DOI: 10.2478/eces-2026-0015 ECOL CHEM ENG S. 282@):273-285

Kalkaman ZHUMASHEV, Zhansaule ALTYBAYEVA, Akmaral SERIKBAYEVA®
Assiya BORANBAYEVA?, Shynar BAIMUKASHEVA, Aibala NAREMBEKOVA®
Feruza BERDIKULOVA, Arman MAULESHEV and Tugelbai KENBAEY

PURIFICATION AND THERMOCHEMICAL CONVERSION
OF AMMONIUM SULPHATE: A PATHWAY
TO SUSTAINABLE WASTE RECYCLING

Abstract: Ammonium sulphate produced as a by-product of dblee-chemical process at JSC “QARMET”
(Kazakhstan) contains impurities such as tarry tsuces and pyridine-based sulphates. These ingmiGause
adverse effects, including strong odour, cakingl atypical appearance, while pyridine sulphates aisrease
acidity (pH < 5). This study investigates the puoédfion of substandard ammonium sulphate to expgénd
potential applications. Mechanisms for producingnptex fertilisers from the purified product wereaexined.
The results provide a fundamental theoretical authriological basis for developing new productiaredi for
chemical products, including compound fertilis@isermochemical interactions between potassium catiecand
molten ammonium bisulphate were studied. It wasdothat at equimolar ratios of 2 NHSO, to K,CO;s,
ammonium potassium sulphate (M$O,) forms in the temperature range of (157-260) °Gova 260 °C,
potassium sulphate and ammonium sulphate are peddwdgth concurrent pyrolysis of ammonium sulphtate
ammonium bisulphate and ammonia. Upon cooling,ouaridouble bisulphates form, depending on the wftio
potassium sulphate to ammonium bisulphate.

Keywords: waste recycling, obtaining complex fertilisers,raomium sulphate, potassium carbonate, melt

Introduction

In the Republic of Kazakhstan, despite the avditgbof a substantial raw material
base, a large amount of industrial waste and watselby-products are generated, while the
chemical industry remains insufficiently developékhe required volume of chemical
products is imported from other countries such hes Russian Federation, China, and
Uzbekistan. This dependence acts as a constraiaatgr for the development of various

! «Innovation» LLP, 5/2 Tattimbet Str., Karagand#)0a00, Kazakhstan, email: innovaciya_zh@mail.ru,
ORCID: 0000-0002-8577-9417

2 Caspian University of Technology and Engineerirgmad after Sh. Yessenov, 32 microdistrict, Aktau,
130000, Kazakhstan, email: zhahsaule.altybayevag@yikz, akmaral.serikbayeva@yu.edu.kz,
assiya.boranbayeva@yu.edu.kzshynar.baimukasheva@yu.edu.kz, ORCID: ZA 0000-0®024-2157,
AS 0000-0001-8030-8934, AB 0000-0002-0592-37820880-0002-9268-5363

% Karaganda Technical University named after A. Bagi 56 Nursultan Nazarbayev Ave., Karaganda, 10000
Kazakhstan, email: cpk-kru@mail.ru, ORCID: 000@2®066-6564

4 RSE «National Centre for Complex Processing of évih Raw Materials of the Republic of Kazakhstan»,
67 Zhandosov Str., Almaty, 050000, Kazakhstan, kemlaeruza_b@mail.ru ORCID: 0000-0002-3505-4346

5 «KazAzot» JSC, Industrial zone 6, Building No 150ktau, 130000, Kazakhstan, email:
A.mauleshev@kazazot.kz, Tkenbayev@mail.ru, OR@IK:0000-0001-5020-1298, TK 0000-0002-4969-095X
" Corresponding author: akmaral.serikbayeva@yu.edu.k



274 K. Zhumasheyv, Z. Altybayeva, A. Serikbayeva, A. &drayeva, S. Baimukasheva, A. Narembekova, et al.

technological processes in the chemical industy agriculture. At the same time, many
waste and by-products from metallurgical entergrisentain valuable components and
may serve as secondary raw materials for the ptmdumf commercially valuable
products. However, such materials often remainilised due to quality limitations or the
absence of appropriate processing technologies [1].

