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ABSTRACT

Vapor phase alkylation of 1-naphthol with methahas been carried out over NiCoxFe;O, (x = 0.0, 0.50, 0.75,
1.0) type ferrospinels prepared via. low temperatao-precipitation method in a down flow fixed bedctor. 2-
Methyl-1-naphthol was found to be the major proddtte activity of the catalysts was varied withdétyi of the
ferrospinels systems studied. It was observeddystem possessing higher ‘X’ values were highlgcseke for 2-
methyl-1-naphthol. The maximum yield of 59.6% W#t5% selectivity of 2-methyl-1-naphthol was olgdiminder
optimized conditions of temperature 573 K, methamdl-naphhthol molar ratio 3:1 and WHSV 04 h
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INTRODUCTION

2-Methyl-1-naphthol is widely used as an intermtlia the preparation of pharmaceuticals, dyesyrpets and
agrochemicals. It can easily be oxidized to 2-mlethyt-naphthoquinone (vitamin K3, menadione) byop@les [1,

2]. Menadione is an intermediate in the productgnvitamin K1, K2 and K4. Till now, a usual procee$

producing menadione comprises 2-methylnaphthalgimaton with chromic acid in liquid phase [3]. Thgnthesis
of 2-methyl-1-naphthol was reported over variouddified zeolites [4]. Conventionally Friedel-Crafédkylation

reaction using homogenous acid catalysts are wsedoduce the alkylated aromatic compounds. Dustringent

environmental concern over the disposal of spetalysts, it is difficult to continue with these abjists. In this
context, several heterogeneous catalysts, whidhdeametal oxides, zeolites, heteropoly acids &ed salts, have
been studied due to their ecofriendly nature aed fhotential to replace the conventional Friededfes catalysts.
In recent years ferrospinels are used as catdlystdkylation due to their reusability, easy segim, high thermal
stability and ecofriendly nature [5-7].

Ferrites have attracted much attention due to ttegirarkable electrical, magnetic and catalytic props [8-12].
The general structure of ferrite having spinel dnee is ABO, (A is divalent ion, B is trivalent ion). Most of éh
ferrite properties depend on the distribution otahén in tetrahedral and octahedral sites. Thegadte selection
of the substituting ion and suitable chemical cosifimn changes the catalytic properties of ferrifg3, 14].
Alkylation of 1-naphthol to 2-methyl-1-naphthol witnethanol over N«CoxFe0, type ferrite in vapor phase is
reported for the first time.

EXPERIMENTAL SECTION
2.1. Preparation of catalysts
2.1.1. Preparation of NiFe,O, (NF)
A solution of 1.2 mol of NaOH in 150 mL of water svallowed to react with a solution of 0.075 moNd€l,.6H,O
in 50 mL of water. The resulting solution was adtted 5 L beaker containing 0.15 mol of Fg&H,0 in 2500 mL
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of 0.6 M HCI and stirred for 2 h. The resulting muire was further heated for 0.5 h at 333 K. Thetuon& was
allowed to settle and reacted with 2 M NaOH tib@manent pink color was obtained with phenolpleihalThe
product was washed by repeated decantation with pdrtions of water until the supernatant was €€l (about
15 washings were required), filtered through aesid glass filter, dried in an oven at 393 K ovghhiand calcined
at 773 K for 16 h. Finally the product was sievebtigh a sieve of size 6/10 mesh.

2.1.2. Preparation of other catalysts
Preparation of Cok®, (CF) was similar to NiF®, (NF), described above, except that now 0.075 mol of

CoChL.6H,O were used in place of NigbH,O. Similarly NisCoysFe0, (NCF-1), Nb2:Co 77604 (NCF-2), were
prepared using 0.0375 mol, 0.0188 mol of Ni&H,0 and 0.0375 mol, 0.0562 mol of Ce®H,O respectively.

2.2. Apparatus and Procedure
1-Naphthol was alkylated with methanol in a contins fixed bed down flow reactor. The upper halvesked as

pre-heater and lower half as reactor. 9.0 g oflgsttaieved through a sieve of size 6/10 mesh, plased in the
middle of reactor. The reactants were fed from tthe of reactor with a current of ,Ngas @ 30 mL/min. The
gaseous products were collected using an ice cdtkerwcoiled condenser at the bottom of reactor. Gas
Chromatograph Nucon, Model-5700 with flame ioniaatidetector having fused silica capillary columnfigh
thickness 30 m x 0.25 mm x 0.25 um was used taméte the composition of the product mixture. Tloawersion
was given with respect to 1-naphthol.

RESULTS AND DISCUSSION

3.1. Catalystcharacterization, surface area and acidity measurements
XRD spectra of composite samples CF, NCF-2, NCRH,were obtained with a Rigaku-Miniflex-1l instrumte

using Cuk;, radiation § =1.54 A) and reproduced in Figure 1.
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Figure 1. XRD spectra of (a) CF (b) NCF-2 JANCF-1 (d) NF
All the peaks in the pattern match well with theucteristics reflections of CF and NF ferritesorted in JCPDS
file no: 22-1086 and 10-325 respectively and comfihe phase purity, thus indicating the exclusivenfation of a

single spinel structure for all compositions of ttegalyst. From the XRD data, Average particle g2¢ was
determined w.r.t. intense peak (311) using the Behe formula [15] and presented in Table 3.

