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A b s t r a c t: Diatomaceous earth from Slaviško Polе, based on the results of mineralogical-petrographic and 

physico-chemical analyses, exhibits specific characteristics that could be utilized to meet particular industrial, construc-

tion, and agricultural requirements. As a raw material predominantly composed of feldspars, K-feldspar of the micro-

cline type, as well as Na-Ca plagioclases of albite-oligoclase type, several species of diatoms, and minor quantities of 

quartz, iron-bearing minerals, and other trace elements embedded within sedimentary layers, it demonstrates properties 

that align well with certain application demands. The material has been found to possess exceptionally favorable ther-

mal insulation characteristics in compact segments, making it highly suitable for the construction industry, along with 

the potential for straightforward mechanical processing. Further investigations into its chemical and mineralogical 

composition, primary particle size distribution, and mechanical transformation potential have revealed parameters that 

strongly indicate possible applications in agriculture, including ecological pest control against insects and nematodes, 

soil conditioning and pH regulation, and passive soil decontamination. Additionally, its applicability in filtration pro-

cesses for potable and waste water, as well as other fluids, has been identified. 
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МОЖНОСТИ ЗА СПЕЦИФИЧНА ПРИМЕНА НА ДИЈАТОМЕЈСКАТА ЗЕМЈА  

ОД СЛАВИШКО ПОЛЕ, РЕПУБЛИКА СЕВЕРНА МАКЕДОНИЈА 

А п с т р а к т: Дијатомејската земја од Славишко Поле, според резултатите од минералошко-петрограф-

ските и физичко-хемиските испитувања, покажува некои специфични карактеристики кои би можеле да се 

искористат за исполнување конкретни специфични барања во индустријата, градежништвото и земјоделието. 

Како суровина која доминантно содржи фелдспати, К-фелдспат од типот микроклин, како и Na-Ca плагиокласи 

на албит-олигоклас, неколку видови дијатомеи, како и минорни количини кварц, железоносни минерали и дру-

ги микроелементи, сите вклопени во седиментни слоеви, дијатомејската земја покажува особини кои целосно 

одговараат на некои барања од апликативната лепеза. Утврдени се исклучително позитивни термоиозолациони 

карактеристики на компактни сегменти од суровината, пожелни за градежната индустрија, како и можноста за 

едноставно механичко конфекционирање. Од другите испитувања на хемискиот и минералошкиот состав, ди-

мензиите на примарните честички и можностите за механичка трансформација, утврдени се параметри кои 

несомнено упатуваат на можна примена на материјалот во областите на земјоделието (како еколошка заштита 

на растенијата од инсекти и нематоди, подобрувач на почвата и регулатор на pH, пасивна деконтаминација на 

почва), а секако и за примена во процесите на филтрација на вода за пиење и отпадна вода, како и други флуиди. 

Клучни зборови: дијатомејска земја; Славишко Поле; термоизолациони карактеристики; 

еколошка заштита од инсекти 

1. INTRODUCTION 

Diatomaceous earth (DE) is a naturally occur-

ring complex sediment composed of the fossilized 

remains of diatoms, a class of unicellular algae char-

acterized by intricate silica-based exoskeletons, 

commonly known as frustules [1–3]. It has unique 

physicochemical properties, including exception-
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ally high porosity, low bulk density, and a high spe-

