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Ion exchange polymer is a matrix normally insoluble and in the form 

of small beads having diameters of 300 - 1200 μm, fabricated from 

organic substrates. This paper deal with three different types of strong 

acid cation exchanger resins (PUROLITE C-145, DOSHIONCSA 29 

and AMBERLIT IR 120 H resin), which have highly developed 

structure of pores on the surface and the framework contains some 

active sites. Active sites of strong acid cation exchanger resins are 

generally charged with H
+
or Na ‏

‏+
.The previous three strong acid 

cation exchanger resins are used as support through the simple 

chemical–thermal technique.to produce a hybrid spherical macro 

porous polymeric cation exchanger beads within which HMO (where 

M=Fe &Mn) particles (Fe, Mnandsuper paramagnetic magnetite 

Fe3O4NanowafersNanoparticles (SPMM Fe3O4 NWNPs). To 

characterize thesize, shape and strong magnetic of magnetite, porous 

of these Nanoparticles using Scanning Electron Microscopy (SEM), 

X-ray Diffraction (XRD) and Fourier Transform Infrared 

spectroscopy (FTIR), Magnetic Susceptibility Balance (MSB).The 

average particle size of Nanoparticles was calculated from the XRD 

study. The average particle size of Fe NPs was 2.3-6.6 nm, MnNPs 

was 2.6-65.5 nm and Fe3O4NPs (DOSHIONCSA 29) was 16-56.5 

nm,Fe3O4NPs (AMBERLIT IR 120 H) was 2.9-33.2 nm. Their 

unique properties make it possible to envision a series of in partial or 

complete removal of hazardous pollutants in industrial wastewater, 

which will be published in a follow up publications. 
 

                          Copy Right, IJAR, 2016,. All rights reserved.

…………………………………………………………………………………………………….... 

Introduction:- 
Nano scale materials are defined as a set of substances where at least one dimension is less than approximately 100 

nanometers. A nanometer is one millionth of a millimeter approximately 100,000 times smaller than the diameter of 

a human hair (Alagarasi, 2013). Nanotechnology primarily deals with the synthesis, characterization, exploration 

and exploitation of nanostructured materials. These materials are characterized by at least one dimension in the 

nanometer (1nm = 10
−9

 m) range (Gogotsi, 2006). NPs can be synthesized by different approaches. Generally, 

Nanoparticle production can categorize the synthesis processes according to the different mechanisms responsible 
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for their formation (Aitken et al., 2004; BSI, 2005). Some studies prefer to divided the synthesis processes into three 

major categories based on the approaches used (synthesized Nanoparticle) chemical processes, physical processes 

and mechanical processes (Emaraet al., 2010). Prefers to describe the different synthesis processes by major 

nanoparticle class. (ICON 2008). Several methods have been reported for the preparation of polymer-based 

inorganic NPs composites. The most important are: (i) intercalation of NPs with the polymer or pre-polymer from 

solution (Alexandre, Dubois, 2000); (ii) In sit intercalative polymerization (Okamoto et al., 2000); (iii) Melt 

intercalation (Vaia, Giannelis, 1997); (iv) Direct mixture of polymer and particulates (Gyooet al., 2006); (v) 

Template synthesis (Tomaskoet al., 2003); (vi) In sit polymerization (Aymonieret al., 2003) and (vii) sol-gel process 

(Kickelbick, 2003).Publications dealing with various methods for the incorporation of NPs into conducting 

polymers are also available. The most prominent one is probably the incorporation of inorganic NPs in polymers 

(El-Moselhyet al., 2014). Polymer based Nano composite synthesis was affected by molecular weight, inorganic 

particles size and content, properties of inorganic particles (In-Yup, Jong-Beom, 2010). Synthesis of metal NPs on a 

resin surface having a charge on it can serve all these purpose satisfactorily (Chauhan, 2011). Ion exchange 

resinsare widely used in different separation, purification, and decontamination processes. The most common 

examples are water softening and water purification. In many cases, resins consisting of polystyrene with sulfonate 

groups to form cation exchangers (Emaraet al., 2010). The affinity of sulfonic acid resins for cations varies with the 

ionic size and charge of the cation.A widely used cation exchange resin is that obtained by the copolymerization by 

sulfonating. We may define a cation exchange resin as a high molecular weight cross-linked polymer containing 

sulfonic group as an integral part of the resin and equivalent amount of cations (Helfferichm, Plesset, 1962). 

