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N-Alkyb ti on of aniline with ethanol has been studied in vapour phase. in a Il xed bed reactor over Zn,. 
,Mnlep " (X= 0, 0.25. 0,50, 0.75 and I) ferrospinel system. N-eth ylaniline (NEA ) and N,N-diethylanil ines ( NDEA) 
we lT fou nd to be the major products. It was observed , that, systems possess ing low x va lues arc hi ghl y se lecti ve 
(or N-ethy laniline. Reacti on p: lrameters were optimi zed ovcr ZnFe

2
0" cma lysl. A maximum yie ld o f 53% of N­

cth ylaniline wi th selcctivity of 97% and 1.79% of N, N-d ierhylanilinc with se lectivity of 3% was obtai ned over 
ZnFe20" ca t:1l yst at a temperature of 503 K, ethano l to ani line molar rati o 6 and we ight hour sp:1ce ve loci ty of 0.17 
1,- '. Catalyst characteri za tion has been made by XRD, IR spectroscopy and ammonia desorp ti on methods. All catalysts 
show their characte ri sti c M-O stretching bands around 700 and 500 en,- ' associated with tetrahedral and octahedral 
sites respectively. All ea t:ll ys ts were found t:J show weak, medium and strong ac idi c sites correspo nding to ammonia 
desor[llio n at di ITerelll temperature rangcs 423-523, 523-623 and 623-723 K, A tcntati vc mechan ism for produc ti on 
nf N-eth ylani lincs has been proposed. 
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Fcrrospinels as magnet ic and catalyt ic materi als are 
widely used in elec tronic and in catalytic industries . 
The unit ce ll of these materials , formed by 32 oxygen 
and 24 cati ons is of face centered cubic symmetry with 
unit ce ll length ao or - 0.84 nm. There are 64 tetrahedral 
and 32 octahedral poss ible positions for cat ions in the 
unit ce ll , out of which only 8 tetrahed ral and 16 
octahed ral positi ons are occupied by cations. Their 
general fo rmula is A+2[B/l]O/ , B positions represent 
octahedral sites and are usually shown by square 
brackets . 

Alky lation of aniline produces N-ethylaniline and 
N, N-diethylan iline. Former is an important dyestuff 
whil e lat te r find s app li ca tion as co-cata lys t in 
polymerization reac tion, anticorrosive agent in acidic 
mediulll and as antioxidant for lubricating oils . 2,6-
diethylaniline is needed for manufacture of weedicide, 
butachl ore. 

Alkylation of aniline by ethanol is an electrophilic 
substitution reacti on. The electrophile i.e., carbonium 

"For corres pondence (E-mai l: r_prasad99 @yahoo.colll) 

ion is formed from ethanol with the help of acid sites 
on the catalyst surface. The traditi onal , corros ive, costly 
and environmentall y unfriendl y Friedel-Crafts catalyst 
is s low ly be in g rep laced with more stab le and 
environmen tal fri endly catalysts , such as, metal oxides 
(S iO" AI, O,), clays, and zeo li tes , possess ing Brbnsted - _., 
or Lewis-Brbnsted sites . Although, these cata lys ts 
produce C,H,+ and promote alkylation, they proton ate 
aniline mole'cule as well and reduce the ex tent of 
reaction . These catalysts get deacti vated at hi gher 
temperature and hi gh aniline/ethanol mo lar rat io, 
because of coke formation by alcohol. Because of these 
disadvantages with Brbnsted/Lewis-Brbnsted cata lysts, 
attempts are being made to develop catalysts possessing 
mild Lewis ac idity/bas icity, so th at deac tivati on of 
aniline and charring of ethanol can be red uced. 

Ferrospinels , possessing onl y Lewis sites can 
prove to be ideal catalysts for alkylat ion. Doping these 
spi nels with transition metal can further improve their 
acido-basic character to suit the requirement of a 
particular reaction. 

Although, there are few reports all alkylation of 
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aniline in liquid phase under pressure I, in vapour phase 
usin g oxides2, Raney-Nickel, ' zeolites4, AEL type 
molecu lar sieves", clays () · III and few spinels " ·14 , there 
is no report on alkylati on of an iline with ethan ol on 
Zn l.,Mnl ep4 (X= 0, 0.25 , 0.50, 0.75 and I) ferrospinel 
system. The present study of the alkylation of aniline 
was therefore undertaken with a view to [i] search for 
it suit able ferr ite cata lytic system, [ii] to optimize the 
compos ition of catalyst and to [iii] optimize the process 
for max ilTlu lTl yield to N-elhylanilincs. Besides, catalysts 
have been characteri zed using XRD, IR and ammoni a 
deso rpti on methods with a view to understand the 
st ructure. na ture of bonding and acido-basic properties 
of the catalysts. 

