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ABSTRACT 

In this study, an industrial Carbon Dioxide 

hydrogenation unit is simulated. The results are 

compared with three-day experimental data and 

effect of reactor feed temperature and reactor 

pressure on the methanol flow rate is studied. 

According to simulation results the unit is not 

working under its optimum conditions. By 

decreasing temperature and increasing pressure, 

the process production of methanol is increased. 

Also a new approach is proposed to modify the 

hydrogenation process and reduce the undesired 

by-product. In the newly desired scheme, the 

outlet stream of original carbon dioxide 

hydrogenation reactor is sent into a heat 

exchanger and after cooling, the flow is sent into a 

new reactor. In the simulation of conventional and 

modified process, the carbon dioxide 

hydrogenation reactor inlet temperature and 

pressure are regulated as adjustable parameter for 

the optimization of the process. In newly desired 

scheme, at the same temperature and pressure of 

current unit, methanol production in reactor outlet 

and unit outlet is increased more than two times.  

Keywords: Carbon Dioxide hydrogenation, 

Simulation, Reactor temperature, Reactor 

pressure, Methanol mass rate.   

1. INTRODUCTION 

Methanol or Methyl Alcohol is very commonly 

used as a feed stock, solvent and fuel in the 

petrochemical industries. It is produced from 

synthesis gas in a large scale in the world. It is 

also being used for production of formaldehyde, 

Methyl tert-butyl eter and several other solvents 

[1]. For example, in 1996, 27% of the overall 

methanol production, was used for Methyl tert-

butyl eter synthesis [2]. The most common 

catalysts is being used for industrial methanol 

production are                 catalyst; 

usually in most petrochemical industry       is 

applicable as a support catalyst [3]. The using 

catalyst is temperature sensitive too. And it can be 

deactivated by sintering when temperature is 

increased more than      [4, 5]. 

Jahanmiri and Eslamloueyan [6] studied modeling 

a conventional methanol reactor by considering 

one and two dimensional simulation and showed 

that their difference is negligible.  

Farsi and Jahanmiri [7] have focused on modeling 

and optimization of methanol production in dual – 

membrane reactor, their optimization has 

increased methanol production by 13.2% compare 

to industrial methanol synthesis reactor. Velardi 

and Barresi [8] using a multi methanol network 

with auto-thermal behavior to improve reactor 

efficiency. Lovic [9] studied simulation and 

optimization of the methanol synthesis with 

catalyst deactivation and used a rigorous pseudo-

steady state model in his simulation. Gallucci et. 

al [10] compared a membrane reactor and a 

conventional reactor, and showed that the higher 

conversion of CO2 and methanol selectivity and 

methanol yield can be obtained by using a 

membrane reactor instead of a conventional 

reactor. In 1995, Skrzypek et. al [11], performed 

several researches on thermodynamic and kinetic 

of methanol. They suggested that methanol 

formation based on Cu catalyst has been 

performed by     hydrogenation. In 1996, 

Vanden Bnssch and Forment [12] noticed steady 

state kinetic model for synthesis reaction of 

Methanol based on Cu catalyst. 

Rahimpour and Ghader [13] increased methanol 

production by adding Pd/Ag based permselective 

membrane tubes in a reactor. In this experimental 

procces, hydrogen spread in the membrane layer 

to reaction area. Lange [14] published a review of 
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methanol synthesis works. Graaf et al. [15] 

worked on modeling of a low-pressure methanol 

reactor by using commercial               

catalyst. They used the dusty-gas model for 

explanation internal mass transfer limitations in 

the methanol synthesis. Kordabadi and Jahanmiri 

[16] modeled and optimized methanol synthesis 

reactor for increasing methanol production. This 

optimization, increased yield 2.9% in comparison 

with old reactor. Plant simulation has been carried 

out by using ASPEN & HYSYS software [17]. 

2. PRODUCTION PROCESS 

DESCRIPTION 

The simulated methanol production unit is an 

industrial unit. The unit is designed for produce 

methanol that is used in other units. Carbon 

dioxide hydrogenation reactor is used to convert 

carbon dioxide to methanol. Following is the main 

reaction that is carried out in the reactor: 

  +             (      = 491 kj/mol) 

   +         +     (      =-49.8 kj/mol) 

As it can be seen, both of the reactions are 

exothermic and as a result, the temperature will 

increase along with the reactor length. According 

the loshatelie principle by increasing pressure 

methanol production is increased respectively. Fig 

1 shows a simple diagram of the methanol 

production process. 

