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Abstract: Methanol is a kind of fuel, is also a very important chemical raw material. 

It is a basic product of carbonization science and has a very important impact on the 

national economy. This design uses LURGI to synthesize methanol at low pressure, 

and the pressure is selected as 5.14MPa. Temperature: 225℃, and then according to 

the required annual output, the whole process of material balance, heat balance and 

synthesis tower equipment selection calculation. Design results: The tube type 

synthesizer is used to synthesize methanol. The diameter of the shell is 3900 mm, the 

thickness of the shell is 66mm. The heat transfer pipe is Φ32×2.5, the length of which 

is 9000 mm. 
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1. Introduction 

Methanol was originally obtained from wood distillation, so it is also known as wood 

alcohol, wood alcohol. Its chemical formula is CH3OH, and it is a mono alcohol with 

the simplest structure. It is a colorless volatile liquid with alcohol odor [1]. 

In 1971, Germany Lurgi developed a low pressure process suitable for natural gas-

residue feedstock. The Lurgi method uses a tubular reactor with CuO/ZnO catalyst 

packed into a tubular fixed bed. The reaction heat is provided to the circulating water 

in the shell side to generate high-pressure steam. The reaction temperature can also 

be adjusted by controlling the pressure of boiling water in the shell side of the reactor. 

Lurgi process can make good use of the by-product steam and make full use of energy 

[2]. This design will be completed by LURGI low pressure methanol synthesis process. 

 

2. Basis of Design 

The task of this design is to design an annual output of 150,000 tons of methanol 

production process. It is necessary to work out the methanol production scheme, 
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process flow and equipment design scheme in accordance with the requirements of 

the mission book. This design will follow the principle of conforming to the national 

conditions and advanced technology, with reference to the advanced experience and 

methods at home and abroad, to develop a program that conforms to the national 

conditions of our country and has practical application value; It follows the principle 

of environmental protection, strictly controls the discharge of three wastes, ensures 

safe production and environmental sanitation, and does not bring burden to the 

environment [3]. 

 

3. Process design 

3.1 Production plan determination 

First, the coal and coal coke are gasified to produce syngas, and then the gas that is 

not conducive to methanol synthesis is removed through exchange reaction, 

desulfurization and decarbonization process. The gas is converted into mixture, and 

the transport gas is compressed and heated to produce the feedstock gas that meets 

the conditions of methanol synthesis. The unreacted gas needs to be compressed by 

the circulation compressor and then reached the synthesis tower to synthesize 

methanol. The raw gas is pressurized to 5.14MPa and heated to 225℃, and then 

enters the tubular isothermal reactor to synthesize methanol under the action of the 

catalyst. The generated crude methanol needs to go through three-column 

rectification to obtain qualified refined methanol [4]. 

3.2 Process design 

The process flow: Gas desulfurization→Syngas compression→Methanol synthesis→ 

Methanol rectification. 

Methanol synthesis process flow:At present, Lurgi process and tubular isothermal 

reactor are widely used in China. The tubular isothermal reactor has a compact 

structure, easy to load and remove catalysts, low pressure required for synthesis, high 

conversion rate, and easy to control reaction temperature [5]. The catalyst is installed 

in a tube with a copper-based catalyst and boiling water between the tubes. When 

the reaction gas passes through the tube, a large amount of heat will be released. The 

heat of reaction is transferred through the wall of the tube to the boiling water 

between the tubes, which will produce a lot of steam. The temperature difference 

between the center of the tube and the boiling water is not much, only 10℃. Crude 

methanol needs to be condensed and recovered. After the methanol syngas is 

pressurized to 5.2MPa by the compressor, it is mixed with the recoverable gas in a 

ratio of 1:5 and heated to 220-230℃by a heat exchanger. The outlet gas with about 

7% methanol and a temperature of about 255℃ is cooled to 85℃ through heat 

exchange, and then enters the separation tower for separation through water cooling, 
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and the obtained crude methanol enters the methanol storage tank. Increase the 

conversion rate by recycling the unreacted gas. In practical production, in order to 

maintain the inert gas content in the synthetic circuit within a certain range, a part of 

the gas should be discharged before entering the circulation machine, and most of the 

gas should be mixed with fresh syngas in the compressor, and then returned to the 

synthesis tower for recycling [6,7]. 

Methanol rectification process:The components of crude methanol are very complex. 

