
107

Research into platinum-based tailings derived from a recovery boiler of the production of nitric acid and its
preparation for the extraction of platinum group metals

ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2018, No. 6, pp. 107-112

© S.². Avina, Î.Y. Loboyko, N.B. Ìàrkova, O.L. Sincheskul, I.V. Bahrova, 2018

UDC 661.566: 66.097.3:669.054.8

S.². Avina, Î.Y. Loboyko, N.B. Ìàrkova, O.L. Sincheskul, I.V. Bahrova

RESEARCH INTO PLATINUM-BASED TAILINGS DERIVED FROM A RECOVERY
BOILER OF THE PRODUCTION OF NITRIC ACID AND ITS PREPARATION FOR THE

EXTRACTION OF PLATINUM GROUP METALS

National Technical University «Kharkiv Polytechnic Institute», Kharkiv, Ukraine

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.

DOI: 10.32434/0321-4095-2018-121-6-107-112

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 Al2O3 [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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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 105–1100Ñ 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: Al2O3,·SiO2,
Fe2O3, SiO2, TiO2, 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 ammonia-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).

Fig. 2. Derivatograms of tailings derived from a recovery boiler

Fig. 1. X-ray pattern of the 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 -Fe2O3 to -Fe2O3 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

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

Content, wt.% Main 

components Initial tailings After magnetic separation 

Рt 7.82 10.46 

Рd 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 

Ті 2.21 2.95 

Cr 8.51 11.35 

Mn 0.60 0.80 

Fe 42.79 23.32 

Ni 3.35 4.47 

Сu 0.63 0.84 

Table  2

Elemental composition of the tailings

Table  3

Influence of technological parameters on the tailings
calcination

Loss of the tailings, wt.% Time, 

min 1023 К 1073 К 1123 К 1173 К 

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 

 

Fig. 3. Influence of calcination duration on carbon weight loss

at 1123 K
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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:
Al2O3, SiO2, Fe2O3, Al2O3, TiO2, 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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ÄÎÑË²ÄÆÅÍÍß ÏËÀÒÈÍÎÂÌ²ÑÍÎÃÎ ØËÀÌÓ Ç
ÊÎÒËÀ-ÓÒÈË²ÇÀÒÎÐÀ ÂÈÐÎÁÍÈÖÒÂÀ Í²ÒÐÀÒÍÎ¯
ÊÈÑËÎÒÈ ÒÀ ÉÎÃÎ Ï²ÄÃÎÒÎÂÊÀ ÄÎ ÂÈËÓ×ÅÍÍß
ÌÅÒÀË²Â ÏËÀÒÈÍÎÂÎ¯ ÃÐÓÏÈ

Ñ.². Àâ³íà, Î.ß. Ëîáîéêî, Í.Á. Ìàðêîâà, Î.Ë. Ñ³í÷åñêóë,
².Â. Áàãðîâà

Â äàí³é ðîáîò³ äîñë³äæåíî âì³ñò ïëàòèíîâì³ñíîãî øëà-
ìó, ÿêèé ç³áðàíèé ç êîòëà-óòèë³çàòîðà âèðîáíèöòâà í³òðàò-
íî¿ êèñëîòè òà ïðîöåñ éîãî âèïàëó ç ìåòîþ óäîñêîíàëåííÿ
òåõíîëîã³¿ âèëó÷åííÿ ìåòàë³â ïëàòèíîâî¿ ãðóïè ó êîíöåíòðàò.
Çà ðåçóëüòàòàìè ôðàêö³éíîãî àíàë³çó ïîêàçàíî, ùî 81,6% ïëà-
òèíîâì³ñíîãî øëàìó ìàº ðîçì³ð ôðàêö³é <0,1 ìì. Ðåçóëüòàòè
äîñë³äæåíü ðåíòãåíîñòðóêòóðíîãî òà ëàçåðíîãî ìàñ-ñïåêòðàëü-
íîãî àíàë³çó ñâ³ä÷àòü ïðî òå, ùî â ïëàòèíîâì³ñíîìó øëàì³
ì³ñòèòüñÿ (ìàñ.%): 7,82 ïëàòèíè; 1,56 ïàëàä³þ; 0,09 ðîä³þ, à
òàêîæ òàê³ ðå÷îâèíè ÿê âóãëåöü òà ôåðîìàãí³òíå çàë³çî. Ïî-
êàçàíî, ùî ìàãí³òíà ñåïàðàö³ÿ ÿê ï³äãîòîâ÷à ñòàä³ÿ äîçâîëÿº
âèëó÷èòè ïðèáëèçíî 20 ìàñ.% ôåðîìàãí³òíîãî çàë³çà ³ç ïëàòè-
íîâì³ñíîãî øëàìó âèðîáíèöòâà í³òðàòíî¿ êèñëîòè. Äîñë³äæå-
íî âïëèâ ð³çíîìàí³òíèõ òåõíîëîã³÷íèõ ïàðàìåòð³â íà ïðîöåñ
âèïàëó øëàìó í³òðàòíîãî âèðîáíèöòâà â òåìïåðàòóðíîìó
³íòåðâàë³ â³ä 1023 äî 1173 Ê. Âñòàíîâëåíî, ùî íàéá³ëüøà âòðàòà
âàãè øëàìó ïðè òåìïåðàòóð³ 1123 Ê òà ÷àñó âèïàëó 60 õâ
ñòàíîâèòü áëèçüêî 9 ìàñ.% Ðåíòãåíîôàçîâèé àíàë³ç âèïàëåíî-
ãî çðàçêà ïëàòèíîâì³ñíîãî øëàìó âèðîáíèöòâà í³òðàòíî¿ êèñ-
ëîòè ï³äòâåðäèâ, ùî ïðè âèïàëþâàíí³ ðîçêëàäàºòüñÿ îêñèä
ïàëàä³þ ³ âèïàëþºòüñÿ âóãëåöü. Âòðàòà ìàñè âóãëåöþ ïðè òåð-
ì³÷íîìó îáðîáëåíí³ ïðîòÿãîì 60 õâèëèí ñêëàäàº 1,34 ìàñ.%. Â
ðåçóëüòàò³ äîñë³äæåíü âèÿâëåíî, ùî â ïðîöåñ³ âèïàëó â³äáó-
âàºòüñÿ «ðîçêðèòòÿ» ïëàòèíî¿ä³â, ùî ïîë³ïøóº ïðîöåñ âèëó-
÷åííÿ ìåòàë³â ïëàòèíîâî¿ ãðóïè ³ç ïëàòèíîâì³ñíîãî øëàìó âè-
ðîáíèöòâà í³òðàòíî¿ êèñëîòè.

Êëþ÷îâ³ ñëîâà: ìåòàëè ïëàòèíîâî¿ ãðóïè, êàòàë³çàòîð,
í³òðàòíà êèñëîòà, àì³àê, îêèñíåííÿ, øëàì,  òåõíîëîã³ÿ.
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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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