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EXECUTIVE SUMMARY As part of the course requirement of Chemical Engineering degree course in Universiti Teknologi PETRONAS (UTP), students are required to be involved in designing a plant chemical plant conceptually. This allows students to be equipped with necessary knowledge and experience in designing a chemical plant, by taking Plant Design Project course. The topic assigned is the “Design of Formaldehyde Production Plant” where students are required to design a plant for the manufacture of formaldehyde through existing methods as well as incorporating green and environmentally friendly process. Literature review is done to access the basic information and acquire the background as per required by the project. A market demand and supply analysis has been carried out to pre-determine the plant‟s capacity. These important factors are predeterminant steps to determine the type of processes available, the feedstock availability, and the selection of plant‟s location and the safety requirements of the proposed plant. This information is obtained through thorough paper research in order to justify the decisions and options made. The design of a formaldehyde producing plant comes after literature review has been conducted. The design of the plant follow‟s the Onion Model where reactor design is considered carefully before moving on subsequently to separation systems and heat integration study. A simulation is carried out by using HYSYS software to compare the manual material balance calculations made and the feasibility of such operations. The design of a heat exchanger network (HEN) for maximum heat recovery of the plant is carried out as well after a detailed heat integration study. A Process Flow Diagram (PFD) is produced which dictates the entire plant‟s chemical processes for the production of ethylene.
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Chapter 1: INTRODUCTION 1.1 Project Background Formaldehyde is an organic compound with chemical formula CH2O. It is the simplest Aldehyde. Formaldehyde is colorless gas with a pungent smell. It has found great significance in many chemical compounds as a precursor especially in the polymers industry. Formaldehyde makes a feedstock for several chemical compounds such as phenol formaldehyde, urea formaldehyde and melamine resin. Formalin is the most widely produced grade (37 wt. % formaldehyde in water) aqueous solution. Formaldehyde is an important chemical and it is used in the making of industrial products and commercial articles. The manufacturing of urea-, phenol- and melamineformaldehyde resins is the largest user of formaldehyde in the industry today. These resins are used in the formation of impregnating and adhesives resins, which are mostly used in the manufacturing of plywood, furniture and practical boards. Formaldehyde is a valuable intermediate and around 40% of the total production is used as an intermediate in the manufacturing of other chemical compounds. Formaldehyde is a very important
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aldehyde and in most cases cannot be replaced (Reuss et al., 2005; Gerberich et al., 2000). Today formaldehyde is one of the most demanded chemicals in the world due to its low cost compared to other materials and its high purities. Formaldehyde has gained popularity in many application areas such as photographing washing, cabinet-making industries, disinfecting agents, drug testing, glues, adhesives, tissue preservation, woodworking, paints and explosives. The discovery of formalin was in 1859 by a Russian chemist Aleksandr Butlerov before German August Hofmann identified it in 1869. Formaldehyde manufacture came into effective in the beginning of twentieth century. Its production annual growth rate reached an average of 11.7% between 1958 and 1968 and reached 54% of the capacity in the mid-1970s. Annual growth rate of formaldehyde was 2.7% per year from 1988 to 1997. In 1992, formaldehyde ranked 22nd among the top 50 chemicals produced in the United States. The total annual formaldehyde capacity in 1998 was estimated by 11.3 billion pounds. An estimate of about 23 million tons annual world production of formaldehyde in 2005 was recorded. Since then, the production capacity around the globe expanded exponentially reaching a world‟s production of 32.5 million metric tons by 2012. 1.2 Problem Statement As formaldehyde demand increase exponentially as it has found use in various industries for the manufacture of many chemicals, there has been competition in the formalin market from varies industries such as resins industries for the manufacture of phenol formaldehyde, urea formaldehyde and melamine resin. The competition also came as a result of demand of formalin from industries where it‟s used as an intermediate for synthesizing chemical intermediates such 1-4 butanedio, trimethyle-ol-propane, neopentyl glycol, pentaerythritol and hexamethylenetetramine. These shortages of formalin chemical leads to a fall in the production of chemicals and product associated with it and eventually a fall in the economy.This problem has prompted this group to set up a formalin plant that will produce formalin chemical that meets the global demand and discover the economic potential in the local market. Hence, a detailed feasibility study is carried out to meet these objectives.
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1.3 Aim and Objectives The aim of PDP 1 is to design a plant for manufacture of formaldehyde based on existing technology and an environmental friendly process. The designed plant must be cost-effective, considers all of the desired criteria in addition to dealing with relevant issues. The objective of this design project includes: 



To develop a design report on production of a formalin plant.







To conduct market supply and demand analysis which includes the feedstock, products, its process routes, uses and market cost







To identify the chemical and physical properties of all raw materials, intermediate products and final products as well as environmental and safety consideration.







To develop at least three alternative process flow sheets through onion model approach. Material and energy balance calculations must be carried out for all process flow sheets.







To select appropriate process flow sheet should be based on economic potential the process route.







To design capacity of the formalin plant may be decided based on market survey and economic analysis.







To perform heat integration for the economically viable process flow sheet.







To select plant location and to include HSE aspects of the proposed plant in the design report.







To recover and recycle process materials to the maximum economic extent and to minimize energy.







To make sure the plant is safe to operate.



1.4 Scope of Work In order to achieve the aim of PDP I, several considerations are to be evaluated while designing the plant. The scope of work for PDP 1 research includes: 



Conducting literature survey: properties of the products, usage and cost, alternative process routes for manufacturing the product, chemical and physical
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property data for all the raw materials, intermediates and final products, environmental considerations, safety considerations. 



Identifying chemical and physical properties of raw material and health, safety and environmental issues.







Performing preliminary hazard analysis while considering health, safety and environmental impact on plant production and process.







Identifying and selecting the best process route for a particular design project.







Developing the best possible process flow sheet for the selected chemical process route.







Developing the complete material and energy balance calculations for the selected process.







Carry out a design using related computer-aided design/engineering software such as HYSYS and Microsoft Visio.







Conducting a heat integration study in the final PFD.



Making the necessary decisions, judgments and assumptions in design problems.



CHAPTER 2: LITERATURE REVIEW 2.1 Background of Formaldehyde 2.1.1 History of Formaldehyde Formaldehyde was first found by Russian chemist A.M Butlerov in 1859. During the time he was working with derivatives of methyl iodide, he allows the iodide to react with silver acetate and then hydrolysed the resulting solution. A vapour with an irritating and pungent odour was evolved, but because of a mistake in determining the vapour density, Butlerov failed to identify it as formaldehyde. Although he failed to realize that it was formaldehyde, his description of its physical and chemical properties including the isolation of paraformaldehyde which called dioxymethylene and synthesis of hexamethylene tetramine are unquestionable. Historically, formaldehyde has ben and 4



continuously manufactured from methanol A.W. Von Holfmann synthesized formaldehyde in 1868 by the reaction of methanol and air in the presence of platinum catalyst. Practical methods, however was developed with Loew‟s use of ca copper catalyst around 1886 and blanks silver catalyst process patented in 1910. Commercial production was initiated in Germany in 1888 and the manufacturing in USA commenced about 1901. However production was on limited scale before the commercial development of phenolic resins in 1910. During the time in World War II the formaldehyde produce in US are in vapour phase. Conversion of low molecular weight hydrocarbons in the oxidation step together with a complex separation system, result in an energy intensive plant that with increasing fuel costs, suffers economically when competing with newer more selective manufacturing methods. Hence, the methanol process is preferred. In 1996, process formaldehyde by the oxidation of dimethyl ether was commercialized in Japan, but operation was discontinued later. Today, world‟s formaldehyde is manufactured from methanol and air by an older process using metal catalyst and a newer one using metal oxide catalysts 2.1.2 Formaldehyde Manufacturing Formaldehyde is produced from Formox-process. The Formox process is the process for formalin production developed and sold by Formox-AB as shown in figure 1. Methanol (MeOH) is oxidized to formaldehyde (FA) with dimethyl ether (DME) and carbon monoxide (CO) being formed as a main by-products. Most of the formaldehyde is then absorbed in two absorption units, placed on top of each other forming only one tower, while the by-products are partially recycled (around 2/3) and partly incinerated into carbon dioxide in a total oxidizing reactor called Emission control system (ECS) (Jauhianen, 2012).



