NEW FRONT. CHEM. (2014) Former: Ann. West Univ. Timisoara — Series Chem.
Volume 23, Number 1, pp. 1-9 ISSN: 1224-9513
ISSN 2393-2171; ISSN-L 2393-2171

© West Universty of Timisoars |

Article

TREATMENT OF DYES CONTAINING WASTE
WATER WITH NANOCRYSTALLINE ZINC
FERRITE

Raluca Voda, Adina Negrea(®), Lavinia Lupa, Mihaela Ciopec,

Petru Negrea, Corneliu Mircea Davidescu
University Politehnica Timisoara, Faculty for Industrial Chemistry and Environmental
Engineering, Bv. Parvan no. 6, Timisoara, RO-300223, Romania

ABSTRACT

Treatment of colored water before discharged is an important issue in order to avoid
certain hazards and environmental problems. In contrast with the conventional methods
of dyes removal the adsorption techniques is the most versatile and widely used, in
special when the adsorbent could easily be removed through magnetic separation.
Therefore in order to accomplish these conditions in the present paper was obtained zinc
ferrite to be used as adsorbent in the treatment process of waste waters containing dyes.
The nanocrystalline zinc ferrite was obtained after a heating treatment of the zinc
ferrioxalate coordination compound, as precursor, at 500°C. The obtained zinc ferrite was
investigated by IR spectroscopy, X-ray diffraction and SEM microscopy.
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1. INTRODUCTION

The release of colored water in the effluents, besides the pollution with heavy metals,
poses certain hazards and environmental problems. Dyes have long been used in dyeing,
paper and pulp, textiles, plastics, leather, cosmetics and food industries.

These colored compounds are not only aesthetically displeasing but also
persist for long distances in flowing water, retards photosynthesis, inhibit growth of aquatic bi
ota by blocking out sunlight and utilizing dissolved oxygen [1-6].

There are various conventional methods of removing dyes including coagulation and
flocculation, oxidation or ozonation and membrane separation [7-15]. However, these
methods are not widely used due to their high cost and economic disadvantage. Chemical and
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electrochemical oxidations, coagulation are generally not feasible on large scale industries. In
contrast, an adsorption technique is by far the most versatile and widely used. [1, 7, 9, 15-18]
Several adsorbents have been investigated by the previous researchers such as: activated
carbon, alumina, silica, natural materials and synthetic resin [15, 19-23]. The most adequate
adsorbent has to accomplish the following requirements: to be a low cost adsorbent to be easy
regenerated and disposed. Furthermore in the last years an important accent was out on the
separation and regeneration of the adsorbent from heterogeneous systems. In this way a lot of
separation technique such as free settling, centrifugation, and membrane filtration has been
studied. Unfortunately, these separation techniques suffer from prolong usage of equipment
operation, complicated technical requirements as well as high operational costs and thus
severely restrict water treatment applications. Being an efficient and economical method,
magnetic separation would be an ideal alternative than centrifugation or filtration methods
[1]. Therefore the use of various types of magnetic nanoparticles has been reported for the
removal of different pollutants from environmental samples [1, 9, 16, 17, 24-26]. In this
paper the nanocrystalline zinc ferrite was used as adsorbent material for the treatment of
waste waters resulted from the remanufacturing of the empty ink cartridges. The zinc ferrite
was obtained by thermal decomposition of zinc ferrioxalate coordination compound, as
precursor, this method had been widely used for synthesis of nanoferrites [27, 28].

2. MATERIALS AND METHODS

All the reagents used for the synthesis of ferrite were analytical grade, including ferric
(1) nitrate (Fe(NO;3);-9H,0, Mw = 403.95 gmol™, Merk), zinc nitrate (Zn(NO;), 6H,0, Mw
= 297.49 gmol”, Merk), 1,2-ethanediol (C,H4(OH),, Mw = 62.07 gmol”, Merk) and 2M
nitric acid solution (Merk). An aqueous solution containing ethanediol, iron nitrate, zinc
nitrate and nitric acid (2M) in a molar ratio x : 2 : 1 : y where x>3 and y>2 is heated in a
water bath. The reaction is completed when no more gas evolving is observed. The obtained
solid reaction product, purified by refluxing with an adequate acetone-water mixture, is
filtered, washed with acetone and maintained in air until constant mass. The coordination
compound [Fe,Zn(C,04)4(OH,)s] precursor is synthesized using 2M nitric acid solution. The
oxide ZnFe,Qy is obtained after heating treatment of the precursor at 500°C for one hour, with
a heating rate of 5°C/min.

