Progress Report 4

Methanol Synthesis
and Refinement

K. Chang, A. Conn,
S. Hwang, S. Melnik

S.M., K.C., S.H. were the principle report writers. A.C. created the PFD and proofread.

S.M created the ASPEN process.



Executive Summary

Using ASPEN Plus as our simulator, we are able to produce 5,090 tonnes per day
of unrefined methanol by feeding 27,000 tonnes per day of syngas. The reactor
temperature is set as 230 °C and pressure set as 100 bar.

Introduction

There are multiple methods to synthesize methanol from the intermediary water
gas generated by the coal gasifier described in previous reports. This week we will be
designing a process for methanol synthesis based on ASPEN and manual calculation. The
reaction for the synthesis of methanol is CO+2H, <> CH,OH. The carbon monoxide

and hydrogen reacts with a catalyst to produce methanol. The most widely used catalyst
is @ mixture of copper, zinc oxide, and alumina. We can use it to catalyze the production
of methanol with better selectivity. The benefit of this process is its preference towards
making methanol with only 1 part ethanol produced for every 100 parts methanol
generated. From this study, we will separate the process into two steps. The first step
will mainly focus on synthesizing the methanol and the second step will focus on the
separation process that filters the products through the reaction.

DesignWork
Methanol Synthesis

Methanol synthesis is done by the Lurgi Ol-Gas-Chemie GmbH process. This
process is suitable for production capacities of up to 10,000 tonnes per day which falls
within the production of 5,000 tonnes per day of methanol. Steam reforming is done in
two stages with a pre-reformer and mixture gas combined together to form H,, CO,, and
CH,4. This mixture is combined at low pressures at 50 to 100 atm. Oxygen is mixed in the
reaction scheme in order to generate exothermic heat to produce a reformed gas
known as syngas. This syngas is mixed with H, to increase the H, to CO ratio. The
synthesis gas is then combined with the recycled gas in the synthesis loop under near
isothermal conditions. The reactor effluent gas is cooled to 40 °C to separate methanol
from water in the unreacted syngas. Process water is preheated in a fired heater and
used as makeup water for the saturator. The typical energy consumption for this
process, including utilities and oxygen, is 7.1 to 7.2 Gcal per tonne.

Methanol Synthesis Aspen

The methanol synthesis reaction was modeled in ASPEN Plus using five plug-flow
reactors in series. The reactions occurring in the synthesis of methanol are as follows



1) CO+ 2H, <> CH,OH
2) CO,+ H, <> CO+ H,O
3) CO, +3H, <> CH,OH+ H,O

The kinetics for these reactions were calculated by ASPEN based on values given
by Graaf et al.? The values were prepared to fill the format of the kinetics, given as

In(K) = A+$ . (See appendix). The LHHW kinetic setup was based on

(= [kinetic factor][driving force expressn
[Adsorption expression]

The rate for the reactors was based on the reactor volume and the reactors
were modeled as being 6.1 meters long and 0.9 meters in diameter. Each reactor
consisted of five parallel tubes.

The reactors are adiabatic, so a cooler was set up before each reactor to cool the
effluent. The cooler set the outlet temperature to 503 K and the pressure to 100 bar.

A SEP unit was used to remove methanol before the feed was sent to be split for
recycle. It was estimated that approximately half of the water would be separated with
the methanol, and would later be removed. As kinetic information for the synthesis of
ethanol is not available, for future refining calculations the amount of ethanol
generated will be estimated as being one part ethanol for every part methanol created.

With a syngas feed of 27,107.7 tonnes per day, containing 9,821.59 tonnes CO
and 1,420.8 tonnes H, per day, 5,090.8 tonnes per day of methanol were created. This
methanol will then be sent to a refinement unit.



PFD & Tablefor Methanol Synthesis
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Equipment List
Label Description
E-1 Saturator
E-2 Prereformer’
E-3 Reformer
E-4 Desulfurizer
E-12 Heat Recovery
E-13 Distillation
E-17 MeOH Converter
E-19]| Reaction Heat Recovery
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Environmental and Safety

Methanol production poses many environmental concerns some of which
include condensation of excess methanol, fugitive emissions from methanol storage
tanks and pipe leaks which are known to be harmful to the environment. Wet methanol
scrubbers, activated filters, or vapor ignition may be used to reduce the impact of the
gasification plant on the local and global environment.

Methanol can be fatal if ingested, inhaled, or absorbed through the skin.
Accidental ingestion by drinking methanol may cause permanent blindness by damaging
the optic nerves. Methanol exposure is cumulative and it is necessary to equip skin and
eye protection for workers who are repeatedly exposed to methanol vapor or liquid.
Workers who appear to have initial symptoms of methanol intoxication such as
headache, dizziness, or nausea, should notify the plants medical personnel immediately.

Conclusion

In the fourth phase of the coal gasification process, we are able to achieve the
preliminary goal of 5,000 tonne per day methanol production. ASPEN successfully
simulates our calculation from Langmuir-Hinshelwood-Hougen-Watson (LHHW) kinetic
equation and other equations from design literature and yields a 5,090 tonnes per day
of methanol. Based on the accomplishing result, we will be able to calculate the total
amount of dry coal necessary in the overall process including the gasifier, water-gas
shift, acid gas removal, and methanol synthesis processes. The costing of each section of
the plant will be calculated and analyzed through economic reasoning for the final
report. Upon completion of the methanol separator, sizing and energy usage can be
calculated.
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