In addition to methanol, they also include ethanol, water, aldehydes, ketones, ethers, 

esters and other impurities. Crude methanol from the synthesis tower (pressure is 

0.5MPa, temperature is 40℃) into the pre-distillation tower, the impurities and 

methanol of crude methanol are separated, the reboiler of the pre-tower is heated by 

steam at a low pressure of 0.4MPa, the low boiling point impurities will be discharged 

from the top of the tower, the recovered methanol liquid through the reflux pump of 

the pre-tower as the reflux liquid of the tower. The methanol solution with light 

components removed from the predistillation column is sent to the pressurized column, 

and the methanol is also vaporized into methanol vapor under the action of high 

pressure. The methanol steam enters the atmospheric pressure rectifying tower and 

is cooled to 40℃ before being sent to the refined methanol storage tank device. 

 

4. Process calculation 

4.1 Material balance 

Rectifying section: It is designed to produce 150,000 tons of refined methanol per year, 

300 working days per year. With continuous operation, the output of refined methanol 

per hour is 20.83 tons, that is, 20.83t/h. 

Table 1 Composition of crude methanol 

Component Percentage Production 

Methanol 93.40% 670.94kmol/h (15029.06m³/h) 

Dimethyl ether 0.42% 2.13kmol/h (47.02m³/h) 

Isobutyl alcohol 0.26% 0.81kmol/h (18.11m³/h) 

Octane 0.32% 0.64kmol/h (14.41m³/h) 

Water 5.6% 71.52kmol/h (1602.15m³/h) 

Crude methanol 100% 22.99t/h 

Synthesis section:1)The reaction that takes place in the synthesis tower: 

The main reaction:  

CO+2H2=CH3OH                                       (1) 

                CO2+3H2=CH3OH+H2O                                            (2) 

The adverse event :  

2CO+4H2=CH3O2+H2O                                  (3) 
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               CO+3H2=CH4+H2O                                         (4) 

             4CO+8H2=C4H9OH+3H2O                                      (5) 

             8CO+17H2=C18H18+8H2O                                   (6) 

              CO2 + H2 = CO + H2O                                           (7) 

Synthesis of crude methanol 

It has been measured in industrial production that 1.52m3 of methane will be 

produced per ton of crude methanol produced at low pressure, that is, methane 

production is 1.90kmol/h and 42.38m3/h per hour in the design. 

Since the water content of methanol into the column gas is very small, the water 

brought by the column gas is ignored. According to reactions (3), (4), (5) and (6), the 

moisture generated by reactions (2) and (7) is: 

71.52 -1.9 - 2.13 - 0.81 × 3 - 0.64 × 8 = 59.94 kmol/h 

In the synthesis reaction, methanol is mainly synthesized from carbon monoxide, while 

carbon dioxide mainly generates carbon monoxide through inverse reaction, and the 

content of carbon dioxide in the column gas is generally less than 5%, so reaction (2) 

is ignored in the calculation. Then the carbon dioxide in reaction (7) generates 

59.95kmol/h, namely 1342.656m3/h of water and carbon monoxide. 

Table 2 consumption of raw materials in the synthesis reaction 

Consumption 
item 

Unit Consumption of feedstock gas components 

  CO CO2 H2 N2 Ar 

Reaction(1) m³/h 12439.40  24878.79   

Reaction(3) m³/h 85.50  171.00   

Reaction(4) m³/h 31.79  95.36   

Reaction(5) m³/h 65.81  131.64   

Reaction(6) m³/h 105.15  223.13   

Reaction(7) m³/h (1227.41) 1227.41 1227.41   

 

Table 3 Products in the synthesis reaction 

Consumption 
item 

Unit The composition of the products 

  CH4 CH3OH (CH3OH)2 C4H9OH C18H18 H2O 

Reaction(1) m³/h  12439.40     

Reaction(3) m³/h   42.75   42.7 

Reaction(4) m³/h 31.7     31.7 

Reaction(5) m³/h    16.46  49.3 

Reaction(6) m³/h     13.14 105.1 

Reaction(7) m³/h      1227 

3)The composition of inlet gas and outlet gas 

G1=G3+G4+G5+G6-G7-G8=236463.81m³/h=10556.42kmol/h 

G2=G3+G4=262032.11m³/h=11697.86kmol/h，G2 is the volume of air entering the 
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tower. 

Table 4 Composition of inlet gas 

 

Table 5 Composition of outlet column gas 

Gas Composition Flow(m³/h) Flow(kmol/h) 

H2 76.31% 180445.66 8055.61 

CO 8.53% 20159.48 899.98 

CO2 2.97% 7023.07 313.53 

N2 3.01% 7117.60 317.75 

CH3OH 5.84% 13809.38 616.49 

CH4 1.78% 4208.96 187.90 

Ar 0.77% 1820.67 81.28 

H2O 0.63% 1489.82 66.51 

4)Determination of outlet gas composition of methanol separator 

Separator outlet gas component = circulating gas component + release gas 

component.Then the amount of CO gas in the outlet gas of the separator = CO in the 

circulating gas + CO in the relaxation gas = 20068.49 + 381.02 = 20449.51 m after/h 

or 912.92 kmol/h. The same is true for other gases. 