The FTIR spectrum (KBr pellets) of the ferrite was recorded on a Vertex 70 BRUKER-
FTIR spectrophotometer in the range 400-4000 cm™. The oxide was characterized by X-Ray
diffraction (XRD) analysis. The powder X-Ray diffraction patterns of the obtained oxides
was recorded at room temperature with a XRD using a Rigaku Ultima IV diffractometer,
using Cu K, radiation (A = 1.5418 A). SEM image was recorded using a Quanta FEG 250
microscope, equipped with an EDAX ZAF quantifier.

The obtained zinc ferrite was used as adsorbent material in the treatment of waste waters
resulted from ink jet manufacturing. The residual solution containing dyes was obtained from
a local manufactory were the empty ink-jet cartridges are refilled. The analyze of the dye
concentration from the solution before and after adorption process was realized
spectrophotometricaly using a Varian Cary 50 spectrophotometer. The spectra were recorded
in the range of 300-800 nm. In the first step the influence of the adsorbent quantity upon the
degree of adsorption was determined. In this way 25 mL of residual waters was treated with
various quantities of adsorbent materials (0.02, 0.03, 0.04, 0.05, 0.06 and 0.07 g). The
samples were shacked from 1 hour using a Julabo SW23 shaker, and after were filtrated and
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the resulted solutions were again analyzed through UV-VIS spectrophotometry. After
establishing the optimum S: L ratio the influence of the shaking time (15, 30, 45, 60, 90
and 120 min) upon the adsorption capacity was determined. The degree of adsorption was
determined based on the following equation:

_ (Adsinit — AdS i)

Adsjpjt

00 (1)

where:

n represents the removal degree of dye, %;

Ads;,; represents the initial absorbance of the dye present in the waste water;

Adsg, represents the absorbance of the dye present in the waste water after treatment
with the zinc ferrite.

3. RESULTS AND DISCUSSIONS

The synthesis reaction of the zinc ferrioxalate is based on the redox reaction between
1,2-ethanediol and nitrate ion [27]:

12C,Hy(OH),+6([Fe(OH,)e]* +3NO ; )+3([Zn(OHy)e]* +2NO ; J+8(H+NO ; ) —X—
— 2 5 3Fe,Zn(C,04)4-6H,0() 32N0(y) +76H,0 )

The FTIR spectrum (Figure 1) of the conversion product obtained after the calcination at
500°C for 1h of the coordination compound shows only the bands characteristic for ZnFe,O4
ferrite (550cm-1 and 418 cm-1) being in agreement with the literature data [29, 30].

Figure 1: FTIR spectrum of zinc ferrite
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In Figure 2 is presented the XRD pattern of ZnFe,O, ferrite. The XRD pattern shows the
presence of well crystallized pure zinc ferrite was identified in using JCPDS 04-006-8036
(8.460A). The average crystallites size was evaluated using Scherrer's formula [31]:

dxrp = [0.91M/(Bcosh)] x 57.32 2)
where dxrp is the crystallite size, A the wave length (Cu K,), B the corrected half-width

obtained using o quartz as reference and the Waren formula and 0 is the diffraction angle of
the most intense diffraction peak.

Figure 2: The XRD of ZnFe,0O, derived from [Fe,Zn(C,04)4 (OH,)s] compound obtained by an
independent pyrolysis at 500°C
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The mean crystallite size evaluated using Scherrer’s formula is 22 nm and the lattice
parameter from XRD analysis is 8.453A.

The SEM image (Figure. 3) shows that the ferrite consists of agglomerated spherical
particles with 20-40nm average particle size and microporous structure.

Figure 3: SEM image of ZnFe,O4 powder prepared from Fe,Zn(C,04)4(OH,)s compound
thermally treated at 500°C _
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The EDX spectrum of ZnFe,O, is presented in Figure 4. Qualitative and quantitative
EDX analyzes showed a high purity and corresponding stoichiometry of the zinc ferrite
analyzed.

Figure 4: EDX spectrum of ZnFe,0, powder prepared from Fe,Zn(C,04)4(OH;)s compound
thermally treated at 500°C
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The UV-VIS spectrum of 300-800 nm of the waste waters treated with the studied
adsorbent is presented in Figure 5.

Figure 5: UV-VIS spectrum of the used waste water
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In the spectrum presented in Figure 5 can be observed three peaks at three wavelength
(625, 564 and 333 nm) specific for the three colors present in the waste waters.
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The influence of the S:L ratio upon the efficiency of the adsorption process of the three
colors present in the waste waters onto the studied zinc ferrite is presented in Figure 6.

