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NAS RK is pleased to announce that News of NAS RK. Series of chemistry and 

technologies scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in 
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant 
and influential content of chemical sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Химия жəне 

технология сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы Emerging 
Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу барысында 
Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, the Social 
Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Химия жəне технология сериясы  Emerging 
Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді химиялық ғылымдар 
бойынша контентке адалдығымызды білдіреді.   

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия химии и технологий» был 

принят для индексирования в Emerging Sources Citation Index, обновленной версии Web of Science. 
Содержание в этом индексировании находится в стадии рассмотрения компанией Clarivate 
Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the Social 
Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает качество и 
глубину контента для исследователей, авторов, издателей и учреждений. Включение Известия 
НАН РК в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по химическим наукам для нашего сообщества. 
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OBTAINING OF ZIRCONIUM CATALYSTS BASED ON PILLARED 
CLAYS FOR PEROXIDE OXIDATION OF 4-NITROPHENOL 

 
Abstract. Natural resources, including abundant and cheap natural clays in the southern regionare one of the 

main wealth of the Republic of Kazakhstan. The chemical industry in Kazakhstanis being developedrapidly in recent 
years and there is an urgent need to find solutions for the treatment of wastewaters. This work aims to explore natural 
clays for the synthesis of low-cost pillared clays that can be used as catalysts in oxidation technologies for the 
treatment of wastewaters. Nitrophenols are commonly found in many types of wastewaters (plastic, pharmaceutical, 
paper or pesticide production).The purification of suchspecific wastewater according to classical schemes does not 
always ensure a safe level of pollution in waters discharged into water ponds. Thus, further development of the 
chemical industry will inevitably be associated with the need for more effective disposal of wastewater containing 
toxic products. 4-nitrophenol was used as a representative model compound in catalyst screening studies.Catalysts 
based on pillared clays modified with Zr4+cations were synthesized from natural clays of Karatau and Kokshetau 
deposits and investigated for the catalytic wastewater peroxide oxidation (CWPO) of 4-nitrophenol (4-NP) at 3230K. 
Pillared clays with Zr4+ showed the higher catalytic activity in the removal of 4-NP and Total organic carbon 
(TOC)by CWPO and selectivity for the formation of CO2 and H2O than natural clays.The best 4-NP and TOC 
conversion results were obtained by using the pillared clay from Karatau deposit as a catalyst. A complete removal 
of the contaminant was achieved after 2 hours with 97.3 % conversion. 

Keywords: natural clays, pillared clays, catalytic wet peroxide oxidation, 4-nitrophenol, wastewater. 
 
1. Introduction 
4-nitrophenol is a dangerous toxic, non-biodegradable industrial pollutant, discharged by various 

enterprises. 4-nitrophenol is widely used in the production of medicines, fungicides, dyes and dark leather 
products [1]. This is a reason of a serious threat to the environment and health: ingestion causes 
drowsiness and nausea. Usually, in order to remove 4-nitrophenol from wastewater physicochemical and 
biological methods are used, but they are not sufficiently effective. Thus, there is a need to develop a 
process that can effectively degrade 4-nitrophenol using a safe and inexpensive technique. Every year 
large volumes of wastewaterare produced by chemical, petrochemical and pharmaceutical enterprises. 
Such wastewater polluted with organic components can be purified with a help of catalysts. The use of 
catalysts is a true alternative to the chemical or biological oxidation of phenols in aqueous medium [2]. 
Pillared clay prepared from natural mineral is one of these catalysts. Pillared clays have received increased 
interest due to their texture and catalytic activity for various reactions [3]. Pillared clay is an interesting 
type of porous material used as a sorbent and catalyst [4]. There are examples of their use in various 
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reactions as catalysts for wastewater treatment [5-7]. To solve the problems aimed to increase of the 
catalytic activity of clays, a lot of studies were carried out on their modification by active metals, such as 
zirconium [8]. Zirconium easily penetrates to the structure of pillared clay and provides conditions for the 
complete oxidation of organic contaminants with hydrogen peroxide [9]. 

