
 

 

 

Refine and characterization of diatomite

Xiaomeng Guan 1, Shaojun Lei 1,  Jean 
1Key Laboratory of Pesticide and Chemical Biology (Ministry of Education), College of Chemistry, Central China Normal Universi
2 Blood Transfusion Department, the General Hospital ofthe People’s 

ABSTRACT 
Diatomite is a kind of biogenic siliceous sedimentary rock, and amorphous gel. Due to the porous 
surface area and low price, diatomite is widely used in many areas, such as food, medicine, ecological building materials, pe
carriers, and environmental protection as a super adsorbent. Some research investigat
enhance the high specific surface area effectively, and increase the adsorption capacities of diatomite. In our study, we car
series of experiments about diatomite purification through calcination
roasting, drying, acidification, drying), to get the modified diatomite. Thus, every modified method on the removal
explored to show the degree of purification. 
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1. INTRODUCTION 
The diatomite is a fossil diatom accumulation deposit. Its 

major chemical constituent is SiO2, which also contains other

minerals, such as Al2O3, Fe2O3, CaO, MgO, K2O, Na

quite big specific area in the diatomite [1]. As a kind of valid filter 

aid, the diatomite was extensively used in food and medicine

industry [2-4]. Due to its advantages such asrenewability 

cost, it can be used to replace the activated carbon to become a 

new material for adsorbing suspension [5-9]. 

Moreover, diatomite cannot only be used for 

and degradation of organic pollutants, but also it can absorb a 

large amount of inorganic ions, toxic gas without secondary 

pollution, which has a great potential toward green 

materials [10-13].Diatomite can control the releasing rate of the 

drug by improving its utilization, and it has a good biological 

compatibility. It was reported that diatomite could be an ideal 

material to replace part of silicon dioxide for the excipients of 

food and medicine [14]. Therefore, the purification of diatomite 

2. EXPERIMENTAL SECTION 
2.1.Materials. 

Raw diatomite and filter aid were 

LinjiangTianyuan catalyst Co. Ltd.Hydrochloric acid

(AR),Hydrofluoric acid (AR),gracial acetic acid 99.5%

Ammonium ferric sulfate (AR)and sulfuric acid (AR) 

purchased from Sinopharm Chemical Regent Co.

Rhodamine(RB) (AR),sodium hydroxide (AR), 

anhydrous sodium acetate,1,10-Phenanthroline anhydrous

99%,hydroxylamine hydrochloride were kindly supplied

Fuchen Chemical Regent Factory.  

2.2. Experimental procedure. 

2.2.1. Diatomite purification. 

2.2.1.1. Raw diatomite acid leaching 

concentrations of hydrochloric acid. 
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Diatomite is a kind of biogenic siliceous sedimentary rock, and amorphous gel. Due to the porous structure, low density, high specific 
surface area and low price, diatomite is widely used in many areas, such as food, medicine, ecological building materials, pe
carriers, and environmental protection as a super adsorbent. Some research investigated that removing of impurities from diatomite can 
enhance the high specific surface area effectively, and increase the adsorption capacities of diatomite. In our study, we car
series of experiments about diatomite purification through calcination and acid leaching (i.e. at low temperature drying, high temperature 
roasting, drying, acidification, drying), to get the modified diatomite. Thus, every modified method on the removal

emoval-iron rate,specific surface area. 

The diatomite is a fossil diatom accumulation deposit. Its 

, which also contains other 

O, Na2O, P2O5 and 

quite big specific area in the diatomite [1]. As a kind of valid filter 

aid, the diatomite was extensively used in food and medicine 

s such asrenewability and low-

replace the activated carbon to become a 

be used for adsorption 

and degradation of organic pollutants, but also it can absorb a 

rganic ions, toxic gas without secondary 

pollution, which has a great potential toward green environmental 

Diatomite can control the releasing rate of the 

drug by improving its utilization, and it has a good biological 

as reported that diatomite could be an ideal 

material to replace part of silicon dioxide for the excipients of 

food and medicine [14]. Therefore, the purification of diatomite 

has become a hot issue in the research field. 

organic matters from the diatomite could result into the increased 

holes the specific surface area of the diatomite, as well as the 

content of the silica, which is mostly achieved through calcination 

method. Removing the metal oxide from the diatomite with the 

method of hot acid leaching is another direction of purification, 

which also increases the content of silica in the diatomite. The 

method of hot acid leaching can

purity of diatomite, but also can reduce the density by increasing 

the volume of holes and specific surface area of 

diatomite.Fortunately, the acid solution 

purification method can be reused [15

In order to get the high 

lowest cost, this paper takes two methods in the purification of 

diatomite. The first method combines 

leaching, the other uses the way of carbon

treat diatomite, which includes alkali fusion and neutralization

iatomite and filter aid were obtained from 

ydrochloric acid 

gracial acetic acid 99.5%, 

and sulfuric acid (AR) were 

purchased from Sinopharm Chemical Regent Co.Ltd. 

