Pham Dinh Du... 
Mn–Fe binary oxide incorporated diatomite for phenol...
Tạp chí Khoa học Đại học Thủ Dầu Một 
Số 3(38)-2018

Mn–Fe BINARY OXIDE INCORPORATED DIATOMITE FOR PHENOL OXIDATION REACTION

Pham Dinh Du(1), Ho Sy Thang(2), Tran Thanh Tam Toan(3),
Mai Xuan Tinh(3), Dinh Quang Khieu(3)
 (1) Thu Dau Mot Univeristy, (2) Dong Thap University, (3) Hue University
Received 14 June 2018, Accepted 5 July 2018
Email: dupd@tdmu.edu.vn
Abstract
Fe–Mn binary oxide incorporated into diatomite was prepared by the redox reaction of KMnO4 and FeSO4.7H2O in range of pH of 3-9. The obtained catalyst was characterized by SEM, EDX and XPS. The results showed that manganse oxide and iron oxide exist multiple oxidation states including Mn2O3, MnO2, FeO and Fe2O3. The Mn-Fe-diatomite exhibited catalytically synergized properties of iron and manganese oxide. The phenol oxidation by H2O2 using Fe-Mn-diatomite as a catalyst was conducted. The phenol with 1000 ppm was minerized completely after 60 minutes while phenol was only oxidized to catechol and hydroquinone with using single MnO2 or Fe2O3. 
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1. INTRODUCTION

Phenol is one of the most common and important pollutants and is extremely toxic to the environment even at very low concentrations. Several techniques, used for the outflows treatment, have been applied efficiently to the degradation of the phenol. In general, the biological processes are able to oxidize the poisonous outflow entirely, since the present microorganisms are fully adapted to its concentration and toxicity. However, outflows containing phenol compounds in high concentrations can be inadequate to the biological treatment. The catalytic wet oxidation has been demonstrated to be an useful and important technique for several researchers have been seeking new and efficient catalysts able to degrade poisonous outflows at low temperature and reduced cost. The oxidation processes that use heterogeneous catalysts allow an easier separation of the catalyst than the processes containing homogeneous catalysts.

Diatomite is a pale-colored, soft, lightweight siliceous sedimentary rock made up principally from the skeletons of aquatic plants called diatoms. Diatomite contains silica and other impurities. It has a wide variety of shape and sized diatoms, typically 10–200 nm, in a structure including up to 80–90% pore spaces [1]. Due to the extremely porous structure, low density and high surface area of diatomite, there is a possibility to use it for the adsorption of organic and inorganic chemicals. Furthermore, these unique properties led to its applications as filtration media in a number of industries. It has been suggested that diatomite can be successfully used as a costeffective alternative to activated carbon. Diatomite is approximately 500 times cheaper than commercial activated carbon. The diatom shell, which is composed of amorphous silica, has properties such as high porosity with strong adsorbability and excellent thermal resistance. Hence, diatomite has been widely used as filter aid, catalytic support, and adsorbent [2, 3]. Recently, the novel applications of diatomite as biological support, pharmacy carrier, chromatography support, and functional filler have attracted extensive attentions [4, 5, 6]. The present paper, the incorporation of manganese and iron oxides into a diatomite to form binary Mn-Fe-diatomite will be studied. This supported catalyst is efficient for mineralizing phenol with H2O2.
2. EXPERIMENTAL

All materials were commercial reagent grade. KMnO4, NaOH, HCl, phenol were obtained from Merck. Diatomite sample was supplied as a natural resource from Phu Yen province, Viet Nam. After removing organic stuff by repeated sedimentation and desiccation at 100oC, the sample was stored in a desiccators for further usage.
Nano iron oxide was synthesized by precipitation of Fe3+ inside oleic acid micelles [7]. Birnessite flower-like MnO2 nanostructures were selectively synthesized through simple decomposition of KMnO4 under hydrochloric acid condition [8]. A precursor of Fe–Mn binary oxide was prepared by 15 mL solution of FeSO4.7H2O (0.075 mol/L) and KMnO4 (0.025 mol/L). The following procedure was developed to incorporate Fe–Mn binary oxide precursor into pores of diatomite as homogeneously as possible: (1) Take 2 g of dried diatomite into 7.5 mL solution of FeSO4 (0.075 mol/L). (2) Add 7.5 mL solution of KMnO4 (0.025 mol/L) and NaOH (0.1 mol/L) into the above solution. (3) Stir the suspension liquid gently for 30 min at pH of 2-6. (4) Separate the solids from the suspension and dry the solids at 60oC for 12 h. 
The powder X-ray diffraction (XRD) patterns were recorded by a D8 Advance, Brucker – Germany with CuK( radiation (( = 1.54060 Å). The morphology of the synthesized samples was determined by SEM JMS-5300LV scanning electron microscope (SEM). Transmission electron microscopy (TEM) images were taken Fourier transform-infrared (FT-IR) measurements were carried out by the KBr method using Shimadzu FT-IR 8010M. X-ray Photoelectron Spectroscopy (XPS) was performed by Shimadzu Kratos AXISULTRA DLD spectrometer. Peak fitting was conducted by CASA XPS software.
The phenol oxidation reaction was carried out in a 100 ml, water jacketed, three-necked, glass flask fitted with a condenser and a mechanical stirrer. The stirring rate was kept constant and controlled at a speed ensuring intrinsic kinetic observation. The temperature was controlled by a thermostated water bath (LAUDA ecoline RE 206). To initiate the reaction, 2 ml H2O2 (30 wt%, Aldrich) was added all at once to the mechanically well stirred aqueous solution of phenol which contained 0.05g catalyst at 90oC. The reaction products were collected and analyzed using a HPLC (Shimadzu-LC 20A, Japan). The HPLC was equipped with a C-18 column (Altima, Alltech) using 40 vol% of acetonitrile in 0.1 vol% of aqueous phosphoric acid solution as a mobile phase and a UV detector operating at 254 nm. 
3. RESULTS AND DISCUSSION

