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Abstract—Diatomite silica doped iron  nanoparticle thermally 

calcination at 600 °C  “ DMF3X6 ” composite as catalyst for 

heterogeneous photocatalysis of vat green 03 indanthren and 

characterized in this study.The  Diatomite silica doped iron  

nanoparticle thermally calcination at 600 °C called  “ DMF3X6 ”  

was made through surface modification treatment including 

NaOH deposition on raw diatomite with thermally calcination .In 

NaOH treatment, surface  of Diatomite silica doped iron  

nanoparticle thermally calcination at 600 °C “ DMF3X6 ”  was  

partially dissolved in NaOH  with thermally calcination at 600 °C 

by means of x-ray fluorescence ( XRF ), x-ray diffraction ( XRD 

), attenuated reflection-Fourier transform infrared ( ATR-FTIR 

), scanning electron microscopy ( SEM ), energy dispersive x-ray 

( EDX ) ,thermogravimetric analysis ( TGA ) , differential 

scanning calorimetry (DSC ) and UV–visible diffuse  reflectance 

spectroscopy ( DRS )  .The surface area of    Diatomite silica 

doped iron  nanoparticle thermally calcination at 600 °C “ 

DMF3X6 ” is 218.2 m2/g .The  bad gap of  DMF3X6 was                   

Eg = 1.15 eV  by UV-visible DRS technique .The surface 

modification also increased the point of zero charge (pHPZC ) 

values to 6 for  Diatomite silica doped iron  nanoparticle 

thermally calcination at 600 °C “ DMF3X6 ” .The vat green 03 

indanthren textile dye degradation has pH dependency, the 

better result is at pH =10 with colour remove about   92 %.The 

photodecolourisation rate follows pseudo-first order kinetic with 

to respect to the dye concentration. 

Keywords—Diatomite, silica , iron , composite, heterogeneous 

photocatalysis , band gap , dye degradation, UV irradiation, 

photodecolourisation. 

I. INTRODUCTION  

Diatomite is a natural amorphous silica with chemical formula  

(SiO2.nH2O).Diatomite is a siliceous rocks very light  and 

porous formed mainly by accumulation of frustules [1,2]. 

Treated thermally diatomite is used for the removal of textile 

dyes [3,4].The natural ferric oxide certains many phases and 

characterized cristallinity as : ferrihydrite, maghemite, 

lepidocrocite,hematite and goethite [5].Diatomite modified by 

ferrihydrite is an adsorbent  with sodium hydroxide  NaOH 

and ferrous chloride tetrahydrate  FeCl2.4H2O deposition into 

raw diatomite RD [6].Textile dyes are an environmental 

contaminants with their potential toxicity cause a pollution of 

water sources [7,8].Vat dyes from textile industry cause a 

carcigentic health effects [9].Photocatalysis is one of advanced 

oxidation process to remove an organic contaminants [10].The 

advantage of amorphous silica is used to prepar a supported 

catalysts [11,12].Hematite is a semiconductor with band gap 

range between 1.9 and 2.2 eV [13].Silica doped by hematite is 

used as a photocatalyst by sol-gel method [14].Silica from 

diatomite doped iron nanocomposite as photocatalyst to 

produce the  radical hydroxiles and to remove the organic 

pollutants [15,16]. 

So this study, vat green 03 indanthren removal by 

photodegradation method using diatomite SiO2 doped iron 

nanoparticle by thermally calcination ( Diatomite SiO2 –Fe ) 

as photocatalyst to degrade vat green 03 indanthren dye textile 

under UV irradiation. 

 

II. MATERIALS AND METHODS  

A.  Natural diatomite 

Natural diatomite was obtained from Sig deposit located in the 

westward of Algeria.The chemical  composition of raw 

diatomite RD studied was determined by x-ray fluorescence X 

( XRF)  ( Philips  PW 1404 ) and by electronic Micro sounder  



based on chemical analysis by x-ray fluorescence x  ( XRF) ( 

Philips PW 1404 ).Raw diatomite RD in powder  is composed 

of 68.017 % SiO2  , 19.25 % CaO , 7.575 %  Al2O3 ; 2.022 % 

Fe2O3 ;1.241 % MgO ; 1.491 % K2O; 0.2 % Na2O ; 0.14 % 

TiO2  and 0.038 % MnO and 0.5 % others [17] as shown in 

Fig.1. 

 

 
 

Fig.1. The raw diatomite RD in powder 

 

B. Preparation of diatomite silica doped iron oxide 

nanoparticle    

RD sample ( 45 g) was immersed in 300 ml 6M NaOH [18] 

solution at 90 °C for 2 h  to partially dissolve Si [15] .The 

mixture was immediately added to 300 ml of FeCl2.4H2O 

solution with 3 M concentration and stirred ( see  Fig.2 ) and 

oxidized in air at room temperature (25 °C) for 24 h ( see Fig. 