Organically engineered inactive support for the inorganic nanostructured materials has been fabricated where 

commercial resin has been shown to give some promise. NPs may be stabilized following a few protocols that 

include:(i)electrostatic stabilization; (ii) steric stabilization and (iii)stabilization by ligand, surfactant, or polymer 

(Roucouxet al., 2002).Among these synthesis methods, dispersions of metallic NPs by chemicalmethods such as the 

reduction of metal salts is the most convenient way to control the size of the particles in case of Fe &Mn NPs on 

PU. C-145 resin and AM IR 120 H resin, respectively(Matthewet al., 2003, Cumbal,Sengupta, 2005). However, 

immobilization of [Fe(bpy)3]
2+

 on astrongly acidic cation Exchanger (AM. IR 120 H resin) or in situ formation ‏

of the same cationic complex onto a resin matrix (DO.CSA 29 resin) and subsequent modified hydrothermolysis 

(MHT) at ~ 110
o
C produces unusually stable Hierarchical super paramagnetic magnetite Fe3O4(BASU et al. 2010). 

Magnetic Fe oxide NPs may be broadly divided into three main classes: paramagnetic, ferromagnetic and super 

paramagnetic behavior. Paramagnetic behavior denotes that the magnetic dipoles are oriented in random directions 

at normal temperatures due to unpaired electrons, which causes a low positive susceptibility (weak interaction) in a 

magnetic field. Ferromagnetic materials depend on their domain structure to remain magnetized even in the absence 

of an applied magnetic field but size decreases to less than the domain size when they undergo a significant change. 

Superparamagnetism tends to have larger magnetic susceptibility than paramagnets since the magnetic moment of 

the entire nanoparticle aligns in the direction of the magnetic field (Daouet al., 2006, Simeonidiset al., 2007). 

Therefore, the main objective of this study was to synthesize Fe and Mn NPs using simple Chemicalmethods by the 

reduction of metal salts and subsequent modified hydrothermolysis (MHT) produces unusually stable 

HierarchicalSPMM Fe3O4. These methods have proven to be the most promising methods for the production of NPs 

as the procedure is relatively simple and the particles can be obtained with very good controlled particle size, energy 

saving and eco-friendly process for the production of low-costNPs. To characterize these NPs using SEM, XRD, 

FTIR and MSB. 

 

Materials and methods:- 
Chemicals and Preparations:- 

The strong acid cation exchangersDO.CSA 29 resin, PU. C-145and AM. IR 120 H proposed for many water 

treatment applications, which were used as Resin Supports in this study. The characteristics of these resinsare 

shown in Table 1. The chemicals and solutions used in this study are of the highest available purity from Sigma–

Aldrich analytical grade. The stock solution was further diluted to the required experimental concentration following 

standard method procedures (APHA, 2005). 
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Table 1:-Typical Physical and Chemical Characteristics of PU. C-145, DO. CSA29 and AM. IR 120H. 

No. Properties Parameters PU. C-145 DO. CSA29 AM. - IR 120H 

1 Physical form Spherical beads Hard Moist Beds Amber spherical beads 

2 Polymer Structure (Matrix) Macroporous polystyrene 

crosslinked with 

divinylbenzene 

Corss linked polyStyrene 

Gel 

Styrene divinylbenzene 

copolymer 

3 Functional group Sulfonic Acid SO3 Sulfonic acid Sulphonates 

4 Ionic form as shipped Na+ H
+
 - hydrogen, Na

+
-sodium H

+
 

5 Total exchange capacity 

(Min.) 

1.5 eq.l
-1

 (32.7 Kgr.ft
3-1

) 

(Na+ form) 

2.00 (H
+
 form), ≥ 2.10 Na

+  

form 

≥ 1.80 eq.L
-1

 (H
+
 form) 

6 Moisture holding capacity 

(Moisture Retention) 

55 - 60 % (Na+ form) 43 - 52 % (H+ form),  

40 - 45 % (Na+ form) 

53 to 58 % (H
+
 form) 

7 Shipping weight (approx.)  770 - 805 g.l
-1

  (48.1 - 

50.3 lb.ft
3-1

) 

800-850 800 g.L
-1

 

8 Specific gravity 1.22 (Na
+
 form) ------------- 1.185 to 1.215 (H

+
 form) 

9 Uniformity coefficient (max.) 1.7 ------------- ≤ 1.8 

10 Harmonic mean size (Particle 

Size Range) 

300 - 1200 μm 300 - 1200 μm 620 to 830 µm 

11 Fine contents  1 % (max.) ------------- < 0.300 mm - 2 % (max.) 

12 Max. reversible swelling Na
+
 → H

+
 : 6 % Na

+
 → H

+
 : 6-8 % Na

+
 → H

+
 : 11 % 

13 Chemical resistance Insoluble in dilute 

solutions of acids or bases 

and common solvents. 