In this work, we report the investigation results of 4-nitrophenol oxidation as a model pollutant by 
CWPO with pillared clays modified by zirconium tetrachloride. The raw materials used were natural clays 
of the Kazakh deposits of Karatau and Kokshetau. 

 
2. Materials and methods 
2.1. Materials and reagents 
Two types of natural clays with different characteristics from the Kazakh deposits of Karatau 

(Zhambyl region) and Kokshetau (North Kazakhstan region) were taken as raw materials. For the 
preparation of pillared clays the raw materials were washed with water and 2M HCl successively at 50ºC. 
According to available sources [10-11] 1M sodium chloride solution was used in most cases. Further, the 
clays were treated with a solution of ZrCl4 as a source of zirconium cations. The modification reagent was 
prepared by slow adding of 0.2M NaOH to zirconium tetrachloride solution at room temperature up to pH 
= 2.8. The resulting solution was kept at room temperature for 24 hours. The described procedure provides 
a total metal content of 10 mmol per gram of clay. The samples obtained were dried at 3500K, and then 
calcined during 2 hours at 823 0K at a heating rate of 2750K/min.  

 
2. Characterization 
To determine the physico-chemical characteristics of the nature clays the X-ray spectral analysis 

method was used. An electron probe microprobe of the Superprobe 733 (Super Probe 733) brand from 
JEOL (Jael, Japan), was usedfor determination of the angular position and intensity of reflexes. Analyses 
of the elemental composition of samples and photography in various types of radiation were performed 
using the Inca Energy with dispersive spectrometer from Oxford Instruments, England. UV-Vis absorption 
spectra were obtained using the T70 Spectrophotometer (PG Instruments, Ltd.) in the wavelength range of 
200-660 nm with a scan interval of 1 nm. SEM was performed on the FEIQuanta 400FEG ESEM/EDAX 
Genesis X4M instrument equipped with the Energy Dispersive Spectrometer (EDS). Transmission 
electron microscopy (TEM) was performed with LEO 906E instrument operating at 120 kV, equipped 
with a 4 Mpixel 28 × 28 mm CCD camera from TRS. 

 
2.3. Catalytic oxidation 
Catalytic oxidation of 4-NP in an aqueous medium was carried out in a 250 ml glass reactor equipped 

with a stirrer at 3230K at constant stirring. The reactor was charged with 100 ml of an aqueous solution of 
4-NP with a concentration of 5.0 g/L. Then the pH of the solution was adjusted to 3 with solutions of 
H2SO4 and NaOH. The experiment was carried out without additional pH adjustment. In order to achieve 
the stoichiometric quantity of H2O2 in the media (17.8 g/l) 6.6 ml of 30% (w/v) hydrogen peroxide 
solution was added for mineralization. Then 2.5 g of catalyst were added to the reactor. The moment of 
complete homogenization of the resulting solution was taken as the initial point (t0 = 0 h). In order to 
differentiate adsorption of 4-NP and catalytic oxidation pure adsorption runs were also performed under 
the same operating conditions, replacing H2O2 by an equal volume of distilled water. The experiment was 
carried out during 24 h. The 4-NP conversion and the appearance of the oxidized intermediates was fixed 
by taking samples from reaction media at regular intervals. 

 
3. Results and discussion 
3.1 Characteristics of natural and pillared clays 
The results of elemental composition of natural clays were obtained by using EMP analysis. Table 1 

presents the content of elements in the original natural clays. 
After pillaring treatment of clays with ZrCl4 solution the amount of zirconium in a sample obtained on 

the basis of natural clay of the Kokshetau deposit was only 4.75%, and based on the Karatau clay - 
35.07%. The chemical composition analysis shows that Si content is higher than other elements (Table 1). 
The amount of zirconium absorbed by Karatau clay is larger than by Kokshetau one. In fact, the Zr content 
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for Karatau and Kokshetau clays is 35.07% and 4.75% subsequently. These results prove a modification of 
the zirconium pillars by hydrolysis and polymerization [12].  