3). The mixture was centrifuged for 30 min with the speed of 

12000 rotations/min for assured the separation.The solid 

obtained through centrifugation was washed with distilled 

water and oxidized in air at room temperature overnight.The 

mixture was centrifuged for 30 min with the speed of 15000 

rpm ( rotations per minute ) for assured the separation to 

remove excess NaOH. The solid obtained through 

centrifugation was washed with distilled water and oxidized in 

air to continue the oxidation Fe(OH)2  and remove the excess 

of  NaOH for 24h. The mixture was dried at 105 °C for 24h 

[17] . During the experimental procedure, diatomite sample 

was created and tested: diatomite thermally modified at 600 

°C for 24 in oven ( see Fig.4 ) . The products of this procedure 

were named DMF3X6 as shown in  Fig.5. 

 

  
Fig.2. Diatomite silica doped iron nanoparticle with thermally calcination at 

600 °C    ( DMF3X6) during  stirring and heating 

 

 
  

Fig.3. Diatomite silica doped iron nanoparticle washed by distillate 
 water and  oxidized  in  air at room temperature  at 24 h 

 

 
Fig.4.  Diatomite silica doped iron nanoparticle with thermally calcination at 

600 °C   ( DMF3X6) in oven 

 



 
 

Fig.5.  Diatomite silica doped iron nanoparticle with thermally calcination at 

600 °C    ( DMF3X6) in powder 

 

III. RESULTS AND DISCUSSION 

 

A.  X-ray fluorescence  (XRF) 

 
The mineralogical composition of diatomite silica doped 

iron nanoparticle with thermally calcination at 600 °C                      
( DMF3X6) studied was determined by quantified x-ray 
fluorescence in the form of oxides and is reported  in Table I. 

 

TABLE I. Mineralogical analysis in percentages by %  weight of  Diatomite 
silica doped iron nanoparticle with thermally calcination at 600 °C                             

( DMF3X6) 

 

 

TABLE I shows XRF analysis result. For DMF3X6 shows the 

dominance two oxides are :  37.27 %  SiO2   and 20.14 % 

Fe2O3  and others oxides with low weight percentages  and  

loss by ignition  (LOI ) as  34.46 %. 

 

B.  X-rays diffraction  (XRD) studies 

The mineralogy of diatomite biosilica doped iron 

nanoparticle thermally calcination at 600 °C “DMF3X6 ” 

was characterized by powder x-ray diffraction (XRD) 

analysis using a model Bruker D8 ADVANCE  x-ray 

diffractometer ( Germany )  Cu Kα radiation (λ = 

0.1540598 nm, 50 kV, 100 mA).The powder sample was 

coated on a plate out of glass of methanol and was dried with 

the room temperature, then swept 1° with 80° (2ϴ) with the 

size of stage of 0.020° as shown in Fig.6. 
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Fig.6. X-ray diffraction patterns of  Diatomite silica doped iron 

nanoparticle thermally calcination at 600 °C “ DMF3X6”  

 
The peaks at 14.1°-35.7°-43°-45.5°-49.5°-51.4°-56.5° with d= 

6.28-2.51-2.1-1.99-1.84-1.77-1.62 correspond kaolinite           

( Al2Si2O5 (OH)4 )   ( ASTM 14-164 ).The peak at 24.1°  with 

d=3.69 corresponds quartz ( SiO2 )  [19,20].The peaks  at 

45.5°-51.4°-56.5°-66.2° with d = 1.99-1.77-1.62-1.40 

correspond quartz ( SiO2 ) ( ASTM 5-490 ) [21].The 

peaks at 31.6°-45.5°-56.5°-66.2° with  d= 2.82-1.99-

1.62-1.40 corresponds calcite ( CaCO3 ) ( ASTM 5-

490 ) [20].  the peak at 54.1° with d= 1.69 

corresponds  rutile  ( TiO2 ) ( ASTM 5-551) [21].The 

peaks  at 35.7°-45.5° with d=2.51-1.99 correspond  

illite, ((K,H3O),(Al,Mg,Fe)2O10((OH)2,H2O ) ( ASTM 

9-343 ).The peaks  at 35.7°-54.1° with  d=2.51-1.69 

correspond hematite ( α-Fe2O3 ) ( ASTM 8-98).The 

peaks at 35.7°-43°-56.5° with d = 2.51-2.12-1.62 

correspond magnetite ( Fe3O4 ) (ASTM 8-98 ) 