One such by-products is technical-grade ammoniunphate generated during
coke-chemical production at JSC “ArcelorMittal Tetau” (currently JSC “QARMET").
This product does not meet the requirements ofdlevant GOST standards and cannot be
directly used as a fertiliser [2]. The effectivalisation of these wastes as a source of
ammonia requires purification from organic contaamits, the presence of tarry substance
and pyridine bases, which is both a necessary actthically complex process [3]. For
these reasons, the manufacturer has faced diféisutt marketing this by-product.

The purification of technical-grade ammonium sutghaims not only to improve its
quality but also to expand its potential applicasicincluding the production of high-purity
salts and its usage in the pharmaceutical andrefécs industries. Purification methods
can generally be classified into physicochemidatyinal, chemical, and membrane-based
approaches [4, 5].

The most widely used purification approach is baseddifferences in solubility
between impurities and the main salt. Ammonium Isalp is dissolved in water, followed
by filtration and controlled cooling to precipitate pure product. Recrystallisation can
significantly reduce the concentration of solubhepurities. However, it is ineffective
method for the removal of volatile and organic emnmihants [6-8]. Consequently [9], this
method is mainly applied as a preliminary purificatstep, particularly for the removal of
mechanical inclusions, carbonaceous particles, iasdluble impurities, and is often
combined with the use of coagulants. Upon heatamgmonium sulphate partially loses
ammonia and water, leading to the formation of sdaoy compounds. However, thermal
decomposition begins at temperatures above 25080 “C, which limits the applicability
of this approach. Thermal drying can be effectioe the removal of volatile organic
impurities [10].

Chemical purification methods are employed to radise acidic or alkaline impurities
and to oxidise or reduce specific contaminants. Ewample, hydrogen peroxide or
potassium permanganate can be used to oxidise ioriapurities, resulting in improved
colour and odour of the product. In addition, ppéeiing agents such as sodium hydroxide
or sodium sulphide are applied to remove heavy Inmvegaurities from ammonium sulphate
solutions [11].

Advanced methods capable of achieving a high degfeproduct purity include
ion-exchange and membrane-based technologies.xldrarge resins are commonly used
to remove iron, copper [12], and zinc ions, whiévarse osmosis and nanofiltration are
applied to concentrate solutions and eliminate o@lecular-weight impurities. Despite
their effectiveness, these methods are often ldritg high capital costs and relatively low
throughput, which restricts their large-scale indakapplication.

Biological purification methods are rarely employedindustrial practice; however,
they may be applied at the wastewater treatmergestduring ammonium sulphate
production from gas emissions to remove organictamoimants (e.g., from flue gas
desulphurisation units) [13].

The available literature emphasises that selectbran appropriate purification
strategy should be based on the initial compositbrthe technical-grade ammonium
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sulphate. For example, ammonium sulphate obtairmed €aprolactam production typically
contains predominantly organic impurities, wherdasn coke-chemical processes are
mainly contaminated with volatile and sulphur-camtzay compounds. Combined
purification schemes incorporating filtration, cheah neutralisation, and recrystallisation
stages have been shown to provide the most eféeiults, enabling purity levels of 99 %
or higher to be achieved.

Thus, the purification of technical-grade ammonismfiphate is a multistage process,
the choice of which is determined by the naturéhefimpurities and the requirements for
the final product. Conventional approaches, incigdirecrystallisation or resin-based
purification, are often associated with high energynsumption or reagent usage.
Therefore, the development of simpler and more-efisttive methods remains a relevant
and important research objective.

