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Short Description

Descripción: formalin...
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1.0



INTRODUCTION



1.1 Process Description 1.1.1 Background Formaldehyde is also known as Methanal, Methylene oxide or Formalin. It is the first in the series of aliphatic aldehydes, with the structure H2C=O. Formaldehyde is a reactive and versatile chemical intermediate. Pure formaldehyde is a colourless gas with a pungent and suffocating odour at ordinary temperatures. The ignition temperature of formaldehyde gas is 430°C (Gerberich and Seaman, 2004). Mixtures with air are explosive. It is stable at 80 - 100°C when pure, but small amounts of impurities such as water cause rapid polymerisation to poly (oxymethylenes). Formaldehyde liquefies at -19.2°C and solidifies at -118°C, giving a white paste. At temperatures of up to 80°C, the liquid and gas forms of formaldehyde polymerise rapidly. Formaldehyde (CH2O), the target product of this project, acts as a synthesis baseline for many other chemical compounds including phenol formaldehyde, urea formaldehyde and melamine resin that subsequently used as adhesives and binders for particle board and plywood. The most widely produced grade is formalin (37 wt. % formaldehyde in water) aqueous solution. In this project’s study, formaldehyde is to be produced through a catalytic vapor-phase oxidation reaction involving methanol and oxygen according to the following reactions:



The first desired reaction is exothermic while the second is an endothermic reaction. The project’s target is to design a plant with a capacity of 50,000 metric ton formalin/annum with the operating days of 49weeks/343 days in a year. This plant is to include three major units; a reactor, an absorber and a distillation column. Also it includes pumps, compressors and heat exchangers. All are to be designed and operated according to this production capacity. 3



1.1.2 History of formaldehyde production In 1859, Aleksandr Butlerov, a Russian chemist, discovered formaldehyde. After 10 years, another chemist form German who named August Hofmann finally identified formaldehyde. The production of formaldehyde began in the beginnings of the twentieth century. The annual growth rate for formaldehyde production averaged to 11.7% between 1958 and 1968. The production was 54% of capacity in the mid-1970s. Annual growth rate of formaldehyde was 2.7% per year from 1988 to 1997. The production of formaldehyde was ranked 22nd among the top 50 chemicals manufactured in the United States in 1992. The total annual formaldehyde capacity in 1998 was estimated by 11.3 billion pounds and its production capacity is increasing exponentially in the global until it reaches a world’s production of 32.5 million metric tons by 2012. The demand of the formaldehyde becomes high because of its low costs compared to other materials and its receptivity for reaching high purities. It is also the center of many chemical researches and alternatives manufacture methods. Applications of formaldehyde in industries include building block for organic compounds, photographing washing, woodworking, cabinet-making industries, glues, adhesives, paints, explosives, disinfecting agents, tissue preservation and drug testing field.



1.1.3 Objectives 1. To study an integrated design of a plant for formaldehyde production with specified capacity in a point of view in chemical engineering. 2. To investigate the entire process unit design of the plant such as process flow diagrams and operation parameters.
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1.1.4 Scope of study 1.



To apply knowledge of mass and heat transfer, fluid dynamics, unit operations,



reaction kinetics and process control in the project. 2. To perform mass and energy balances, Hysys simulation of the Process Flow



Diagrams, design of the reactor, design of heat exchangers, design of the absorber and distillation column and energy optimization in the project.



1.2 PFD (Process Flow Diagram)



Figure 1.2.1: Formalin process flow diagram (Turton et al., 2009)



Figure 1.2.1 is a process of producing formalin (37 wt% formaldehyde in water) from methanol using the silver catalyst process.
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Air (0.21% Oxygen; 0.79% Nitrogen; 25 °C; 1 atm) is compressed and mixed the methanol (30 °C; 1.2 bar) which has been preheated, fresh and recycled to provide reactor feed. The feed mixture contains around 39 mol% methanol in air, which is more than upper flammability limit for methanol. (For methanol, UFL= 36 mol%; LFL= 6 mol%). In the PFR reactor, there are two reactions happen:



The reactor (length 0.347m and diameter 0.050799m) is using the silver catalyst (Bed voidage 0.5 and particle density 1500 kg/cum), in the form of wire gauze, suspended above a heat exchanger tube bank. It is a must to the remove the heat produced in the adiabatic reactor section due to the net reaction is highly exothermic, thus the close proximity of the heat exchanger tubes. Inside the heat exchanger, there is a pool of water on the shell side. The set point on a level controller is adjusted when it detects the temperature of the effluent is very high. The level controller will send signal to the boiler so that to increase the feed water rate entering from the reboiler to the heat exchanger to increase the water vaporization rate to remove more heat. In general, the liquid-level controller on the boiler feed water is adjusted to keep the tube bundle fully immersed. The reactor effluent enters an absorber in which most of the methanol and formaldehyde are absorbed into water, with most of the remaining light gas purged into the off-gas stream. The formaldehyde, the methanol, and water enter a distillation column, in which the overhead product, methanol is recycled; the bottom product, formaldehyde/ water mixture that contains 

 View more...
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