Figure 6: The influence of the S:L ration upon the adsorption process efficiency
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From the experimental data can be observed that for the all colors present in the studied
waste waters the use of a higher quantity of zinc ferrite lead to a higher degree of separation
of dyes from aqueous solution. This influence is not significant for a S:L ratio higher than
0.05 g of zinc ferrite in 25 mL of waste waters. Therefore the further studies will be
conducted at this S:L ratio

The influence of the stirring time upon the efficiency of the adsorption process of dyes
onto the studied zinc ferrite is presented in Figure 7.

Figure 7: The influence of the stirring time upon the adsorption process efficiency
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It can be observed that for the removal of dyes which absorb at 564 nm and 333 nm a
stirring time of 60 minutes is sufficient for obtaining an adsorption degree higher than 90%.
But to remove all the colors present in the waste waters and realize 100% treatment efficiency
is necessary to treat the waste waters with the studied adsorbent for 120 minutes.

4. CONCLUSION

Nanocrystalline zinc ferrite, with pure spinelic phase ZnFe,O4, was obtained after the
calcination zinc ferrioxalate coordination compound at 500°C. The FT-IR spectrum showed
two characteristic metal oxygen vibrational bands. The average particle size of ferrite was in
the range of 20-40 nm, as revealed by XRD and SEM techniques.

The obtained nanocrystalline zinc ferrite presented good efficiency in the
removal process of dyes from a real waste water. The highest degree of separation
of the dyes from the waste water resulted from the ink-jet cartridges
remanufacturing is obtained when is used a S:L ratio of 0.05 adsorbent in 25 mL
of waters for 2 hour of shaking.

ACKNOWLEDGEMENT

,,This work was partially supported by the strategic grant POSDRU/159/1.5/S/137070
(2014) of the Ministry of National Education, Romania, co-financed by the European Social
Fund — Investing in People, within the Sectoral Operational Programme Human Resources
Development 2007-2013."

REFERENCES

1. WangL., LiJ., Wang Y., Zhao L., Jiang Q., Adsorption capability for Congo red on
nanocrystalline MFe,O4 (M = Mn, Fe, Co, Ni) spinel ferrites, Chem. Eng. J., 2012,
181-182, 72-79.

2. Louhichi B., Bensalah N., Comparative study of the treatment of printing ink
wastewater by conductive-diamond electrochemical oxidation, Fenton process, and
ozonation, Sustain. Environ. Res., 2014, 24(1), 49-58.

3. Zhang G.J.,, Liu Z.Z., Song L.F., Hu J.Y., Ong S.L., Ng W.J., Post-treatment of
banknote printing works wastewater ultrafiltration concentrate, Water. Res., 2004,
38(16), 3587-3595.

4. Saint Amand F.J., Hydrodynamics of deinking flotation, Int. J. Miner. Process.,
1999, 56(1-4), 277-316.

5. Viesturs U., Leite M., Eisimonte M., Eremeeva T., Treimanis A., Biological deinking
technology for the recycling of office waste papers, Bioresource Technol., 1999,
67(3), 255-265.

6. Ma X.J., H.L. Xia, Treatment of water-based printing ink wastewater by Fenton
process combined with coagulation, J. Hazard. Mater., 2009, 162(1), 386-390.



Raluca Voda et al./ New Frontiers in Chemistry 23 (2014) 1-9

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Iram M., Guo C., Guan Y., Ishfaq A., Liu H., Adsorption and magnetic removal of
neutral red dye from aqueous solution using Fe;O4 hollow nanospheres, J. Hazard.
Mater., 2010, 181, 1039-1050.

Wu J. S, Liu C. H., Chu K.H., Suen S.Y., Removal of cationic dye methyl violet 2B
from water by cation exchange membranes, J. Membr. Sci. 2008, 309, 239-245.
Virlan C., Ciocarlan R.G., Roman T., Gherca D., Cornei N., Pui A., Studies on
adsorption capacity of cationic dyes on several magnetic nanoparticles, Acta
Chemica lasi, 2013, 21 19-30.

Ersu C.B., Braida W., Chao K.P., Ong S.K., Ultrafiltration of ink and latex
wastewaters using cellulose membranes, Desalination, 2004, 164(1), 63-70.

Metes A., Koprivanac N., Glasnovic A., Flocculation as a treatment method for
printing ink wastewater, Water. Environ. Res., 2002, 72(6) 680-688.