One promising application involves the synthesisald@li and alkaline earth metal
carbonates, which allows for the simultaneoussatiion of ammonium sulphate - such as
that generated as a by-product of caprolactam ptamuor flue gas treatment - while
producing valuable carbonate materials for indakand environmental applications.

The processing of ammonium sulphate to obtain mraiaable compounds, such as
ammonium carbonate ((NHCG;), is of interest from the perspective of resowffecient
utilisation and secondary recycling of chemicalusily waste. Various approaches have
been proposed for the synthesis of complex commurased on ammonium sulphate.
In general, carbonate formation involves the irdéom of ammonium sulphate with alkali
metal carbonates or bicarbonates fB&;, K,COs), alkaline earth metal carbonates
(CaCQ, MgCQ;), or with gaseous CCand ammonia solutions [14, 15]. Possible reactions
include:

with calcium carbonate:

(NH,),SO,+ CaCQ — CaSQ| + 2NH;t + CO,1 + H,O or

2NH;1+CO,1+H,0 — (NH.).COs (condensate) Q)

In agueous systems, the reaction typically inifiedé temperatures above 50 °C, and
the reaction rate increases with enhanced evaporati the ammonia-water azeotropic
mixture. It is well established that ammonium cardte ((NH),CO;) decomposes at
temperatures above 60 °C, releasing ammonia, cadioride, and water vapour.
As a result, precise control of temperature andqune is required to obtain the target
product in a stable form [16]. Despite its feadtil this process is characterised by
considerable technological complexity and high gne&onsumption.

According to [17], reactions between ammonium saiphand calcite (CaGpare
thermodynamically feasible at relatively low temgteres of (60-70) °C, particularly in the
presence of moisture. Under these conditions, armumooarbonates are formed and can be
recovered by reducing temperature or solution catnagon. Such reaction pathways are
often considered in the context of agroecosystemietfing and CQ capture technologies.

The authors [18] also reported the possibility eaating ammonium sulphate with
solutions saturated with ammonia and carbon dioxiitein the framework of the urea
cycle:

2(NH,),SO,+ 2C0; + 4NH; + 2H,0 — 2(NH,),CO; + 2(NH)HSO, )

This approach requires the use of high-pressuretaesa and precise pH control.
In industrial practise, this process is applieddf, absorption technologies based on
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ammonia solutions, followed by the precipitation ahmonium carbonate, which also
enables the utilisation of greenhouse gases [19].

However, it should be noted that a significant tsbif the equilibrium toward the
right-hand side of reaction [18], resulting in thEble coexistence of both products, is
unlikely. This is because both compounds are rgaljldrolysed, while one exhibits
a pronounced alkaline character and the other septe an acidic ammonium bisulphate
species.

Ammonium sulphate is also actively used in readtiaith magnesium carbonate to
produce magnesium-containing carbonate compounds:

(NH,),S0; + MgCO; — MgSQ; + 2NH; + CO; + H,0 ®)

Conducting such reactions in an aqueous mediumruocoetrolled pH conditions
enables the production of basic magnesium carbghaiacluding magnesite,
hydromagnesite, and related phases, which aretefeist in pharmaceuticals, particularly
as antacid materials [20].

An alternative route for synthesising ammonium oadie from ammonium sulphate
involves its reaction with alkali metal carbonat@da,CO;, K,COs), during which
ammonium carbonate is displaced into the solutiogas phase. These reactions can be
carried out in aqueous media under controlled teatpee and stirring conditions. In
addition, incomplete carbonation has been repoitetesult in the formation of double
salts, such as NJHHICOs: (NH,),S0O, [21, 22].

It is also possible to obtain rare earth metal cagbes from their sulphate solutions by
adding ammonium carbonate derived from (NBHO, This approach is applied in the
processing and separation of lanthanides [12].

A comparison of the results reported [18, 21, 2%jeals that the investigated reaction
are essentially identical and lead to the formatioh the same double salt
NH4HCO;: (NH,),SO, as a common product.

