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POSSIBILITIES TO USE VERMICULITES  
FOR SORPTION CLEANING  

OF PHOSPHORUS-CONTAINING SLUDGE  
 

Abstract. The sludge reuse problem, despite significant move in this question at Novodzhambul phosphorous 
plant, remains actual. This enterprise carries out phosphorus-containing sludge reuse as follows: the sludge from 
burning department is steamed, pumped into capacity, where it is settled for phosphorus separation, which further is 
used as finished product. The sludge, remained after the separation, with sufficiently high content of phosphorus, is 
vapored under vacuum and in a free-flowing form is delivered to the burning department for return into the furnace. 
It is found that the principal mineral for vermiculites of studied fields is montmorillonite. Except the principal mine-
ral, there are kaolinite, hydrargillite, hydromica with insufficient impurities of minerals of pyrophyllite, amphibole, 
etc.  

Key words: phosphoric sludge, sorption cleaning, vermiculites, sorbents. 
 
Introduction. The main reason for formation of phosphoric sludge is high difference of polarities, 

composing a two-phase system: water (ε=81) – phosphorus (ε=3,8). At that, matters with intermediate 
value ε are adsorbed on the phase boundary, adjusting by their presence difference of the phases’ polarities 
[1-2]. The more difference of the polarities, the higher value of the adsorption forces on the phase 
boundary. Phosphoric sludge formation and stabilization occurs on the phosphorus condensation stage, at 
the moment of occurrence of the phosphorus – water phase boundary, having with free energy [3]. The 
phosphorus condensable drop growth is broken by adsorption layers, formed by emulsion stabilizers. The 
furnace gas solid mineral impurities, untrapped in electrofilters and organic substances from the phos-
phorus phase are considered as the emulsion stabilizers, able to be adsorbed on the phosphorus drop 
surface and cause its lyophilizing [4].  

Experimental part. The sludge reuse problem, despite significant move in this question at Novo-
dzhambul phosphorous plant, remains actual. This enterprise carries out phosphorus-containing sludge 
reuse as follows: the sludge from the burning department is steamed, pumped into capacity, where it is 
settled for the phosphorus separation, which further is used as finished product. The sludge, remained after 
the separation, with sufficiently high content of the phosphorus, is vapored under vacuum and in a free-
flowing form is delivered to the burning department for return into the furnace [5-7]. 

Despite significant volume of studies on the phosphorus-containing sludge reuse, there is currently no 
definite study of the sludge-formation mechanism and process solution of its reuse [8].  

To modern scientists, the sludge-formation mechanism appears as a process of high-temperature 
adsorption and capillary condensation of the phosphorus vapors by flour particles in a gas circuit, which 
begins on the phosphorus distillation stage [9-11]. 

Further, the untrapped dust in the electrofilter, passing through the gas conduit continues to interact 
with the condensable phosphorus and dispersed water and forms the phosphoric sludge. In a result, 
technogenic conglomerate – the phosphorus-containing sludge, being hardly destroyable phosphorus 
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The swollen vermiculite after cooling maintains its gained volume with very fine air interlayers 
between the mica flakes. Table 1 presents chemical composition of South Kazakhstan oblast Kulantau 
field vermiculite. The vermiculite raw material is a loose mixture, consisting of feldspars, amphiboles and 
mica, which is covered by recent sediments. Figure presents curves of the vermiculites’ DTA and DTG. 
Karatas field vermiculite DTA curve (Figure, a) is characterized by endothermic effect at 180-230°С, that 
characterizes fractional dehydration and formation of hydrargillite-bellite of polymorphic form, and soft 
exothermic effect at 800°С, that characterizes burnout of trace impurities of sulfur-containing and volatile 
compounds. Altyntas and Kulantau fields DTA curves (Figure, b, c) by analogy with the first sample are 
characterized by endothermic effects at 170-240°С, specifying processes of dehydrations, separation of 
constitution water with destruction of the crystal lattice. Further increase of temperature does not result in 
essential appearances characteristic for the burnout of volatile and carbonaceous compounds.  

Results of radiography analysis of different fields’ vermiculites showed that diffraction maximums of 
radiograms of three vermiculite samples are characterized by total kaolinite, hydrargillite and montmo-
rillonite content. This is evidenced by the presence of diffraction values of maximums of montmorillo- 
nite – 6,30; 4,47; 2,60; kaolinite – 7,14; 2,62; 2,33; 2,55; hydrargillite – 2,37; 2,02; 1,79. 

Results of elementwise composition and electronic image of the microstructure [4] of the vermi-
culites showed that Kulantau field vermiculite studied sample contains minerals of groups of mont-
morillonite, hydromica, kaolinite. These minerals are characterized by high ductility, ability to cation 
exchange and sorption properties. Analysis of the vermiculites’ elementwise and weight composition is 
characterized by high concentration in %: oxygen – 56,88, silicon – 24,79, aluminum – 6,56, calcium – 
6,15, etc.  

Conclusion. Modern analysis methods defined physical-chemical characteristics of Karatas – 
Altyntas and Kulantau fields’ vermiculites. Basic compounds and minerals, consisting raw feed stocks, 
were identified by XRF, DTA, REM methods and chemical analyses.  

It is found that the principal mineral for the studied fields’ vermiculites is montmorillonite. Except 
the principal mineral, there are kaolinite, hydrargillite, hydromica with insufficient impurities of minerals 
of pyrophyllite, amphibole, etc. Further studies plan to use the above mentioned materials for preparation 
of sorbents at the cleaning of the phosphorus-containing sludge.  