The same The same 

14 pH limits 0 -14 0-14 0-14 

15 Max. operating temperature 140°C (285°F) 120 °C 135 °C 

16 Application Demineralization - 

Highly porous - Na
+
 form 

Demineralization - Highly 

porous - Na
+
&H

+
form 

Demineralization - Highly 

porous - &H
+
form 

17 Manufacture PU. Co, USA DO. Veolia Co. India Rohm & Haas, French 

 

Synthesis of FeNPs on PU. C-145 Resin Support:- 
FeNPs are synthesized using PU. C-145 Resin Support involves following: (i) Loading of Fe(III) onto the sulfonic 

acid sites of the PU. C-145 by passing 4% FeCl3 solution at an approximate pH of 2.0; (ii) Desorption of Fe(III) and 

simultaneous precipitation of Fe(III) hydroxides within the gel and pore phase of the exchanger through passage of a 

solution containing both NaCl and NaOH, each at 5% w/v concentration and (iii)Rinsing and washing with a 50/50 

ethanol– water solution followed by a mild thermal treatment (50–60
o
C) for 60 min. Charged cation exchange resins 

are immobilized with the cationic metallic solution or with the cationic complex solution. Then the Fe ion charged 

resin beads are reduced using various reducing agents as the next mechanism (Figure1)(Matthewet al., 

2003,Cumbal,Sengupta, 2005).High concentration of sulfonic acid functionalgroups allowed high uniform loading 

ofHFO particles (approximately 9–12% of Fe by mass) within the polymeric beads. Since, HFO particles 

residewithin the macropores of the PU. C-145beads. 
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Fig. 1:- Explain of steps procedure to disperse both crystalline and amorphous hydrated Fe oxide (HFO) 

microparticles inside the spherical PU. C-145 Resin beads. 

 

Synthesis of MnNPs on AM. IR 120 H Resin Support:- 

The first step charged AM. IR 120 Hresin is immobilized with the cationic metallic solution. The synthesis of 

MnNPs on AM. IR 120 H Resin Support was performed by using Mn(II)  salts are Mn(II) sulphate involves  

Loading of Mn(II) from MnSO4 onto the sulfonic acid sites of AM. IR 120 Hexchanger by   passing 8 % MnSO4 

solution with stirring for 6 hours at an approximate pH of 2.63. Then Desorption of Mn(II) and simultaneous 

precipitation of Mn(II) oxides within the gel and pore phase of the exchanger through passage of a solution 

containing NaOHandNaCl, each at 5% w/v concentration. The previous step was repeated for the second time to 

achieve greaterMn(II) loading After that Rinsing and washing with a 50/50 ethanol– water solution followed by a 

mild thermal treatment (50–55
o
C) for 80 min(Matthewet al., 2003,Cumbal,Sengupta, 2005). 

 

Synthesis of Fe3O4NWs on DO.CSA 29 ResinSupport:- 
SPMM Fe3O4 NWNPs are synthesized using The brilliant red [Fe(bpy)3]

2+
 complex upon immobilization on 

DO.CSA 29 Resin or in situ formation of the same cationic complex onto a resin matrix and subsequent modified 

hydrothermolysis (MHT) at ∼110 °C produces unusually stable hierarchical magnetite Fe3O4 NWs. The procedure 

as the following: At first, DO. CSA 29 Resin was incubated in 0.1M HCl for 12 h to convert all the resin beads to 

the H‏ form, the washed H‏ forms of the DO.CSA 29 Resin beads were used and 10 ml of laboratory prepared 

aqueous [Fe(bpy)3]
2+

 solution was added and stirred for the immobilization. After complete exchange of the cationic ‏

complex with the resin matrix, the beads turned red. Then 0.5 g of the red colored resin beads were placed in a screw 

capped test tube and 5mL of 0.1M solution of NaOH was added and heated under a 100Wbulb at ~100 
o
C for the 

modified hydrothermolysis (MHT) reaction. After 8 hr. of heat treatment, the red-colored beads became black-

coloredFe3O4magnetic NWs were obtained as the next scheme(Figure2, 3)(BASU et al., 2010). 
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Fig. 2. Formation ofSPMM Fe3O4 NWNPssupport on DO.CSA 29 Resin 

 
Fig. 3:-Images of the Fe3O4 formation and its magnetic nature. 