However, published kinetic studies are often 

conflicting as to which carbon oxide is responsible 

for the production of methanol [18], primarily 

because the water – gas – shift reaction: 

    +       +       (      = -41.2 kj/mol) 

This reaction occurs simultaneously with above 

two synthesis reactions. 

This process is carried out in a jacket reactor 

which is composed of shell and tubes. Cu/     & 

Zn/      are placed in tubes as catalyst and water 

is flowing inside the shell as cooling liquid.

 

Fig1. Simple diagram of the methanol production process

Feed stream (F-1) [That mainly contains methane 

hydrogen and trace amount of water] enters to the 

first heat exchanger (E-1) and to heat up the feed 

with the reactor outlet stream to reach the reactor 

inlet temperature. Reactor outlet is ramified into 

two branches, One of them enters to the (E-1), and 

another one enters to (H-1). After the reactor 

outlet stream branches is cooled in the two 

previous heat exchanger they mixed till the mixer 

(M-1) outlet temperature is approached to 109  

.then the mixer outlet stream send to the two next 

heat exchanger (AC-1 & H-2). The outlet stream 

from these two stages by temperature 104  enters 

to a flash drum, and the methanol is separated 

from unreacted gases. The flash drum product is 

composed of two streams. One of them is a liquid 

mixture that consists of methanol and another is 

unreacted gas that recycled to the first step (E-1 

inlet). 

3. RESULTS AND DISCUSSION 

Current unit is simulated base on available 

reaction rates. The three-day obtained 

experimental data is compared with simulation 

data. Then, the effect of reactor inlet temperature 

and reactor pressure on methanol flow rate in 

reactor outlet and unit outlet is presented. At the 

end, the process is modified to increase the 
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methanol production and decrease the utility 

consumption and the results are presented. 

3.1. Simulation and experimental results 

 
By using process simulation, it is possible to 

investigate the system behavior against process 

variables. Tables (1 & 2) present the three-day 

operational condition data of stream (F-1). 

Table (3 & 4) compares the output simulated 

results with the three-day obtained experimental 

data from the carbon dioxide hydrogenation 

reactor. 

The small difference between experimental data 

simulation results showed that the simulator can 

predicted unit performance by good 

approximation. 

            

Table-1- Three-day obtained operational conditions (F-1 stream) 

Day T(F) P(Psi)    (lbmol/hr)    (lbmol/hr)   (lbmol/hr)     (lbmol/hr) 

1 491 898.46 240.08 165.59 8408.05 1320.68 

2 490.5 898.17 239.44 165.34 8407.32 1320.57 

3 490.7 897.10 240.52 165.78 8408.25 1320.79 
 

Table-2- Three-day obtained operational conditions (F-1 stream) 

Day T(F) P(Psi)   (lbmol/hr)     (lbmol/hr)       (lbmol/hr) 

1 491 898.46 484.93 185.76 371.50 

2 490.5 898.17 484.93 185.40 371.00 

3 490.7 897.10 484.93 186.11 371.20 

             

Table -3- Compares the output simulated results with the three-day obtained experimental data from the 

hydrogenation   reactor

Day T(F) P(Psi)    (lbmol/hr)    (lbmol/hr)   (kmol/hr)    (kmol/hr) 

1 491 898.46 240.08 165.59 8408.05 1320.68 

2 490.5 898.17 239.44 165.34 8407.32 1320.57 

3 490.7 897.10 240.52 165.78 8408.25 1320.79 

Simulated 491.5 904.05 228.44 122.86 8287.56 1320.56 

Error   4.8% 25.8% 1.4% 0.1% 

            

Table -4-Compares the output simulated results with the three-day obtained experimental data from the 

hydrogenation reactor

Day T(F) P(Psi)    (lbmol/hr)     (lbmol/hr)       (lbmol/hr) 

1 491 898.46 484.93 185.76 371.50 

2 490.5 898.17 484.93 185.40 371.00 

3 490.7 897.10 484.93 186.11 371.20 

Simulated 491.5 904.05 482.82 197.03 372.25 

error   0.4% 6.0% 0.3% 

 

3.2. Effect of reactor inlet temperature on 

the methanol flow in reactor outlet and 

unit outlet 

The simulation is run for various reactor inlet 

temperatures and its effect on methanol flow rate 

is investigated. Fig 2 & 3 illustrates the kinetic 

simulation of reactor temperature variation against 

methanol flow rate in reactor outlet and unit 

outlet. 