5



Figure 1 Schematic of Formox process along with the possible absorber unit marked A3 (Jauhianen, 2012)



According to Frederic (1944), Formaldehyde was first prepared by Butlerov in 1859 as the product of an attempted synthesis of methylene glycol CH 2 (OH) 2. The preparation was carried out by hydrolyzing methylene acetate previously obtained by the reaction of methylene iodide with silver acetate. Butlerov noticed the characteristic odor of the formaldehyde solution thus produced, but was unable to isolate the unstable glycol which decomposes to give formaldehyde and water. Butlerov also prepared a solid polymer of formaldehyde by reacting methylene iodide and silver oxalate. He showed that this compound was a polymer of oxymethylene, (CH2O), but failed to realize that it depolymerized on vaporisation. He also obtained the new polymer by the reaction of methylene iodide and silver oxide, which gave additional evidence of its structure. He showed that it formed a crystalline product with ammonia (hexamethylenetetraniine) and even stated that its reactions were such as one might expect from the unknown "formylaldehvde". Ruth et al, (2010) stated that formaldehyde has numerous industrial and commercial uses and is produced in very large amounts (billions of pounds per year in the United States) by catalytic oxidation of methanol. Its predominant use, accounting for roughly 55% of consumption, is in the production of industrial resins, which are used in the production of numerous commercial products. Formaldehyde is used in industrial processes primarily as a solution (formalin) or solid (paraformaldehyde or trioxane), but exposure is frequently to formaldehyde gas, which is released during many of the processes. Formaldehyde gas is also created from the combustion of organic material and can be produced secondarily in air from photochemical reactions involving virtually all classes of hydrocarbon pollutants. In some instances, secondary production may exceed
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direct air emissions. Formaldehyde is also produced endogenously in humans and animals. Maldqnado et al. (2010) asserts that Formaldehyde is one of the most important chemical products worldwide (production of approximately 4.5x107 tons per year for the production of urea-phenolic, acetal and melamine resins. Two important routes are used in the industrial production of formaldehyde. One is carried out over a ferrite molybdate catalyst by oxidation of methanol in an excess of air at temperatures close to 400° C. The second route uses a thin layer of electrolytic silver catalyst with a feed of a mixture of methanol and air (approximately 1:1) molar ratio in the temperature range 580 to 650°C. Typical yield of formaldehyde are close to 90%. Nowadays, about 55% of the industrial production is based on silver catalyst. The overall process is regarded as a combination of partial oxidation and dehydrogenation of methanol as below: CH3OH + 1/2 O2 CH3OH



CH2O + H2O ------------------ (1) CH2O + H2 ------------------------------ (2)



WO 0130492 (2007) mentioned that the synthesis proceeds virtually exclusively from methanol although the direct synthesis from methane has also been studied. The synthesis from methanol is affected either by dehydrogenation or partial oxidation. The partial oxidation is performed in two different processes with different catalysts. The main distinguishing features are firstly the different catalysts but secondly the observance of the explosion limits of MeOH in air. Partial oxidation by the air deficiency process is performed principally in two variants. MeOH ballast process and the water ballast process (BASF). Whereas an incomplete conversion is achieved in the first process, in which only MeOH and air are used, a virtually full conversion can be achieved in the second process with additional metering of steam. It is normal to operate with an MeOH/H2O mixture of 60/40. The currently available processes, however, are all affected by the fact that the silver catalyst is caking relatively rapidly at the reaction temperatures and it becomes ever more difficult for the gases to be introduced to flow through the catalyst bed. When the expenditure at this point becomes too great, the formaldehyde plant has to be shut down and the catalyst replaced, which leads to costly production shutdowns. The high heat capacity of water achieves homogeneous distribution of heat in the water ballast process and protects the catalyst from excessively rapid "sintering". Moreover, the steam helps to 7



prevent or to minimize coke formation. For these reasons, the lifetime of the silver catalyst in the water ballast process is significantly higher than in the methanol ballast process; though a further increase in service life would be desirable (WO 0130492). 2.1.3 Formaldehyde Usage Basically formaldehyde is an intermediate substance for a large variety of organic compounds ranging from ammonia to phenolic resins to slow release fertilizer. Some of the major uses of formaldehyde are as follow: 



Formaldehyde and its polymers arc used in synthetic -resin industry, where it is employed principally in the production of thermosetting resins, oil soluble resins and adhesives.







In the presence of alkali, it can be employed to precipitate the metal from solutions of gold, silver, copper and to reduce other carbonyl compounds to alcohols.







Urea formaldehyde concentrate finds use in adhesive and coating compositions. Most particleboard products' are based on urea-formaldehyde resins.







Phenol-formaldehyde is used as an adhesive in weather resistant plywood.







In paper industry formaldehyde and its derivatives impart wet strength shrink resistance and grease resistance. Formaldehyde is used as a pigment binder and an agent for imparting water resistance in coated paper.







Leather and fur can be tanned by the action of formaldehyde in: the presence of buffer-salts which maintain approximate neutrality. Formaldehyde can be employed on sheep pelts to give Mouton type furs which will not. Curl on dyeing.







The action of formaldehyde on proteins also finds use in the photographic industry .because of its. Hardening insolubilizing action on the gelatine surfaces of sensitized films and papers.







The utility of formaldehyde in medicinal products is due to its ability to modify and reduce the toxicity of viruses, venoms, irritating pollens as well as to pa1liate undesirable toxic effects in certain vitamins, antibiotics. Formaldehyde also plays an important role in the synthesis of many drugs.







In petroleum industry, fom1aldehyde is of interest as a purifying and stabilizing agent for liquid fuels' and other hydrocarbon products. 8







Formaldehyde is used for the manufacturing of acetal resins. These resins are mainly used for automotive and building products.







Direct use of foffi1aldehyde as a bactericide, disinfectant, fungicide, preservative and deodorant. It is also used for sterilizing agent in mushroom culture







Formaldehyde is a mild acid inhibitor ai1d finds some use as a pickling addition agent. It is an effective inhibitor for hydrogen sulphide corrosion in oil well equipment. Formaldehyde finds used as a modifying and synthetic agent in practically every field that involves chemical technology. It is also used for the manufacturing of a great variety of chemicals including elastomeric sealants, herbicide, fertilizer coatings and pharmaceuticals. Formaldehyde is an outstanding synthetic tool but specialized knowledge of its unique chemistry is essential for effective use.



2.2 Physical and Chemical Properties of Feed and Product 2.2.1 Methanol 2.2.1.1 Physical Properties Molecular Weight



32.04 g/mol



Specific Gravity (25C)



0.7866



Vapor Pressure (25C)



16.98 kPa



Boiling Point



64.6



Freezing Point



-97.6



Viscosity



0.544 mPa-s



Higher Heating Value (25



and 1 atm)



726.1 kJ/mol



Lower Heating Value (25



and 1 atm)



638.1 kJ/mol 99.5 – 99.99 %



Purity
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2.2.1.2 Chemical Properties Combustion



Methanol burns with a pale-blue, non-luminous flame to form carbon dioxide and steam.