Experimental Procedure 

Ca talys t preparation 

Preparatioll (~f' ZIIFe!O/ZF) 

16.35 g of ZnCl2 was di sso lved in I SO mL of 
di stilled water and allowed to react with 76.80 g of 

aOH di sso lved in 100 mL of water (solution A). A 
solution of 68.87 g of FeCL.6H,O was prepared in 2L 

.' -
of 0.96 molar HCI in a 5L beaker (solution B). Solution 
A was mi xed with solution B and st irred for two hours 
and further heated for half an hour at 333K. The mixture 
was all owed to settle and its pH adjusted to 7.5 with 
2N NaOH. The product was washed by repeated 
decantati on till free from Cl ' ions, filtered through a 
sintered glass filter, dri ed in an oven at 393K. and 
calcined at 773 K for 5 h. Finally the product was 
sieved through a 6/1 0 size mesh. 

Preparation of MnFep 4 (MF) was similar to that 
of ZnFep~ described above, except that now 23.75 g 
of MnCI 2.6Hp was taken in place of ZnCI

2
. Similarly, 

Zn1l75 Mn1l 2" Fe20 4 (ZMF-I ), Zno,Mno,Fe20 4 (ZMF-2) 
and ZnIl2, MnIl7,Fe20 , (ZMF-3) were prepared by taking 
0.0562,0.0375 and 0.01 87 mol ofZn salt and 0.01 87, 
0.0375 and 0.0562 mol of Mn sa lt. 

Ca talys t characterization and surface acidity measurements 

The XRD diffractogram of ZF, ZMF-2 and MF 
were recordcd on Ri gaku diffractometer with Cu Ku 
radiati on and are reproduced in Fi g, I. All peaks in the 
pattern match well with the characteri stic refl ections of 
corresponding fen'ites reported in JCPDS card and 
confirm the phase purity of the samples. The FTIR 
spectra of these ferrite catalysts were recorded on 
Perkin-E lmer Series 1600 FTIR spectrometer and are 
reproduced in Fig. 2. Two broad bands appearing at 

700 and 500 cm·1 are ascribed to M-O stretching modes 
of tetrahedral and octahedral sites respectively. 
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Acidity of catalys ts was measured by ammonia 
desorption method and re,~ults are presented in Table I. 
Snrface area measurements were made using BET 
method and resul ts are show n in Table I. 

ApparOltus and procedure 

The reaction was carri ed out in a fixed bed down 
fl ow pyrex glass tubular reac tor (0.45 m in length and 
0.025 m 10) at atmospheric pressure. The upper half 
worked as preheater and the lower half worked as 
react or. where the catalyst was packed between two 
plugs of pyrex glas~ wool. It was activated at 773 K 
by passing ai r and then broughtdown to the desired 
temperatu res by cooli ng dow n in a current of nitrogen. 
Th: mix ture of aniline and eth anol was ff'd by a 10 
cm ' pres:;ure-eC]ua lizing fu nnel. The liquid products 
were condensed with the help of a cold-water condenser 
a co ld trap and were analyzed by Shimadzu 14B Gas 
Chromatograph using SE-30 colu mn and FrD d~ tec to r. 

Results 1 Discussion 

Acidity, sud'ace aI'COl Olnd perfor mance o f va rious ca tOll ys ts in 

the alkylation of anilin e 

An elaborate comparative d isc us sion of the 
performance of various .~o lid acid catalysts such as 
ox ides. clays. and zeoli tes and their mod ified form s in 
the aniline alkylation is presented by Narayanan and 

f)eshpande I6
. It has been observed that physico-chemical 

properties of the catalys ts , speci ficall y acid ity nlavs 
important role in the perfo rmance of these c<.~ta j y " ~,,. 
Most of these catalysts produce eithe r high conver"i on 
and low selectivity or low conversion and high 
se lectivity. Contrary to thi s, ferrite c:ataly s t~ produce 
reasonably high conversion ( > 67 0/(' ) and vel' hi~h 

selectivity (> 99% ) fo r N-methyl aniline l7 The :t cic.l ~y 
and surface area data of var ious fe rrite ca tal ysts 
ZnFe 20 .j (ZF), Z nIl7" M nIl2" Fe20 1 (Z MF-I ). 
Znll'iMnll" Fe20.j (ZMF-2) , ZnIl25MnIl 7" Fe20 .j (ZMF-3) 
and MnFe

