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Abstract- The structural and catalytic properties of the mixed
spinel ferrite system Mn,-Cu,Fe,O, (x=0, 0.25, 0.5,0.75, 1.0)
have been investigated by X-Ray diffraction, Mossbauer and
catalytic activity measurements. The variation of lattice
parameter, crystallite size, and Mdssbauer parameters of the
product formed with the variation in the concentration of Cu
has been studied. XRD Study revealed the formation of phase
pure spinels with FCC cubic structure with patrticle size ranging
from 5.21 nm to 20 nm. Lattice constant values showed
constant decrease with increasing concentration. Mdssbauer
spectra showed the presence of Fe®** at both octahedral and
tetrahedral sites. These ferrites were used as catalysts in the
alkylation of Aniline. A maximum conversion of 80.5 % of
aniline with selectivity of 98.6 % towards N-methylaniline
(NMA) has been obtained at a temperature 673 K, Methanol :
Aniline molar ratio of 5:1 and weight hour space velocity
(WHSV) of 0.2 h-1. It was found that the yield is maximum for
CuFe,0,. The result is supported by acidity measurements.
Keywords: mn-cu ferrites; ferrospinel; methylation;
aniline; cubic structure.

[.  INTRODUCTION

lkyl anilines are valuable intermediates for the
Amanufacture of pharmaceuticals, drugs, dyes and
agrochemicals. These compounds may be
prepared by catalytic alkylation of aniline with various
alkylating reagents: There are reports on alkylation of

aniline in liquid phase under pressure[1], in vapour
phase using oxides[2], Raney-Nickel[3], zeolites[4], AEL

type molecular sieves[5], clays[6-10] and few
spinels[11-14].

The unusual properties  exhibited by
nanoparticle and their promising technological

applications have attracted much interest in recent
years. [15]. There particles are shown to posses low
saturation magnetization, Ms, enhance coercivity, H,,
and higher curie temperature, T,, as compared to bulk
materials, [16-21]. This phenomenon have been
ascribed to random canting of surface spins [22],
pinning of spins at particles surface or presence of a
dead layer around magnetic core materials [23] and
interparticle interactions [24]. It has been shown that
certain ferrites with nanosized particles, posses
metastable state and the cation distribution is different
from that of bulk ferrites, where divalent metal occupies
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only tetrahedral, A, site and Fe™ occupies only
octahedral, B, site. In addition to these physical effects,
nanoparticle ferrites are found to be excellent catalyst of
alkylation and cyclization reactions with very high
conversion and selectivity. The high performances of
ferrite catalyst have been attributed to cations
distribution of different particles size, lattice parameters
and acido-basic characters of ferrite catalyst. To the
best of our knowledge, there is no report on the
methylation of aniline over copper-manganese ferrites
(Cu-Mn ferrite). The present problem of the methylation
of aniline over Cu-Mn ferrites was there fore undertaken
with a view to optimize the Cu-Mn-Fe composition and
process conditions over the catalyst for maximum
conversion of aniline. Besides these, catalysts have

been characterized by XRD and Mdssbauer
spectroscopy, BET surface area and acidity
measurements. The cation distribution obtained from

Maossbauer study has been used to explain acidity and
catalytic activity of the catalysts.

[I.  EXPERIMENTAL

a) Preparation of the Sample

Nanoparticle of Cu, Mn, Fe,O, (x = 0, 0.25, 0.5,
0.75, 1.0) were prepared by co- precipitation method.
Required quantities of MnCl,, Fe (NO,);.9H,0 and
Cu(NO);.3H,0 were dissolved in excess of distilled
water. The pH of the solution was adjusted to 9 with
dilute solution of NaOH. Excess of water fast stirring and
slow addition of NaOH solution are must for getting
small size particles. The resulting mixture was heated at
a temperature of 333 K along with stirring for one hour.
Then, it was kept for settling in the heating mode at 333
K for half an hour for digestion. The product was
washed by repeated decantation with 1.5 dm?® portions
of water until the supernatant is free of CI" (about 10-15
washings was required). The precipitate was filtered
through Buchner funnel, dried in oven at 393 K and
calcined at 673 K. The material was sieved through a
6/10 mesh sieve. After sieving the bigger size clusters
were kept for acidity and catalytic activity evaluation
while smaller size clusters obtained after sieving, were
ground into fine powders and were used fur XRD and
Mossbauer experiment.