The methanol flow rate in reactor outlet and unit 

outlet is decreased by increasing reactor inlet 

temperature. The decrease in rate of the methanol 

production is caused by exothermic reactions that 
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occurred in carbon dioxide hydrogenation reactor. 

According to reactions that mentioned above by 

increasing temperature the reactions shift to left 

side so as a result the methanol production is 

decreased respectively.  

 

Fig.2-Effect of reactor inlet temperature on the 

reactor outlet flow at P=1087bar 

 

Fig.3- Effect of reactor inlet temperature on the 

reactor unit flow at T=490  

3.3. Effect of reactor inlet pressure on the 

methanol flow in reactor outlet and unit 

outlet  

Also the simulation is run for various reactor inlet 

pressures and its effect on methanol production is 

investigated too, fig3 showed the simulation 

results of reactor inlet pressure variation against 

methanol flow rate in reactor outlet and unit 

outlet. 

As it can be seen from fig3 the methanol flow rate 

in reactor outlet and unit outlet increased by 

increasing reactor inlet pressure. 

The reason for above discussion can be explained 

by Loshatelie principle. According to methanol 

synthesis reactions, the number of moles is 

decrease from left side of reaction to the right 

side, so by increasing pressure the reaction shift to 

right side or produces methanol more. 

3.4. Process modification 

As it is mentioned before, there is an increase in 

the methanol production by increasing reactor 

inlet pressure and decrease reactor inlet 

temperature. However, since the reactions within 

the carbon dioxide hydrogenation reactor are 

exothermic, the temperature will increase along 

with the reactor length. 

In this study a modified process is introduced to 

reduce undesired by products a recuperation the 

methanol flow rate. A schematic diagram of 

modified process is presented in fig4. 
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Fig4. Simple modified diagram of the methanol production process 

As it can be seen from above figure the original 

carbon dioxide hydrogenation reactor is converted 

in to two separated jacket in series. 

By adding the second reactor, the outlet stream 

from the conventional reactor is entered into new 

reactor, and a heat exchanger is placed between 

the carbon dioxide hydrogenation reactors to 

control the inlet temperature of R-2. By the new 

scheme the unreacted gases can reacted again, and 

decreased undesired by product. 

3.5. Comparison reactor inlet temperature 

on the methanol flow in reactor outlet and 

unit outlet between two schemes 

As it can be seen in figures 5 and 6, the flow rate 

of methanol in reactor outlet in two designs is 

plotted versus reactor inlet temperature and 

comprised the production of methanol between 

new shame and conventional shame. As it is 

obvious from figure 5 by increasing temperature 

methanol production in the new shame is 

decreased slowly, the change in methanol flow is 

very small that it can be ignored by good 

approximation. 

As It can be seen from the new design, the 

methanol production in every temperature is 

increased in comparison with the conventional 

scheme too. 

 

 

Fig5. Effect of inlet temperature on methanol flow 

rate in reactor outlet at P=1087bar  

3.6. Comparison reactor inlet pressure on 

the methanol flow in reactor outlet and 

unit outlet between two schemes 

Also, the simulation results for variation the inlet 

reactor pressure are plotted in figures 7 and 8. As 

it can be seen form the figures the methanol flow 

rate is increased by increasing reactor inlet 

pressure respectively. 

 

Fig6. Effect of inlet temperature on methanol flow 

rate in unit outlet at T=490    
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Fig7. Effect of inlet pressure on methanol flow 

rate in reactor outlet at T=490    

 

Fig8. Effect of inlet pressure on methanol flow 

rate in unit outlet at T=490  

It is clear that in the presented model the rate of 

methanol increase is very higher than the 

conventional model.  

4. CONCLUSION: 

In this study, an industrial carbon oxide 

hydrogenation unit is simulated and the result is 

compared with experimental data. Effect of 

reactor inlet temperature and reactor pressure on 

the methanol flow rate was investigated. Also a 

new pattern is proposed to increase methanol 

production. The following conclusion can be 

listed below:It’s found that by increasing reactor 

inlet pressure, the methanol flow rate increased 

and By increasing reactor inlet temperature, the 

methanol flow rate is increased respectively. In 

the newly designed pattern, by adding the new 

reactor, the unit efficiency can be increased 

respectively. A comparison between two schemes 

showed that utility consumption is decreased in 

new pattern too. 
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