 
The results of elemental analysis 

 

 

 
 

Figure 1 - X-ray diffraction spectra of natural clays by EMP; (A) Karatau, and (B) Kokshetau 
 
 

   a)  b) 
 

   c)   d) 
 

Figure 2 - SEM images: (a) Zr-Karatau PILC, (b) natural Karatauclay 
and c) Zr-Kokshetau PILC, (d) natural Kokshetau clay 

 

Pillared clays Mass of the metals (%) 

Na Mg Al Si K Ca Ti Zr Fe Total 
Zr-Каratau 

2.51 2.50 9.99 41.83 4.27 0.87 0.31 35.07 2.66 100 
Zr- Kokshetau 

0.85 1.50 22.98 53.43 3.69 0.23 2.14 4.75 10.42 
100 
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In addition the X-ray diffraction spectra were investigated. The signals associated with the 
montmorillonite phases are clearly seen on the X-ray patterns (Fig. 1). Studies of the mineralogical 
composition of clay confirm that the clay of the Karatau deposit is a representative of polymineral clay. To 
determine the quantitative ratio of crystalline phases, clay samples were subjected to X-ray diffractometric 
analysis. The polymineral composition was confirmed by the appearance of the corresponding signals on 
the X-ray patterns: montmorillonite (d = 14.73-14.56, 4.98-4.39, 2.54-2.60 Å), muscovite (d = 2.59, 2.38 
Å), kaolinite (d = 7.09-7.04, 3.54-3.24, 2.56 Å) with the formula Al2O3 • 4SiO2 • xH2O. Kokshetau clay 
showed the presence of kaolinite (d = 7.18 Å) and muscovite (d = 4.45, 2.37 Å). 

In the process of pillared structures production, natural clays washed with 2M HCl showed better 
results than those washed with water only. After treatment with a solution of zirconium chloride, the clay 
was washed with water at 50°C up to pH 7.35 was achieved in the washings. The obtained clay samples 
were examined on a scanning electron microscope. The chemical composition of clay was determined by 
X-ray analysis.  

 
 

  a)    b) 
 

Figure 3 - TEM images: (a) Zr-Karatau PILC and (b) Zr-Kokshetau PILC 
 
The morphology of the pillared clay surface is shown in Figures 2. A layered and smooth surface is 

visible on the micrographs of natural clays, but the surface becomes more prominent and porous after 
obtaining pillared clay. The developed surface of pillared clay indicates an increase in the number of 
active sites on the surface of zirconium bars, which makes the catalyst more active [13-15]. TEM results 
of pillared clays are shownon Figure 3. The results presented  demonstrate the location of Zr points on the 
surface of clays more clearly. Modified pillared clay combines the availability, ease of preparation with a 
large surface area and high catalytic activity. 

 
 
3.2. CWPO of 4-NP 
The results of oxidation of 4-NP in the presence of the catalysts obtained, performed by HPLC, are 

presented below (Fig. 6-7).The pillared clays modified with zirconium cations showed excellent catalytic 
activity in the 4-NP oxidation reaction, with the best results obtained for the modified pillared clay of the 
Karatau deposit after washing with an acid solution. 

According to the results shown in Fig. 4, complete removal of the pollutant is achieved after 2 hours 
of reaction by using the pillared clay of Karatau as catalyst. The Kokshetau clay allows removing the 
contaminant after 6 hours of oxidation reaction (Fig. 5). It was noted that with the increase in time, the rate 
of degradation was rapid during the first hours. After 120 minutes (FIG. 4) degradation of 4-nitrophenol 
was 97.3 %, further degradation change was constant. 