(AR), nitric acid (AR) 

Phenanthroline anhydrous 

suppliedby Tianjin 

 with various 

Four 500mL beakers 

variousconcentration i.e.5%HCl, 10%HCl, 15%HCl, 20%HCl

were prepared, thereafter,60g raw diatomite

each beaker.  The surly was heated under oil bath at 

with continuously magnetic stirring. 

cooled down at room temperature

100 mL of concentrated HCl

water =1: 4), and again wash 4 times with distilled water

each time). Then the product was put into muffle furnace at 500

for 2 h. The obtained product was milled to obtain a fine powder.

2.2.1.2. Calcination and acid leaching of diatomite

Four different samples each composed of 60 g raw 

diatomite were initially put into muffle furnace at 500

Then, the sample was dispersed into four 

with 300 g HCl with various concentrations 
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enhance the high specific surface area effectively, and increase the adsorption capacities of diatomite. In our study, we carried out a 
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has become a hot issue in the research field. The removal of 

m the diatomite could result into the increased 

holes the specific surface area of the diatomite, as well as the 

content of the silica, which is mostly achieved through calcination 

method. Removing the metal oxide from the diatomite with the 

acid leaching is another direction of purification, 

which also increases the content of silica in the diatomite. The 

cannot only improve the quality and 

can reduce the density by increasing 

and specific surface area of 

, the acid solution used through pickling 

can be reused [15-17]. 

In order to get the high purified quality of diatomite at 

lowest cost, this paper takes two methods in the purification of 

combines calcination and hot acid 

, the other uses the way of carbon-white (SiO2•nH2O) to 

, which includes alkali fusion and neutralization.

 filled with 300 g HCl with 

5%HCl, 10%HCl, 15%HCl, 20%HCl 

60g raw diatomite was dispersed into 

The surly was heated under oil bath at 100oC for 2 h, 

magnetic stirring. Thereafter the mixture was 

ture and filtrated, then washed with 

of concentrated HCl(concentrated hydrochloric acid: 

and again wash 4 times with distilled water(200ml 

. Then the product was put into muffle furnace at 500oC 

was milled to obtain a fine powder. 

Calcination and acid leaching of diatomite. 

Four different samples each composed of 60 g raw 

put into muffle furnace at 500oC for 2 h. 

was dispersed into four 500mL beakers filled 

with 300 g HCl with various concentrations i.e.5%HCl, 10%HCl, 
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15%HCl, 20%HCl, respectively. The surly was heated under oil 

bath at 100oC for 2 h, with continuously magnetic stirring. 

Thereafter the mixture was cooled down at room temperature and 

filtrated, then washed with 100 mL of concentrated 

HCl(concentrated hydrochloric acid: water =1:4), and again wash 

4 times with distilled water(200ml each time). Then the product 

was put into muffle furnace at 500oC for 2 h. The obtained product 

was milled to obtain a fine powder. 

2.2.1.3. Calcination and acid leaching of diatomite with 

different solid-liquid ratio. 

Five different samples each composed of 60 g raw 

diatomite were initially put into muffle furnace at 500oC for 2 h. 

Then, thesample was transferred into five 500mL beakers filled 

with 108g,240g,300g,360g,and 420 g of 10% HCl (the solid-liquid 

ratio was: 1:3,1:4,1:5,1:6, and 1:7, respectively).The mixture was 

heated under oil bath at 100oC for 2 h, with continuouslymagnetic 

stirring. Thereafter the mixture was cooled down at room 

temperature and filtrated, then washed with 100 mL of 

concentrated HCl(concentrated hydrochloric acid: water =1:4), 

and again wash 4 times with distilled water(200ml each time). 

Then the product was put into muffle furnace at 500oC for 2 h. 

The obtained product was milled to obtain a fine powder. 

2.2.1.4. Calcination and acid leaching of diatomiteat different 

reaction time. 

 Six different samples each composed of 60 g raw diatomite 

were initially put into muffle furnace at 500oC for 2 h. Then the 

sample was added into six500mL beakers, each filled with 240g of 

10%HCl (the solid-liquid ratio=1:4). The mixture was heated 

under oil bath at 100oC for different fixed time i.e.0.5 h, 1 h, 2 h, 3 

h, 4 h, and 5 h, with continuously magnetic stirring. Thereafter the 

mixture was cooled down at room temperature and filtrated, then 

washed with 100 mL of concentrated HCl(concentrated 

hydrochloric acid: water =1:4), and again wash 4 times with 

distilled water (200ml each time). Then the product was put into 

muffle furnace at 500oC for 2 h. The obtained product was milled 

to obtain a fine powder. 