[37,38].The peak at 43° with d=2.1 corresponds  

maghemite ( γ-Fe2O3 ) [21].The peak at 43° with 

d=2.1 corresponds lepidocrocite (γ-FeOOH ) ( ASTM 

8-98 ) [21].The peaks at 49.5°-54.1° with d= 1.84-

1.69 correspond anatase ( TiO2 ) (ASTM 4-447).The 

peak of anatase TiO2 appear at 24.1°-49.5° with 

d=3.69-1.84 which are consistent with the value in the 

standard card ( JCPDS N° 21-1272).There two 

reflections at 35.7°-66.2° with d= 2.51-1.40 found in 

the XRD pattern of diatomite silica doped iron 

nanoparticle thermally calcination at 600 °C 

“DMF3X6 ”  indicate that the Fe 2O3 deposited into 

their diatomite is the least crystalline ferrihydrite ( 2 -

line ferrihydrite ) with higher surface area and site 

density then other iron (III ) oxides [23,24].The peak 

at 24.1°-49.5° with d= 3.69-1.84 as a peak of anatase 

TiO2 character in accordance with anatase standard              

( JCPDS 12-1276 ).The peak at 35.7°-54.1° with 

d=2.51-1.77 correspond the Fe2O3 [25].In the XRD 

pattern of Fe3O4 , the diffraction angles 35.7°-43°-

54.1°-56.5° with d= 2.51-2.1-1.77-1.62 corresponded 

to the crystal surface of Fe3O4 [26,27].In XRD 

patterns of the loaded catalyst, although the intensity 
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of lines decreased due to Fe-O- loading was observed 

at 43° with d=2.1 wish shows formation of Fe-O 

[28].The peaks at 33.2°-35.7°-43°-54.1° with d=2.7-

2.51-2.1-1.69 correspond goethite (α-FeOOH)                   

(JCPDS card 29-0713) .The spectra of the constituents 

we have formed present a peak at 24.1°-33.2°-35.7°-

43°-49.5°-54.1°, which can be attributed to hematite 

(α-Fe2O3 ) [29]. 

C. Attenuated Total  Reflectance Fourier Transform Infrared 

( ATR-FTIR ) Spectroscopy 

The ATR-FTIR spectra of   diatomite silica doped iron 

nanoparticle thermally calcination at 600 °C “ 

DMF3X6 ” is realized with help of spectrophotometer using 

a model Bruker Alpha  H Gmbh D8  Attenuated Total 

Reflectance  - Fourier Transform Infrared Spectrometer ( 

ATR-FTIR ) between  4000 cm-1  and 400 cm-1  with the 

resolution of 4 cm-1. ; 28 scans were performed . the sample is 

conditioned with the dispersion form in the powder of   diatomite 

silica doped iron nanoparticle thermally calcination at 

600 °C “ DMF3X6 ”. The result is shown in Fig.7. 

 

 

Fig.7. ATR-FTIR spectra of  diatomite silica doped iron nanoparticle 

thermally calcination at 600 °C “ DMF3X6 ”  

 

ATR- FTIR spectra (Fig.7) of    diatomite silica doped 

iron nanoparticle thermally calcination at 600 °C “ 

DMF3X6 ”  material display bands at 3398.47 and 1622.78  

cm-1 that correspond to the O-H symmetric/ antisymmetric 

stretchings, and H-O-H bending vibrations of adsorbed water 

molecules physically adsorbed on H-bonded silanol groups ( 

Si-OH ) present on diatomite surface [30] .The bands at 

2349.59 and 1334.28  cm-1  are unambiguously assigned to  C-

O stretching mode ( δC-O) of  calcium carbonate [30,31] that 

occurs in natural diatomite under aragonite and calcite 

phases.There is a new absorption band at 2071.60 cm-1  

corresponds the vibration of silane group    ( Si-H ) [32]. 

The broad band at 1065.68  and 806.23 cm-1  due to the 

presence of Si-O-Si species are well evident [33]. 