 

Synthesis of Fe3O4NWs on AM. IR I20 H Resin Support:- 
The preparation of Fe3O4 nanostructure, large wafers were prepared. 1 g of AM. IR I20 H Resinin the H form as the 

same in previous procedure. Then 100mL of 0.1M NaOH, 100mL of 0.1M aqueous solution of ammonium ferrous 

sulfate, 100mL of 0.1M alcoholic solution of 2,2´-bipyridine, and 100mL of 0.1M [Fe(bpy)3]
2+

 were prepared ‏

separately at first 10mL of the 0.1M Fe(II) solution, as ammonium ferrous sulfate, was added to 1 g washed AM IR 

120 H Resin beads. The mixture was magnetically stirred for uniform immobilization of Fe (II) ions onto the resin 

beads. After ~ 15 min of stirring, 10mL of fresh aliquot ammonium ferrous sulfate solution was added and stirred. 

This procedure was continued for the uptake of max. amount of Fe (II) ion by the resin matrix and the resin beads 

were thoroughly washed with water to remove the unexchanged Fe(II) solution. After that, 30mL of 0.1M aqueous 

alcoholic solution of 2,2´-bipyridine was added to the Fe(II) immobilized resin beads. The addition of 2,2´-

bipyridine solution made the resin beads red in color, indicating the formation of the [Fe(bpy)3]
 2+

 complex on the ‏

cation exchange resin surface. The red-colored resin beads were washed thoroughly with water and dried inair. Now 

0.5 g of the dried resin beads were put into a 15mL screw capped test tube. The screw-capped test tube was partially 

filled with 5mL of 0.1M solution of NaOH and heated under a 100Wbulb at ~100 
o
C for the modified 

hydrothermolysis (MHT) reaction. After 8 hr. of heat treatment, the red-colored beads became black (Figure3) as the 

next scheme(Figure4)(Basuet al., 2010). 

 
Fig. 4:-Formation ofSPMM Fe3O4 NWs support on AM. IRI 20 H Resin. 

 

Characterization Technique:- 

SEM using a Joel scanning microscope model JSM5410 determined the properties of formed Fe NPs, Mn NPs and 

SPMM Fe3O4 NWNPs. Sample was deposited on a sample holder with an adhesive carbon foil and sputtered with 
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gold XRDdata were collected between 1° < 2θ < 80°using a Brukeraxs, D8 advance. The patterns were run with Ni-

filtered copper radiation (λ=0.1541 nm) at 30 kV and 10 m A with a scanning speed of 2Ө = 2.5° min
-1

, FTIR 

(FT/IR-4100typeA, S. No. B154461016) in the wavelength range 449.333-4000.6 cm
-1

 and MSB using Sherwood 

Scientific , England, Model-MSB1and S. No. MSB1/230/95/6801 for SPMM Fe3O4 NWNPs to get the effective 

magnetic moment (μeff).   

 

Results and Discussion: 
The synthesized Fe &Mn and  SPMM Fe3O4 NWNPs were run on SEM,XRD and FTIR ,  MSB and 

Characterization of morphology, pores and  size, strong magnetic of magnetite for NPswere confirmed as the 

following: 

 

Characteristics of FeNPs: 

SEMofFe NPs:- 

Figure5(A) shows a photograph of spherical beads; note that the spherical geometry is retained after processing. 

Figure 5(B) shows SEM a sliced PU. C-145 particle; both crystalline and amorphous hydrated Fe oxide (HFO)NPs 

are present on the interior surface. SEM image of Fe-particle at low resolution reveals the dispersion of Fe-particle 

with relatively less uniformity and low size range 100-350nm as well. A series of SEM pictures taken for PU. C-145 

particles and close physical observation suggest that HFO agglomerates are accessible to dissolved solutes through a 

network of pores(Sengupta et al., 2003). 

XRDof Fe NPs:- 

The detailsXRD patterns of the Fe NPsare shown in Figure 6.All the reflection peaks with relative intensities of 

different planes, indexed in the figure, specify the presence of Fe(OH)3. The well crystalline nature of the prepared 

sample is easily being observed with the sharpness and the intensity of the peaks. noticeable diffraction lines at 2Ɵ = 

10.2, 11.97, 13.17, 21.2, 25.11, 38.97, 51.88, 55.13, and 68.93° which indicates the crystalline phaseFe(OH)3.From 

XRD pattern, it is clear that Fe NPs synthesized were purely crystalline in nature.Average particle size of Mn oxide 

NPs was found to be 2.30 to 6.60 nm. Size of Fe(OH)3NPs corresponding to 100 percent intensity peak correspond 

to 62 as calculated using Scherrer equation{D= K λ / (β COS Ө)}(Leroy, Harold 1950, Ahmad, 2012). 