Oxidation



Methanol is oxidized with acidified Potassium Dichromate, K2Cr2O7, or with acidified Sodium Dichromate, Na2Cr2O7, or with acidified Potassium Permanganate, KMnO4, to form formaldehyde.



If the oxidising agent is in excess, the formaldehyde is further oxidised to formic acid and then to carbon dioxide



and



wat



Catalytic



The catalytic oxidation of methanol using platinum



Oxidation



wire is of interest as it is used in model aircraft engines to replace the sparking plug arrangement of the conventional petrol engine. The heat of reaction is sufficient to spark the engine.



Dehydrogenation Methanol can also be oxidised to formaldehyde by passing its vapour over copper heated to 300 deg C. Two atoms of hydrogen are eliminated from each molecule to form hydrogen gas and hence this process is termed dehydrogenation. Dehydration



Methanol does not undergo dehydration reactions. Instead, in reaction with sulphuric acid the ester, dimethyl sulphate is formed.
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2.2.2 Formaldehyde 2.2.2.1 Physical Properties Formaldehyde at ambient temperature is a colorless gas with a pungent and suffocating odor. It is readily soluble in water, alcohols and other polar solvents at ordinary temperatures. The following are its‟ physical properties: Boiling Point at 101.3 kPa



-19.2



Melting Point



-118



Density



0.9151g/cm3 (at -80



)



0.8153g/cm3 (at -20



)



Vapor Density (relative to Air)



1.04



Critical Temperature



137.2 – 141.2



Critical Pressure



6.784 – 6.637 MPa



Cubic Expansion Coefficient



2.83 x 10 K



2.2.2.2 Chemical Properties Formaldehyde is one of the most reactive organic compounds known. The various chemical properties are as follows: Decomposition



At



150



formaldehyde



undergoes



heterogeneous



decomposition to form methanol and CO2 mainly. Above 350 it tends to decompose into CO and H2. Polymerization Gaseous formaldehyde polymerizes slowly below 100



, then



accelerates by traces of polar impurities such as acid, alkalis or water. In water solution, formaldehyde hydrates to methylene glycol.
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Which in turn polymerizes to polymethylene glycols, HO (CH2O)nH, also called polyoxy methylenes. Reduction and Formaldehyde is readily reduced to methanol with hydrogen Oxidation



over many metal and metal oxide catalysts. It is oxidized to formic acid or CO2 and H2O. In the presence of strong alkalis or when heated in the presence of acids formaldehyde undergoes cannizzaro reaction with formation of methanol and formic acid. In



presence



of



aluminum



or



magnesium



methylate,



paraformaldehyde reacts to form methyl formate (Tishchenko reaction) Addition



The



formation



of



sparingly



water-soluble



formaldehyde



Reactions



bisulphite is an important addition reaction. Hydrocyanic acid reacts with formaldehyde to give glyconitrile. Formaldehyde undergoes acid catalyzed Prins reaction in which it forms _Hydroxymethylated adducts with olefins. Acetylene undergoes a Reppe addition reaction with formaldehyde to form 2- butyne1,4- diol.



Strong alkalis or calcium hydroxide convert formaldehyde to a mixture of sugars in particular hexoses, by a multiple aldol condensation, which probably involves a glycolaldehyde intermediate.



Acetaldehyde,



for



example



reacts



with



formaldehyde to give pentaerythritol, C (CH2OH)4 Condensation



Important



condensation



reactions



are



the



reaction



of



Reactions



formaldehyde with amino groups to give schiff‟s bases, as well as the Mannich reaction. Formaldehyde reacts with ammonia to give hexamethylene teteramine and with ammonium chloride to
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give monomethylamine, dimethylamine, or trimethylamine and formic acid, depending upon reaction conditions. Aromatic compounds such as benzene, aniline, and toluidine combine with formaldehyde to produce the corresponding diphenyl methanes. In the presence of hydrochloric acid and formaldehyde, benzene is chloromethylated to form benzyl chloride. Formaldehyde reacts with hydroxylamine, hydrazines, or semicardazide to produce formaldehyde oxime, the corresponding hydrazones, and semicarbazone, respectively. Resin



Formaldehyde condenses with urea, melamine, urethanes,



Formation



cyanamide, aromatic sulfonamides and amines, and phenols to give wide range of resins.



2.3 Market Demand and Supply Analysis 2.3.1 World Consumptions of Formaldehyde Formaldehyde – a type of colorless gaseous substance with a sharp smell; first member of a homographic row of aliphatic aldehydes. Formaldehyde is mainly used (80% of European demand) for production of urea-alkyd resins. These resins have wide usage in industry; they are applied for output binding materials for particle boards and mediumdensity plywood. Moreover, they are components of melamine-phenolic resins which are used for production of laminated flooring boards, phenol-formaldehyde resins I.e. halffinished materials for laminated flooring boards, stiff polyurethane forms used in construction for promotion of insulating and mechanical characteristics of materials), in the motor industry and aircraft construction. Water solution of formaldehyde – formalin which consists of 37% – compresses albumen, therefore it„s used for gelatin hardening in production of films, conservation of biomaterials creation of anatomic and other bio models, and as an anti-infective agent. Moreover, the chemical is widely used as a preserving agent for various vaccines. Europe Annually some 26 million tons of formaldehyde used in the companies all over the world. The companies-producers of this chemical agent, by expert‟s thoughts, are the largest consumers of methanol in the world. In 2007, the enterprises from Western 13



Europe purchased over 7 million of formaldehyde. Thus, this indicator shows the volume of market of this agent, taking into account a load-line of production facilities in the region, which was about 80%. (IRUE "National center of marketing and price study”). The European market of formaldehyde has a peculiarity – the main part of the matter is used for domestic use. Owing to this fact, there exists an internal European model of pricing. A price for the chemical agent depends not on supply and demand; its price formed once a quarter and varies sufficiently subject to a country. The price for formaldehyde is closely coupled with the price for methanol. Asia During 2010-2012, the world formaldehyde consumption was following an upward trend, and in 2012 it exceeded 40.8 million tonnes. In 2012, the Asian-Pacific region consumed as much formaldehyde as Europe, North America and Latin America together. Meantime, the share of other regions was slightly over 3%. As stated the source from (his chemical) China is the largest single market for formaldehyde, accounting for about 34% of world demand in 2011; other large markets include the United States, Canada, Brazil, Germany, the Netherlands, Spain, Italy, Belgium, Poland, Russia, Japan and the Republic of Korea. China is forecast to experience fast growth rates (around 7% per year) and significant volume increases in demand for 37% formaldehyde during 2011–2016. Refer to figure below.



Figure 2 World Consumption of 37% Formaldehyde - 2011
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World consumption is forecast to grow at an average annual rate of almost 5% during 2011–2016. Continuing significant-to-rapid demand growth in Asia (mainly China) for most applications will balance out moderate growth in North America, Western Europe, Africa and Oceania. Central and South America, the Middle East, and Central and Eastern Europe are forecast to experience significant growth in demand for formaldehyde during 2011–2016, largely as a result of increased production of wood panels, laminates, MDI and pentaerythritol. 2.3.2 Production Capacity According to Merchant Research & Consulting, in 2012, the global production capacity of formaldehyde surpassed the 46.4 million tonnes mark. In the same year, the Asian-Pacific region held a share of 56% of the world‟s total formaldehyde capacity. It was followed by Europe and North America, accounting for 22% and 15.83% shares, respectively. China was an unrivalled leader in terms of formaldehyde capacity, accounting for over 51% of the total capacity. As of 2012, the global formaldehyde production registered a 4.7% YoY increase and almost reached 40.9 million tonnes. In the same year, the global capacity utilization rates stood at 88% (in average). Asia-Pacific was the largest regional producer of formaldehyde, accounting for around 55% of the world‟s total formaldehyde production volume. China ranked first in the world in terms of formaldehyde production volume, holding a 50% share of the global output. It was followed by the USA, Russia and Germany, accounting for 14.47%, 6.68% and 5.12% shares, respectively.