 



Известия Национальной академии наук Республики Казахстан  
  

   
18  

 
Figure 4 - Catalytic peroxide oxidation of 4-NP with Karatau clay (4-NP 5 g/L, H2O217.8 g/L, 2.5g clays, pH= 3.0, 50°C) 

 
Figure 5 - Catalytic peroxide oxidation of 4-NP with Kokshetau clay (4-NP 5 g/L, H2O217.8 g/L, 2.5g clays, pH=3.0, 50°C) 

 

 
 

Figure 6 - Conversion of TOC in the removal of 4-nitrophenol by CWPO with natural  
and pillared clays from Karatauand Kokshetaus catalyst at 8 and 24 hours of reaction time. 

0 1 2 3 4 5 6 7 8 9
0.0

0.2

0.4

0.6

0.8

1.0

C
4-

N
p/

C
4-

N
P

,0

Time of reaction (h)

 Natural clay (water-wash)
 Natural clay (acid-wash)
 pillared clay

0 1 2 3 4 5 6 7 8 9
0.0

0.2

0.4

0.6

0.8

1.0

 Natural clay (water-wash)
 Natural clay (acid-wash)
 Pillared clay

C
4-

N
P
/C

4-
N

P
,0

Time of reaction (h)

0

10

20

30

40

50

60

karatau acid karatau pillared kokshetau washed 
CWPO

kokshetau pillared

TOC Results

XTOC, 8 h (%) XTOC, 24 h (%)



ISSN 2224-5286                                                                                                 Серия химии и технологии. № 4. 2018 
 

 
19 

The highest activity was observed when Karatau clay was used as catalyst: the total organic carbon 
conversion was 40.4%, and 51%, whereas with the pillared Kokshetau clay conversion didn’t overcome 
0% and 20% after 8 and 24 hours, respectively. Thus, it can be stated that the modification of pillared clay 
by zirconium leads to excellent results. Previously published results on the oxidation of phenol using 
zirconium pillared clays also indicate the best TOC values [16-18]. 

The pillaring process is followed by the development of porosity of natural clay, that leads to increase 
of the surface area of the clays and, hence, more active sites may be available for the 4-NP molecules in 
CWPO process [19-20]. 

 
4. Conclusions 
Pillared clays were obtained on the basis of natural clays of Karatau and Kokshetau deposits. 

Catalysts obtained by modification of pillared clays with Zr4+ ions have a high efficiency in the oxidation 
of 4-nitrophenol in dilute aqueous medium under very mild conditions (3230K and atmospheric pressure). 
The best 4-NP and TOC conversion results were obtained by using the pillared clay from Karatau deposit 
as catalyst. A complete removal of the contaminant was achieved after 2 hours with 97.3 % conversion. 
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ПОЛУЧЕНИЕ ЦИРКОНИЕВЫХ КАТАЛИЗАТОРОВ  

НА ОСНОВЕ СТОЛБЧАТЫХ ГЛИН ДЛЯ ПЕРОКСИДНОГО 
ОКИСЛЕНИЯ 4-НИТРОФЕНОЛА 

 
Аннотация.Одним из основных богатств Республики Казахстан являются природные ресурсы, в том 

числе богатые и дешевые природные глины в южном регионе. Химическая промышленность Казахстана в 
последние годы быстро развивается, и существует настоятельная необходимость найти решения для очистки 
сточных вод. Эта работа направлена на изучение природных глин в синтезе низко затратных столбчатых 
глин, которые будут использоваться в качестве катализаторов в технологиях окисления для очистки сточных 
вод. Нитрофенолы обычно встречаются во многих типах сточных вод (производство пластмасс, 
фармацевтики, бумаги и пестицидов).  