Nandy T., Shastry S., Pathe P.P., Kaul S.N., Pre-treatment of currency printing ink
wastewater through coagulation-flocculation process, Water Air Soil Pollut., 2003,
148(1-4), 15-30.

Roussy J., Chastellan P., van Vooren M., Guibal E., Treatment of ink-containing
wastewater by coagulation/flocculation using biopolymers, Water SA, 2005, 31(3),
369-376.

Fernandez J., Kiwi J., Lizama C., Freer J.,, Bacza J., Mansilla H.D., Factorial
experimental design of orange II photocatalytic discoloration process, J. Photochem.
Photobiol. A, 2002, 151, 213-219.

Purkait M.K., Maiti A., Das Gupta S., De S., Removal of Congo red using activated
carbon and its regeneration, J. Hazard. Mater., 2007, 145, 287-295.

Hou X.-yu, Feng J., Liu X.-han, Zhang M.-lin, Comparable Studies of Adsorption
and Magnetic Properties of Ferrite MnFe,O4 Nanoparticles, Porous Bulks and
Nanowires, Chem. Res. Chinese Universities, 2011, 27(4), 543-546;

Mayo J.T., Yavuz C., Yean S., Cong L., Shipley H., Yu W., Falkner J., Kan A.,
Tomson M., Colvin V.L., The effect of nanocrystalline magnetite size on arsenic
removal, Sci. Technol. Adv. Mater., 2007, 8, 71-75.

Liu Q., Wang L., Xiao A., Gao J., Ding W., Yu H., Huo J., Ericson M., Templated
preparation of porous magnetic microspheres and their application in removal of
cationic dyes from wastewater, J. Hazard. Mater. 2010, 181, 586-592.

Arami M., Limaee N.Y., Mahmoodi N.M., Tabrizi N.S., Removal of dyes from
colored textile wastewater by orange peel adsorbent: equilibrium and kinetic studies,
J. Colloid Interface Sci., 2005, 288, 371-376.

Jain R., Sikarwar S., Removal of hazardous dye Congo red from waste material, J.
Hazard. Mater., 2008, 152, 942-948.

Yermiyahu Z., Lapides 1., Yariv S., Visible absorption spectroscopy study of the
adsorption of Congo Red by montmorillonite, Clay Miner., 2003, 38, 483-500.

Wang X.S., Chen J.P., Biosorption of Congo Red from aqueous solution using Wheat
Bran and Rice Bran: batch studies, Sep. Sci. Technol., 2009, 44, 1452-1466.

Yu Y., Zhuang Y.Y., Wang Z.H., Qiu M.Q., Adsorption of water-soluble dyes onto
resin NKZ, Ind. Eng. Chem. Res., 2003, 42, 6898-6903.

Zhou L., Gao C., Xu W., Magnetic dendritic materials for highly efficient adsorption
of dyes and drugs, ACS Appl. Mater. Interface, 2010, 2, 1483-1491.

Zargar B., Parham H., Hatamie A., Fast removal and recovery of amaranth by
modified iron oxide magnetic nanoparticles, Chemosphere, 2009, 76 554-557.

Zhang S.X., Niu H.Y., Cai Y.Q., Zhao X., Shi Y.L., Arsenite and arsenate adsorption
on coprecipitated bimetal oxide magnetic nanomaterials: MnFe,O, and CoFe,0y4,
Chem. Eng. J., 2010,158, 599-607.



Treatment of Dyes Containing Waste Water with Nanocrystalline Zinc Ferrite 9

217.

28.

29.

30.

31.

Dumitru R., Papa F., Balint I., Culita D., Munteanu C., Stanica N., lanculescu A.,
Diamandescu L., Carp O., Mesoporous cobalt ferrite: A rival of platinum catalyst in
methane combustion reaction, Appl. Catal. A: Gen., 2013, 467, 178-186.

Paulus M., Preparation methods of ferrites, Academic Press, Eds. P. Hagenmiiller,
1972, pp. 487.

Prithviraj Swamy P.M., Basavaraja S., Lagashetty A., Srinivas Rao N.V.,
Nijagunappa R., Venkataraman A., Synthesis and characterization of zinc ferrite
nanoparticles obtained by self-propagating low-temperature combustion method,
Bull. Mater. Sci., 2011, 34(7), 1325-1330.

Nejati K., Zabihi R., Preparation and magnetic properties of nano size nickel ferrite
particles using hydrothermal method, Chemistry Central Journal, 2012, 23, 1-6.
Suryanarayana C., Norton M.G., X-Ray Diffraction A Practical Approach, Plenum
Press, New York, 2008, pp. 207.