Fig. 5:-(A) Photo of Fe NPs support on PU. 

C-145 Resin beads 

Fig 5:-(B) SEM (15,000X) of a sliced Fe NPs bead. 

A B 
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Fig. 6:-XRD pattern of Fe NPs. 

FTIR of Fe NPs:-  

Figure7shows FTIR spectra of Fe NPs synthesized which was carried out in order to ascertain the purity and nature 

of Fe NPs. Oxides and hydroxides of metal NPs generally gives absorption peak in the finger print region i.e. below 

wavelength of 1000 nm arising from inter-atomic vibrations. FTIR spectrum of Fe(OH)3 is represents four 

absorption bands at around 578.54, 676.785,774.279 and 835.99 cm
-1

 which is due to the presence of Fe-O bond of 

Fe(OH)3 (Figure 7). Absorption peak observed at 3451.96 cm
-1

may be due to -CH3 stretching vibrations. The 

absorption peaks at 2925.48 cm
-1

, 2362.37 cm
-1

, 1638.23 cm
-1

and 1415.49 may be due to –CH2 stretching, =C-H 

stretching and –C-H stretching vibrations. Peaks appeared at 1191.79 cm
-1

, 1128.15 cm
-1

 and 1040.41 cm
-1

 is due to 

C-O stretching showing the absorption of atmospheric water and CO2. 

 

 
Fig 7:-FTIR spectra of ofFe NPs. 

 

Characteristics of Mn NPs:- 

SEMofMn NPs:- 

Figure 8(A) shows a photograph of spherical beads. Figure8 (B) shows SEM a slicedAM IR 120 H Resin particle; 

both crystalline and Mn oxide metal (MnO)NPs are present on the interior surface. SEMimage of 

Mn3O4nanoparticle at low resolution reveals the dispersion of Mn-particle with relatively less uniformity and low 

size range 100-300 nm as well. A series of SEM pictures taken for AM.IR I20 H particles and close physical 

observation suggest that MnO agglomerates are accessible to dissolved solutes through a network of pores 

(Sengupta et al., 2003). 
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Fig. 8:- (A) Photo of Mn NPs support on AM. IR I20 

H Resin beads 

Fig. 8:- (B) SEM (10,000X) of a sliced Mn NPs bead. 

XRD ofMn NPs:- 

XRD patterns of the Mn NPsare shown in Figure 9. All the reflection peaks specify the presence of Mn3O4. The well 

crystalline nature of the prepared sample is easily being observed with the sharpness and the intensity of the peaks. 

Noticeable diffraction lines at 2Ɵ = 18.14, 28.84, 31.2, 32.55, 36.22, 38.28, 44.38, 49.66, 59.94, 64.66and 

76.6°which indicates the crystalline phase Mn3O4. From XRD pattern, it is clear that Mn NPs synthesized were 

purely crystalline in nature. Average particle size of Mn oxide NPs was foundto be 2.60 to 65.70 nm. Size of 

Mn3O4NPs corresponding to 100 percent intensity peak correspond to 41.52. 

 

 
Fig. 9:-XRD pattern of Mn oxide metal NPs. 

 

FTIR of Mn NPs:- 

Figure 10 shows FTIR spectra of Mn NPs synthesized. FTIR spectrum of Mn3O4 is represents five absorption bands 

at around 582.397, 615.181, 677.856, 777.172 and 835.026cm
-1

 which is due to the presence of Mn-O bond of 

Mn3O4(Figure10). Absorption peaks observed at 3863.68 and3444.24cm
-1

may be due to -CH3 stretching vibrations. 

The absorption peaks at 2922.59cm
-1

, 1636.3, 1488.24, 1447.31 and 1413.57 may be due to –CH2 stretching, =C-H 

stretching and –C-H stretching vibrations. Peaks appeared at 1186.01, 1124.3, 1039.44and 1005.7 cm
-1

 is due to C-O 

stretching showing the absorption of atmospheric water and CO2. 

A B 
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Fig. 10:- FTIR spectra of Mn oxide metal NPs. 

 

Characteristicsof SPMM Fe3O4 NWNPs support on DO. CSA 29 Resin:- 

SEMof Magnetite Fe3O4NPs support on DO. CSA 29 Resin:- 

Figure 11(A) shows a photograph of spherical beads. Figure 11(B) shows SEMa sliced DO. CSA 29 particle; both 

crystalline and Magnetite Fe3O4NPs are present on the interior surface. SEMimage of Fe oxide particle at low 

resolution reveals the dispersion of Fe3O4 particle with relatively less uniformity and low size range 100-200 nm as 

well. A series of SEM pictures taken for DO. CSA 29 particles and close physical observation suggest that Fe3O4 

agglomerates are accessible to dissolved solutes through a network of pores(Basu et al., 2010). 

