time, provides the transformation
of hard-soluble compounds of PGM to acid-soluble
ones. Derivatographic analysis of tailings revealed
that this effect can be achieved due to the
decomposition of PGM oxides and complex salts.
The temperature range of this process is from 1093
to 1183 K. The mass loss is about 4 wt.%.

In addition, significant amount of ferromagnetic
iron in platinum-based tailings interferes with the
PGM extraction. That’s why its removal is a priority
task. Magnetic separation was proposed to be used
before calcination of PGM tailings obtained from a
recovery boiler of nitric acid production.

The results of the analysis of elemental
composition of PGM tailings derived from the
recovery boiler after magnetic separation are given
in Table 2.

The analysis of the data summarized in Table
2 allows concluding that up to 20 wt.% of
ferromagnetic iron can be removed by magnetic
separation from PGM tailings.

The influence of various technological
parameters on the calcination of PGM tailings from
recovery boiler at temperature range of 1023 to 1173 K

Table 2
Elemental composition of the tailings

Main Content, wt.%
components | Initial tailings | After magnetic separation
Pt 7.82 10.46
Pd 1.56 2.08
Rh 0.09 0.12
C 4.02 5.36
Na 1.33 1.78
Mg 0.29 0.39
Al 8.57 11.43
Si 13.24 17.65
K 0.66 0.88
Ca 0.40 0.53
Ti 2.21 2.95
Cr 8.51 11.35
Mn 0.60 0.80
Fe 42.79 23.32
Ni 3.35 4.47
Table 3
Influence of technological parameters on the tailings
calcination
Time, Loss of the tailings, wt.%
min | 023K | 1073K | 1123K | 1173K
15 6.340 7.05 7.140 7.190
30 7.010 7.68 7.960 8.040
60 7.864 7.89 9.020 9.020
90 7.867 7.892 9.024 9.022
120 7.871 7.896 9.026 9.026
150 7.872 7.897 9.026 9.026

is shown in Table 3.

The obtained data on weight loss indicates that
the rate of the calcination is enough at temperature
of 1123 K. The rate increases with increasing the
temperature and the process ends at 1273 K. It is
shown in Table 3 that the largest weight loss of the
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Fig. 3. Influence of calcination duration on carbon weight loss

at 1123 K
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Fig. 4. X-ray pattern of calcinated tailings derived from a recovery boiler

tailings is up to 9 wt. % at 1123 K during 60 min. It
has been found out that an increase of calcination
duration leads to an increase of carbon weight loss.
After 60 min. of the treatment, it significantly reduces
up to 1.34 wt.% (Fig. 3).

The results of the investigation of the phase
composition of calcinated samples of PMG tailings
showed that they contain the following compounds:
Al,O,, Si0,, Fe,0,, Al,O,, TiO,, Pt, Pd and others
(Fig. 4). X-ray structural analysis of calcinated
samples of PMG tailings from recovery boiler of
nitric acid production exhibited that palladium oxide
decompose and carbon burns out during the
calcination.

It was also found that the calcination promotes
cracking of PMG and extracting them from tailings.
The composition of PMG in tailings was determined
by atomic absorption spectrometry as follows (wt.%):
13.48 Pt, 3.56 Pd and 0.28 Rh.

Thus, the rational conditions of calcination
process of PMG tailings have been determined. The
temperature range of 1073—1173 K was chosen
because platinum group metals are converted into
acid-soluble form at these temperatures. The optimal
duration of the calcination is 60 min. Its increase
does not lead to essential growth of carbon mass
loss.

Conclusions

Tailings obtained by cleaning surfaces of
equipment located after the ammonia oxidation
reactor contains 7.82 wt.% of Pt, 1.34 wt.% of Pd
and 0.12 wt.% of Rh. The qualitative and quantitative
composition of platinum-based tailings may vary
depending on the composition of the platinum nets
and on their lifetime. Additional stages of platinum-
based tailings processing have been proposed. They
are magnetic separation and carbon calcination. They
allow achieving a high degree of platinum group
metals extraction from these slurries. The main

features and quantitative dependencies of this process
were determined. These findings allow improving
the process of PMG extracting from the slurries of
the production of nitric acid.
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JOCHIIZKEHHSA INTATUHOBMICHOT'O LIUIAMY 3
KOTJIA-YTUJI3ATOPA BUPOBHUIITBA HITPATHOI
KHCJOTH TA ¥IOT'O IIATOTOBKA IO BUTYYEHHA
METAJIIB IIJIATUHOBOI I'PYIIN