b) Characterization of Samples
X-Ray diffraction pattern were recorded using
Cu - K, radiation (angle range 20° to 65°) as the source
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on a Rigaku X-Ray diffractometer. Diffraction patterns
show the sharp lines corresponding to single-phase
spinel for the samples as the entire peaks match well
with the characteristic reflections of the corresponding
ferrite. The average particle size was measured by
broadening of the (311) peak and applying Debye -
Scherer equation. Lattice cell parameters were also
calculated using Bragg's equation.

c) Modssbauer Measurements

Samples were crushed to obtain fine powder in
order to observe Mossbauer spectra. The Mossbauer
absorber was prepared by spreading the paste of
powdered sample and vacuum grease over perplex
glass that is used as the sample holder. The absorption
spectra were recorded in transmission geometry at
room temperature with constant acceleration Méssbauer
drive along with a 256 multichannel analyzer, using
Austin Science Inc, USA Mdssbauer. A single line
source *Fe(Rh) with initial activity of 10 mCi was used.
Several runs were taken in order to check the
reproducibility of the spectra. Total counts collected
were about 10° or more. The Mossbauer spectrometer
was calibrated using a 0.001 inch enriched a-Fe foil.
The outer lines are separated through 10.68 mm/s. This
is an excellent agreement with an ideal absorption
spectrum and calibration was done accordingly. The
experimental data were computer fitted using the least
square-fitting program assuming Lorentzian line shape
with %? minimization technique. The solid line through
the data points is the result of the computer fit of the
data.

d) Acidity Measurement

Acidity measurement were performed by
ammonia desorption method. This experiment was
carried out in order to measure the acidity of the ferrite
catalyst using ammonia as an adsorbate. 1 g of the
catalyst was packed in between two plugs of glass wool
in a Pyrex tube down flow fixed bed reactor and heated
to 773 K under a nitrogen gas flow rate of 0.5 cm?/s for
1.5 hour. The reactor wag cooled to room temperature
and adsorption was conducted at this temperature
during which the sample was exposed to ammonia for
1.5 hours. In order to remove physically adsorbed
ammonia from the purged sample again nitrogen gas
was allowed to pass through it at the rate of 0.5 cm® h-
'as the same rate at 353 K for 1 hour. The acid strength
distribution was obtained raising the catalyst
temperature from 353 K -773 K during the flow of
nitrogen gas and absorbing the evolved ammonia in
distiled water containing phenolphthalein as an
indicator. Titrating the water solution with standard 0.1 M
HCI solution in different temperature ranges lead to
guantitative estimation.

© 2013 Global Journals Inc. (US)

e) Catalytic Activity

The alkylation unit consists of three parts i.e.
feed system, reactor and product recovery unit. The
reactor was charged with a known weight (5g) of
catalyst and was clamped in the assembly holder. The
tubular heater was also clamped in the stand. The
reactor was then joined to the product recovery unit and
syringe pump filled with known volume of reactant
mixture. The catalyst was activated at 773 K by passing
air and then brought down to desired temperature by
cooling down in the current of N,. The mixture of
reactant was fed by a 10 ml syringe pump. The liquid
product was condensed with the help of cold-water
condenser, a cold trap and was analyzed by shimadzu
gas chromatography using SE-30 column and FID
detector.

I11. RESULTS AND DISCUSSION

a) XRD analysis

XRD patterns shown in Fig 3.1 reveals the
formation of spinel phase of ferrite as all the
composition showed the characteristic reflection of the
spine1 phase. All the peaks of MnFe,O, and CuFe,O,
matched well with those as reported for the same in
JCPDS Card No.10-319; 3-864. The reflections at the
planes (111), (220), (311), (222), (400), (422), (511),
(440) can be detected with d values of 4.89, 2.97, 2.53,
2.42,2.08,1.71, 1.61, 1.49 respectively. Accordingly the
lattice cell parameters were also calculated that
matched well with the values as reported in the JCPDS
card numbers given above. Lattice cell parameter
shows a linear decrease from 8.49 A° to 8.39 A with the
introduction of Cu in MnFe,O, as could be seen clearly
from the fig 3.2 and may be attributed to the
replacement of Mn?* (0.80 A) by smaller Cu™ (0.69 A).
This also confirms the formation of solid solution. The
mean crystallite size was calculated by broadening of
the (311) diffraction peak and applying Scherer formula
and the range is in between 7.2 nm - 20 nm. Surface
area was also estimated from the crystallite size data
assuming the crystallites to be of spherical shapes.
They depend on the size of the particle as is clear from
the reported values in Table 3.1. The average particle
size and lattice cell parameter for the above mixed ferrite
nanoparticles are also reported in Table 1.