Очистка таких специфических сточных вод по классическим схемам не всегда обеспечивает безопасный 
уровень загрязнений в сбрасываемых водах. Поэтому дальнейшее развития химической промышленности 
неизбежно связано с необходимостью более эффективного обезвреживания сточных вод, содержащих 
токсичные продукты. 4-нитрофенол использовался в качестве типичного модельного соединения в 
исследованиях скрининга катализатора.Катализаторы на основе столбчатых глин с катионами Zr4+ были 
синтезированы из природных глин месторождений Каратау и Кокшетау и исследованы при каталитическом 
окислении 4-нитрофенола при 3230К. Столбчатые глины, модифицированные Zr4+, показали более высокую 
активность в окислении 4-NP и ТОС селективность в отношении образования СО2 и Н2О, чем природная 
глина. Наилучшиерезультатыпоконверсии 4-нитрофенола и по количеству углерода были получены при 
использований столбчатых глин, полученных на основе глины Каратауского месторождения. 
Полноеудалениезагрязнениябыло достигнуто по истечении 2 часов со степенью конверсии 97.3%. 

Ключевые слова: природные глины, столбчатые глины, каталитическое окисление, 4-нитрофенол, 
сточные воды. 
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4-НИТРОФЕНОЛДЫ АСҚЫНТОТЫҚПЕН ТОТЫҚТЫРУ ҮШІН БАҒАНАЛЫ  
САЗБАЛШЫҚТАР НЕГІЗІНДЕГІ ЦИРКОНИЙ КАТАЛИЗАТОРЛАРЫН АЛУ 

 
Аннотация. Қазақстан Республикасының негізгі байлықтарының бірі табиғи ресурстар, соның ішінде 

Оңтүстік өңіріндегі арзан жəне бай табиғи сазбалшықтар болып табылады. Соңғы жылдары Қазақстанда 
химия өнеркəсібі қарқын дамуда, сондықтан міндетті түрде ағынды суларды тазартудың шешу жолдарын 
табуда қажеттілік бар. Бұл жұмыс ағынды суларды тазарту үшін тотығу технологияларында қолданылатын 
катализатор ретінде арзан бағаналы сазбалшық синтезіндегі табиғи сазбалшықтарды зерттеуге бағытталған. 
Жалпы нитрофенолдар көптеген ағынды сулардың түрлерінде (пластмасс өңдірісінде, фармацевтика, қағаз 
жəне пестициттер) кездеседі. Осындай нақты ағынды суларды классикалық схемаларға сəйкес тазарту 
əрдайым сулардағы ластауыш заттардың қауіпсіз деңгейін қамтамасыз етпейді. Сондықтан, токсинді 
өнімдері бар ағынды суларды тиімді заласыздандыру химия өнеркəсібінің ары қарай дамуына септігін 
тигізетіні анық. Катализатор скринингіндегі зерттеулерге модельдік қосылыс ретінде 4-нитрофенол 
қолданылды. Zr4+ катионы бар бағаналы сазбалшық негізінде жасалған Қаратау жəне Көкшетау мекендерінің 
табиғи сазбалшығқтарынан синтезделген катализаторлар 323 0К температурада 4-нитрофенолдың катализдік 
тотығуында зеріттелген. Zr4+ модификацияланған бағаналы сазбалшықтар табиғи сазбалшықтардан 
қарағанда 4-нитрофенол тотығуында жəне ТОС нəтижесіндегі СО2 жəне Н2О түзілу көрсеткіші бойынша 
жоғары белсенділікті көрсетті. Қаратау мекенінің табиғи сазбалшық негізінде жасалған бағаналы 
сазбалшықты қолдану арқылы көміртек мөлшері жəне 4-нитрофенол конверсиясы бойынша жақсы 
нəтижелер алынды. 97,3% конверсия деңгейімен ластағыш заттар толық 2 сағат ішінде жойылды.  

Түйін сөздер:табиғи сазбалшықтар, бағаналы сазбалшықтар, каталитикалық тотығу, 4-нитрофенол, 
ағынды сулар. 
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