2.2.1.5. Preparation of carbon-white (SiO2·nH2O). 

 100 g of raw diatomite was added into 1L beaker filled 

with 300 mL of distilled water and 60 g of NaOH. The mixture 

was heated until it boil for 5 min, then cooled down at room 

temperature and filtrated then washed with 400 mL of distilled 

water. Thereafter, 800 mL of distilled water was added to the 

obtained product, and then the concentrated H2SO4acid was added 

with heating to boil. The product was filtrated and washed, then 

dried into an oven at 80oC for 12 h. The obtained product was 

milled to get the fine powder.  

2.2.2.The characterization of diatomite.  

2.2.2.1.The analysis of specific surface area. 

 The specific surface and pore size of the diatomite purified 

through: (a) acid leaching, (b) calcination and (c)carbon-white 

(SiO2•nH2O) was analyzed byV-Sorb 2800P Specific Surface Area 

and Pore Size Analyzer. 

2.2.2.2. The morphology analysis. 

 The surface morphology of the diatomite purified through: 

(a) acid leaching, (b) calcination and (c) carbon-white (SiO2•nH2O) 

was determined by using Scanning electron microscope, Quanta 

450 FE G, (FEI Hong Kong Limited, China). The sample was 

coated with sputter-coated with a thin layer of gold and the 

morphology of the composite was observed at 15 kV accelerating 

voltage. 

2.2.3.The iron content test.  

 Prior to determine the iron content of the raw and purified 

diatomite, the sample was pretreated through digestion as follow: 

0.2 g of well dried diatomite micro powder was transferred into 

250 mL beaker and 5 mL concentrated HNO3and cover the 

container with watch glass then heat the solution under hot plate at 

120oC for 20 min.The solution was cooled down and after, 

the5mL concentrated HF was added to the mixture and heated at 

120oC to evaporate HF. The solution was cooled down until the 

strong white smoketo appear. Then 5mL concentrated HF and 

5mL concentrated HClO4were transferred into the solution and 

heated at 270oC and allowed to evaporate to nearly dryness and 

then cooled down. Finally,4mL of 1:1 HCland 2mL of distilled 

H2O were added to the solution and then slightly heated to 

dissolve the residues. The obtained solutionwas transferred into 50 

mL volumetric flask ready to measure the iron content.  

 The iron content was determined with 1,10phenanthroline 

by UV visible spectrophotometer. The calibration curve for iron 

+II was constructed and then content of the Fe (+II) in the samples 

was determined. Briefly, 0.1 g/L iron standard solution was 

prepared as by weighing accurately 0.2153g NH4Fe 

(SO4)2•12H2O and dissolve it in a small amount of distilled water 

into a 250 mL beaker, then 20 mL of (1:1) H2SO4 was added to the 

beaker. The mixture was transferred into 250 mL volumetric flask 

and then 100 mL of distilled water was added.The other chemicals 

such as: 100 g/L (10 %）Aqueous hydroxylamine hydrochloride 

solution(configuration in time),1.5 g/L1,10-Phenanthroline 

monohydrate solution(depositing without light), and Acetic acid-

acetate buffer solution(PH=5) were separately prepared for the 

next steps. 

 The standard curve was constructed by preparing six 50 mL 

volumetric flasks filled with 0.0mL, 0.10mL, 0.20mL, 0.30mL, 

0.40mL, 0.50mL iron standard solution, respectively. Then, 1mL 

of 100 g/L hydroxylamine hydrochloride was added in each 

volumetric flask. The solution was deposited 2 min after shaking-

up. Thereafter2 mL of 1.5 g/L1,10-Phenanthroline monohydrate 

solution,5 mL of acetic acid-acetate buffer solution (pH=5) were 

added to the mixture and diluted with distilled water up to the 

scale of the volumetric flask. The iron standard curve was plotted 

by measuring the absorbance of the above solutions through 

Hitachi U-3310 (Japan) UV vis spectrophotometer at the 

wavelength of 510 nm. The sample absorption measurements were 

determined by transferring 2 mL of the digested solution into 50 

mL volumetric flask and then follow the above procedure.

3. RESULTS AND DISCUSSION 
3.1. SEM observation. 

 SEM micrograph pictures of raw diatomite, diatomite 

purified through hot acid leaching and carbon white are depicted 

in Figure 1a-c, respectively. As it can be seen from Figure 1 b, the 

diatomite treated with hot acid leaching presented a reduced 

number of impurity materials and an increased number and size of 
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the holes on the spherical shaped diatoms compared to raw 

diatomite (Figure 1a).  From Figure 1c, the diatomite treated with 

carbon white showed rough surface without any pore. 