cific surface area. Diatomaceous earth exhibits re-

markable utility across diverse industrial applica-

tions [4–8]. The majority of research on DE focuses 

on the analysis of its individual components, includ-

ing its diverse exoskeletal morphologies and its high 

silica content. The morphological diversity ob-

served among diatoms suggests the potential for 

multifunctionality, particularly in interactions with 

a broad spectrum of pathogens. Notably, detailed 

structural examinations of these frustules provide 

valuable insights in fields such as biomedical engi-

neering, water purification, and agricultural en-

hancements, reinforcing the long-held principle that 

form is inherently dictated by function [9–14]. In 

2023, the United States remained the predominant 

global producer of diatomaceous earth, contributing 

an estimated 32% of total worldwide output. Den-

mark followed with a 17% share, while China, Tur-

key, and Argentina, along with Mexico and Peru, 

accounted for approximately 10%, 8%, and 4% 

each, respectively. Furthermore, DE extraction oc-

curred on a smaller scale in 19 additional countries 

[15]. Among these, North Macedonia possesses 

substantial DE reserves. The economic viability of 

DE sourced from North Macedonia is primarily at-

tributed to its fine microstructure and, more signifi-

cantly, its high content of non-crystalline (amor-

phous) silica [16–19]. This structural characteristic 

enhances the material's reactivity, making it partic-

ularly advantageous for various applications. The 

objective of this research is to systematically ana-

lyze key fundamental and main characteristics of di-

atomaceous earth, with the aim of facilitating its op-

timized utilization in specialized and application-

specific contexts.  

2. MATERIALS AND METHODS 

In the geographical map and satellite image 

(Figures 1 and 2), the location of Slaviško Polе and 

the broader area from which diatomaceous earth 

samples were collected are marked. Slaviško Polе is 

situated within the contact zone between the Kra-

tovo-Zletovo region and the Serbo-Macedonian 

Massif. The sampling points are predominantly lo-

cated along the edges of the former Pliocene lake, 

where the concentration of diatoms in the overall 

mass is lower compared to the lower-lying areas of 

the present-day basin. 

The samples collected for analysis are shown 

in Figure 3 and originate from multiple locations 

within the site. 

 
Fig. 1. Geographical location of Slaviško Pole 

 
Fig. 2. Satellite image of Slaviško Polе  

 
Fig. 3. Samples of diatomaceous earth from the corresponding 

sampling points 

According to previous studies, X-ray diffrac-

tion analysis and transmission optical microscopy 

reveal the following mineralogical characteristics of 
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this material: a dominant content of fine-grained 

feldspars (K-feldspar of the microcline type, as well 

as Na-Ca plagioclases of albite-oligoclase), a signif-

icant percentage of amorphous or cryptocrystalline 

mass, and several species of diatoms [20]. 

The diatoms, as a component of this material, 

were identified using transmission optical micros-

copy (SM-POL type, Letz-Wetzlar, Germany). The 

chemical composition was determined through sili-

cate chemical analysis with alkaline melting of each 

fraction, with the fractions obtained via wet sieve 

analysis following a grinding process (without the 

presence of porcelain balls) in a porcelain mill for 

one hour. The presence of trace elements was deter-

mined using ICP-MS (Model 7850, Agilent Tech-

nologies). Physico-chemical examinations were 

conducted with standard laboratory equipment, de-

termining specific mass, bulk density, water absorp-

tion, open, closed, and total porosity, and compres-

sive strength in both raw and annealed states 

(ZRMK Ljubljana HPM 400). To determine the size 

and morphology of the primary grains, SEM analy-

sis (JEOL JSM 35 CF) with an X-ray analyzer 

(TRACOR NORTHERN TN – 2000) was applied. 

The characteristic thermal insulation capacity was 

defined through a custom-designed laboratory test. 

3. RESULTS AND DISCUSSION 

The granulometric analysis was conducted us-

ing a set of sieves with perforation size of 0.1 mm, 

0.071 mm, 0.045 mm, and 0.032 mm, following the 

grinding process in a porcelain mill (without the 

presence of porcelain balls) for one hour. The ob-

tained results are presented in the histogram shown 

in Figure 4. 

 
Fig. 4. Histogram of mass content of various dimensional 

grain fractions after 1 hour milling 

Silicate chemical analysis with alkaline melt-

ing was performed on each of the dimensional frac-

tions to determine the distribution variations of each 

component. The results are presented in Table 1. 