Materials and methods

Experimental procedure

The industrial prototype was designed for a rawemalt processing capacity of 8 t/day
and consisted of the following technological units:

1. A homogeniser for crushing and disintegrating lumgusions to facilitate the release
of tarry substances;

2. A custom-manufactured flotation machine with a charmvolume of 0.08

3. Adecanter and a Nutsch filter complete with a wewistation and receiver;

4. A drying drum, 400 mm in diameter and 2000 mm ingté, heated in two modes:
by transferring thermal energy through the drumlsvaking a gas burner, and by
an electric air heater.

The dosing unit was equipped with a bottom slid gallowing controlled discharge
of the material. The initial ammonium sulphate skngwllected from the storage surface
exhibited a greyish colouration and contained aggl@ted lumps.

For homogenisation, 50 L of a pre-prepared satdratamonium sulphate brine and
50 mL of a 25 % aqueous ammonia solution were diuted into the homogeniser, the
amount of ammonia solution calculated to displagédme bases (approximately 100 mL
in total).
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The mixing was performed at a stirrer speed of 3088, with the residence time
varied between (5 and 15) minutes in the preseficeolad lumps up to approximately
40 mm in size. The results indicated that a mixinge of (5-10) minutes was sufficient for
complete homogenisation, as no lumps were deteatedhe sieve. The homogenised
suspension was then discharged by gravity intofititation machine positioned directly
below via a ball valve.

The purification of the crude product was carried m the flotation machine with
a volume of 0.08 m3, custom-manufactured at a plahe optimal air supply rate,
determined using rotameter measurements and éssaissment of foam formation, was
found to be 5 L/s. The flotation process was cotetlidor (7-10) min. Once complete
separation of the foam-resin fraction was achietie,contents of the flotation machine
were discharged into a decanter through the lowamndvalve. During decantation, the
supernatant solution containing residual resingupurities remained above the crystal
layer and was removed without passing through thied sphase, thereby preventing
secondary contamination of the purified crystals.

The concentration of residual impurities in thecglating solution was sufficiently low
to allow its reuse in the process without prelimynfiltration. Periodically, the solution was
purified using a Nutsch filter.

After 10 minutes of decantation, the moisture contef the crystals was
approximately 15.7 %. The wet crystals were tramséeinto the hopper of a rotary drum
dryer using a crane. The hopper was equipped wsthrew feeder (auger) that delivered the
material directly into the rotating drum. To sinfplthe design, the screw was fixed to the
drum, allowing both components to rotate synchrehpat the same speed using a single
drive motor. The drum tilt angle and rotation speeefe kept to a minimum 2° and
12 rpm, respectively. Drying was periodically imtgyted, as a residence time shorter than
45 min resulted in the discharge of wet, non-flegiing material. The installed capacity of
the dryer was approximately 38 kg/h. Consequettily,daily output of the unit was about
912 kg/day, which constituted the limiting factorder the test conditions. The temperature
of the material at the dryer outlet was approxinyaf& °C.

Physicochemical analysis

As a fundamental basis for obtaining new compowiaed at expanding the scope of
ammonium sulphate applications, a physicochemicalyais of several chemical reactions
involving ammonium sulphate was performed.

Thermal analysis of the reaction mixtures was peréal using a Q-1000 D
derivatograph, F. Paulik, J. Paulik, L. Erdey spstemanufactured by the Hungarian
company MOM (Magyar Optikai Muvek). This instrumestables simultaneous recording
of thermogravimetric (TG), differential thermal (B, and differential thermogravimetric
(DTG) signals, providing comprehensive information the thermal behaviour of the
investigated substances.