Table 6 Composition of gas at the outlet of separator 

Gas CH3OH H2 CO CO2 N2 Ar CH4 

Compositio
n 

0.61% 81.82% 9.16% 3.11% 
3.21
% 

0.82% 1.89% 

Flow
（m³/h） 

1361.8
1 

182661.5
1 

20449.5
1 

6943.0
2 

7166.
2 

1830.6
3 

4219.3
9 

Flow 
(kmol/h) 

60.80 8154.53 912.92 309.96 
319.9

2 
81.72 188.37 

 

4.2 Energy balance 

Synthesizer energy calculation:ΣQ = Σ(G×Cm×Tm) 

In the formula, G -- Diverting volume of each group, m³/h; 

Cm -- The specific heat capacity of each component,kJ/(m³. K); 

Tm -- Temperature of the gas, K. 

The heat balance equation of the whole tower is :ΣQ1 + ΣQr = ΣQ2 + ΣQ3 + Q 

In the formula, Q1 -- Enthalpy of each gas component of tower inlet gas, kJ/h; 

Qr -- Heat of reaction of synthesis reaction and side reaction,kJ/h; 

Gas 
CH3O

H 
H2 CO CO2 N2 Ar CH4 

Composition 0.51% 79.28% 12.03% 3.15% 2.72% 0.70% 1.60% 

Flow(m³/h) 1336 
208807.

6 
31693.3

7 
8295.

2 
7174.4

5 
1835.1

7 
4222.3

6 

Flow(kmol/h
) 

59.66 9321.77 1414.88 
370.3

2 
320.29 81.93 188.50 
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Q2 -- Enthalpy of each gas component in the outlet gas,kJ/h; 

Q3 -- Heat loss of synthesizer, kJ/h; 

Q -- Boiling water absorbs heat, kilojoules per hour. 

ΣQr = Qr1 + Qr2 + Qr3 + Qr4 + Qr5 + Qr6 + Qr7 

Qr1,Qr2,Qr3,Qr4,Qr5,Qr6—respectively the heats of formation of methanol, dimethyl ether, 

isobutanol, methane and octane, kJ/h; 

Qr7—Heat of reaction of inverse carbon dioxide reaction, kJ/h 

Qr = Gr ×△H 

Gr—Quantity of each component, kmol/h; 

△H——The heat of the reaction, kJ/mol 

Through calculation, the heat capacity of each inlet gas at 5.14MPa and 225°C can be 

obtained. According to the components of each gas group of the inlet gas, the heat of 

the methanol synthesis tower can be calculated as follows: 

Table 7 Entrance heat of methanol synthesizer 

Gas CH3OH H2 CO CO2 N2 Ar CH4 

Heat capacity, 
kJ/(kmol.k) 

67.04 29.54 29.88 44.18 29.47 25.16 46.82 

Flow

（kmol/h） 
59.66 9321.77 1414.88 370.32 320.29 81.93 188.50 

Heat into the 

tower, kJ/(h.k) 
3999.61 275365.09 42276.61 16360.74 9438.9 2061.36 8825.57 

The total heat of entering the tower is 358327.93 kJ/(h.k) 

ΣQ1 = 358327.93 × 498.15 = 178501058.33 KJ/h 

Table 8 Heat of reaction in methanol synthesizer 

Gas CH3OH (CH3)2O C4H9OH C18H18 CH4 CO 

Generate 
heat(KJ/mol) 

76.78 37.22 150.29 718.49 86.77 -32.19 

Generation(kmol/

h) 
610.13 1.91 0.74 0.57 65.04 54.78 

Heat of 

reaction(KJ/h) 

62458496.

25 

94526.1

0 

147286.6

5 

560418.3

0 

7524477.

60 

-
2351801.

40 

Total heat of reaction is 68433403.51KJ/h 

Table 9 Heat capacity and heat of gas composition in the exit column of the 

methanol synthesis tower 

Gas 
Heat capacity, 
kJ/(kmol.k) 

Flow 
(m³/h) 

The tower 
heat/kJ/(h.k) 

H2 29.56 8042.30 237730.24 

CO 30.01 907.53 27234.98 

CO2 45.04 309.18 13925.47 

N2 29.61 318.11 9419.09 

Ar 25.16 81.41 2048.15 

CH3OH 72.05 616.08 44388.56 
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CH4 48.14 188.64 9081.13 

(CH3O)2 18.03 1.91 34.35 

C4H9OH 19.23 0.74 14.13 

C18H18 101.73 0.57 57.99 

H2O 36.25 65.01 2356.61 

The total 346290.70 

The outlet gas temperature is 255℃, namely 528.15 K 

Q2 = 346290.70 × 528.15 = 182893433.21 KJ/h 

The heat loss of the whole tower is 4%, Q3=(ΣQ1+ΣQr)×4% = (178501058. 