   T a b l e  1 

Chemical composition of various dimensional grain fractions (mass %) 

 +0.1 mm –0.1 +0.071 mm –0.075 +0.045 mm –0.045 +0.032 mm –0.032 mm 

SiO2 62.96 60.80 60.96 61.90 64.84 

Fe2O3 15.96 16.06 15.95 16.16 9.22 

Al2O3 2.88 2.95 2.90 2.85 6.01 

CaO 6.10 7.40 7.40 6.90 3.80 

MgO 1.97 2.75 2.70 2.55 1.78 

Na2O 2.61 2.72 2.51 2.72 1.80 

K2O 3.73 4.24 4.24 3.73 1.94 

SO3 tr. tr. tr. tr. tr. 

l.w. 2.92 2.16 2.36 2.33 9.65 

Σ 99.13 99.08 99.02 99.14 99.04 

 

From the chemical analysis, it can be con-

cluded that in the finest fraction, the content of al-

kaline oxides, which are indicators of the presence 

of feldspars, drastically decreases. Another charac-

teristic of the finest fraction is the highest content of 

SiO2 and Fe2O3, while, conversely, there is a drasti-
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cally lower concentration of Al2O3. The highest 

value for weigh loss of ignition at 600°C predomi-

nantly originates from the content of organic matter, 

as shown in Table 2, where the finest fraction con-

tains the dominant content of organic matter in the 

total mass of the material. The content of trace ele-

ments is presented in Table 3. 

T a b l e  2  

Total content of organic matter (mass %)  

Dimensional fraction 

(mm) 

Organic matter content, 600°C 

(mass %) 

+ 0.1 1.72 

–0.1 +0.071 0.97 

–0.071 +0.045 0.77 

–0.045 +0.032 1.12 

–0.032 7.34 

T a b l e  3  

ICP-MS analysis, content of trace elements (ppm) 

Element (ppm) 

Ag <1 

Al 39679.60 

As 7.10 

B 23.86 

Ba 337 

Ca 15053.90 

Cd <1 

Co <1 

Cr 8.95 

Cu 25.09 

Fe 30398.40 

K 12158.90 

Li 4.70 

Mg 1948.56 

Mn 2 

Mo <1 

Na 0 

Ni 3.82 

P 2 

Pb 33.93 

Sr 0 

V 49.80 

Zn 79.58 

The basic mass of the material is predomi-

nantly cryptocrystalline, with quartz and feldspar 

grains occasionally found in the size range of 

0.005–0.01 mm and 0.05–0.1 mm (Figure 5). The 

feldspar mass is represented by polysynthetic lamel-

lae of plagioclases of the albite-oligoclase type (Fig-

ure 6). Within the basic mass, diatom skeletons were 

also found, exhibiting an elongated shape with lon-

gitudinally connected segments measuring approxi-

mately 100 µm (Figure 7). Another type of diatom 

is shown in Figure 8. These skeletons are symmet-

rically separated longitudinally at the center and 

represent silicate spicules of the spongolite type. 

The identification of microfossils in this sediment 

was carried out through comparative analysis of 

identical species, which are well-known according 

to the literature data [21], and Melosira undulata 

[22]. 

 

Fig. 5. Photograph of transmissional optical microscopy. 

Minor crystalline phase in the base mass (N+) 

 

Fig. 6. Photograph of transmissional optical microscopy. 

Polysynthetic lamellae 
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Fig. 7. Photograph of transmissional optical microscopy. 

Typical longitudinal section of diatoms (Melosira undulata) 

incorporated into basic fine-grained cryptocrystalline 

amorphous opal mass, in which round  

grains of feldspar and quartz coexist 

 
Fig. 8. Photograph of transmissional optical microscopy. 

Spongolite spicule incorporated into cryptocrystalline 

amorphous opal mass (N+) 

Further examinations were conducted to as-

sess certain physico-chemical characteristics, 

which were divided into several segments. The fol-

lowing physico-mechanical and physico-chemical 

analysis were performed on the compact sedimen-

tary material of diatomaceous earth: specific mass, 

bulk density, water absorption, open, closed, and 

total porosity, and compressive strength. These 

analyses were carried out on the material in its raw 

state, treated at 600°C for 2 hours and treated at 

800°C for 2 hours. The results of these tests are pre-

sented in Table 4. 