Experimental conditions:

Heating mode: dynamic, with a constant rate;

Heating rate: 10 °C/min;

Sample mass: 450 mg;

Reference substance: calcined aluminium oxide (ADs);

Atmosphere: inert argon;

Temperature range: up to 350 °C, followed by cooling to 50 °C.
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The reaction mixtures were prepared in two ratdt$;HSO, : K,CO;=1:1and 2: 1.
Prior to analysis, each sample was placed in atzjeancible identical to that containing
the reference material. During heating, therma¢aff associated with phase transitions,
dehydration, thermal decomposition, or interactibasveen the mixture components were
recorded.

The DTA data were interpreted based on the shapsetaemperature, and peak
temperature of the effects, as well as by compattiegn with mass losses recorded in the
TG curves. Exothermic processes (e.g. crystalisatir oxidation) were presented as
upward peaks, whereas endothermic processes (mettehydration or decomposition)
appeared as downward peaks [12, 23].

Results and discussion

Research on the purification of ammonium sulphate

This paper presents the results of a study on tnéfigation of technical-grade
ammonium sulphate (AS) obtained from the coke chtwniproduction of JSC
“QARMET”". The work was carried out under industripfototype conditions at LLP
“Innovation”, with the participation of several tife authors. The initial sample from JSC
“QARMET” was contaminated with heavy tars and piyr@bases, exhibited a dark colour
with reddish inclusions, and had an unpleasant o¢fig. 1).

Fig. 1. Storage conditions of ammonium sulphatesamples of tarry inclusions (red)
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The process flow diagram for processing impure amom sulphate and obtaining
the commercial product is shown in Figure 2.

Technical ammonium sulphate

f

Crushing and grinding in a homogeniser

A

Purification in a flotation machine

Y 9

Settling, decantation in a decanter,

filtration

Wet crystals of ammonium
sulphate

v
Drying
¥

Ammonium sulphate
(commercial product)

Saturated solution

Fig. 2. Process flow diagram for the productio@imercial ammonium sulphate

Table 1
The main indicators of purified ammonium sulphate

Parameter Value
Mass fraction of nitrogen [%] 21

Mass fraction of water [%], not more than 0.2
Mass fraction of free sulphuric acid [%)], not mtinan 0.03

Friability [%] 100
Mass fraction of insoluble impurities [%)] 0.02
Appearance (white) white to grey

Preliminary extraction tests conducted using a fatooy flotation machine
demonstrated the feasibility of separating resingubstances. The red coatings and
characteristic odour of pyridine compounds werenglated after displacing the pyridine
bases by saturating the solution with an equivaEmbount of ammonia, which was
subsequently removed and captured during the distange of the wet purified product.
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During the trials, approximately 2,400 kg of comniak-grade ammonium sulphate

was produced, fully complying with all GOST stardiaf24, 25] (Table 1).

The main optimal parameters of the ammonium hatkp purification technology

at the coke-chemical plant of JSC “ArcelorMittalriiietau” (Table 2).

Table 2

Optimal parameters of the ammonium sulphate patific technology at the coke-chemical plant

No. Process name Process duration [min] Plant capég[kg/h]
1 Homogenisation 10 200
2 Flotation 10 200
3 Decantation 10 200
4 Brine filtration 15 (batch) 200 and above
5 Drying 79 38

As shown in Table 2, the most limiting stage in thecess is drying. Therefore, to
increase productivity to 200 kg/h (4.8 t/day), afethe possible optimisation strategies
should be implemented. For drying, to use of indaky proven drying units is
recommended to ensure efficient utilisation of thelrenergy.

The potential for using ammonium sulphate to syntheise more valuable compounds

As illustrated in Figure 3, the overall shape o IBTA curves differs for the two
mixtures. For a 1 : 1 ratio of the initial compotgra single broad and shallow endothermic
effect is observed in the temperature range of®1 350 °C. In contrast, for the 2 : 1 ratio,
this endothermic effect is more gradual up to 285 With the curve nearly parallel to the
abscissa. It then rises to 250 °C and, in the 250350 °C range, transitions into a second,
more pronounced endothermic effect characterisficammonium sulphate pyrolysis
(Fig. 3a).