The bands at 1483.91 , 1431.31 cm-1  are unambiguously 

assigned to C-O stretching mode ( υC-O ) of calcium carbonate 

[30,31].That occurs in natural diatomite under aragonite and 

calcite phases .Furthermore ( υC-O ), the relative high intensity 

of the bands situated at 1483.91 and 1431.31 cm-1  reveal a 

high content of calcium carbonate in sample [30,31].Another 

contribution of water molecules within the sample is found at 

1622.78 cm-1  which refers to the bending vibrations of O-H 

groups ( δO-H ) of adsorbed water molecules [34].The band at 

3398.47 cm-1 refers to monomeric hydrogen bonds,which are 

assigned in diatomite silica doped iron nanoparticle thermally 

calcination at 600 °C “ DMF3X6 ”  system to Fe-OH species 

present on surface.Indeed in the case of nano-hydroxylated 

atoms , the surface iron atoms tend to complete their 

coordination shell by reacting with water molecules in order to 

form surface Fe-OH species [35].The latter observation is 

expected given the fact that oxo-and hydroxo-species 

demonstrate a high tendency to form hydrogen bonds 

extensively.Moreover, the spectral study gives more insight 

into the contribution of surface silanol groups in the formation 

of diatomite silica doped iron nanoparticle thermally 

calcination at 600 °C “DMF3X6”, which is suggested to occur 

by the establishment of strong covalent bonds between the 

iron species and these specific reactive sites [36,37] that 

spreads over frustule surface.The peak at 713.25 cm-1 and the 

band at 641.04 cm-1 related to Si-O-Fe [38] or Ti-O [39] and 

Fe-O-Fe bonds [38], respectively, disappeared due to the  

removal of metallic impurities from amorphous silica matrix. 

The band at 537.75 cm-1  is related to Fe-O stretching in 

maghemite [15,40] could be ascribed to Fe-O in Fe2O3 

,suggesting that Fe2O3 was connected with the diatomite sheets 

[58,59].The band centred  at 442.40 cm-1  is ascribed to the Si-

O-Al antisymemetric bending [43,44].  

 

D. Scanning Electron Microscopy with Energy Dispersive X-

ray Spectroscopy (SEM-EDX) 

 

The morphologies of the mineral phases constituting the 

samples were investigated by scanning  electron microscopy 

equipped  energy dispersive x-ray EDX  using a model ( JEOL 

JSM-6610La , Japan) .The sample was first mounted flat,using 

carbon tape, and then coated with 30 nm of gold using a 

sputter coater, the working distance was set to 17 mm and then 

accelerating voltages of 20 kV  were used.  

Fig.8 shows an electronic micrograph of  diatomite silica 

doped iron nanoparticle thermally calcination at 600 °C  “ 

DMF3X6” . 
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Fig.8. Scanning electron micrograph of   diatomite silica doped iron  

nanoparticle thermally calcination at 600 °C  “ DMF3X6 ”  ( magnification 

2300 X ) 

The SEM micrograph of diatomite  silica doped iron 

nanoparticle thermally calcination at 600 °C “ DMF3X6” 

reveals that raw diatomite frustules are surface modified ant 

the original geometry of the pores is destroyed by the 

FeCl2.4H2O and NaOH  treatments  ( Fig.8.).The presence of 

the ferric oxyhydroxide phases detected on diatomite frustules 

[45,46] by SEM ( Fig.8. ).The SEM micrograph of diatomite 

silica doped iron nanoparticle thermally calcination at 600 °C 

“ DMF3X6”  reveals that raw diatomite frustules are surface 

modified and the original geometry of the pores is destroyed 

by the NaOH treatment and the ferrihydrite deposition (Fig.8). 

Initially,colloidal-size ferrihydrite (2–5 nm) is deposited into 

the macropores (>50 nm) and larger mesopores (>7 nm) of 

diatomite.After being fully deposited into the pores of 

diatomite, extra ferrihydrite aggregates on the surface of 

diatomite particles ( see Fig.8) [47].   

Fig.9 represents a mass percentages estimated for elements            

( Fe, O, Na, Cl and  Si ) in diatomite silica doped iron 

nanoparticle by EDX are : Fe  50.53 % , O  22.41 %  , Na  

19.19  % , Cl  18.04 % in hight mass percentages and and Si  

8.12  %  in low percentage mass ( Fig.9 ).  

 

Fig.9.  method standardless quantitative analysis estimated for elements  ( Fe, 

O, Na, Cl and Si ) in DMF3X6  by EDX coupled with SEM  are : Fe  50.53 % 

, O  22.41 %  , Na  19.19  % , Cl  18.04 %  and Si  8.12  % ) 

 

E. Thermal Analysis ( TGA-DSC ) 

 

Thermogravimetric analysis ( TGA ) was carried out in a STD 

Q600 V.3 Build 101, TA instruments, U.S.A. )  instrument at 

heating rate of 10°C/min, in the temperature range 0-1200 

°C.The melting temperature and latest heat of   diatomite silica 

doped iron nanoparticle thermally calcination  at 600 °C  “ 

DMF3X6 ”  was determined by means of differential scanning 

calorimetry ( DSC ) ( TA instrument DSC STD Q600 V.3 

Build 101).In the temperature range 0-1200 °C at a heating 

cooling rate of 10 °C/min. 
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Fig.10. Thermal analysis (TGA-DSC) curves  of   diatomite silica doped iron 

nanoparticle thermally calcination  at 600 °C  “ DMF3X6 ” 