                          T a b l e  4  

Physical characteristics of the raw material 

Physico-мechanical characteristics  

(properties) 
Raw material 

Treated at 

600°C, 2h 

Treated at 

800°C, 2h 

Specific mass (g/cm³) 2.511 2.533 2.558 

Bulk density (g/cm³) 0.95 0.92 0.94 

Water absorption (%) 61.46 62.99 62.72 

Porosity (%) 

Open 58.99 59.81 58.95 

Closed 2.82 2.69 4.30 

Total 61.81 62.50 63.25 

Compressive strength (MPa) 7.22/7.30* 17.10 7.25 

 

From the presented results for compressive 

strength, it can be concluded that the material re-

tains its basic mechanical characteristics in all ori-

entations, both in its original state and after being 

thermally treated at 600°C and 800°C. This data is 

significant for the application of diatomaceous earth 

in compact elements for construction, where it is re-

quired that the material, when processed to appro-

priate dimensions, remains self-supporting. 

From the analysis conducted using SEM and 

EDS, as shown in Figure 9 and Table 5, the dimen-

sions of the primary grains and their aggregates at 

multiple levels can be clearly observed. The compo-

sition is typical of the base mass, confirmed by the 

other methods. 

The material's ability to function as a thermal 

insulator in its compact form was experimentally 

demonstrated as follows: a piece of the material, ap-

proximately 4 cm thick, was partially perforated 

from the backside at distances of 1, 2, and 3 cm 

measured from the front side (Figure 10). A thermal 

sensor was placed in the perforated holes while the 

material was heated from the opposite side using a 

propane-butane flame at a temperature of 850°C 

(Figures 11 and 12).  
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Fig. 9. SEM image of the diatomaceous earth sample 

 
Fig. 10. Perforation of the material at different depths  

for the placement of the thermal sensor 

 
Fig. 11. Segment of the experimental setup 

 
Fig. 12. Treated sample after the thermal insulation 

experiment 

      T a b l e  5  

SEM-EDS composition 

Components Mass % 

Na2O 1.31 

MgO 1.22 

Al2O3 14.99 

SiO2 72.17 

P2O5 0.52 

SO3 0.59 

Cl 0.22 

K2O 1.84 

CaO 2.55 

TiO2 0.85 

MnO 0.11 

FeO 3.52 

 

The experiment lasted 60 minutes, and the re-

sults for all three measurements are shown in the di-

agram in Figure 13 and in Table 6. 

 
Fig. 13. Diagram of the heat transfer during the thermal treatment 
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T a b l e  6  

Data from the experiment on thermal insulation 

characteristics 

Time 

(min) 

Temperature 

at a distance 

of 1 cm from 

the flame 

Temperature 

at a distance 

of 2 cm from 

the flame 

Temperature 

at a distance 

of 3 cm from 

the flame 

0 18 18.2 19.4 

1 19.9 18.4 19.7 

2 38.0 19.1 19.6 

3 64.0 21.7 20.1 

4 82.0 25.7 21.4 

5 85.0 29.9 24.0 

6 85.0 34.5 27.5 

7 88.0 38.0 31.5 

8 92.0 41.0 36.1 

9 97.0 45.2 39.9 

10 101.0 47.3 45.0 

12 110.0 55.1 52.3 

14 116.5 62.0 59.6 

16 122.1 68.1 64.9 

18 125.0 73.1 69.9 

20 130.0 75.8 72.0 

25 136.5 84.8 78.5 

30 143.1 93.3 85.3 

40 156.0 107.5 99.0 

50 160.6 117.0 103.5 

60 169.5 124.0 114.9 

 