3.2. Surface area analysis. 

 The results for surface area analysis of diatomite purified 

through calcination, hot acid leaching and carbon white are 

summarized in Table 1. It is easy to find that the pore size samples 

were increased as follow: acid leached diatomite>diatomite treated 

through calcination>diatomite treated with carbon white.This 

shows that the pore size in the purified diatomite through 

calcination was greatly improved.The diatomite treated with 

carbon-white shows the small pore size 

3.3. The iron content in samples. 

3.3.1. Effect of leaching raw diatomite with various HCl 

concentration on removal-iron rate. 

 The effect of HCl concentration on removal-iron rate was 

investigated and the results are presented in Figure 2. It was 

revealed that the removal-iron rate was linearly increasing with the 

HCl concentration increase. However, when 15% HCl and 20% 

HClacid concentrationswere used to treat the diatomite, there was 

no significant difference between these HCl concentrations.  

3.3.2. The effect of various HCl concentrations on the removal-

iron rate in the diatomite treated through calcination and acid 

leaching. 

 As it can be seen from Figure 3, the removal-iron rate 

increased with the increase of the acid concentration up to 10% 

HCl, beyond that concentration a decreased and increased 

removal-iron rate was remarked. This may suggest that, the 10% 

HCl concentration should be the most suitable to get a good 

product with less iron content. Additionally, there was no 

significant difference in the removal-iron rate between the sample 

treated with 10% HCl and 20% HCl acid concentration. 

3.3.3. Effect of various solid-liquid ratios on the removal-iron 

rate in the diatomite treated through calcination and acid 

leaching. 

 The results for this experiment were collected in Figure 4. 

The removal-iron rate was changing with changing the solid-liquid 

ratio. The removal-iron rate reached to 71.55% when the solid to 

liquid ratio was 1:4, then the decreased and increased removal-

iron rate was remarked. The highest removal-iron rate was 

obtained when the solid to liquid ratio was 1:6. According to this 

observation, the 1:4 solid to liquid should be considered as the 

best proportion to be applied to get a purified diatomite with low 

iron content and by using low amount of liquid.  

3.3.4. Effect of reaction timeon the removal-iron rate in the 

diatomite treated through calcination and acid leaching. 

 As it can be seen in Figure 5, the short and high time could 

decrease the removal-iron rate. According to this study, the 

removal-iron rate was increased to 72.31 when the diatomite 

sample was baked for 1 h. Then a slight decrease of removal-iron 

rate was observed. The highest removal-iron rate was obtained 

when the sample was treated for. 5 h. Therefore, to obtain a 

purified diatomite with low iron content by using short time and 

littleenergy, the reaction time of 1 h is highly suggested. 

 

 
Figure 1. SEM micrographs of (a) raw diatomite at 2,500X, (b) diatomite purified through acid leaching at 2,500X, and (c) diatomite treated with 

carbon white at 5,000X 

Table 1. Analysis of specific surface area 

Sample 

 specific area（m2/ g） 

single-point BET 

Specific area 

Langmuir 

Specific area 

Calcined diatomite 

Acid leached diatomite* 

Diatomite treated with Carbon-white 

19.163371 

25.272359 

4.083311 

27.292371 

34.906405 

5.981865 

*The condition of acid leaching: Acid concentration:10% HCl; solid-liquid ratio: 1: 4;reaction time: 1 h. 
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Figure 2. Removal-iron rate for raw diatomite purified through acid leaching at

Figure 3. Removal-iron rate for diatomite purified through 

Figure 4. Removal-iron rate for diatomite treated through

Figure 5. Removal-iron rate of calcination 
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4. CONCLUSION 
 Through above analysis, we have developed the optimized 

conditions for diatomite purification calcination and acid leaching 

as follow: baking diatomite, acid concentration: 10% HCl, solid-

liquid ratio: 1:4, and the leaching reaction time: 1 h. At these 

conditions,the content of impurities and iron are low, which means 

that product should be pure enough to replace part of silicon 

dioxide used in food and medical applications.According to SEM 

analysis, the determined iron content and the specific surface area 

analysis of the purified diatomite, the results suggested that the 

combination of two purification methods i.e. calcination and acid 

leaching could greatly enhance the properties of diatomite by 

increasing the porous number and size as well as reduced amount 

of various impurities. Therefore, it should be pointed out that the 

methods presented above require simple process at low cost to get 

high purified product, they are believed to provide large in 

industrial production. 
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