 

 

XRD of Magnetite Fe3O4 NPs support on DO. CSA 29 Resin:- 

The detailsXRD patterns of the Fe3O4 NPsare shown in Figure 12. All the reflection peaks specify the presence of 

Fe3O4. The well crystalline nature of the prepared sample is easily being observed with the sharpness and the 

intensity of the peaks. Noticeable diffraction lines at 2Ɵ = 17.75, 30.2, 35.48, 37.14, 47.31, 53.62, 53.76, 58.27, 

62.57, 62.91, 65.8. 71 and 74.35°, which indicates the crystalline phase MagnetiteFe oxide (Fe3O4.). From XRD 

pattern, it is clear thatFe3O4NPs synthesized were purely crystalline in nature. Average particle size of Magnetite Fe 

oxide Fe3O4 NPswas found to be 16.0 to 56.50nm. Size of Fe3O4 NPs corresponding to 100 percent intensity 

peakcorrespond to 100. 

Fig. 11:- (A) Photo of SPMM Fe3O4 NWNPs support 

on DO. CSA 29 Resin beads. 
Fig. 11:- (B) SEM (15,000X) of a sliced SPMM Fe3O4 

NWNPs bead. 

A B 
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Fig. 12:-XRD pattern of MagnetiteFe3O4NPssupport on DO.CSA 29 Resin. 

 

FTIRof Magnetite Fe3O4 NPs support on DO. CSA 29 Resin:- 

Figure 13 shows FTIR spectra of Fe3O4 NPs synthesized. FTIR spectrum of Fe3O4 is represents four absorption 

bands at around 574.683, 677.856,774.279 and 835.026 cm
-1

 which is due to the presence of Fe-O bond of Fe3O4 

(Figure 13). Absorption peak observed at 3443.28cm
-1

may be due to -CH3 stretching vibrations. The absorption 

peaks at 2925.48, 1636.3 and 1415.49 may be due to –CH2 stretching, =C-H stretching and –C-H stretching 

vibrations. Peaks appeared at 1181.19, 1125.26, 1034.62 and 1007.62 cm
-1

 is due to C-O stretching showing the 

absorption of atmospheric water and CO2. 

 

 
Fig. 13:-FTIR spectra of of Magnetite Fe3O4 NPssupport on DO. CSA 29 Resin 

 

Magnetic Susceptibility Measurement for of Magnetite Fe3O4 NPs support on DO. CSA 29 Resin:- 

The mass susceptibility, χg, is calculated from the equation: 

χg = {CBal .L.(R-Ro)}/{(m - mo) x10
9
} 

 

Where L= sample length (cm); m - mo = sample mass (g); R = reading for tube + sample; Ro = reading for empty 

tube; CBal = the balance calibration constant written on the back of the instrument (CBal = 2.086). This incorporates 

the area cross-section of the sample tube. The analysis data areshown in table 2: 
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Table 2:-The analysis data of Magnetite Fe3O4 NPs support on DO. CSA 29 Resin requirement to calculate of the 

effective magnetic moment 

mo 

(gm) 

m 

(gm) 

m - mo 

(gm) 

L 

(cm) 

Ro 

Empty 

R 

sample 

R-Ro CBal M.wt 

of Complex g.mol
-1

 

0.672 0.859 0.187 2.6 - 30 1835 x 10 1838 x 10 2.086 438.693 

 

χg = 5.331 x 10
-4  

emu.gm
-1

 

 

Now χg is the magnetic susceptibility per gram and must be a positive number. If R> Ro then diamagnetism is 

indicated. To convert this to the molar susceptibility, multiplyχg* molecular weight. Because ligands and the central 

metal will contribute a negative effect because of theirdiamagnetism, the magnetic susceptibility for the complex 

(Magnetite Fe3O4Nanowaferssupport on DO. CSA 29 Resin) can be found by adding thediamagnetic contributions 

of the ligands and the metal to χm. This gives χA 

χm = χg x M.wt ,             Then    χm = 438.693 x 5.331 x 10
-4

 

χA = 0.234 

 

M.Wt = molecular weight of complex (Magnetite Fe3O4 NWs support on DO. CSA 29 Resin), the effective 

magnetic moment, μeffis given by   μeff =  [{𝟑. 𝐤. 𝐓. 𝛘𝑨}/{𝐍. 𝐁
𝟐}] 

 

