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Abstract 

The alkylation reaction of 2-naphthol with ethanol was investigated in 

the gas phase by the presence of zirconium, nickel, sulfur-containing                     

H-mordenite composite catalytic system. The effects of temperature, 

volume velocity and the ratio of mole of raw material components to the 

activity and selectivity of compound mordenite catalyst in alkylation 

reaction were studied. Catalytic properties of zirconium H-Mordenite in 

the alkylation reaction of 2-naphthol with ethanol revealed the major and 

side-effects occurring in the process. The mixture of 2-ethoxy 

naphthalene and 1-ethyl-2-naphthalene have been identified for the 

selective (96.5 %) synthesis of favorable reaction conditions. On the 

other hand, the selectivity of 1-ethyl-2-naphthol in the presence of a 2-

naphthol and ethanol is 87.0% (T-340 ºC, ʋ -1.0 h
 -1

, ν = 1: 4 mol/mol) 

and 31.3% yield synthesis was achieved and the purity of the product 

was high (98.5%). The increase in temperature and the reduction in speed 

cause the process to become complicated and to increase the part of side 

transitions. The it was revealed that composition of the 2-naphthol in 

alkylation reaction with ethanol has been found to be of practical 

significance in determining the composition H-mordenite with good 

favourable catalytic properties and targeted including 2-ethoxy 

naphthalene, 1-ethyl-2-naphthalene alone, or their blend  

Keywords: alkylation, composition H-mordenite, ethanol, 2-ethoxynaphthalene,                   

1-ethyl-2-naphthol, 2-naphthol 

Introduction 

Methyl and ethyl homologs of both isomers of naphthols are used in the production of 

vitamins, dyes, fragrant substances, deemulgators and additives(1-3). For example, all K 

vitamins used in veterinary are produced based on alkyl naphthols (4). Naftol-modified 

carboamidoformaldehyde resins improve the physical and mechanical properties of faner and 

other wood products (5). It is noted that, when the other alkyl derivatives of 1 naphthol or 2-

methyl-1-naphthol are taken, the density of the modifier in the carbamide formaldehyde resins 

should be 7.0 mass %, the pressing time is 5.5 min., the temperature and the pressure must be 

105°C and 1.4 MPa respectively. When the β-naphthol and its derivatives are taken, the modifier 

is taken at 6.0 mass %, pressing time is 5.5 min., and temperature and pressure are measured at 

115°C and 1.4 MPa (6). These new modifiers, used in adhesive compositions, improve the 
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exploitation characteristics of the wood obtained and fully meet consumer requirements.  

Sterilizer-indicators were prerpared and applied on the basis of nitrogen derivatives of 

ethyl derivatives of 2-naphthol, ethyl ethers of naphthols are widely used in the perfumery 

industry. The production of these compounds in the United States in 2001 was more than 5 

tonnes. It is used as a odorant in soap and detergent and is added to the food products as an 

aromatizer (8). 

Although naphthols are known to have a wide range of methyl and ethylene homologs, 

their synthesis is not large (9-12). Ethyl halogenides taken as alkylating agents, ethyl ethers of 

ethoxylates, ethyl acetate, ethyl alcohol, diethyl sulfate, diethyl ether and other compounds have 

been obtained. However, there is a need for innovative research to increase their output, 

selectivity and cleanliness. On the other hand, the selection of catalysts and the determination of 

the catalytic environment should focus on improving the catalytic and exploitation properties of 

the catalytic systems (13-15). 

Considering these, a detailed study of 2-naphthol ethanol alkylation reaction with the 

presence of received nickel and sulfur H-mordenite catalyst with mass concentration of 

zirconium was investigated. 