b) Mobssbauer

Mossbauer absorption spectra for the samples
i.e. x =0, 0.5 1.0 were recorded at room temperature
as shown in Fig. 3. The spectra were fitted using
NORMOS fitting program and hyperfine parameters e.g.
isomer shift 8, quadrupole splitting, A, line width, T", and
hyperfine field, H,,., thus obtained are listed in Table 3.2.
The Mossbauer spectra exhibit broad magnetic
hyperfine sp1it sextets. In case of MnFe,O, an additional
doublet is seen which can be attributed to super
paramagnetic behavior exhibited by smaller size



particles. The doublet was fitted with two sub spectra .
The isomer shift was found to be 0.24-0.27 mm/s which
can be attributed to Fe®" ions in tetrahedral and
octahedral sites. The sextets were fitted with two sub
spectra. One sextet is due to Fe*" ion at the tetrahedral
A site and the outer sextet is due to Fe®" at the
octahedral B sites, which indicates the ferrimagnetic
behavior of the samp1es. All of them shows isomer shift
values in the range 0.22 mm/s to 0.34 mm/s, which
could be attributed to the Fe®** ions present at both the
A and B sites of the spinel structure. This indicates that
Mn?* is also distributed between tetrahedral site and
octahedral site. Similar metastable structure has been
proposed by Rath et al [25] in nanocrystalline Mn ferrite.
However, the case is different in bulk ferrites where Mn2*
prefers tetrahedral site while Fe®" prefers octahedral
site.

Distribution of Mn?* on both the sites has also
been reported for MnFe, O, nanoparticles by Mahmoud
et al. [26]. On addition of Cu®* which can occupy both
the sites but prefers the octahedral site, slight
broadening of the line width and reduction in the
intensity of the central lines is observed. These results
agree with those reported earlier in the literature. The
tetrahedral and octahedral positions of iron in the
ferrospinels could also be distinguished on the basis of
Magnetic hyperfine field, MHF. It has been mentioned
that the internal MHF field experienced at A sites is
smaller than that exerted at B sites: Usually, contribution
of Fe?" to the hyperfine field is significantly smaller than
that of Fe** i.e. ferric ions. Also the isomer shift values
for ions located at the tetrahedral site are generally
smaller than those at octahedral site. It has also been
reported that Fe" ions are at A site while Fe®t/ Fe?*
both can reside at B site alternately. The observed
isomer shift value confirms the presence of Fe" ions at
both the sites while no Fe?' is present in any of the
composition. The intensity ratio A and B sites gives the
ratio of the number of Fe atoms at A and B sites
respectively. Quadrupole splitting has value near by zero
for both the sites. As in the presence of strong magnetic
interaction, the distribution of quadrupole interaction that
arises from chemical disorder, produces an appreciable
broadening of the individual Zeeman lines for both
tetrahedral and octahedral patterns, but doesn't
produces an observable quadrupole line shifts. Data
extracted from the fits are reported in table 2.

c) Effect of acidity and process variable

The performance of various Mn-Cu ferrite
catalysts along with their acidity, XRD surface area,
particle size, and lattice constants is presented in Table
3.1. It can be seen that conversion of aniline as well as
acidity of different catalysts increase with increase in
copper content of the ferrites. Similar trend can be seen
for surface area. The increase XRD surface is due to
decrease in particle size of the sample with increase in

Cu content. Consistency in lattice parameters of all the
ferrites confirms them to possess same lattice type as
concluded in section.

The order of catalytic activity of ferrospinels
towards overall conversion was found to be CF> MCF-
3>MCF-2>MCF-I>MF. It can be concluded from these
results that. catalytic performance of the ferrites under
consideration is proportional to surface area as well as
acidity. An examination of the acidity reveals CF to be
the better catalyst as its acidity value is larger and it also
increases with increasing x as is clear from the reported
values in Table 3.1. It also shows CF to be the better
catalyst, as its aniline conversion (%) is larger.