For the 1 + 1 mixture, the TG curve indicates asriass of 0.69 % of the batch mass
up to approximately 210 °C. In the 2 + 1 mixturglg gas evolution occurs between
170 °C - 235 °C, remaining minimal. Above 235 °@e formation of gaseous products
accelerates, the DTA curve enters the endotheregiomn, and the TG curve exhibits
a sharp drop, indicating endothermic decompositibimese observations correspond to
conditions of high instrument sensitivity and snsimple mass (20 mg), where the onset
of ammonium sulphate pyrolysis is detected at sefomperature than under the opposite
conditions (Fig. 3b).

For mixtures with equal component ratios, thermedtiment up to 350 °C followed by
cooling results in gas release of 7.8 % in the fiese and 10 % of the corresponding batch
mass in the second case. In both reaction mixtumely, 1 mole of KCO; is present;
therefore, the relative increase in mass loss soaated with the higher content of
NH:HSQ.. How does the consumption of this component atfeetyield of condensed and
gaseous phases? For a 2 + 1 charge compositiothébeetical mass loss expected from
CG:; evolution alone during the initial interaction gais 10.87 %. As observed in the TG
curve (Fig. 3), the total mass loss at 350 °C 39 36, with gas evolution continuing during
cooling until the temperature reaches 255 °C. Botassium carbonate is relatively stable
and does not decompose at these temperatures imbf®nce of ammonium bisulphate,
which is a strongly acidic polar compound capalbliateraction.
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Fig. 3. Derivatograms of the mixtureg:NHsHSO, + K,CO3 = 1 + 1; b) NI,HSO, + K.CO3=2 + 1
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The results of comparing the thermodynamic proltasl of a series of proposed
sequential reactions are presented in Table 3.

As shown in Table 3, the formation of a double batp via Reaction 1 is the most
thermodynamically favourable. In both mixtures,sthieaction predominates; however,
at a reactant ratio of 1 + 1, approximately 50 %ofassium carbonate remains in excess.
Only after the acidic salt appears as molten amumrbisulphate via Reaction 3 can the
residual potassium carbonate undergo secondamadtiien according to Reaction 5, which
occurs at temperatures above 250 °C.

Table 3
Results of the analysis of the proposed reactions
Enthalpy, Snlg?s Entropy,
No. Chemical reaction equations T[°C] AH>gg AG 9y ASye8
i -1 298 . -1, =1
[kJ-mol™] [kJ- mol [J-mol™ K™
1 | PNHASQr IGCORHKSOH O | 1200|346 1034 2315
2
2 2NH4KSO, =(NH4),SO+K,SOy 101.0 —27.9 —-8.4 —74.5
3 (NH,)2SQO; = NHHSO, + NHs 255.0 113.6 49.9 215.0
2NH/HS O+ KoCO3= K;SOp+ NHHSO, +
4 NHa+ H,0 + CO, 288.0 51.1 —61.9 -91.0
5 |NHHSO+ KoCOs= NH5+K,SOi+ H,O + CO,|  26.0 111.1 —61.6 372.0

In [27-29], in their calculations, due to the alsepf thermodynamic data for complex
compounds in reference sources, the correspondingtibns were estimated using the
ionic increments method, as summarised in Table 4.