Fig.10 displays the TGA and DSC scans of diatomite silica 

doped iron nanoparticle thermally calcination at 600 °C  “ 

DMF3X6 ” .On heating, the DSC scan reveals the presence of 

two endothermic peaks at 795.28 °C ( ΔH =156.2 J/g ) and 

1027.17 °C ( ΔH = 465.4 J/g ) resulting  both from the 

decomposition of the organic phase present on the surface of 

the silica of  diatomite silica doped iron nanoparticle thermally 

calcination at 600 °C  “ DMF3X6 ” and optionally to the 

dehydroxylation of the silanol groups ( Si-OH ) during the 

raisin of temperature [48].The two phase transition or meeting 

temperature of  diatomite silica doped iron nanoparticle 

thermally calcination  at 600 °C  “ DMF3X6 ”  is about 787.01 

°C, with latent heat ( 156.2 J/g ) and the second 942.69 °C , 

with latent heat ( 4654 J/g ) [49]. Above 300 °C , 

transformation  ferrihydrite of DM3X6 to hematite ( α-Fe2O3 ) 

or recrystallization of hematite [50] . The final phase transition 

was achieved by completing the dehydroxylation step that 

overlaps with instantaneous crystallization of the end hematite 

product from a disordered or non-crystalline to crystalline ( α-

Fe2O3 ) from [ 51-54]. 

F. Surface charge 

The surface area of  diatomite silica doped iron nanoparticle 

thermally calcination  at 600 °C  “ DMF3X6 ” , was 

determined, according to Sears method [55],by weighing 0.5 g 

of DMF3X6 , and acidifying with dilute hydrochloric acid to 

pH of 3-3.5.Sodium chloride (10g) was then added with 

stirring,and the mixture was made up to a total volume of 50 

ml with distilled water.The solution was titrated with 0.1M 

sodium hydroxide NaCl and the pH measured throughout the 

titration process.The volume,V, required to increase the pH 

from 4 to 9 was recorded.The surface area ( S) was estimated 

from the equation (1) [18] : 

S ( m2g-1) = 32 V – 25 (1) 

Where 32 and 25 are Sears empiric constants.The surface 

charge  of  diatomite silica doped iron nanoparticle thermally 

calcination  at 600 °C  “ DMF3X6 ”  was determined by a 

potentiometric titration method [56,57].The same 

concentration of the  DMF3X6, used in this manipulations are 

1gL-1 were first placed in the shaker for 2h at room 

temperature.Titrations were then carried out by using 0.1 M 

hydrocholoride acid and then 0.1 M sodium hydroxide,and the 

pH was measured throughout the titration process.The volume 

(ml) of acid or base needed to change the pH from 3 to 12 was 

recorded, duplicate samples were measured ant he results were 

reported as an average.The surface area of  diatomite silica 

doped iron nanoparticle thermally calcination  at 600 °C  “ 

DMF3X6 ”  used in this study was calculated by Sears method 

[55] as   218.2  m2/g. 

The surface charge density ( C/m2 ) is determined by the 

following [56,57] : 

σ = ( CA – CB + [OH- ] – [ H+ ] ) F/ Am            (2)                    

[56,57] 

Where CA and CB are the concentration of acid and base 

needed to reach a point on the titration curve, in mol/L,[H+] 

and [OH- ] are the concentrations of H+ and OH- converted 

from pH , in mol/L, F is the Faraday constant (96490 C/mol ), 

A is the specific surface area, in m2/g , and m is the 

concentration of  diatomite silica doped iron nanoparticle 

thermally calcination  at 600 °C   “ DMF3X6 ” , in g/L.The 

surface charge of  diatomite silica doped iron nanoparticle 

thermally calcination  at   600 °C  “ DMF3X6 ”  as function of 

solution pH is shown in Fig.11  and Fig.12.The titration curve 

illustrates that the surface charge decreases as the pH is 

increased .The intersection of two curves with x-axis gives the 

point of zero charge ( pHPZC ) which was 6 for diatomite silica 

doped iron nanoparticle thermally calcination  at 600 °C  “ 

DMF3X6 ”. In this study, at pHPZC , the total charge from 

cations and anions at the sample surface is equal to zero. The 

surface charge is negative when the solution pH is above 

pHPZC and becomes positive when pH below pHPZC. 