The results show an exceptionally high ther-

mal insulation property of the compact material, as 

it maintains a ΔT value higher than 700°C during 

the 1 hour exposure to the maximum temperature on 

the other side. This effect of extremely high thermal 

insulation capability primarily originates from the 

material's porosity. The distinct separation of curves 

from the experimental values at 1 cm distance com-

pared to those at 2 and 3 cm results from the follow-

ing effect: at the first curve, the influence of the po-

rosity of the basic mass dominates, but since the ma-

terial is sedimentary, with different layers on its 

contact surface showing varying characteristics dur-

ing heating, layer separation occurs within the still 

compact material. These separation segments, as air 

barriers, further increase the thermal insulation abil-

ity. As heat penetrates deeper into the material, the 

subsequent sediment layers begin to separate due to 

thermal expansion, with noticeable separation of the 

curves at 2 and 3 cm, where the next layer starts to 

open (Figure 14). 

The separation of layers during thermal treat-

ment results from the relatively different composi-

tion of individual layers, which exhibit different 

properties as a consequence. For example, the pres-

ence of divalent iron in larger or smaller quantities, 

during its transformation into trivalent iron during 

the thermal treatment, contributes to the tendency 

for layer separation. The higher presence of iron in 

some sediment layers is visually represented by a 

piece/segment of diatomaceous earth thermally at 

800°C, where the higher or lesser presence of iron 

in different layers is visually noticeable (with vary-

ing colour intensity), as clearly shown in Figure 15. 

 
Fig. 14. Profile of the treated compact sample for thermal 

insulation experiment 

 
Fig. 15. Thermally treated diatomaceous earth sample at 

800°C for 2 hours (in an oxidizing atmosphere) 

4. CONCLUSIONS 

Based on the obtained results from the con-

ducted physico-chemical and mineralogical anal-

yses, as well as previous studies on the diatoma-

ceous earth from Slaviško Pole, the following can 

be concluded: 
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The diatomaceous earth from the mentioned 

locality of Slaviško Pole, predominantly consists of 

K-feldspar of the microcline type, as well as Na-Ca 

plagioclases of albite-oligoclase type, along with 

specific diatom species (silicate spicules of the 

spongolite type and Melosira undulata), inter-

spersed with minor quantities of quartz within a 

cryptocrystalline matrix. 

The chemical composition has been deter-

mined across all fractions obtained from the wet 

sieve analysis, providing insight into the distribu-

tion of constituent elements within each fraction. 

Notably, the highest content of organic matter is de-

termined in the finest fraction (–32 µm), which also 

exhibits an increased SiO₂ content, as a conse-

quence of higher content of diatoms. 

According to the results of the physical-me-

chanical tests, the compact mass of diatomaceous 

earth from this locality demonstrates highly favour-

able properties that align with the requirements of 

the construction industry. Key attributes include: 

the feasibility of segmenting elements of relatively 

large dimensions along sedimentary planes (allow-

ing for processing with minimal energy input); high 

compressive strength across various orientations 

(ensuring self-supporting structural integrity); ex-

ceptional high thermal insulation capacity (with a 

temperature gradient of approximately ΔT 700°C 

over a 1 cm distance within one hour); and re-

sistance to high temperatures without emitting haz-

ardous volatile substances. 

The morphology and dimensions of the pri-

mary particles/grains (200 – 300 nm), along with 

their aggregated forms, suggest that this material 

holds potential as a natural, eco-friendly means of 

plant protection against specific insect and nema-

tode species. The abrasive action of the diatoma-

ceous earth mechanically affects the exoskeletal 

joints of insects, while the diatom content induces 

dehydration in nematodes, thereby reducing their 

viability. 

The combination of open porosity, particle size 

distribution, absorption and adsorption properties, 

and chemical stability unequivocally meets the cri-

teria for filtration applications in both potable and 

waste water treatment. Additionally, this material is 

well-suited for emergency interventions requiring 

the removal of hazardous fluids from the environ-

ment. Furthermore, when processed into an appro-

priate granulometric distribution, it can serve as an 

effective medium for the passive remediation of 

soils contaminated with heavy metals, leveraging its 

cation-exchange capacity. 
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