The effect of methanol to aniline mo1ar ratio on
the performance of copper ferrite is depicted in Figure
3.4. The conversion increases at lower molar ratio and
tends towards limiting conversion at higher molar ratio,
Maximum conversion of 82 % of aniline was obtained at
methanol to aniline molar ratio of 5 with NMA selectivity
of 80 %.

The temperature effect on alkylation for MF at
constant molar ratio was also studied in the temp range
473-773 K and results are presented in Table 3.5.
Negligible conversion can be seen below 473 K while
the conversion effectively occurs in the range 673 K -
700 K. The best performance by the catalyst was shown
at temperature 673 K with conversion of 62 and 15 % for
N-methyl aniline and N-N-dimethyl aniline respectively,
and selectivity of 79 and 62 % for NMA and NNDMA
respectively. Conversions decreased due to charring
and deposition of carbon on the catalyst surface at
temperature higher than 673 K.

V.

Mn,Cu,Fe,O, (x = 0., 0.25 0.5 0.75 1.0) mixed
ferrite nanoparticles were obtained in a broad range of
Cu concentration 0.0 < x <1.0 by coprecipitation and
digestion method. Room temperature Mossbauer
spectra of these fine particles exhibit slightly high value
of hyperfine field and broadening of the zeeman spectral
lines shows strong ferromagnetic behavior of the three
compositions. The occupancy ratio between Fe cation
at A and B sites of the spinel structured is deduced from
the fitted data of the Méssbauer spectra.

These mixed ferrite spinel systems were also
studied for the alkylation of aniline using methanol as
the alkylating agent. These systems effectively alkyl ate
aniline to N-methyl aniline and N-N-dimethyl aniline
under optimized reaction condition. Highest activity is
obtained for CF whereas MF and MCF-1 were mildly
activated. Substitution of Cu in MF leads to the increase
in value of acidity and the aniline conversion. This
behavior suggests for Mn-Cu mixed ferrite system to be
a good catalyst.

CONCLUSION
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Table 1 : Particle size, Lattice parameter, acidity and catalytic activity of Mn,, Cu,Fe,O, catalyst.
Temperature = 673 K, Mole ratio = 5.0

Composition Aniline Particle Size XRD Surface Lattice Acidity (m
conversion (nm) area (m%/g)  parameter (A% mole/g)
MF 28 13.9 86.16 8.49 1.2
MCF-1 322 20.9 56.15 8.45 1.2
MCF-2 40.4 14.6 78.67 8.43 1.3
MCF-3 58.0 13.9 81.29 8.40 1.4
CF 80.5 7.2 155 8.39 1.5

Table 2 : Mossbauer parameters extracted from the fitting for the composition Mn,,Cu,Fe,0,. Where |.S-Isomer shift,
Q.S- Quadrupole splitting, MHF- Magnetic hyperfine field, H.L. W-half line width, RI -Relative intensity for A and B

sites
Composition Site  1.5(#0.03 Q.S (*0.02 MHF*IT) HLW. (= RI(%)
mmy/s) mmy/s) 0.01)
MnFe,O, D] A 0.27 1.07 - 0.48 12.50
D] B 0.24 0.82 - 0.36 12.50
[S] A 0.38 -0.212 50.12 0.47 37.50
[S] B 0.14 -0.12 50.00 0.41 37.50
Mn, sCu, sFe,0, D] A 0.25 0.015 47.77 0.68 38
[S] B 0.32 -0.22 51.90 0.45 62
Cu,sFe,0, [S] A 0.22 -0.04 48.15 0.71 45
[S] B 0.29 -0.1 51.14 0.67 55

Table 3 : Performance of various catalysts in the alkylation of aniline. Methanol/Aniline molar ratio = 5; Temperature
=673 K, WHSV =0.2h",

Catalyst Aniline Conversion (%) Product distribution
(%) Aniline NMA NNDMA
MF 28.0 70.0 21.8 8.2
MCF-1 322 65.2 27.6 7.8
MCF-2 40.4 62.4 34.0 3.6
MCF-3 58.0 50.6 47.4 2.0
CF 80.5 19.4 79.4 1.2