 



 

Fig.11. Potentiometric Titration Curve of diatomite silica doped iron 

nanoparticle thermally calcination  at 600 °C  “ DMF3X6 ” 
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Fig.12. Curve of  diatomite silica doped iron nanoparticle thermally 

calcination  at 600 °C         “ DMF3X6 ”  of Surface Charge in function of  pH  

medium 

The pH of the zero charge point pH PZC of   diatomite silica 

doped iron nanoparticle thermally calcination  at 600 °C  “ 

DMF3X6 ” is equal to 6 as shown in Fig.12. 

G. UV–visible -DRS  analysis 

 

UV–visible  diffuse  reflectance spectroscopy measurements 

were carried out using a Perckin Elmer Lambda 650 

spectrophotometer equipped  with an integrating sphere 

attachment.The analysis range was from 200 to 800 nm, and  

polytetrafluoroethylene (PTFE,Teflon) Was used as a 

reflectance standard. The Kubelka–Munk formalism and Tauc 

plots  Were used to determine the band gap energy.The 

residual pollutant concentrations during degradation were  

monitored with Shimadzu  UV mini-1240 spectrophotometer 

in the range 200–800 nm,using 1 cm optical pathway  

cells.According to the Planck’s law and some further 

calculation, the relationship between the Absorption 

wavelength  of the photoreactor and the band gap value can be 

determined  By Eq. (3): 

 

Eg =                                          (3) 

 

Where h is Planck’s constant ( 4.13566733 x 10-15  eV s : C is 

the speed of light ( 2.99792458 x 1017 nm s-1  ) and λ is the 

UVA-light  wavelength ( 320-380 nm ).From the calculation, 

in order to absorb a UV-light wavelength, the band gap value 

of the photoreactor has to be below 3.87 eV and above 3.26 

eV.Fig.13 shows UV-visible diffuse reflectance spectrum for 

DMF3X6 sample recorded in the wavelength range of 200-

800 nm.The UV–visible  absorption spectrum of  diatomite 

silica doped nanoparticle thermally calcination at 600 °C  “ 

DMF3X6 ” compound was taken and subsequently its optical 

band gap was calculated using the Tauc approach Eq. (4) 

[58,59] : 

 

αhυ   ≃ A  ( hυ  - Eg )n/2 

 

 Where  α, h, υ  and A are the linear absorption coefficient, 

Planck’s constant, light frequency, band gap energy of the 

material and A constant involving properties of the bands, 

respectively.The exponent n depends on the type of transition 

between the semiconductor bands.The values of n  for directly 

allowed, directly forbidden , indirectly allowed, or indirectly 

forbidden transition are n = 1,2,3 and 4, respectively.By 

applying n=4 , the indirect band gap ( Eg ) of the as-prepared 

photocatalyst is determined from the plot of  (αhυ )1/2  versus 

hυ , as indicated in Fig.14.By Extrapolating the straight line to 

the x-axis in this plot, the Eg value of silica diatomite doped 

iron nanoparticle thermally calcination at 600 °C “ DMF3X6 ”  

was found to be 1.15 eV. The estimates value indicates that 

DMF3X6 possessed narrower band gap and the optical 

transition for DMF3X6 was indirectly allowed [60]. 

 



200 400 600

1

2

3

A
b

s
o

rb
a
n

c
e
 (

 a
.u

. 
)

Wavelength l ( nm )

  DMF3X6

 
Fig.13. UV-visible diffuse reflectance spectrum for diatomite silica doped 

iron nanoparticle thermally calcination at 600 °C “ DMF3X6 ” 
 

 

Fig.14. Plot of ( αhυ )1/2  against ( hυ ) from the UV-vis diffuse reflectance for 

diatomite silica doped nanoparticle thermally calcination at 600 °C “ 
DMF3X6 ”.In the inset, the band gap value is described 

 

H. Photocatalytic Activity 

 

The Fig.15.  represents the molecular structure of the Indanthrene 

Olive  Green B « Vat Green 03 indanthren  » dye of textile.  

NH

O O

O

 

Fig. 15. Molecular structure of the Indanthrene Olive Green B « Vat Green 3 » 

dye of textile. 

 
The Indanthrene Olive Green B ( C.I.Vat Green 3 ; C.I.69500) 

VG3 dye of textile was obtained from an industrial textile 

treatment Essenia « SOTEXHAM » in Oran in the West of 

Algeria. The Fig.16 shows the solution of the indanthrene 

Olive Green B ( C.I.Vat Green 03; C.I.69500) VG3 dye of 

textile. 