33+68433403.51) × 4% = 9877378.47kJ/h 

Boiling water absorbs heat: Q = ΣQ1+ΣQr-ΣQ2-ΣQ3 = 54163650.16 kJ/h 

 

5. Design of Methanol Synthesizer 

Determination of heat transfer area: 

The heat transfer temperature difference is 10℃, the heat transfer is 

54163650.16kJ/h, the total heat transfer coefficient in the synthesis tower is 

289.78W/(m².C). 

By the formula:Q = K.A.△Tm 

Get:A = 5193 m2 

Determination of catalyst dosage: 

The air speed of tower inlet is 12000h-1, and the air volume of tower inlet is 

2614939.36 m3/h. 

So the volume of catalyst is 2614939.36/12000 = 217.91 m3. 

Determination of the number of heat transfer pipes: 

The heat transfer pipe is Φ32×2.5 steel pipe of 9000mm in length. 

According to the formula A = 3.14×d×L×n , n =6806 

Since 12 tie rods need to be reduced, the actual number of pipes is 6794. 

 

6. "Three wastes" treatment 

6.1 Three wastes produced from coal to methanol 

It takes a long time to produce methanol using coal as raw material, and various waste 

gases will be generated in each process, which has a great impact on the environment, 

such as a series of technological processes such as gasification, rectification and 

synthesis. The discharge of waste residue, waste water and waste gas from the coal-

to-methanol unit is not friendly to the ecological environment. Waste gas includes the 

expansion gas from the methanol expansion tank, the non-condensable gas from the 

top of the pre-tower during rectification, the flue gas discharged from the boiler, and 

the dust generated in the process of coal transportation, crushing, screening and 

drying. Wastewater includes the oil and water discharged from the methanol separator, 
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the leakage from the packing of each conveying pump, the residual liquid discharged 

from the bottom of the distillation tower, and the coal-containing water separated 

from the gas-liquid of the gasification section. The waste residue mainly comes from 

the bottom slag of the gasifier and boiler slag discharge [8-10]. 

6.2 Processing method 

Waste gas treatment:The exhaust gas in the methanol synthesis process is diverse. 

We should understand the composition of impurities in the exhaust gas, strengthen 

the research on the concentration of impurities in the exhaust gas, apply the medicine 

to the case, and have the most consistent treatment method to deal with different 

exhaust gas. The adverse effects of dust gas on personal safety can be more 

effectively controlled, and necessary support can be provided for the elimination of 

environmental impact related hazards. 

Wastewater treatment:The composition of wastewater produced by coal-to-methanol 

process is very complex, containing a large number of phenols, oil, ammonia nitrogen 

compounds and other toxic and harmful organic compounds, and the composition will 

be different with different coal quality and process. This kind of wastewater mostly 

comes from gasification wastewater with high ammonia nitrogen content and organic 

wastewater with certain biodegradability. If it is directly discharged into the 

environment, it will cause serious damage to the environment. 

Waste disposal:Gasifier slag and boiler slag calcined at high temperature contain little 

carbon residue, which is a good material for construction and paving. 

 

7. Conclusion 

At present, domestic research and technology on methanol has been very mature. 

The preferred reactor for the methanol plant with an annual output of 150,000 tons 

is the adiabatic shell and tube methanol synthesis tower, which has many advantages, 

such as less impurity generation, small temperature difference between catalyst beds, 

high one-way conversion rate and low consumption of cyclic compression work. But 

at the same time, in the actual operation of such a large reactor, the phenomenon of 

local overheating of the upper catalyst bed will appear, and the methanol synthesis 

catalyst is too single, the structure and preparation method need to be improved, and 

the scale of methanol synthesis is difficult to expand. We still need to increase the 

development and investment of large-scale methanol reactors, research out more 

synthesis technology, and promote the optimization of energy system configuration to 

truly achieve energy saving and emission reduction. Improve the research and 

development of catalysts to ensure that catalysts have a high level of activity, 

selectivity, stability and other aspects to meet the needs of different reactors and 

different raw materials; Extend the downstream industry chain of methanol, improve 
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the utilization rate and conversion rate of methanol, and realize the maximum 

efficiency. 
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