Table 4
Thermodynamic functions of compounds included end¢hemical reaction equations, were determined

based on reference data and estimated using titamonements method [26-28]

Compound AH 298 [kJ-mol™] AGass [kJ-mol™] ASess [J-mol™ K™
NH,KSO, -1292.9 —1104.0 235.1
NH;KCO;3 —1060.2 —858.3 160.9

NH/K(HSQOy), —2159.2 -1871.2 472.9
(NH,),KHS,Oq —2313.1 - 477.5
NH/HSO, [26-28] —1020.2 —834.7 242.4
NH/HCO; [26-28] —823.5 — 666.6 209.4
H,0(g) [26-28] 241.8 2286 188.7
NHa(g) [26-28] —46.2 ~16.7 1926
(NH.),SQy(cryst.) [26-28] ~1180.0 —901.3 220.0
HSO, [26-28] —887.8 —755.2 128.0
SOZ [26-28] ~909.3 —744.0 18.2
NH,*[26-28] -132.4 —79.5 114.4
CO,(g) [26-28] —3935 —394.4 2137
K,SOy(cryst.) [26-28] 14337 _1316.4 175.7
KHSQy(cryst.) —1139.0 1036.5 2305
K,COs(Cryst.) [26-28] —1146.1 —1059.8 156.3
K*[26-28] —251.2 —281.3 102.5
CO7 [26-28] —676.6 527.6 56.0
HCO; [26-28] —691.1 —587.1 95.0
KHCOs(cryst.) —942.3 —868.4 1975
KoNH;HS,05 —2431.9 —2141.3 465.6
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In [29], the double potassium-ammonium sulphate HK8D,, was obtained, and its
thermal behaviour was analysed with holding at (3, and 580) °C. It was established
that KNH:SQO, decomposes into potassium sulphate and ammonisuipbate at 330 °C.
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Fig. 4. X-ray diffractogram of the reaction mixturH,;HSO, + K,CO3=2 + 1

In our previous studies, it was noted that moltemm@nium bisulphate, formed during
the thermal treatment and subsequently cooled, reaot again with metal sulphates
[15, 30]. This secondary interaction may lead te fbhrmation of double sulphates or
bisulphates, ammonium sulphate, or their mixtuteepending on the ratio of condensed
products from the primary reaction [15].

Mass balance calculations based on TG data (Figd8)ate incomplete interaction of
potassium carbonate under DTA conditions. In theledh condensed reaction products of
Reaction 1, XRD analysis confirms the presencéefdouble sulphate KNjSO,. This is
caused by extensive gas evolution, which promatparsition of the reaction components,
resulting in the extraction of potassium carbonatéhe surface of the molten ammonium
bisulphate. A similar phenomenon was observedactiens with potassium chloride [15],
and it has been established that K/SB, decomposes under DTA thermal treatment in the
(100-200) °C range into the corresponding consiitusulphates. Above 250 °C,
ammonium sulphate undergoes pyrolysis, releasingn@ra and forming molten
ammonium bisulphate. Upon cooling, secondary ictésas occur between the condensed
reaction products, corresponding to the onset efeihdothermic effect at 198 °C on the
DTA curve. This effect is associated with the fotima of potassium bisulphate [30] and
ammonium potassium sulphate:

NH4HSO4+ KzSO4 = KHSO4 + NH4KSO4
Conclusion

The study confirmed the effectiveness of the peaifon technology for
technical-grade ammonium sulphate derived from adi@mical production at JSC
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“QARMET” implemented using an industrial prototydeveloped by LLP “Innovation”.
The purified ammonium sulphate complies GOST statgjaxhibiting a nitrogen content
of 21 %, moistures 0.2 %, free sulphuric acig 0.03 %, insoluble impurities 0.02 %, and
friability of 100 %.

Purification was achieved through homogenisatidotafion, decantation, filtration,
and drying, effectively removing tarry substanced pyridine bases.

The drying stage was identified as the procesddneitk, limiting productivity to
38 kg/h (912 kg/day) and indicating a need for pescscale-up.

Thermochemical and thermodynamic analyses of the,H$,-K,CO; system
demonstrated the potential for secondary processitag valuable compounds, such as
carbonates and double salts. The formation of8®O. was confirmed at a 2 : 1
component ratio, with a maximum gas release of 14t 360 °C.

These results highlight both the technological ifebity of the proposed purification
method and its potential for valorising ammoniunpbate by-products into higher-value
compounds.
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