Fig.1 shows SEM observation of manganese oxide and iron oxide. Manganese oxide contains flower-like-nanoparticles while iron oxide exhibits spherical nano particles with 20-500 nm in size. Fig. 2 displaced SEM observations of diatomite, and Fe-Mn-diatomite. Many pores can be seen on the surface of diatomite. After being incorporated, the surface of diatomite was covered by Fe–Mn binary oxide, and a porous structure can still be observed. In present paper, we focus on studying effect of pH on oxidation state of iron /Mn as well as their composition of Fe-Mn-diatomite.
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Fig.1. SEM observations of iron oxide and manganese oxide with different magnification
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Fig.2. SEM observations of diatomite and Mn-Fe-diatomite synthesized by pH =4
The EDX elemental analysis in four points for all samples of Mn-Fe-diatomite shows that the elementary compositions were very similar indicating oxides were highly dispersed on diatomite surface. Silicon was the main element in diatomite and Fe-Mn-diatomite. The molar ratio of Mn/Fe for Fe-Mn-diatomite seems to be unchangeable despite of pH change the elemental molar ratio of Mn to Fe was in arrange of 0.09-0.14 compared to initial ratio of 0.33 as shown in table 1. The reduction of molar ratio of Mn/Fe might contribute to the iron amount in diatomite.
Table 1. EDX analysis of diatomite and Mn-Fe-diatomite synthesized
 with different pH conditions
	pH value to prepare Fe-Mn-diatomite
	Al

(% wt.)
	Si

(% wt.)
	Ti

(% wt.)
	Mn

(% wt.)
	Fe

(% wt.)
	Molar ratio
of Mn : Fe

	pH 3
	11.49
	75.52
	1.05
	1.23
	10.14
	0.12

	pH 4
	11.21
	75.76
	0.98
	1.13
	10.10
	0.11

	pH 5
	9.73
	76.10
	1.03
	1.03
	10.85
	0.09

	pH 6
	10.48
	76.36
	0.91
	1.31
	9.36
	0.14

	pH 7
	10.55
	75.53
	0.99
	1.16
	10.00
	0.12

	pH 8
	9.85
	73.23
	1.06
	0.99
	9.44
	0.11
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Fig.3. XPS spectra of Fe2p3/2 and Mn2p3/2 for Fe-Mn-diatomite

Fig. 3 shows XPS spectra of Fe2p3/2 and Mn2p3/2 for Fe-Mn-diatomite. Bending energies of 723 and 709 eV corresponding to Fe3+ and Fe2+ and those of 648 and 640 eV for Mn3+ and Mn4+ [9] were obtained by peak fitting using CasaXPS software. The molar ratio of Fe3+/Fe2+ and Mn4+/Mn4+ calculated by peak fitting were also presented in table 2. pH value seems to affect oxidation state to a small extent. It is worth to note that the Fe(II) oxidized partly to Fe(III) while the majority of Mn(II) oxide reduced to Mn(III) and minority to Mn(IV).

Table 2. XPS analysis of Fe-Mn diatomite synthesized with different pH

	pH value to prepare Fe-Mn-diatomite
	Fe2+
(% wt.)
	Fe3+
(% wt.)
	Mn3+
(% wt.)
	Mn4+
(% wt.)

	4
	25.02
	74.98
	73.08
	26.92

	6
	8.82
	91.18
	48.35
	51.65

	7
	20.49
	79.51
	70.37
	29.63

	9
	13.69
	86.31
	71.38
	28.62


[image: image7.png]7

-

&

-

oc




[image: image8.png]-~

]

]

B3

0d




Fig.4. HPLC diagrams of phenol oxidation products over different catalysts
(a) iron oxide; (b) manganese oxide; (c) Mn-Fe-diatomite prepared at pH=6. Reaction condition: Reaction time: 60 min, catalyst mass: 0.05g, V=100 mL phenol 1000 ppm, V=2mL hydroperoxide 30% , reaction temperature: 900C.

Fig. 4 show HPLC diagrams of phenol oxidation products. The main products including catechol, hydroquinone were identified by standard materials. The name of products were noted in diagrams. Unfortunely, we have not identified the products that appeared early residual times around 2 min. It may be organic acid with molecular weight such as acetic acid, formic acid or oxalic acid. Manganese oxide exhibited very poor phenol oxidation. Phenol is almost oxidized after 60 minutes while iron oxide provide good phenol oxidation but the phenol oxidation did not occur completely. It still remain huge amount of intermediates of dihydroxylphenon such as catechol and hydroquinone. The dihydroxylphenols as toxic materials to aqueous environment are stable and hard to degradate by biological or chemistry processes. The phenol oxidation over Mn-Fe-diatomite catalyst occurred almost completely to form organic acids with low molecular weight. The combining iron oxide and manganese oxide coating over diatomite provided excellent catalyst for completely phenol oxidation. High oxidation reactivity of Mn-Fe-diatomite needs to further study but we thought that it is related multiple oxidation states of manganese and iron.

4. CONCLUSIONS

Fe–Mn binary oxide has been homogeneously incorporated into diatomite by redox reaction of KMnO4 and Fe(II). The redox products consist of multiple oxidation state oxides including Mn2O3-MnO2-Fe2O3-FeO. The homogeneous mixture of oxide coating diatomite (Fe-Mn-diatomite) provides an sufficient catalyst for complete phenol oxidation. The Mn-Fe diatomite is a promising candidate for industrial output due to its high catalytic activity, easy physical separation and very low costs.
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