Where N = Avogadro's number; Β = the Bohr magneton; k = Boltzmann's constant; T = 

absolutetemperature.Combining the constants reduces the formula to 

μeff = 2.828 (𝛘𝑨𝐓)  ,    Then     μeff = 23.62 emu.mol
-1

 

The effective magnetic moment of super paramagnetic magnetite Fe3O4Nanowafers=23.62emu.mol
-1 

 

 

Characteristics of SPMM Fe3O4 NWNPs on AM. IR 120 H Resin support:- 

SEM for of Magnetite Fe3O4 NPs support on AM.IR I20 H Resin:- 

Figure 14(A) shows a photograph of spherical beads. Figure 14(B) shows SEMa sliced AM.IR I20 H particle; both 

crystalline and Magnetite Fe3O4 NPs are present on the interior surface. SEMimage of Fe oxide particle at low 

resolution reveals the dispersion of Fe3O4 particle with relatively less uniformity and low size range 100-200 nm as 

well. A series of SEM pictures taken for AM. IR I20 H particles and close physical observation suggest that Fe3O4 

agglomerates are accessible to dissolved solutes through a network of pores (Basu et al., 2010). 

 

XRD ofMagnetite Fe3O4 NPs support on AM.IR I20 H Resin:- 
The detailsXRD patterns of the Fe3O4 NPsare shown in Figure 15. All the reflection peaks specify the presence of 

Fe3O4. The well crystalline nature of the prepared sample is easily being observed with the sharpness and the 

intensity of the peaks. noticeable diffraction lines at 2Ɵ = 18.14, 35.43, 43.1, 53.24, 57.1 and 62.76°which indicates 

the crystalline phase Magnetite Fe oxide Fe3O4.From XRD pattern, it is clear that Fe3O4 NPs synthesized were 

purely crystalline in nature. Average particle size of Magnetite Fe oxide Fe3O4NPs was found to be 2.90 to 33.20 

nm. Size of Fe3O4 NPs corresponding to 100 percent intensity peak correspond to 100. 

Fig. 14:- (A) Photo of SPMM Fe3O4 NWNPs 

support on AM. IR I20 H Resin beads 
Fig. 14:- (B) SEM (15,000X) of a sliced SPMM Fe3O4 

NWNPs bead. 

A B B 
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Fig. 15:-XRD pattern of MagnetiteFe3O4NPssupport on AM. IR I20 H Resin. 

 

FTIR of Magnetite Fe3O4 NPs support on AM.IRI 20 H Resin:- 

Figure 16 shows FTIR spectra of Fe3O4 NPs synthesized. FTIR spectrum of Fe3O4 is represents four absorption 

bands at around 575.647, 675.928,775.244 and 835.026 cm
-1

 which is due to the presence of Fe-O bond of Fe3O4 

(Figure 16). Absorption peak observed at 3442.31cm
-1

may be due to -CH3 stretching vibrations. The absorption 

peaks at 2924.52, 2363.34, 1636.3, 1447.31 and 1415.49 cm
-1

may be due to –CH2 stretching, =C-H stretching and –

C-H stretching vibrations. Peaks appeared at 1177.33, 1122.37, 1036.55 and 1002.8 cm
-1

 is due to C-O stretching 

showing the absorption of atmospheric water and CO2. 

 

 
Fig. 16:- FTIR spectra of of MagnetiteFe3O4NPssupport on AM. IR I20 H Resin. 

 

Magnetic Susceptibility Measurement for of Magnetite Fe3O4 NPs support on AM. IR I20 H Resin:- 

The mass susceptibility, χg, is calculated from the equation: 

χg = {CBal .L.(R-Ro)}/{(m - mo) x10
9
} 

 

The analysis data areshown in table 3: 

Table 3:-The analysis data of Magnetite Fe3O4 NPs support on AM. IR I20 H Resin requirement to calculate of the 

effective magnetic moment. 

mo 

(gm) 

m 

(gm) 

m - mo 

(gm) 

L 

(cm) 

Ro 

Empty 

R 

sample 

R-Ro CBal M.wt 

of Complex 

g.mol
-1

 

0.672 0.811 0.139 1.8 - 30 1835 x 10 1833 x 10 2.086 829.30452 

 

χg =4.96 x 10
-4  

emu.gm
-1
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The magnetic susceptibility for the complex (Magnetite Fe3O4NWssupport on AM. IR I20 H Resin) can be found by 

adding thediamagnetic contributions of the ligands and the metal to χm. This gives χA 

χm = χg x M.wt ,                    Then     χm = 829.30452 x 4.96x 10
-4

 

χA = 0.4113 

 

M.wt = molecular weight of complex (Magnetite Fe3O4NWssupport on AM.IR I20 H Resin), the effective magnetic 

moment, μeffis given by μeff =  [{𝟑. 𝐤. 𝐓. 𝛘𝑨}/{𝐍. 𝐁
𝟐}] 

Combining the constants reduces the formula to 

μeff = 2.828 (𝛘𝑨𝐓) ,          Thenμeff = 31.31 emu.mol
-1

 

 

The effective magnetic moment of super paramagnetic magnetite Fe3O4Nanowafers=31.31emu.mol
-1  

 

Comparison of the characterizations of synthesized NPsare shown in Table 4. 