 
 

Fig. 16.The solution of The Indanthrene olive Green B  ( C.I.Vat Green 

3 ; C.I.69500) VG3 dye of textile 

 

The objective for this work is to optimize the operating 

conditions of the photodegradation of titanium dioxide 

(Degussa P25) and diatomite silica doped iron  nanoparticle 

thermally calcination at 600 °C “ DMF3X6 ” .For  this we 

varied the pH of 4, 7 and 10 and the concentration of  

diatomite silica doped iron  nanoparticle thermally calcination 

at 600 °C “ DMF3X6 ”  is 0.5g /L and thus release industry 

and textile dye (Vat Green 03 indanthren ), which is used as 

indicators of contamination at a concentration of 2.5 

mg/L..The photocatalytic activity was determined based on 

the pH and the absorbance of samples after each 15 min. 

 

Pollutants studied  

 

 the subject of this study contains the  Vat Green 03  

indanthren of  industrial textile dye  that is soluble in alkaline 

media to synthetic design dyeing cellulose fibers and proteins , 

as well as for printing cotton .As shown in Fig. 16.It was 

provided to us by the textile company Essenia in Oran «West 

of Algeria."The aqueous solution of Vat Green 03 indanthren  

was prepared from a stock solution of 1 g/L and the discharge 

is diluted to  0.5 mg/L , since it is very concentrated and 

contains other additives (caustic soda NaOH, sodium 

hydrosulfite  Na2S2O4  ) .All manipulations of the 

photodegradation of Vat Green 03 indanthren  was conducted 

in a beaker of 250 mL with stirring at room temperature [20-

25 °C]  [17]. The materials used are prepared from and 0.5 g/L 

of    diatomite silica doped iron  nanoparticle thermally 

calcination at 600 °C “ DMF3X6 ”   in three different  pH 

medium  (4, 7 and 10).Were introduced into the beaker , 200 

mL of the  dye ( Vat  Green 03 ) concentration of 20 mg/L and  

0.5g of    diatomite silica doped iron  nanoparticle thermally 

calcination at 600 °C “ DMF3X6 ”   adjusted the pH to 4,7, 

and 10 were then put the solutions in the dark under UV 

irradiation ultraviolet samples of 10 mL every 15 minutes to 

measure the pH, the sample is centrifuged ( 15000 rotations 
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/min ) for one-half hour and finally measuring the absorbance 

on a spectrophotometer model Optizen Micrometrics . As 

shown in Fig.17.The Fig.17 represents the manipulation of 

photodegradation  between ( Vat Green 03  dye textile ) and 

the used the product diatomite silica doped iron  nanoparticle 

thermally calcination at 600 °C “ DMF3X6 ”   utilize  the 

agitator with speed 300 rotations/min in the photocatalytic 

reactor  but  the transilluminator is  changed the photocatalytic 

reactor Transilluminator the  length equal to  365 nm wave 

type Biometra , width of the lamp is 15 cm and a length of 30 

cm , energy elimination is 45 Watt and the summarized results 

are shown in Fig. 18 ; Fig. 19 ; Fig. 20 and Fig.21 

respectively. 

 

 

 
 

Fig.17. Test of photodegradation ( Vat Green 03 indanthren dye   textile  )  in 

presence       diatomite silica doped iron  nanoparticle thermally calcination at 

600 °C “ DMF3X6 ”    in the photocatalytic reactor ( transilluminator ) 

The discoloration efficiency of the catalyst was calculated  by the 

following equation  Eq. (4 )  

 

Decolourisation  ( %) =     (C0 - C ) /C0         ( 4 ) 

 

Here C  is the concentration  of Vat Green 03 indanthren  solution 

at irradiation time of “t” min, and C0 is the initial absorption at t= 0 

min. 

 

Measurement of pH 

 

 At 60 min of reaction, It was found that increase of 

solution pH from 4 to 10 increased the decolorization 

effieciency. Fig.18  shows the effect of the pH of the medium 

on photodecolorization of vat  green 03 Indanthren in the 

presence of    diatomite silica doped iron  nanoparticle 

thermally calcination at 600 °C “ DMF3X6 ” under UV 

irradiation of transilluminator as a function of irradiation time. 

The pH of  vat green 03 Indanthren with diatomite silica 

doped iron  nanoparticle thermally calcination at 600 °C “ 

DMF3X6 ”  tends to neutral. 
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Fig.18. pH change  of the mixture (Vat Green 03 indanthren + DMF3X6 ) 

over time under UV irradiation 

 

 

Photodegradation kinetics 

 

Fig.19 shows the degradation kinetics of Vat Green 03 textile 

dye  under the UV lamp, using  diatomite silica doped iron  

nanoparticle thermally calcination at 600 °C “ DMF3X6 ” 

according to the pH  medium differents . 
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Fig.19. the degradation kinetics of Vat Green 03 textile dye  using the 

DMF3X6  

 

The kinetics of degradation of Vat Green 03 pennies lamp 

UV shows that the photoactivity using diatomite silica doped 

iron  nanoparticle thermally calcination at 600 °C “ DMF3X6 

”    is favorable for a pH equal to 4 compared to the other pH. 