Figure 3 Global Production Capacity
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2.3.3 Market Potential Formaldehyde is an important feedstock component for production urea-alkyd resins, which find applications mainly for the output of binding materials for medium density plywood and particle boards. Formaldehyde is extensively used in various industries such as plywood, automobile, construction, etc. Key drivers for formaldehyde market include growth of its application in various industries such as construction, automobile and textile industry. Positive outlook on construction and growth in infrastructure spending has led to an upturn in formaldehyde market demand for various reinforcement and component applications. Formaldehyde is produced close to the consumption area, owing to issues in transportation over long distances (Grand View Research, July 2014). Growing concerns for health and safety in terms of human life as well as the environment are expected to be key challenges for industry participants. In Malaysia even though the demand is low for both formalin and formaldehyde in large scale however with the outside market growth potential will indeed outstand the local demand. Besides, since we are in the east and China has been the largest consumer of formaldehyde might as we will benefit from this. 2.3.4 Global Demand Formaldehyde demand growth slowed in 2008-2009, due to a slowdown in the global property market. However, it is regaining strength since 2010 on the back of demand for specialty chemicals. As per market reports Global production and consumption of formaldehyde reached 29 million metric tons in 2010 and it is expected to grow at an average annual rate of 5% during 2011–2015. By 2020 average global utilization rates are estimated to reach 80 million metric tons. The five largest markets for formaldehyde are North America, Europe, Latin America, Middle East and China. China now produces and consumes one-third of the world's formaldehyde.
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Figure 4 Demands for Formaldehyde



2.3.5 Price for Raw Material 2.3.5.1 Methanol Asia-Pacific represents the largest as well as fastest growing regional market for Methanol worldwide, especially the Chinese market (nearly 40% of global demand). In addition, the methanol also itself been produced in Malaysia which will contribute a perfect condition for us to save cost in getting the raw material. Domestic methanol prices increased in the April, with latest price average for April quoted at $0.42 per kg, increased modestly 3% m-o-m and 14% y-o-y, as demand from downstream companies increased on view of demand increment after Indian government latest supportive measures for the ailing economy as well as on fears of tighter supplies as many of major methanol facilities gone for scheduled maintenance shut. The international methanol prices (CFR India) improved in April, increasing 8% mo-m and 6% y-o-y to $350 per MT. The prices had fallen to $324.6 per MT in March, a lowest price in the FY12, while the Methanol prices touched FY12 peak of $393.30 per MT during October. The Asian Posted Contract Price (APCP) of the global major Methanex Corporation has unchanged its contract prices for fourth straight month in April, keeping contract price at $400 per MT, but remain 11% higher from corresponding year earlier. APCP has kept methanol prices at $470 per MT from August 2011 till December 2011 and maintaining $440 per MT since January 2012.
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Figure 5 Formaldehyde-Methanol Margin



2.3.5.2 Methane (Natural Gas) Prices Natural gas, is a product that is obtained alongside crude petroleum during drilling process. Natural gas has its own uses as a fuel source and heat source. In this case, methane from natural gas can serve as a viable feedstock for the production of formaldehyde. Throughout the world, processes of drilling oil is being commenced almost every day. In these processes, million and millions of natural gas are obtained, in which some are stored and some are burned. Malaysia being one of the countries that pursues oil drilling has access to this natural gas. This would imply that the cost of purchasing methane for production of formaldehyde can be reduced significantly.



The graph above shows the price natural gas that isUS produced in US alone. It can Figureof 6 Price of Natural Gas in be seen that in the beginning, the price of the natural gas fluctuated due to the 18



inconsistent supply and demand. However, from year 2011 onward, the price of natural gas dropped steeply due to excessive supply before rising again due to new found usage of natural gas.



In the following graph, shown over the period of a year, we can see that the price of the natural gas currently is $3.73 as indicated in the graph compared to, $4 in the beginning of the year or $6.2 in the end of February. Thereafter, the price of natural gas has been leveling off and reducing once again due to increase in supply. This is a rather good indicator that the supply of natural gas around the world is abundant. This also indicates that should there be a problem acquiring the feedstock locally, it is possible to procure them internationally. In conclusion we can see that the potential market for us to be in Malaysia is perfect as we are close to China as currently it holds the title of the biggest consumer of formaldehyde in the world. Other than that, the easiness of us getting the raw material would greatly support by PETRONAS Labuan that producing methanol. With these advantages we can make sure that the raw material is continuously supplied. Targeting 50,000 tons a year and to sell it to the consumer would not be a problem since we are between India and China. Transporting them to the country will not problem for us since shipping has been the main transport for this product and our strategic location will indeed help us in marketing the product. Other than that source from wood working network said, the global demand for the melamine formaldehyde was valued at USD 13.45 billion in 2012 and is expected to reach USD 20.62 billion in 2019, growing at a CAGR of 6.3% between 2013 and 2019. This show the market value will increase over the years and impose less risk for us to set up a new plant in Malaysia. 19



2.4 Site Location Feasibility Study 2.4.1 Site Considerations Below are the factors for the site location: 1. Source of Raw Material 2. Transportation 3. Availability of Labor 4. Utilities a.



Electricity



b.



Water



c.



Fuel



2.4.2 Selection Criteria 1. Source of Raw Material The availability and price of suitable raw materials will often determine the site location. Plants producing bulk chemicals are best located close to the source of major raw material, where this is also close to the marketing area. For production of formaldehyde the site should be preferably near a methanol plant. Labuan has a mega-methanol plant. However, if we were to locate our plant in Johor, we would have to import methanol from Singapore or other states. 2. Transportation Transport of raw materials and products is an important factor to be considered. Transport of products can be in four modes of transport. Johor has all 4 modes of transport which is by road vehicle, train, airplane and also by shipping while Labuan has only 2 which is shipping and airplane 3. Availability of Labour Labour is needed for construction of the plant and its operation. Skilled construction workers will usually be brought in from outside the site area but there should be an adequate pool of unskilled labours available locally and labour suitable for training to operate the plant. Skilled tradesman will be needed for plant maintenance. Local trade union customs and restrictive practices will have to be considered when assessing the availability and sustainability of the local labour for recruitment and training. The population of Johor is 3.497 million (as of 2013). Meanwhile, Labuan has only 86 908 locals. From the population number, we can estimate the availability of local labours available. 4. Utilities 20



Utilities are ancillary services needed in the operation of any production process. The services needed are: Electricity Electricity power will be needed at all the sites. Electrochemical processes that require large quantities of power need to be located close to a cheap source of power. Transformers will be used to step down the supply voltage to the voltage used on that purpose. Both Labuan and Johor are not a problem to this.  Water Water is needed in large quantities for cooling and also many other general use. Water can be taken from a river, lake or from the sea. This is not a problem as both locations are very close to the sea. Water supply will be very adequate.  Fuel for Heating and Steam Production The steam for process heating is normally generated in water tube boilers using the most economical fuel available. The process temperature can be obtained with low pressure steam. A competitively priced fuel must be available on site for steam generation. 2.4.3 Potential Plant Locations Listed are the choices of location: i. ii.