2
0 .j (MF) used in the present study are li sted 

in Tab le 1. Perfo rmance of va ri ous ferri te catalysts in 
the alkylatio n of aniline is presented in Table 2. The 
order of catalytic activity of ferrite spinel systems 
toward overa ll conversi on was found to be ZF > Z IF­
I > ZMF-2 > ZMF-3 >MF. It was observed that. 
systems possess ing low .r values are hi ghl y se lec ti ve 
fo r N-ethy lan iline (NEA) and increasin g x valuc !eel to 

the increased se lec ti vit y fo r N. N-d ieth ylan ilin c 
(NNDEA). An exa mination or Tab le I revea ls that 
inc reas ing the ac idit y with in c reas in g .r valu e . 
conco mita ntl y decreases the activity of~ th e fe rrite 
systems . Insertion of Mn in ZnFc,O did not improve . - .j 
Its performance; furt her activi ty test work was therefore 
undertak en over ZF catalyst. ZF has been found to be 

l~l b l e I -Acidity and surface area of ferrite catalysts 

S.No Catalys t Acidi ty (N H 1 uptake/mmol g-I) Surface area 

423-523 K 523·623 K 623-723 K Total (m' /g ) 

ZF 0.36 0.33 0.3-1 103 :1221 

2 ZMF· I 0.38 0.32 0.36 106 32.96 
3 ZMF·2 OAO 0.28 OA I 1 09 :'9.71 
-I ZMF·3 0.4 1 (J. 34 (JAO 1. 15 -1 2. -15 

5 MF 043 0.37 0.42 1.7') -1-."1.27 

Tahle 2- Per form ance of various ca ta lys ts in the al 'y lali on of ani li nc 

Ethallol/an i l inc molar ra ti o = 6. Temperature = 503 K. WHSY = 0.1 7 Ir ' 

C'al~I1y st Aniline Prod uct di stri hution (% ) 

COll version (%) A niline NEA NNDEA 

ZF 5-1 .79 45.2 1 53.00 Oi .79 

/.i\JF- 1 -17.26 52.74 39.94 07 .3 2 

Z\I f' -2 39.20 60.80 20.l{6 18 .. 14 

7 \ l! '·3 36.60 63AO 15.5-1 21 .06 
'. It': 25.96 74.04 02.24 ' 3. 7' 
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the most efficient catalyst for selective monomethylation 
of aniline over Zn '~xNi x Fep4 ( X= 0, 0.2, 0.5, 0.8 and 
I ) type system as well 17. Contrary to Zn-Mn ferrite 
sys tem ill whi ch acidity increases with Mn 
concentrati on . In Zn-Ni ferri te system acidity decrease 
with increasing Ni concentration. Best performance of 
ZF shows that th is catal st has the most appropri ate 
acid ity amon g Zn-Ni ferri te Zn fe rri te and Zn-Mn 
ferrites. 

Effect of te mperature on alkylation of anili ne 

Effect of temperature on alkylati on of aniline over 
ZF, at co nstant e th anol/a niline molar rati o, was 
investigated in the temperature range 473-723 K and 
the results are presented in Fig. 3. Negl igible conversion 
was obtained below 473 K, which increased effectively 
in the temperature range 503-573 K. NNDEA was not 
formed below 503 K. At higher temperature NNDEA 
and others were fo rmed along wi th NEA. The best 
perfo rmance by the cata lys t was shown at 503 K with 
prod uct distri buti on of 53 and 1.79% fo r NEA and 

I DEA respecti ve ly and selec ti vity of 97 and 3% fo r 
EA and NNDEA respecti vely in the product. At 

temperatures hi gher than 503 K, conversion decreased 
due to charring and depos ition of carbon on the catalyst 
surface. 
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---.- NNDEA yield 
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Fig. 3-Ellcc t or te mperaturc on alky lation of anili ne, 

ethanol/anilinc molar ra ti o = 6 and W HSV = 0.17 Irl 

Effect of ethanoUaniline molar ratio on alkylation of aniline 

The effect of ethan ol/aniline molar ratio on 
alkylati on or anili ne over ZF catalyst at 503 K is 
represented graphicall y in Fig. 4. With the increase in 
e thanol/aniline molar ratio co nversion of aniline 
increases, reaches a maximum and then decreases. 
Selectiv ity and prod uction of NEA and NNDEA 
increases with increasing the molar ratio , reaching a 
maximu m and then decreas ing at higher molar ratio. 
This suggests a Langmuir-Hin shelwood type of 
bimolecular reacti on. A maximum yie ld of 53 and 1.79 
% respectivel y fo r NEA and NDEA was obtained at 
an ethanol/aniline molar rat io of 6. The se lecti vity for 
NEA and NNDEA in the product was 97 and 39'c 
respectively at thi s molar rat io of 6. 