 

Reactions kinetics order 

 



The discoloration efficiency of  diatomite silica doped iron 

nanoparticle thermally calcination at 600 °C for vat green 03 

indanthren dye was quantified by measurement of dye 

apparent first order rate constants under operating parameters 

Eq. (5) :  

 

Log  = Kappt                                                        ( 5) 

 

Where Kapp is the apparent pseudo-first order rate constant, C 

and C0  are the concentrations at time “t” and “ t=0 ”, 

respectively .The plot of ln C0/C against irradiation time t 

should give straight lines, whose slope is equal to Kapp. In all 

the photodecolourisation experiments, the reaction followed 

first order kinetics .Plots of Ln[C0/C] versus time showed 

linear relationship where C is the concentration of vat green 

03 indanthren  remaining in the solution at irradiation time of 

t, and C0 is the initial concentration at t = 0 min in different 

pH’s.First order rate constants were evaluated from the slopes 

of ln[C0/C] versus time plots ( Fig.20).In this work, the “k” is 

calculated by linear regression shown in Fig.20. At pH= 4, the 

observed rate constant for the photodecolourisation of vat 

green 03 indanthren  in the presence of   diatomite silica doped 

iron  nanoparticle thermally calcination at 600 °C “ DMF3X6 

”  is 2.56 x10-2 min-1, at pH= 7 , the observed rate constant for 

the photodecolourisation of vat green 03 indanthren  in the 

presence of diatomite silica doped iron  nanoparticle thermally 

calcination at 600 °C “ DMF3X6 ”   is 3.66x10-2 min-1.at 

pH=10, the observed rate constant for the 

photodecolourisation of vat green 03 indanthren  in the 

presence of  diatomite silica doped iron  nanoparticle 

thermally calcination at 600 °C “ DMF3X6 ”   is 0 min-1 

because linear regression does not pass on all the points of 

samples.As concluded about the observed rate constant ,the 

reaction followed first order kinetics at pH = 4,and at pH = 7, 

but at pH = 10, the reaction followed is not nor first order and 

nor pseudo-first order . 

 

 

 
 

Fig.20. Effect of pH solutions on reactions kinetics order determination for 

photodecolourisation of vat green 03 indanthren  textile dye using  the  

diatomite silica doped iron  nanoparticle thermally calcination at 600 °C “ 
DMF3X6 ”  in function of irradiation time 

 

Colour removal of vat green 03 indanthren  

 

 

Fig.21  shows the colour removal of vat green 03 indanthren  

in different pH’s using the  diatomite silica doped iron  

nanoparticle thermally calcination at 600 °C “ DMF3X6 ” .At 

60 min of reaction, it was verified that in pH = 4, there was a 

colour remove about 79 %, at pH = 7,there was a colour 

remove about 85 %, and at pH = 10, there was a colour 

remove about 92 %.It was verified that in pH = 10, there was a 

better colour remove about   92 % .It was observed that the vat 

green 03 indanthren textile dye degradation has pH 

dependency ,the better result is at pH = 10. 
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Fig.21. Colour removal of vat green 03 indanthren  in different pH‘s 

using the   diatomite silica doped iron  nanoparticle thermally calcination at 
600 °C “ DMF3X6 ”   

 

 

IV. CONCLUSION  

 

Synthesis of  diatomite silica doped iron nanoparticle 

thermally calcination  at 600 °C “DMF3X6 ” composite has 

been successfully carried out based on the characterization 

result and applied to degrade vat green 03 indanthren dye on 

UV irradiation. The band gap for DMF3X6 was Eg = 1.15 eV  

by UV-visible DRS technique .It was verified that in pH = 10, 

there was a better colour remove about 92 %.It was observed 

the vat green 03 indanthren textile dye degradation has pH 

dependency,the better result is at pH =10. 

 As concluded about synthesis  of   diatomite silica doped iron 

nanoparticle thermally calcination  at 600 °C “DMF3X6 ” by 

the formation of new structure through bonding Si-O-Fe and 

Ti-O-Fe linkages verified by ATR-FTIR Which were 

responsible for its UV irradiation photocatalytic activity for 

photodecolourisation of vat Green 03 indanthren textile dye. 
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