Johor Industrial Park, Johor Rancha Industrial Area, Labuan



Based on the factors, the best choices are these 2 choices above. A comparison is made to find the best location: JOHOR Souce Methanol



of - Available from Singapore - Available from Selangor



Transportation -



Availability Labour



LABUAN



of -



- Available from PETRONAS Labuan  660,000 tpa Methanol 5 mins to North-South - Shipping through the Highway nearest Ship Yard 10 mins to Senai Airport - Near to Labuan Airport 10 mins to KTM Train 30 mins to Tanjung Pelepas Port 30 mins to Singapore 50 mins to Johor Port Worker dormitory available - Population = 86, 908 (as of in the estate 2010) Population = 3.497 million - Less educated labours due (as of 2013) to less developed state 21



- More educated labours because of developing state Electricity and - Near Sea and River - Electricity power available Water



(rural area).  Must hire from other states - Near Sea - Electricity power available



around Fuel for heating - There are about 5 other - Directly sources of fuel around the industrial area. or steam south of Johor production



the



(availability)



2.4.4 Weightage Criteria From the two locations above, selection will be done under a few criteria and the location with the highest mark will be selected to be the site for the project. Below are the marking criteria for the location selection. Factors



4-5 Marks



Source of Methanol



Able to obtain Able to obtain Unable to obtain



Transportation



3 Marks



1-2 Marks



large supply of methanol.



methanol



methanol easily



supply.



Have more than Have 4



3



–



different modes



modes



4 Have less than 3 of modes



of transportation



of



transportation



transportation Availability of Labour



Able to obtain Able to obtain Unable to obtain labours locally



labours



from labours.



neighboring areas



or



countries. Utilities



Able to obtain Able to obtain Unable to obtain more



than sufficient supply sufficient supply



sufficient supply of of



electricity, of



electricity, water and fuel.



water and fuel.
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electricity,



water and fuel.



Table 1 Score Explanation



Score Explanation 1



Not Preferred



2



Less Preferred



3



Equally preferred



4



Preferred



5



Strongly Preferred



Table 2 Total Score



Factors



Johor Labuan



Source of Raw Materials



4



5



Transport



5



2



Availability of Labour



5



3



Utilities



3



3



TOTAL SCORE



17



13



Hence, Johor Industrial Park, Johor is chosen as the suitable site for formaldehyde plant.
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CHAPTER 3: PRELIMINARY HAZARD ANALYSIS 3.1 Introduction to Safety and Hazard Considerations Public awareness of the potential danger from hazardous chemicals and hydrocarbon processing units has increased over the last 15 years as serious chemical accidents have occurred and have been well covered in the press. The release of methyl isocynide in Bhopal, India, that directly killed more than 2,000 people and become one of the serious major accidents. This shown that the preliminary hazards analysis is important. Hence, the evaluation on process safety is very important aspect and one of the priority in setting up plant. This can be shown in various safety programs which focusing on the design and every facilities or maintenance in plants itself. Therefore, we need to consider the process safety to avoid accident from occurs which sometimes dangerous to surrounding like the case in Bhopal, India. Besides that, the proper management in documentation and inventory is one of the main practices that need to be maintained in plant. Material Safety and Sheet (MSDS) is important for the personnel who work in the plant. It describes the potential risks and hazards, the health effect, emergency measures and how to handle them. Other than that, the Emergency Response plan acts to provide a management plan which addresses preparedness, response, notification and recovery from an emergency and to protect lives. An internal emergency plan is necessary to develop for the personnel in the plants to identify the risks and the consequences if there is an accident. 3.2 Case History Accidents occurred due to poor safety management and also human factors that may affected the safety measures. According to the pillars of Process Safety Management, first we have to give commitment to process safety from top to the bottom of organization. Second, understand and analyze process hazards & risks. Next, manage the risks and lesson learnt towards the accidents occurred. (a) Georgia Pacific Resin Plant (Columbus) -



Taken from Final Report of Liaisons‟ Investigation Georgia-Pacific Resins, Inc, Columbus, Ohio.



On September 10, 1997 Georgia-Pacific Resins Plant in



Columbus experienced a large explosion in a resin reactor.



The explosion



resulted from a runaway reaction in Reactor No.2 (Kettle). It is caused by the reactor‟s safety systems failed to contain rapidly expanding gases that were under 24



high temperature and pressure. Company inspectors believe that operator may have triggered the explosion by adding all of the ingredients to the kettle at one time instead of sequentially. However, officers from Occupational Safety and Health Administration (OSHA), determined that the containment and emergency relief systems were inadequate to control the rapid buildup of hear ant pressure. OSHA subsequently fined the company more than $400,000. -



The consequence of the accident caused the death of one reactor operator, injured four other employees and chemical burn to three firefighters. The blast was felt at least 2 miles and max seven miles from the source. The explosion also produces release of liquid resin and other chemicals. In response to the release, the safety operating procedure takes place when residents in 3 quarter mile radius from the source are evacuated. This report is valid to this study as resin also involves formaldehyde in as one of its raw material to make resins.



(b) Santa Barbara Infrared, Inc., at 312-A North Nopal Street in Santa Barbara, California -



Another report taken from OSHA website ID: 300814068, On November 7, 2002, 1 employee was working for Santa Barbara Infrared, Inc., at 312-A North Nopal Street in Santa Barbara, California. The manufacturers lenses for infrared applications in the aerospace industry. The employee forgotten to remove a plastic plug from a concrete block before placing it in a curing oven. The curing process begins at a relatively low temperature which is slowly increased to ~ 250oC. The product heated will form formaldehyde at temperatures greater than 200oC. The employee was taken to hospital after experiencing some headache, dry, sore throat and burning nostrils.



(c) Phenol-Formaldehyde Runaway Reaction (West Bengal, India) -



An abnormality occurred in a plant in Kalyani, Nadia District, India where a trial run was conducted using ammonia as a catalyst. Due to fact that the earlier operation was conducted using caustic soda and safety procedure was already available, no further safety steps were needed. The trial run was done by taking in 87% phenol in water concentration and 37% formalin concentration into the reactor. Thereafter, catalyst ammonia was added into reactor slowly. At a point, some of the ammonia spilled onto the operator‟s hand and it caused a burning sensation. The temperature in the reactor continued to rise at an expected rate. After a few minutes, the temperature rise was abnormal, thus, the operator 25



instructed that the entire reactor is to be drained into several drums. These drums were then sealed and brought to a safe location. The closed drums then exploded sending waste and shards up 30 feet into the air. -



It is found out that later on, the catalyst that was used is not ammonia but concentrated nitric acid. This is the chemical that caused the abnormal rise in temperature. Should the operator was late in his decision; the entire reactor might have exploded due to the nitric acid reaction. This is a clear example of a human and maintenance error.