Finance. Source of funding research – M. Auezov South Kazakhstan State University. 
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ФОСФОРҚҰРАМДАС ШЛАМДАРДЫҢ СОРБЦИЯЛЫҚ ТАЗАЛАУ ҮШІН  

ВЕРМИКУЛИТЕРДЫ ПАЙДАЛАНУ МҮМКІНДІГІ 
 

Аннотация. Химиялық фосфор өндірісі кең көлемде техногенді қалдықтардың пайда болуымен тығыз 
байланысты. Фосфор шламдарын зерттеу кең көлемде жүргізіліп, зерттелгенмен, оны жан-жақты техноло-
гиялық тұрғыда қайта өңдеу процесі жеткілікті қарастырылмаған. Өте қауіпті жəне қиын өңделетін қалдық-
тар - фосфор шламдары болып табылады. Техногенді қалдықтар қоршаған ортаға экологиялық жəне техно-
гендік кері əсерін тигізеді. Сол себепті, қалдықтарды қайта өңдеу қазіргі уақытта ең өзекті мəселе болып тұр. 

Сонда, фосфор шламдарын қайта өңдеуге бағытталған зерттеу жұмыстары қазіргі таңда өзекті тақырып 
болып табылады. Осы ғылыми зерттеу жұмысымызда ұсынылып отырған əдісіміз - сіңіру арқылы фосфор-
құрамдас шламдарды механикалық жəне органикалық қоспалардан тазартып, құрамынан таза фосфорды 
бөліп алу. 

Сол себепті, алюмосиликатты шикізаттардан түйіршікті сорбенттер дайындап, сол арқылы фосфор 
шламынан таза фосфорды бөліп алу əдісі зерттеледі. Аталған сорбенттерді дайындау үшін, Оңтүстік Қазақ-
стан облысының жергілікті Құлантау кен орнынан жəне Батыс Қазақстан облысының Қаратас – Алтынтас 
кен орындарынан вермикулиттер алынды.  

Зерттеулер нəтижесі бойынша, вермикулиттер құрамында монтмориллонит, каолинит, гидраргилит, 
роговоя обманка жəне т.б. минералдар бар екені белгілі болды. 

Түйiн сөздер: фосфор шламы, сорбция əдісімен тазалау, вермикулиттер, сорбенттер. 
 
 

Ш. К. Шапалов1, С. Д. Арыстанова1, A. С. Tлеуов1, A. E. Битемирова2,  
K. З. Keримбаевa2, Г. М. Адырбекова1, Х. К. Куспангалиева3,  
М. Ж. Махамбетов3, Г. Д. Кенжалиева1, Ж. М. Алтыбаев1 

 
1Южно-Казахстанский государственный университет им. М. Ауезова, Шымкент, Казахстан, 

2Южно-Казахстанский государственный педагогический институт, Шымкент, Казахстан, 
3Атырауский государственный университет им. Х. Досмухамедодова, Казахстан 

 
ВОЗМОЖНОСТИ ИСПОЛЬЗОВАНИЯ ВЕРМИКУЛИТОВ  

ДЛЯ СОРБЦИОННОЙ ОЧИСТКИ ФОСФОРСОДЕРЖАЩИХ ШЛАМОВ 
 

Аннотация. Проблема утилизации шламов, несмотря на сушественный сдвиг в этом вопросе, на дейст-
вующих предприятиях все еще остается очень актуальной. Отходы фосфорного производства очень токсич-
ны и являются причиной многих экологических проблем окружающей среды. В данной работе утилизация 
фосфорсодержащих шламов осуществляется следующим образом: полученный из печного цеха шлам, под-
вергается обработке паром, перекачивается в емкость, где отстаивается для выделения фосфора, который в 
дальнейшим используется как готовый продукт. Оставшийся после разделения шлам, с достаточно высоким 
содержанием фосфора, выпаривается под вакуумом и в жидкотекучем виде направляется в печной цех для 
возврата в печь. Установлено, что основным минералом для вермикулитов рассматриваемых месторождений 
является монтмориллонит. Кроме основного минерала присутствуют каолинит, гидраргилит, гидрослюды с 
незначительными включениями минералов пирофиллита, роговой обманки и др. 

Ключевые слова: фосфорные шламы, сорбционная очистка, вермикулиты, сорбенты. 
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For information on Ethics in publishing and Ethical guidelines for journal publication 
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics. 

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies 
that the described work has not been published previously (except in the form of an abstract or as part of a 
published lecture or academic thesis or as an electronic preprint, 
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere, 
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where 
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in 
English or in any other language, including electronically without the written consent of the copyright-
holder.  In particular, translations into English of papers already published in another language are not 
accepted. 

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data, 
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the 
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE), 
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct 
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked 
by the Cross Check originality detection service http://www.elsevier.com/e4ditors/plagdetect. 

The authors are obliged to participate in peer review process and be ready to provide corrections, 
clarifications, retractions and apologies when needed. All authors of a paper should have significantly 
contributed to the research. 

The reviewers should provide objective judgments and should point out relevant published works 
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen 
in such a way that there is no conflict of interests with respect to the research, the authors and/or the 
research funders. 

The editors have complete responsibility and authority to reject or accept a paper, and they will only 
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote 
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a 
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of 
Kazakhstan. 

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor 
and safeguard publishing ethics. 
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