Experimental Part 

The experiments were carried out on a runming reactor with a non-stationary catalyst, and 

the analysis of the products was carried out using chromatographic and spectral methods. Gas-

liquid chromatography (GLC) was carried out on the chromotography Chrome-5                              

(3.6 mm x 4mm). Over 10% of Apiezon M impregnated tselit 545 was added over 1/3 part of the 

column, while the remaining portion was placed on a 10% carbovox 20 impregnated phase on 

chromosorb W.  The analysis was carried out on the lifting program with a temperature of   

8°C/min at 100-240°C temperature. Helium has been taken as a carrier gas  , and its speed was 

50 ml/min. The relative error was 3.0%. PMR (Proton Magnetic Resonance Spectroscopy) 

spectra of Naftol and its ethyl homologs were recorded on the Bruker AV-300 of Germany (300 

MHz, H'NMR) spectrometer. 

Results and Discussions 

The presence of composite H-mordenite  alkylation reaction of 2-naphthol with ethanol  

was investigated at temperatures of 280-370
0
C, 0.5-2.0 h

-1
 of raw material and 1:2÷6 ratios of 2 

naphthol to ethanol. 

The analysis of the results obtained shows that 2-ethyncinaphthalene, 1-ethyl-, 3-ethyl- and 

4-ethyl 2-naphthols, diethylnaphthols, naphthalene, its ethyl derivatives, especially 1,2-dimethyl 

naphthalene, are obtained from the interaction of 2 naphthol with ethanol. These products 

include 1-ethyl-2-naphthol and 2-ethoxynaphthalene as the target product. Generally, the 

transformations occurring in the alkylation process of 2 naphthol with ethanol the presence of 

composition H-mordenite composite can be illustrated as follows. 

As shown, 2-ethoxynaphthalene and 1-ethyl-2-naphthalen mixture are formed at low 

temperatures (280
0
C) with the interaction of 2-naphthol with ethanol, so that the overall 

selectivity of the reaction is 96,5 %. This compound which is obtained at 280
0
 C, is particular 

interest. Thus, the mixture of the naphthalum conversion 25,0 % can be easily broken down into 
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the components. On the other hand, the ratios of 2-ethoxynaphthalene to 1-ethyl-2-naphthol also 

is 1 : 0.6, which allows a fairly selective and pure synthesis of 2-naphthol. 
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C2H5
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Table 1. Alkylation reaction of the 2-naphthol with ethanol in the presence of composition                

H-mordenite catalyst has investigated the effects of the    temperature, volume of the 

raw material and the mole ratio of components 
 № The yield of 2-naphtholate reaction products, %  

Conver-

sion of 2-

naphthol 
 

T, 
o
C  , h

-1  , 

mol/

mol 

2-ethoxy 

naphtha-

lene 

1-ethyl-

2-naph-

thol 

3-ethyl-

2-naph-

thol 

4-ethyl-

2-naph-

thol 

diethyl-

2-naph-

thol 

1,2-

diethyl 

naphtha-

lene 

Naphthalene 

and other 

ethylnaph-

thalenes 

1 280 1.0 1:4 56.0 40.5 2.5 - - - - 25.0 

2 310 1.0 1:4 26.0 66.0 3.0 - - 2.0 1.0 31.0 

3 340 1.0 1:4 3.0 87.0 4.0 1.0 - 3.0 1.5 36.0 

4 370 1.0 1:4 - 80.0 3.0 1.5 1.0 9.0 5.0 55.0 

5 340 0.5 1:4 1.5 83.0 5.0 1.0 1.0 2.5 2.0 42.5 

6 340 2.0 1:4 6.0 88.8 3.0 - - 1.5 - 25.5 

7 340 1.0 1:2 2.0 86.0 3.0 1.5 - 2.0 1.0 28.5 

8 340 1.0 1:6 4.5 81.0 5.5 1.5 2.0 2.5 2.0 50.0 

The PMR spectra of 2-ethoxynaphthalene and 1-ethyl-2-naphthol are shown in Fig. 1 and 

2. As you can see, the methylen protons in ethyl groups in the aromatic nucleus and oxygen in 

hydroxide group differ according to chemical shifts. Thus, the quartet signals of the protons of 

the ethyl group in the 1-position of the aromatic nucleus δ - 2.28 m.h, the triplet signals 

characterizing the protons of the methyl group give rise to a stronger field (δ = 1.32 m.h.) 