3.3 Identification of Material and Chemical Hazards in the Process Material and chemical hazard mainly come from chemical process involve in reactors and raw material for the process itself. In this study which we focus in formaldehyde making, the raw materials are methanol, water and air. Air which contain percentage of hydrogen and oxygen also may cause some hazards because of methanol flammability character. Thus in designing formaldehyde production plant, these hazards need to take as considerations and ensure that the risks are reduced to acceptable levels by identifying the sources fo hazards and take all appropriate steps to secure them. In process safety there are four strategies that can be implemented for this plant such as, substituting, minimizing, moderating and simplifying. In this report, chemicals that are produced and used that have the potential of bringing harm are formaldehyde and methanol. Formaldehyde is the product of methanol oxidation thus it becomes aldehyde. The hazardous effect may differ from it maybe be hazardous category and flammable but not hazardous category. In addition to that, as a results of oxidation hydrogen gas will be formed and generally known hydrogen gas is dangerous as it posed the risk to explosion. Each component will be elaborated throughout the next section. 3.3.1 Formaldehyde Danger to Health: Liquid or gaseous formaldehyde is very toxic. It is known base on its sharp smell and it tear-inducing effects. It can be easily discovered before the concentration becomes dangerous. All rooms in which work with it must have proper ventilation to avoid the concentration of the gas in a room become higher. In addition to that, liquid formaldehyde can be absorbed by skin and can cause harm. Once skin is exposed to formaldehyde it should be washed away at once and treat it with care. An appropriate 26



skin cream should be applied to stop the side effects. If there is any risk of splashing, goggle should be worn. Nevertheless if eyes are in contact with formaldehyde they must be washed with clean water and doctor should be consulted to examine any side effects. Moreover, excessive exposure to formaldehyde also may cause eczema disease. Most people in contact with formaldehyde at the beginning will see slight reddening of the skin and dryness. Its sensitivity may varies with each person and usually will disappear after 2 or 3 weeks. By washing with fat soap and application of PPE by using PVC or rubber gloves eczema can be avoided. Meanwhile, formaldehyde in gas forms, irritates the mucous membranes of the eyes, nose and throat. For safety recommendation formaldehyde solution and gas should be handled in proper ventilation and using proper equipment to prevent from exposure. Besides, according Fire and Explosion Index Hazard Classification guide, the NFPA classification for formaldehyde is Nh = 3 and Nf = 4.Which clearly stated that formaldehyde is very dangerous to health which can cause serious or permanent injury.



Danger of Fire: At ordinary condition, formaldehyde exists in gas state. Its flash point varies from 122 to 141oF, denser than water. Toxic vapors will be released as formaldehyde is combusting such as carbon dioxide and carbon monoxide. Carbon monoxide especially is dangerous to human health. Meanwhile, when aqueous formaldehyde is heated above the flash points, it will impose potential to explosion hazard. High temperature of the reactor in the plant may cause the formaldehyde to form gaseous state and thus cause the irritant gas to disperse in the premises. Therefore it is needed that the process is carry out in close area so that workers will not be exposing to its gas. Table 3 General Charateristic of Formaldehyde



Characteristic Physical State Physical Danger



Chemical Danger



Routes of Exposure



Details Gas with a characteristic odour. Vapour mixes well with air, explosive mixtures are easily formed. Formaldehyde



polymerizes



due



warming. It reacts with oxidants Methanol can be absorbed into body by Inhalation
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to



Upon release into the air, formaldehyde can



Inhalation Risk



reach



a



harmful



concentration



quickly. Irritating to the eye, skin and respiratory



Short-Term Exposure



tract. Inhalation causes lung edema. Formaldehyde is known to be carcinogen



Long-Term Exposure



over long duration.



Table 4 Hazards of Formaldehyde



Types of



Acute Hazard/



Hazard/Exposure



Symptoms



Fire



Prevention



Fire Aid/ Fire Fighting



Extremely flammable.



Explosion



Gas



mixture



is



explosive Must be avoided at In



Exposure



all time.



every



doctor



Case,



must



be



consulted  Inhalation



 Burning Sensation.  Ventilation



must  Upon



 Cough



be



good must be brought to



 Nausea



condition.



in



exposure,



area with fresh air.



 Local exhaust must  Victim be maintained.



must



positioned



 Breathing



be



in



an



upright position.



protection must be worn at all time.  Skin



 Cold-insulating gloves worn.



must



 Contaminated be clothes



must



be



disposed.  Exposed area must be



washed



with



running water.  Eyes



 Watering of the  Safety 28



goggles  Eyes must be rinsed



eyes.



must



 Blurred Vision.  Redness



be



worn with cold, running



always.  Eye



water for several protection minutes.



coupled



 Ingestion



with  After



rinsing,



a



must



be



breathing



doctor



protection.



consulted.



Eating, drinking or smoking prohibited during work.



3.3.2 Methanol Danger to Health: According to NFPA table, methanol NFPA classification for Nh = 1 and Nf = 3, it shows that in hazard category it can cause significant reaction. It is colorless fairly volatile liquid with a faintly sweet pungent odor like that of ethyl alcohol. It completely mixes with water. The vapors are slightly heavier than air and may travel some distance to a source of ignition and flash back. Methanol is toxic which it is easily absorbed by the body. It can penetrate the body in using following contacts: a) As vapors by heating b) Through the mouth c) Through skin (particularly in case of cuts & scratches) Once absorbed by body, methanol in increasing doses may lead to nausea, blindness, mental disorder & finally to death. Exposure to excessive vapor causes eye irritation, head-ache, fatigue and drowsiness. High concentration can produce central nervous system depression and optic nerve damage. 50,000 ppm will probably cause death in 1 to 2 hours. When employee is dealing with methanol following safety measures should be observed a) Gloves of rubber or PVC should be worn b) Goggle in case of any splatters while handling methanol c) Methanol must be used or stored exclusively in rooms where there is sufficient ventilation
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d) If methanol is spilled, the spot in question must be immediately be cleaned with a large quantity of cold water. Clothes which have been splashed by methanol must be discarded. e) If eyes is contact with methanol they must be washed for at least 30 minutes. Danger of Fire: As stated earlier, under NFPA flammability category its value is 3 which can be ignited under almost all ambient temperature conditions. Which make, it is even more dangerous to work with it using higher temperature. Methanol in liquid or gaseous form is easily flammable. In the conditions of storing in large storage tanks, near factories, smoking and open fire are strictly prohibited. Together mixed with air and oxygen methanol vapors are prone to explosive hazards. In this case, for processing formaldehyde, methanol is purposely to be mixed with air to for methanol oxidation process to happen. Therefore, lots of safety precaution need to be taken care while processing it. The maximum allowable methanol vapors concentration for 8 hours working period is 200 ppm of air. With flash point of 52oF it makes methanol need to have special condition to be worked with especially in the reactor. Table 5 General Characteristic of Methanol



Characteristic Physical State Physical Danger



Details Colorless Liquid Methanol Vapour mixes well with air, explosive mixtures are easily formed.



Chemical Danger



Reacts violently with oxidants, causing fire and explosion.



Routes of Exposure



Inhalation Risk



Methanol can be absorbed into body by 



Inhalation







Skin







Digestion



Methanol



is



capable



of



causing



contamination in air very quickly after evaporation in temperature as low as 20°C. 



Short-Term Exposure
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Irritating to the eye, skin and



respiratory tract. 



May affect central nervous system, inducing loss of consciousness.







Long-Term Exposure



Prolonged skin exposure leads to Dermatitis.







Long exposure affects the central nervous



system



and



causes



recurring headache and impaired vision.



Table 6 Hazards of Methanol



Types of



Acute Hazard/



Hazard/Exposure



Symptoms



Fire



Prevention



Fire Aid/ Fire Fighting



 No open flames,



Highly Flammable.



no



spark



or



smoking.



 Powder  Alcohol resistant foam  Carbon dioxide extinguisher.



Explosion



Vapour



mixtures



are explosive.



 Closed-system



 In event of fire,



ventilation helps



drums



to



storage



mitigate



explosion.  Do



be



not



should



cooled



use



prevent



air



explosion.



compressed for



and



to



filing,



discharging



or



handling.  Non-sparking tool



must



be



used. Exposure to Adolescent and Children



Exposure



must be Avoided.
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Inhalation







Cough



 Proper



 First







Dizziness



ventilation must



treatment



if







Headache



be installed.



exposure



is







Nauseas



 Regularly check



air



found.  Refer to medical



air contamination



attention in the



level.



event



of



prolonged exposure. 



Skin







Causes dry skin and redness



 Personal



 Contaminated



protective



cloth must be



equipment



disposed



(PPE) must be



immediately.



worn



at



all



times.