E ffect of weight hourly space veloci ty on alkylation of anilinc 

The effect of weight hour space ve locity on 
alkylati on of aniline over MF catalyst at 503 K and 
constant ethanol/pyridine molar ratio , was in vestigated 
in the ranges 0.1 to 0.8 Iy l and resu lts are represented 
graphically in Fig. 5. Yield of N-ethylani lines and 
conversion of aniline increases with increas ing WHSV, 
reaches a max imu m and then dec reases with further 
increasing the weight hour space velocity, due to the 
decreased contact time. The best catalyt ic ac ti vity was 
observed at 0.17 h," with production of 53 and 1.79 CJc 
NEA and NNDEA respectively and selectivity of 97 
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Fig. 4--Erfeet of mo lar ratio or e thanol to ani li ne on 

convers ion, se lec tivity and yield ovcr ZI1Fe~OJ cata lyst. WH SV 
0. 17 Ir l; reac ti o n tcmpcratu re 503 K 
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Fig. 5- Ellect or weight hour Sp~lCc ve loc ity on alkyl ation or 

ani l illc ' 'r Z IlFc,OJ c;lIal ys l. Rcaction tcmperature 503K; 
molar ratio or ct hanol to ani line 6 

and 30'c fo r NEA and NNDEA respecti vely In the 
product. 

Mechan ism 

Ethyl ene was identified as one of the products, 
whose concentrati on increased with increase in ethanol! 
aniline mole ratio. Passing hydrogen perox ide with feed 
suppressed the yield to N-ethylanilines, which rules out 
possibil ity ora free radical mechani sm. Pass ing ethylene 
along with aniline ovcr fe rrite catalyst reduce the yield 
of N-ethylanilines considerably. Thi s rul es out the 
possib ili ty of ethylene as the intermed iate. Obv iously, 
ethy lene is produced due to dehydrat ion of alcohol over 
Brbnsted ac idi c sites and is not in vo lved in the 
mcchani sm of alkylation of aniline with eth anol. From 
the study of effec t of ethanol/aniline molar ratio on the 
yield of NEA prese nted in section 3.3, it is clear that 
reac tio n fo ll ows a Langmuir-Hinshelwood type of 
bi mo lecular reac t ion invol ving competi tive adsorption , 
requirin g one molecul e of both the reactants. At lower 
concentrati ons, where th ere are enough number of 
cata lytic si tes to accommodate aniline as we ll as ethanol 
mo lec ul es, th e yie ld of NEA is propo rti onal to 
concentrati on of ethanol and aniline. At hi gher ethanol/ 
ani line molar rati o, ethanol molecules displace aniline 
mo lecules, caus ing a decrease in the rate and production 
or NEA. It seems. the reac ti on follows a consecutive 
!-Il ec il an islll. NEA is formed first wh ich is furth er 
aiky latecl lo N. N-dielhylaniline. A mechan ism consistent 

with the above resul ts can be sugges ted as foli ows. 

Mt'c/wll i.1'I1/ of N -t' l ilriull i/ill(, : 

(1 ) C,H,OH + -O-M -

(3) (a) + (b ) 
H-O- H _ _ _ I~ : I 

-o-Zt- + 

Mt'CitOlliSI/I 0/ N-t'l itr/ollililll': 

~-?C,H, 
: ... 

-O-M-
(a) 

J:l-NHC.H5 

i ~ 
-O-M -

(b) 

H, C,-NHC.rr, 
i ~ -

-O-M -

.. C.H; NH C,H, + H,O + 2 -0 -1\'1 

I~l-N C,H, C.H, 
(4 ) C.H,NI-I C,ll, + -0 -1I/I- ---.~ j . . 

~O-M~ 

(C) 
H -O- H H,C,-N C,H,C.H, 

(5) (a) + (C) - - - ". -6-A- + ! ~ 
-O-M -

Conclusions 
(i) Zn 'xMnlep-l (x= 0, 0.25, 0.50. 0.75 and I) 

ferrite spi nal systems were studied for alkylati on 
of ani line using ethanol as the alky lating agent. It 
was found that these systems cou ld effec ti vely 
a lk ylate anilin e to produ ce N-e th y lanilin e 
select ively. 97% of selec ti vity for NEA in the 
product was obtained under optimized reac ti on 
condit ions. Act ivity increases as x va lue decreases . 
Hi ghest activity was obse rved for ZF, wh ereas 
MF was only mildl y act ive. As x increases, the 
acid ity and surface area of the sys tems also 
IIlcreases . 

(ii) substitution of Zn by Mn leads to hi gher acid ity 
and surface area of the ferrite ca tal ys ts as is 
supp orted by the present surfac e area and 
ammonia desorption measurements. Sim ilar trends 
have been reported by others as we ll '"-'-l . 

(iii ) a t~ntative mec hani sm fo r producti on of N­
ethy lanilines has been proposed. 
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