(Fig.1).  As for 2-methoxynaphthalene, the shift is directed  to the weaker area from an effect of 

oxygen (δ = 7.25m.h). 
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Fig. 1. PMR spectrum of 1ethyl-2-naphthol 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. PMR spectrum of 2-ethoxynaphthalene 

Increasing the temperature to 310ºC significantly increases the ratio of ethyl to ethyl-2-

naphthol in the latter one and this ratio 0.24:1.0. Alkylates are also found in other products (3-

ethyl-2 naphthol, 1.2 dimethyl naphthalene). The favorable temperature to obtain  selective 1-

ethyl-2-naphthol is 340
0
C. Under this condition, the selectivity of the process for this product is 

87.0%. The subsequent increase in temperature increases the concentration of the oxo-pyridine 

formed as a result of consistency ethylation process and accelerates its transformation into ethyl 

and diethyl naphthalene. At 370ºC, 2 naphthols were in this way exposed to deeper 

transformation (55.0%), while 20.0% were spent on external reactions. This also negatively 

affects the selective response to the targeted product. 

The effect of the volume of the raw material given to the catalytic properties of the 
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composition catalytic system of H-mordenite and the ratio of 2 naphthol to methanol plays an 

important role. Reducing the volume to 0.5 h
-1

 significantly increases the contact time and 

further enhances the interaction of 2-naphthol with ethanol. Reducing the volume to 0.5 h
-1

 

significantly increases the contact time and further enhances the interaction of 2-naphthol with 

ethanol. Total conversion of 2-naphthol  increases to 42.5% and selectivity in catalysts for 3-

ethyl-2-naphthalene is 5.0%. Reduction of the catalyst's contact time with the starting reagents 

causes the process to occur purposefully. In this condition (ʋ - 2.0 h
-1

), the process takes 

selectivity the highest value (88.8%) for 1-ethyl-2-naphthol, but this is accompanied by a 

decrease in 2-naphthol conversion (25.2%).  

Increasing the proportion of methanol in the raw material reduces the selectivity of the 1-

ethyl-2-naphtholate product, which increases the rate of external reactions. The selectivity of 1-

ethyl-2-naphthol on the conversion in  ν = 1:6 mol/mol to the raw material decreased by 6.0%, so 

amount of it is 81%.  At this time, overall selectivity  for alkylates in 3-ethyl-2-naphthol and 4-

ethyl-2-naphthalene is increased by 2.0%.  The conversion of naphtha to 50.0% occurs when 

conversion of the raw material into the process with a ratio of   1: 6 mol / mol, which 

significantly increases the output of 1-ethyl-2- naphtholene. 

In general, the effect of regime parameters on the output of the targeted product is also of 

interest. According to 2-ethoxy naphthol, the highest output is achieved in the first practice and 

makes 14%.  The highest yield for 1-ethyl-2-naphthol was obtained in the fourth (44.0%) and 

eighth (40.5%) experiments (Fig. 3). 
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Fig. 3. Outputs of 1-ethyl-2-naphthol (1) and 2-ethxynaphthalene (2) calculated by initial                    

2-naphthol 

Conslusion 

1. In the result of research works on 2-naphtalin ethanol reaction for 96.5% common 

selectiveness of the mixture of 2-ethoxy naphthalene and 1-ethyl 2-naphtalin and getting 

24.1% common density the condition of the reaction is defined (T-280
0
C, ʋ-1.0 h

-1
,                    

Number of 
experiment 
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ν =1:4mol/mol). 

2. Expressing practical importance with selectiveness (87.0%) and remedy (31.3%) on the base 

of 2 naphtol and ethanol condition process 1-ethyl-2-naphthol is as follows: T-340
0
C, ʋ=1.0 

h
-1

, ν =1:4 mol/mol   
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