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1. INTRODUCTION 

One of the formaldehyde production methods in petrochemical industries is the partial oxidation of 

methanol to formaldehyde which administered a silver catalyst at a temperature range of 110 to 700 

degrees centigrade in a fluid bed reactor. Since then, evaporated methanol with air enters the reactor 

and after passing through the silver bed at the end of reactor enters a heat exchanger that hot gases are 

cooled in this exchanger. In the last 60 to 70 years, numerous researches with grasping the importance 

of catalysts, especially metal catalysts in production of chemicals materials in industrial sizes have been 

widely reported in literature [1-8]. Performing chemical processes using metal catalysts has been 

considered due to the less cost of operational design in industrial sizes; due to the fact that they are in 

more suitable conditions in terms of temperature and pressure. Nowadays, a wide range of chemical 

materials are produced by catalytic conversion process for industrial purposes [9-15]. 

Several methods have been proposed for production of formaldehyde by oxidation of hydrocarbon 

gases, that is to say that, increasing formaldehyde levels is also done by these processes. In addition, it 

was observed that hydrocarbon formaldehyde is usually obtained from detergents such as dilute 

solutions that are not economically concentrated. It is also stated that obtaining free formaldehyde from 

other aldehydes and lateral products is difficult. However, despite high problems, improvements have 

been achieved according to use of special crystals and better control methods. Problems of hydrocarbon 

oxidation have been studied since the early nineteenth century, but development of practical methods 

for production of formaldehyde by methods of this type is surrounded by numerous problems. 

Therefore, studies on methane oxidation show that methane with significant amount under 600 °C does 

not oxidize, while, as already mentioned, formaldehyde begins to decompose at temperatures below 

this. Formaldehyde is used because of elimination of bacteria as an antiseptic solution [16-19].  

2. MATERIALS AND METHODS 

In the oxidation method through two processes, formaldehyde is produced. The first method is process 

based on methanol balance, which has an incomplete conversion rate. The second method, which is 

very common, is the process based on water balance, which is accompanied by water injection into the 

reactor. This method has a higher conversion percent of methanol to formaldehyde. In this study, reactor 

based on water balance is studied with a silver bed. Re actions occurring in reactor are divided into two 

main and subsidiary categories. The main reaction is formaldehyde production from methanol 

oxidation, Equation 1 shows its mechanism. 

Abstract: Formaldehyde is considered as the natural organic material with the equation of CH2O (H-CHO) 

and the simplest form of aldehydes; in respect of the way, Formaldehyde is one the major significant precursors 

to numerous types of chemical components. The objectives of this comprehensive study is the methanol 

oxidation and its conversion to formaldehyde have been experimentally investigated. To do this water and 

methanol are used as two strategic components in chemical industries and, the feed stream is used to produce 

formaldehyde in a pilot reactor. Subsequently, due to the presence of water and oxygen in the process of 

methanol oxidation, the conversion factor has a dramatic increase from 50 percent to approximately 75 in the 

length of catalytic bed. 
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rfHOHHCHOOOHCH  222/13
                                                                                  (1) 

If the reaction time in reactor is not suitable or operating pressure is too high from standard deviation, 

then subsidiary and non-useful products such as carbon monoxide, carbon dioxide and dimethyl oxide 

are produced. The reaction of monoxide and carbon dioxide production occurs in the form of series 

reactions with the presence of formaldehyde and extra oxygen. Therefore, the amount of oxygen 

entering reactor also, in addition to the reaction time, it is involved in the production of carbon dioxide 

and carbon monoxide. Equations 2 and 3 show the production of these two compounds. 

rcoHOHCOOHCHO  222/1
                                                                                      (2) 

2222/1 rcoHCOOCO 
                                                                                                          (3) 

As it is known, the reactions are all pyrogenic and cause the temperature of reactor bed to rise. If the 

amount of methanol entering is not set, its extra amount in system decomposes into water and dimethyl 

oxide at generated high temperatures in reactor. Equation 4 shows this mechanism [20,21]. 