 Rinse area



exposed of



under



skin



running



water.  Seek



Medical



attention as soon as first aid is completed. 



Eyes







Redness.



 Safety







Visual



or eye protection



contamination,



Disturbance



must be worn in



rinse eyes under



designated area.



running



goggles



 Upon



for



water several



minutes.  Immediately meet a doctor for



further



treatment. 



Digestion







 Eating, drinking



Abdominal pain



or 32



smoking



 Induce vomiting to



remove



 



Shortness



should not be



of



breath



allowed



Vomiting



work



during



or



near



working area.



ingested food.  Meet a doctor for



further



treatment.



 Hands must be washed



before



entering



and



after



exiting



work area. 3.4 Environmental Issues and Considerations Formaldehyde is present in the atmosphere and it is released when organic materials combust or in photochemical decomposition. The sources that generate formaldehyde must be divided into two different parts. One part is for the sources that release formaldehyde in defined periods, and the other is for sources that release formaldehyde continuously. In natural processes where sunlight and nitrogen oxides are present, formaldehyde is continuously degraded to carbon dioxide. Photochemical oxidation and incomplete combustion of hydrocarbons is the largest source of formaldehyde present in the atmosphere (Reuss et al., 2005). Human exposure to formaldehyde comes from engine exhaust, tobacco smoke, natural gas, waste incineration and fossil fuels. Formaldehyde gas causes irritation of the eyes and the respiratory tract, and formaldehyde solutions cause corrosion, skin irritation and sensitization (Reuss et al., 2005). 3.5 Minimization of Potential Accidents Several areas of the formaldehyde operation that present exposure potential are discussed below with respect to the applied control technology and recognition of exposure. Exposure reduction in manufacturing formaldehyde is achieved by the process being enclosed. The exception to a totally closed process are the initial open entry point of methanol into the process, the occasional loading of formaldehyde for shipment, and the release of off gases from storage tanks. 3.5.1 Methanol Unloading and Handling Usually in most plant that is not using train and ship as the main transportation for the methanol, it is unloaded from tank cars and trucks using connect adapter that is 33



attached to a coupling on the bottom of the transport. The methanol is pumped directly into the bottom of the bulk methanol storage tank. This transfer method reduces the explosion hazard by eliminating electrostatic buildup produced by thr free-fall of methanol into the tank. The level in the storage tank is measured by an external gauge on tank. A centrifugal pump with packed seal on the shaft is used to transfer the methanol into the bulk storage tank. A second pump is used to pump the stored methanol to the vaporizer. The methanol unloading and storage area is separated from other areas of the plant by approximately 75 feet. Operator exposure in this area is limited to the unloading process, which includes attaching and releasing the flexible transfer hose. 3.5.2 Vaporizer and Converter The methanol vaporizer and converter both pose some exposure threat to the worker because of the high temperature involved, and the vaporized state of the methanol and formaldehyde. The operations should be located in the open air structure which allows adequate ventilation of the area. Flanges and high temperature gaskets are used on all connective piping and fittings from the vaporizer to the reactor. It should secure the formaldehyde from leaking through the pipings and fittings. However, in this plant dowtherm A, mixture between phenylether and biphenyl needed to be used for the plant to cool he reactor and recover the heat from converter, nevertheless according to OSHA exposure to phenylether is currently limited to 1 ppm TWA. 3.5.3 Aftercooler The hot formaldehyde gases from the converter are cooled in an aftercooler before entering the absorber. The aftercooler is completely enclosed with limited worker exposure hazard. 3.5.4 Absorber The cooled gases assuming it is at 150 oC enter the bottom of single pass water absorption column where the formaldehyde is absorbed in water and recovered. The absorber offgases are recycled back to the converter and the 50% formaldehyde solution, after purification and blending is sent to storage. The absorption column has several potential exposure areas which are all can be controlled with putting rupture disc and pressure safety valve. However, there is still possibility of accumulation of paraformaldehyde. To identify the accumulation, sampling port should be placed after 34



the centrifugal pump that transfers the 50% formaldehyde solution to the purification step. The sample should be collected after purging the sample line with formaldehyde solution. Other than that, pump on this unit operation is needed to be sealed properly to prevent any leakage and thus cause irritation to the workers. By using low rpm pump which pump effectively and the results will have less formaldehyde leakage and also need to maintain the pump by replacing the longer wearing seals. 3.5.5 Formaldehyde Storage Formaldehyde is stored in the shift tank and it will be transferred once per shift to the blending and storage tanks. Pumps that is used similar at absorber to transfer the solution to the appropriate tank. Blending should be done in separate tank, where methanol, water or formaldehyde can be added to have desired blend and also to provide safer condition. The tanks need to be loaded and emptied on an alternating basis to help prevent paraformaldehyde buildup. If paraformaldehyde still forms, the tanks can be cleaned using hot water to dissolve it. 3.5.6 Truck Loading Area For the loading area, it must be designed as such that it has safe distance from any ignition point and high temperature as formaldehyde in high concentration will have the traits of extremely flammable. Therefore, it is advised that the area is in close area and to be keep at room temperature to make sure that it won‟t ignite the flowing formaldehyde as one of the concern the charge will cause a sparks. 3.5.7 Training for Worker Competency An organization should keep track of employee‟s performances at certain period of time. This to ensure the human factor can be reduced as it also can be the main contributor to the accident to occur. Therefore, by providing proper training for the operator, they will handle the equipment more competent and safer as the procedure will be clarified during the training. 3.6 Local Safety Regulations 3.6.1 Occupational Health and Safety Act Standards According to the website by OSHA, in section 1910.1048 Formaldehyde it outlined the substance technical guidelines for handling formalin. It provides information on
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uninhibited formalin solution. It is designed for the employees to know their right and duties while working with formaldehyde. It also provides the material data sheet for the worker to study on the level of hazard that they are dealing with such as the effect on health, flammability and reactivity. The OSHA standard in appendix A outlined the Emergency and First Aid Procedures for the victim that has been exposed to the formaldehyde as below cases: 



Ingestion (Swallowing)







Inhalation







Skin Contact







Eye Contact



As an employer this information need to be informed to the worker briefly as they can take action quickly upon the exposure. In addition to that, OSHA also outlined the Emergency procedures for the case of spill, leak and disposal procedures of formaldehyde that need to be prepared by the employers. Also as the objective of OSHA to fight for the workers right, it also stated that employers need to provide the protective equipment and clothing as examples: 



Respiratory Protection: Use NIOSH approved full face piece negative pressure respirators equipped with approved cartridges or canisters.







Protective Gloves: Protective gloves need to be provided by employer at no cost to prevent contact with formalin. The gloves chose must be according to ACGIH Guidelines







Eye Protection: Goggles need to be provided by the employer if there is possibilities for splashes to happen.