,__k
Y

k is shape factor, which takes a value of about £i8,the full width at half maxima of most intenséfrdction
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peak,/ is the wavelength of x-ray source used in the X&Id 6 is the angle of Bragg diffraction. The cubic unit
cell length (Table 3.) have been calculated by guigime formula given in Eq. (1) [16], is plotted agd the
compositional parameté¢ in Figure 2.
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Figure 2. Unit cell length plotted against the comgsitional parameter ‘x’

The unit cell length is found to increase lineaaly the C&content increases. This is because the ionic ragfius
Cd** (0.78A) is greater than the ionic radius ofN0.74A"%) and F&'(0.67A%) ions [17].

Infrared spectra of ferrites were recorded on SHiamalR Affinity 8000 FT-IR spectrometer and are whoin
Figure 3.
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Figure 3. IR spectra of (a) CF (b) NCF-1 (c) NF
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The spectrum consists of two major bands. One wWith higher wave number;, around 700 cfh which
corresponds to stretching vibration of the M-O dba the tetrahedral site, wheregs the lower band , around 500
cm?, is attributed to octahedral M-O stretching mofdieibration [18, 19]. The difference in the bandsjiion is
due to the difference in metal-oxygen bond distaatdetrahedral and octahedral sites of the spinel.

To determine morphology of ferrite nanopowders S&lt recorded for freshly calcined samples on Instnt-
SEMTRAC MINI and is shown in Figure 4. (a), (b) a@).

RAMAN LAB

Figure 4. (d) CF sample

It is evident from SEM studies that ferrites gitee appearance of sponge structure, highly denile,different
grain size along with large number of pores. Howgefrem the SEM shown in Figure 4. (d) for CgBg after its
use as a catalyst for alkylation, it is found titimorphology is different from that of freshlylcimed CoFgO;.

The chemical composition of ferrites was determinsthg X-ray fluorescence (XRF) Instrument- RigakBX

(Primus). The results (Table 1.) indicate good egrent between the experimental and theoretical wabtes of
Ni, Co, Fe.
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Table 1.Chemical analysis of ferrite catalysts by XRF

Catalysts Metal Concentration {wt %) 2 Ni : Co : Fe
Ni Co Fe (Mole Ratio) ®

NF 36.02 (3445 - 6398 (6533 10410y - 195200

NCF-1 1738(1723) 1729(1727) 6333(6550) 050(0350) 0350(030) 1992.0)

NCF-2 T21(861) 2445(2590) 6834(6549) 021(023 070(0.75) 208(2.0)

CF - 3466 (3454) 6334 (63.46) - 1010y 19920

2 Theoretical wt% in parentheses
® Theoretical mole ratio in parentheses

The results also show that relative molar ratiéNpfCo, Fe is close to the desired stoichiometdmposition of the
prepared ferrites, thus confirming the formatiorfesfites with desired composition.

The acidity data of all the ferrites were measurgda temperature-programmed desorption of ammorthod
using procedure given elsewhere [19] and resultshiéh are presented in Table 2.

Table 2. Catalytic acidity at different temperatures

Acidity (NH; uptake in nunol/g) Total acidity
Catalysts 423313 K 323823 K 623-T23 K

NF 0335 029 037 1.01
NCEF-1 039 031 038 1.08
NCE-2 0.40 033 042 1.15
CF 045 036 0.43 124

The BET surface area of ferrites was determine@oantachrome, Model: Nova 2000e instrument; thelteare
presented in Table 3.

Table 3. XRD parameter, BET surface area of ferritecatalysts

Catalysts Particle Size (A% BET Swrface

(1) area (m?/g)
NF 2246 8335 3803
MNCF-1 2318 2334 40.01
MNCF-2 26.71 2368 32.73
CF 2771 2305 2470

3.2. Acidity, surface area, unit cel length and catalytic activity of various catalysts in methylation of 1-naphthol
Acidity, surface area and unit cell length of vasderrite catalysts are presented in Table 2 anth® catalytic
activity (Table 4.) with respect to 1-naphthol cersion was found to increase with increase in ‘kieaof Ni.
xCoxF&0, series. The order of catalytic activity of variasalysts were found to be CF > NCF-2 > NCF-1 > NF
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Table 4. Catalytic activity of various catalysts in the metlylation of 1-naphthol (at temperature 573 K, methaol to 1-naphthol molar
ratio 3:1, WHSV 0.4 h?)

Catalysts 1-Maphthol 2-Methyl-1-naphthol Others”  2-Methyl-1-naphthol
Conversion (%) Tield (%) Selectivity (%)

NF 60.8 385 223 63.3

NCF-1 63.1 420 211 66.6

NCF-2 64.0 403 147 770

CF T0.5 306 109 2453

*Maphthalene, 2-methylynaphthalene, 1-methoxynaphthalene and polymethymaphthalenes.