Table 4 : Effect of mole ratio (Methanol to Aniline) on alkylation of Aniline
Temperature = 673 K, WHSV = 0.2 h™", Catalyst = CuFe,0,

Mole ratio Aniline Conversion NMA NNDMA NMA NNDMA
(%) (vield) (vield) (Selectivity) (Selectivity)
2.5 64.2 20.6 10.0 67.3 32.7
5.0 82 61.2 15.3 80.0 20.0
7.5 79.2 63.6 8.2 88.5 11.5
1.0 73.4 71.2 52 93.2 6.8

Table 5 : Effect of temperature on alkylation of Aniline
Methanol/aniline molar ratio = 5, WHSV = 0.2h™, Catalyst = CuFe,0,

Temperature Aniline Conversion (%) Product distribution (%)
Aniline NMA NNDMA Others
473 06.0 96.0 - - 4.0
573 38.2 51.2 20.8 22.0 6.0
673 80.1 23.2 62.4 14.4 -
773 42.8 39.8 422 18.0 -

© 2013 Global Journals Inc. (US)

Global ]()Lll‘l’]dl of Science Frontier Research ( B) Volume XIII Issue VII Version I E Year 2013



Global Journal of Science Frontier Research (B ) Volume XIII Issue VI[ Version I E Year 2013

© 2013 Global Journals Inc. (US)

Intensity(a.u)

FIGURE CAPTIONS

" SN

|

i

R VI | WL WY YUY, SV WAL o) N

{ i I 4 ] 4 I : 1

20 EH 40 50 ED
20{degreos}
Figure 1 : XRD Pattern of Mn-Cu Ferrites
B8.48 =
< oas ] -
2 4 [ .
[++]
E 844
o
| .
o S
= g.42 "
@ .
o "
+ 840 N
- | \\.
8.38 T ¥ T . T T T T ;
0.0 0.2 04 06 0.8 1.0
X

Figure 2 : Change in lattice parameter due to induction of Cu in Mn-ferrite



METHYLATION OF ANILINE OVER MN-CU FERRITES CATALYSTS

Yeild(%)/Selectivity

<
c
o
a
| -
o
w
o]
@©
o
>
©
)
I i T T T T T
-15 5 0 5 10 15
velocity(mm/s)
Figure 3 : M&ssbauer Spetra of Samples
100
7] v
90 NS
B0 '7<-\\
70 - ”-///’J,,,,/—-’=
1 = J——
G0 - .
A e -
50 — e —m®— Ani. con.
] H —e— NMA
40 - I —d— NNDMA
5] e —w— M-select
E /,/’ —&— D-select
20 @ *
4 e S
10 —- — T— e — ‘__7!
ﬂ T T A ¥ ] ¥ i i 1 i
2 3 4 5 6 7 8 g 10

Molar ratio

Figure 4 : Effect of molar ratio (methanol to aniline) on product selectivity

© 2013 Global Journals Inc. (US)

Global Journal of Science Frontier Research (B ) Volume XIII Issue VII Version I E Year 2013



METHYLATION OF ANILINE OVER MN-CU FERRITES CATALYSTS

100
JK —m— Anilinecon
o - \ —&— Ani.
B A LY —i— NMA
o B0 - ‘\\ —w— NNDMA
o= —#— OTHERS
3
D
-
ey
W
(]
° e
5
u \
[+
L I\ «
I
o v

T(K)

Figure 5 : Effect of temperature on product distribution

Global Journal of Science Frontier Research ( B) Volume XIII Issue VII Version I E Year 2013

© 2013 Global Journals Inc. (US)



GLOBAL JOURNALS INC. (US) GUIDELINES HANDBOOK 2013

WWW.GLOBALJOURNALS.ORG



	Methylation of Aniline over Mn-Cu Ferrites Catalysts
	Authors
	Keywords
	I. Introduction
	II. Experimental
	a) Preparation of the Sample
	b) Characterization of Samples
	c) Mössbauer Measurements
	d) Acidity Measurement
	e) Catalytic Activity

	III. Results and Discussion
	a) XRD analysis
	b) Mössbauer
	c) Effect of acidity and process variable

	IV. Conclusion
	V. Acknowledgements
	References Références Referencias

