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1. Executive Summary 
 
1.1 Plant Capacity 

 
o 380 metric tons per day or 130,000 metric tons per year 
o Turndown ration 70%. 

 
1.2 Plant History 
 

o Plant was dismantled in 2015. 
o Plant has been operated for only 5 months before shutdown. The reason of shutdown is 

the shortage of natural gas supply and the surging price of natural gas. 
o Currently all the equipment is at a storage yard and ready for quick shipment. 

 
1.3 Product Quality 

 
o Refined methanol mass fraction: minimum 99.95% 
o Mass fraction of water: 0.02% 
o Density: 0.791 – 0.792 g/cm3 

 
1.4 Raw Materials 

 
o Natural gas (CH4: 97.94%) 
o Oxygen (O2: 95%) 
o Carbon dioxide (CO2: 94.08%) 

 
2. Process Description 
 
The plant uses natural gas and carbon dioxide as feedstock. Steam required for reforming is 
produced by using the heat of flue and reformed gas. The process comprises the follow stages: 
(1) desulfurization (2) steam reforming (3) steam-oxygen reforming (4) methanol synthesis (5) 
distillation. 
 
2.1 Desulfurization 
 
A total Sulphur content of natural gas supplied to this plant is 16 mg/Nm3 maximum. Before 
enetering the reforming section Sulphur compounds are removed from process natural gas in 
two steps: 

- Hydrogenation of organic Sulphur compounds (mercaptants, carbon sulfide, carbonyl 
sulphide, disulphides, thiophene) to hydrogen sulfide over aluminum-cobalt-
molybdenum catalyst; 

- Adsorption of hydrogen sulfide over zinc oxide. 
 
The sulfur content after the desulfurization process is reduced to no more than 0.2 mg/Nm3 



 
 
 

 
2.2 Steam Methane Reforming (Primary Reformer) 
 
Methane and carbon dioxide react in the primary reformer over nickel catalyst at gas outlet 
temperature from the reaction tubes up to 800 °C at 3 MPa. Heat required for the process is 
supplied through the walls of the reformer reaction tubes by combustion of fuel gas. The steam 
to carbon ratio at reaction tubes shall be maintained within 3.34 – 3.35 (mole/mole) to obtain 
the required composition of gas mixture at reformer outlet. A volume fraction of residual 
methane at outlet of reaction tubes is 10.5 – 12% by volume on dry gas basis.  
 
2.3 Steam Oxygen Reforming (Secondary Reformer) 
 
The secondary reforming is to produce synthesis gas from steam/gas mixture leaving the 
primary reformer. In the upper zone of the secondary reformer an exothermic reaction of 
oxygen with combustible components takes place. At the same time both hydrogen and 
methane in the gas after the primary reformer are partially burned off. A volume fraction of the 
residual methane after steam-oxygen reforming is not higher than 1% by volume on dry gas 
basis. The reformed gas is compressed from 2.6 Mpa to 4.46 Mpa by a centrifugal synthesis gas 
compressor supplied by Demag-Siemens. The compressor is driven by a backpressure steam 
turbine. 
 
2.4 Methanol Synthesis 
 
Methanol synthesis is based on the reaction between carbon oxides and hydrogen as the 
following reactions: 
 

 
 
The process uses copper-containing catalyst to ensure a high methanol yield at relatively low 
temperature of 200 – 250 °C. The methanol production starts at catalyst temperature of 190 °C. 
A high catalyst at such a low temperature ensures running of the methanol synthesis process 
under 5 Mpa pressure at a high rate. The optimal temperature for the copper-containing 
catalyst is 230 – 250 °C. During the early catalyst life, the operating temperature at the reactor 
inlet is 190 – 200 °C. A good heat removal from the reaction zone is achieved at relatively small 
amount of cold-shot gas being 22.72% during the early catalyst life and 30.32% at the end when 
no less than 95% carbon feedstock is consumed. 
 
The gas leaving the methanol converter is cooled to 40 °C by a condenser. At the same time 
crude methanol formed in the converter is condensed. The cooled circulating gas, constituting a 
gas / liquid mixture, is sent to a separator where the crude methanol is separated from the 
circulating gas. The crude methanol is supplied to a let-down vessel from which it goes to the 
distillation section or to the crude methanol storage.  



 
 
 

2.5 Distillation 
 
The plant has two lines of distillation, each consisting of topping and refining process sections.  
 
The crude methanol at 35 °C from the synthesis loop or storage after division to Line 1 or 2 is 
heated by heat exchangers and fed to the topping column. The heat required for topping 
process is provided by the steam supplied to the reboilers. The methanol overhead vapors 
leaving the column at 68 °C and containing highly volatile impurities are condensed and cooled 
in the condenser. The condensed methanol is drained to the distillate tank and uncondensed 
vapor is sent to another condenser for further condensation. Uncondensed gases containing 
methanol and highly volatile components are sent to the absorber for methanol recovery.  
 
The topped methanol from the column after heat recovery is cooled down and delivered to the 
refining column. The methanol vapor leaving the refining column overhead is condensed in the 
air cooler and water coolers. The distillate is collected as reflux and to the refining column 
again. Uncondensed gases enter a condenser. The secondary methanol from the refining 
column is withdrawn from the reflux line and sent to the topping column. The refined methanol 
is taken from the column and cooled down to 35 °C, subject to cation-exchange filtering and 
sent to the storage.       
 
3. Process Block Diagram 
 

 
 



 
 
 

4. Consumption Data (per ton of refined methanol product) 
 

 

 



 
 
 

4. Equipment List 
 

 



 
 
 

 
 



 
 
 

 
 



 
 
 

 
 



 
 
 

 
 



 
 
 

 
 



 
 
 

 
 



 
 
 

 
 



 
 
 

 
 
 
 
 
 
 
 

For more details or to discuss this plant, contact: 
 

Edward Zhang, Director Plant Sales 
edz@phxequip.com  

732:520:2187 
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