The catalytic activity order reveals that acidifycatalyst increases as the value of ‘x’ increa3ég. better catalytic
activity of CF as compared to NF can be ascribed @uits higher acidity. At higher X’ value theeyd and
selectivity of 2-methyl-1-naphthol reaches maximberause acidic sites favor 2-methyl-1-naphthol fdrom.
From this we conclude that there exists directti@iahip between acidity and alkylation activityeVillso conclude
that increase in unit cell length values with iree in C6" content can lead to higher bond distances betureen
metal and oxygen atoms, which can reduce the eleatensity on the metal atom, thus leading to hidlesvis
acidity of the catalysts. It explains the increasacidity of the catalysts with increasing contefitCd* ions, as
revealed by the NIHTPD desorption method.

3.3. Effect of temperature
The effect of temperaturen alkylation of 1-naphthol was studied on CgBgin the temperature range 533 K to

653 K and results are shown in Table 5.

Table 5. Effect of reaction temperature on 1-naphitol methylation (catalyst-CoFgO,, methanol to 1-naphthol molar ratio 3:1, WHSV

0.4 hY
Temperature 1-MNaphthol 2-Methyl-1-naphthol  Others”  2-Methyl-1-naphthal
(E) Conversion (%) Tield (%) Selectivity (%¢)
533 403 263 14.0 633
373 705 396 109 345
613 740 344 396 463
633 632 270 362 427

*Naphthalene, 2-methylnaphthalene, 1-methoxvnaphthalene and polymethylnaphthalenes.

The maximum yield of 2-methyl-1-naphthol was obggimat 573 K. Below 573 K, the alkylating activity low.
Above 573 K, the yield and selectivity of 2-metlyhaphthol decreases. This may be due to the degp r
methylation and deposition of coke at higher resctemperature, hence decreasing the yield andtiseétye of 2-
methyl-1-naphthol.

3.4. Effect of molar ratio

Effect of molar ratio on alkylation of 1-naphthobh#/studied over Cok®, at573 K and 0.4 A WHSV. The results
are shown in Figure 5. 1-Naphthol conversion ardcsgity of 2-methyl-1-naphthol increased with ierase in
methanol to 1-naphthol molar ratio, reaching a mmaxn at 3:1 and then decreased. At higher molao,r#tie
selectivity of 2-methyl-1-naphthol was reduced.sThias probably due to the unavailability of actsies for 1-
naphthol over the catalyst surface, because of etitigm between methanol and 1-naphthol for adsmmpt
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Figure 5. Effect of methanol to 1-naphthol molar ratio on themethylation of 1-naphthol (catalyst-CoFgO, temperature 573 K, WHSV

0.4 hY
3.5. Effect of WHSV
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Figure 6. Effect of WHSV on the methylation of 1-nphthol (catalyst-CoFeO, temperature 573 K, methanol to I-naphthol molar raio
3:1)

The influence ofWHSV on alkylation of 1-naphthol was studied overf§0, catalyst at 573 K and molar ratio of
methanol to 1-naphthol 3:1. With WHSV increase fror@, 0.4 H and so on, conversion of 1-naphthol increased
first and subsequently it decreased as shown inr€i@. This perhaps indicates that the reactiodiffsision
controlled. The high contact time causes charrihgatalyst over active sites at 0.3.WWHSV above 0.4 1-
naphthol conversion decreases due to decreasatactdime.
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4. Mechanism
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Scheme 1. Possible Reaction mechanism for the al&tibn of 1-naphthol with methanol

1-Naphthol is a nucleophilic heterocycle and itctsavery easily with electrophiles. High C-2 mettidn
selectivity can be explained by assuming verticgédrgation of adsorbed 1-naphthol on the Lewis iacgite as
postulated by Klemnet al [20]. The mechanism is given in Scheme 1. In s&aénfa), an ensemble of four sites
(two acidic Lewis and two basic Lewis sites) setweadsorb methanol and 1-naphthol. According tocWtthe
naphthoxide and methoxide ion are adsorbed on ¢l acidic sites and hydrogen ion is bound toLi#is basic
site. Methylation of adsorbed naphthoxide ion & By adjacently adsorbed methoxide ion and pratamsfer from

a hydroxide group leads to the formation of 2-mkflipaphthol. At higher reaction temperature, debygllation
activity of cations, repeated methylation of naptxitle ion leads to the formation of polymethylndienes.

CONCLUSION

A catalytic activity experiment reveals that thexmaum yield of 59.6% with selectivity 84.5% of 2-thgl-1-
naphthol was obtained over Cgbx ferrite under the optimized conditions of temperat573 K, molar ratio 3:1
and WHSV 0.4 H.The catalytic activity of the system was dependenthe reaction parameters. The activity of the
catalysts was found to increase with increasingatielity. High reaction temperature results in dase of 2-
methyl-1-naphthol yield.
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