C.I. Agina, O.4. Jloboiixo, H.b. Mapxosa, O.JI. Cinueckya,
LB. bazposa

B daniti po6omi docaidicero emicm naamuroemicHoeo wina-
MY, KUl 310panull 3 Komaa-ymuaizamopa eupooHuymea Himpam-
HOI Kucriomu ma mnpoyec 1020 Gunany 3 mMemoro y00CKOHANeHHS
MEXHOA02II GUAYHEHHA MEeMAnie NAAMUHOBOI epynuU Y KOHUEeHmMpam.
3a pezyrvmamamu paxuyitinoeo ananizy nokazano, wo 81,6% naa-
MuUHOBMICHO20 wiramy mae po3mip gpaxuit <0,1 mm. Pezysvmamu
00CAi0NCeHb PeHM2EHOCMPYKMYPHO2O MA AA3EPHO20 MAC-CHEKMPans-
H020 aHanizy ceiduame npo me, w0 6 NAAMUHOBMICHOMY WAAMI
micmumocs (mac.%): 7,82 naamunu; 1,56 nasadirn; 0,09 podin, a
MaKodc maki peuosunu K gyaneyb ma gepomacnimue 3anizo. Ilo-
Ka3aHo, w0 MazHimua cenapauis Sk nideomosua cmaois 0036045€
sunyuumu npubausno 20 mac. % gepomacHimno2o 3aniza i3 naamu-
HOBMICHO20 wiaamy eupobruymea nimpamuoi kucaomu. Jocaionce-
HO 6NAUG DIZHOMAHIMHUX MEXHON0IYHUX Napamempie Ha npouec
BUNANY WAAMY HIMPAMHO20 BUPOOHUUMBA @ MeMNepamypHoMy
inmepeani 6id 1023 do 1173 K. BcmanoeneHo, wjo Hatibinbuia émpama
eaeu waamy npu memnepamypi 1123 K ma uacy eunasy 60 xe
cmanosums 0ausvko 9 mac. % Penmeenopazosuii ananiz eunanseno-
20 3pa3Ka NAAMUHOBMICHO20 WAAMY BUPOOHULMEA HIMPAMHOI KuC-
Aomu niomeepous, w0 Npu UNANIOBAHHI PO3KAAOAEMbCA OKCUO
nanadiro i eunanoemocs gyeneysb. Bmpama macu gyaneyto npu mep-
Mmiurnomy 06pobnenni npomseom 60 xeuaun ckaadae 1,34 mac.%. B
pezyasmami 00cAioxceHb 8UABACHO, WO 6 npoyeci gunary 6iooy-
BAEMbCA «POKPUMMS> NAAMUHOIOI8, W0 NOAINUYE Npoyec 8Uny-
YeHHs Memanie NAAMuUHO80I epynu i3 N1aMUHOBMICHO20 WAAMY U~
POOHUYMEa HIMpPamHoi Kuciomu.

KimouoBi ciioBa: MeTa TUIaTUHOBOI TPYITH, KaTalizaTop,
HiTpaTHa KMCJIOTa, aMiak, OKUCHEHHSI, 1IJIaM, TEXHOJIOTIsI.
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The paper deals with the characterization of platinum-based
tailings derived from a recovery boiler of the production of nitric
acid. The composition of the tailings was determined and the
calcination process was investigated in order to improve the extraction
of platinum group metals (PGM) into concentrate. According to the
results of the research, the size of the majority (81.6%) of particles
of the tailings is less than 0.1 mm. The results of X-ray diffraction
and laser mass-spectral analyses indicate that the tailings contain
7.82 wt.% of platinum, 1.56 wt.% of palladium and 0.09 wt.% of
rhodium. It also contains carbon and ferromagnetic iron. It is shown
that magnetic separation used as a preparatory stage allows extracting
about 20 wt. % of ferromagnetic iron from platinum-based tailings of
nitric acid production. The influence of various technological
parameters on calcination of PGM tailings from recovery boiler was
investigated in the temperature range of 1023 to 1173 K. The largest
mass loss of the tailings is up to 9 wt. % at 1123 K during 60 min of
calcination. X-ray structural analysis of calcinated samples of PMG
tailings from recovery boiler of nitric acid production revealed that
palladium oxide decomposes and carbon is burned out in the course
of calcination. The mass loss of carbon is 1.34 wt. % during 60 min
of the heat treatment. It was found out that calcination leads to
cracking of PGM which improves extracting process of platinum-
based tailings of nitric acid production.

Keywords: platinum group metals; catalyst; nitric acid;
ammonia; oxidation; slurry; technology.
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