Table 4:-Comparison of the characterizations of Fe,Mn andSPMM Fe3O4 NWNPs. 

No. Characterizations   Fe NPs Mn NPs SPMM Fe3O4 NWs 

(DO. CSA 29 ) 

SPMM Fe3O4 NWs 

(AM. IR 120 H) 

1 Technique of 

synthesis 

Very simple Very simple Simple Simple 

2 Yield High/scalable High/scalable High/scalable High/scalable 

3 SEM (Shape 

control) 

Very good Very good Excellent Excellent 

4 XRD Specify the 

presence of 

Fe(OH)3 

Specify the 

presence of 

Mn3O4 

Specify the presence 

of Fe3O4 

Specify the 

presence of Fe3O4 

5 Size 

Distribution 

Very narrow Relatively 

narrow 

Relatively narrow Very narrow 

6 Size Control 

average (nm) 

2.3-6.6 2.6-65.5 16-56.5 2.9-33.2 

7 FTIR Spectrum of 

Fe(OH)3 is 

represents four 

absorption bands 

Spectrum of 

Mn3O4 is 

represents five 

absorption bands 

Fe3O4 is represents 

four absorption 

bands 

Fe3O4 is represents 

four absorption 

bands 

8 Magnetization 

property of 

SPMM Fe3O4 

------------- ------------- 

μeff = 23.62 

emu.mol
-1

 

μeff = 31.31 

emu.mol
-1

 

 

 

Therefore, we are made descending arrangement for these synthesizedNPs according to results percentage of perfect 

charactersare shown in table 5 and figure 17 as the next: 1- SPMM Fe3O4NWs (AM. IR 120 H), 2- SPMM Fe3O4 

NWs (DO. CSA 29), 3- Fe NPs, 4- Mn NPs. 

Table 5:-Comparison of percentage of perfect charactersof Fe,Mn andSPMM Fe3O4 NWNPs. 

No. Characterizations 
 Iron 

Nanoparticles 

Manganese 

Nanoparticles 

SPMM Fe3O4 

Nanowafers 

(DOSHION CSA 

29 )  

SPMM 

Fe3O4Nanowafers 

(AMBERLITE IR 

120 H)  

1 
Technique of synthesis 

100% 100% 75% 75% 

2 
Yield 

100% 100% 100% 100% 

3 SEM (Shape control) 75% 75% 100% 100% 

4 
XRD 

100% 100% 100% 100% 

5 Size Distribution 100% 75% 75% 100% 

6 Size Control average (nm) 100% 50% 50% 75% 

7 FTIR 75% 100% 75% 75% 

8 
Magnetization property of  

Fe3O4 
-------- -------- 100% 100% 
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Fig. 17:-Explain the perfect characters of descending arrangement for synthesized NPs. 

 

Conclusions:- 
Fe,MnandSPMM Fe3O4 NWs NPsare synthesized with particle size ranging between 2.3-6.6 nm, 2.6-65.5 nm,16-

56.5 nm and 2.9-33.2 nm (<100nm)respectively,The shape, porous and size of these NPs  were confirmed using 

SEM, XRD and FTIR. The magnetization property of super paramagnetic magnetite Fe3O4 (DO. CSA 29) and (AM. 

IR 120 H)were confirmed using MSB to give the effective magnetic moment (μeff) wich equal 23.62, 31.31 

emu.mol
-1

.Successful exploitation of metallic NPs lies in the successful conjugation of their active surface structure. 

Thus, size and shape play a role in terms of variable surface energy. The descending arrangement for these 

synthesized NPs according to results percentage of perfect characters as the next: 1.SPMM Fe3O4 NWs(AM. IR 

120 H);2. SPMM Fe3O4 NWs (DO. CSA 29);3. Fe NPs and 4. Mn NPs.These synthesizedNPshave unique 

properties and inexpensive materials may be make it possible to envision a series of incomplete removal of 

hazardous pollutants in industrial wastewater.  
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