rDHOHOCHOHCH  223 )3(2
                                                                                          (4)

 
Formaldehyde production is the most important use for methanol, accounting for about 40% of it. The 

formaldehyde can be prepared by dehydrogenation method which is endothermic and referred it above 

or by methanol oxidation method that is pyrogenic. Most production methods are based on a mixture of 

two methods of oxidation-dehydrogenation. In these reactions, the heat required for dehydrogenation is 

typically guaranteed through oxidation. Air-methanol mixture, with extra methanol pass among an 

empty bed from silver crystals of several layers to exit a high explosive level that reaction temperature 

is 600 to 650 ° C. Then exhaust gases from the reactor are then rapidly cooled down and enter into an 

absorber. In absorber, unreacted formaldehyde and methanol are dissolved in water. The resulting 

solution is recycled to distillation methanol and its methanol is returned and a formaldehyde solution is 

obtained. Finally, the product is in the range of 86 to 90 percent, and formaldehyde is stored as a solution 

and sold with a concentration of about 37 percent. 

3. RESULTS AND DISCUSSION 

3.1. Evaluation of Dimensionless Geometry of Pilot and its Considerable Influence on the 

Percentage of Methanol Conversion 

Considering that one of the conditions for increasing or decreasing the process scale without 

dimensioning the pilot geometry is studied, in this section is referred to dimensionless length of pilot 

that obtained from length-to-diameter ratio of pilot. The results of the research show that from ratio of 

about 1.7 to about 4.13, conversion percent increases from 63.3 to 73.8. But as shown in figure 1, with 

an increasing pilot dimensionless geometry from about 4.13 to 5.5, increasing conversion percentage is 

not significant. Therefore, the results of this section indicate that increasing dimensionless geometry of 

pilot cannot always increase the percentage conversion of methanol to formaldehyde. Since the increase 

of dimensionless geometry can change operational conditions of temperature and pressure as well as 

pilot areas of dead. The percentage conversion in this reaction in non-dimensional lengths will result in 

uniformity of percentage change. 

 
Figure1. Investigating the effect of dimensionless length on the methanol conversion factor 
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3.2. Investigating the Effect of Thermal Profile of Inlet Flow to the Reactor 

As shown in figure 2, the temperature profile is shown along the pilot catalyst bed to convert methanol 

to formaldehyde. The results indicate that flow temperature of inside reactor is decreasing throughout 

catalytic bed, which could be due to the development of feed flow and product during the pilot reactor, 

as well as increasing energy dissipation in the form of viscous dispositions, as well as conduction and 

displacement mechanisms and transferring heat from inside the pilot to the its outside. 

 
Figure2. Effect of thermal profile of inlet flow to the reactor 

3.3. Study of Relationship between Flow Development and Conversion Percent of Methanol to 

Formaldehyde 

As shown in figure 3, relationship between flow development and conversion percent of methanol to 

formaldehyde is expressed. The results indicate that by increasing the bed length, the flow development, 

as well as the contact time between feed flow and catalyst increases, resulting in increase in conversion 

percent of methanol to formaldehyde. In this case, percentage of conversion of products such as carbon 

dioxide and carbon monoxide is reduced. 

 

Figure3. Investigating the effect of methanol conversion in the length of catalytic bed 

4. CONCLUSION 

The profound impact of such parameters like overall equivalence ratio, injection timing, thermal profile 

on the methanol conversion factor are considered as the major principles of petrochemical industries in 

the coming decades. The main purpose of this experimental investigation is to operate the significant 

role of chemical kinetics reaction in the presence of water and oxygen in the oxidation of methanol; that 

is to say that, regarding the increased the length of the reactor by initiating the process from the 

beginning times, the conversion factor is increased dramatically in the length of catalytic bed. Thereby, 

it indicates that the volume of formaldehyde which is produced by the methanol conversion is increased 

during the length of reactor and it would be an economic revolution in the large scale evaluation in 

petrochemical industries. 
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