Engineering Controls 



Ventilations is the general control method applied to decrease the concentration of airborne substances in the workers zone



 Local Exhaust: Local exhaust ventilation is made to trap the airborne contaminants. To protect the worker the direction of contaminants flow must be toward the local exhaust system inlet and away from the worker.
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 General (mechanical): Dilution ventilation is continuous introduction of fresh air into the working area to mix with the contaminated air and decrease the concentration of formaldehyde. 3.6.2 Factory and Machinery Act 1967 In Factory and Machinery Act 1967, the contents most likely related to the composition between Equipment & Task and Organization framework. Which in the Part II of FMA it was outlined for safety, health and welfare. Provisions relating to safety, where it mention that the factory need to fulfil certain characteristics for its to be considered as workplace which will goes under organization, that the management need to make sure that the work place is safe and comfortable. Other than that, Lifting of weights also specified in the act, as one has to follow procedure in lifting weight to make sure the postures are correct and not to harm the body. In this section it stated that to make sure that the dangerous part of machinery need to be covered for protection of human expose from it. On this section it is more focus towards the equipment & task frame where it is much concern on the factors that will influence the human performance in completing the tasks. In the part III of the FMA 1967, it is designed for the organizational of the company, in which, they are consists of training and the supervision of the workers, the power of chief inspectors. It also stated that machinery cannot be operated without certified staff. The certified staffs are only granted by Chief Officer or by through training. It mentions about the function of Examiners Panel and Board of Appeal in factory. 3.6.3 Environmental Protection Act For this act only Canadian Environmental Protection Act 1999 64 outlined a specific restriction to the formaldehyde under this act. CEPA 1999 64(a): Based on the analyses by using worst case scenario, risk quotients for water and air are less than 1. The risks that related to the formaldehyde apparently to be low in Canada, therefore using the available data indicate that it is unlikely formaldehyde is entering or may enter the environment in a quantity or concentration or under conditions that have or may have an immediate or long-term harmful effect on the environment or its biological diversity and it is not considered to be toxic as defined in CEPA 1999 Paragraph 64(a)
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CEPA 1999 64(b): Formaldehyde is not related in depletion of stratospheric ozone and unlikely contribute significantly to climate change. It is because of its reactivity and abundance in air, formaldehyde contributes, along with other reactive volatile organic chemicals, to the formation of tropospheric ozone. Therefore, based on available data, formaldehyde is entering the environment in quantity or concentration or under conditions that constitute or may constitute a danger to the environment in CEPA 1999 graph 64(b).
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CHAPTER 4: CONCEPTUAL DESIGN ANALYSIS 4.1 Introduction to Conceptual Designs There are two heuristic methods inn conceptual designs which are the “Hierarchical Approach” proposed by Douglas (1988) and the “Onion Model” proposed by John Smith (2005). According to the Hierarchical Approach, Douglas Approach to the conceptual design is performed based on five different stages. In order to find the best process flow sheet, first we need to select which type of operation type for the conceptual design, either batch or continuous process. Table 7 Douglas Approach to conceptual design (Douglas, 1988)



Hierarchical Approach 1. Batch versus Continuous 2. Input – output structure of the flow sheet 3. Recycle structure of the flow sheet 4. General structure of the separation system 5. Heat-exchanger network



4.1.1 Batch versus Continuous Douglas (1988) proposed several guidelines as the following to help indicate the selection of a batch process or a continuous process. The consideration in choosing the operation mode for this design project is based on two criteria, which are production rate and market forces. Table 8 Comparisons between batch versus continuous operation mode



Operation Mode



Batch



Continuous



Production rate



Production less than 1x106 lb



Production more than 1x106 lb



per annum



per annum



Suitable for seasonal product



Suitable for commodity product



Market forces



a. Production Rates
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-



Plants having a capacity of greater than 1x106 lb/year are usually continuous whereas plants having a capacity of less than 1x106 lb/year are normally batch types. In this design project, our target is to produce 1x108 lb per year (600 000 metric tonnes per year) of formaldehyde. Since the operation is limited to 330 days per year, hence this plant needs to operate more days compared to using a batch process as batch is only application for a process with seasonal production. Therefore, a continuous process is selected as basis for the design.



b. Market Forces -



Batch plants often are preferred for products with a seasonal demand so that the plant could be used to make other products during periods of no demand. It requires about 3 years building a continuous process. The formaldehyde demand is expected to be at constant rate and therefore justifies the selection of a continuous process.



4.1.2 Input – Output of Flowsheet In this section, the study of feed and product of the formaldehyde process plant is carried out. The major reactions of the formaldehyde production process are: i.



Oxidation process CH3OH + 1/2 O2



ii.



CH2O + H2O



Non-oxidative dehydrogenation CH3OH



CH2O + H2



In order to further study, the preliminary reactor optimization is performed.



4.1.3 Recycle Structure of Flowsheet It is mentioned that two type of reaction process involved in the formaldehyde production. One is complete conversion mode while another one is incomplete conversion mode. In the complete conversion mode, the methanol conversion is 97-98%. In the incomplete conversion mode, it is 77-87%. Only 1 wt% of methanol will be added in the formalin product to inhibit polymerization process. Hence, the remaining methanol are being recycled back to the feedstock stream. The detailed of recycle system will be discussed in the later part of Process Flow Diagram. 4.1.4 General Separation Structure. Separation structure in the design is mainly to recycle the unreacted reactants, such as methanol and unreacted gas. In this process, the separating system consists of 40



distillation column and absorption column. Besides, separation system in the design has the function to increase the purification of product.



4.2 Preliminary Reactor Optimization “Onion Model” proposed by John Smith (2005) is one of the most commonly used approach for conceptual design. The purpose is to determine the best process option with the most economically sound outcome in terms of cost, safety and environment as well as operability. This model can be represented symbolically by the layers of the “onion diagram” shown below.



Figure 7 Onion Model (Smith, 2005)



According to Figure 7, the innermost layer of Onion Model is reactor selection, which indicates that reactor is the core of the process design. Reactor system plays a very significant role in any chemical process involving any reaction as it is the core of the process. As such, the selection of the types of reactor and the mode of operation are of great importance to the whole chemical plant. The selection of reactor is based on the main focus in maximizing the operation of feed. According to Smith (2005), the highest rate of reaction is maintained by the highest concentration of feed, for single reaction. Besides that, Douglas (1998) once proposed his theory that in any designing guidelines, reactor chosen must be able to always maintain its highest concentration of feed in order to maximize the conversion.
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4.2.1 Reactor Selection and Optimization 4.2.1.1 Reactor Concept Formaldehyde is the first member of the aldehyde family, and it illustrates how precedent can be the predicate to principle. Before 1900, it was produced by the oxidation of methanol. The commercial process has always been to react with methanol and air in the presence of a catalyst. Recent processes have switched from metal to metal oxide catalysts and also silver catalysts. But most reactor use iron oxide and molybdenum oxide. CH3OH + ½ O2  H-CHO + H2O ("Formaldehyde & Acetaldehyde," 2001)In the beginning the concept of reactor in the formaldehyde plant, as shown in the figure below is somehow related to the concept of a heat exchanger – a large vessel that contains a bundle of tubes through which the methanol and oxygen are pumped. Outside the tubes, but inside the vessel, is a liquid that used to transfer the heat. But the reaction is exothermic. So even though the reaction must take place at 575 – 700oF, once it starts, the exchanger must take away from the methanol + oxygen to formaldehyde reaction, rather than provide the heat to make it work. The heat transfer liquid outside the tubes is continuously vaporized to take away the heat. The tubes of the heat exchanger are filled loosely with the catalyst necessary for the reaction. Actual reaction time and residence in the tube is less than one second. The hot reactor effluent gases are cooled to 230 – 265oF in a heat exchanger and passed into a water absorption tower. Formaldehyde is water-soluble and is separated from the remaining gases that exit the column overhead. Formaldehyde concentration in the tower is adjusted by controlling the amount of water added to the top of the tower.
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Figure 8 Concept of Reactor Design



4.2.1.2 Reactor Design Base on the concept explain above, formaldehyde reactor will be needed to handle with two different type of chemical form which are Vapor for Methanol and Gas for Oxygen over a selective catalyst. Hence, the options for type of reactor selection for this type of reaction are fixed-bed catalytic reactor and fluidized bed reactor. Basically fixed bed reactor consists of a cylindrical tube filled with catalyst pellets. Reactants flow through the catalyst bed and are converted into products. Fixed bed reactors are often referred to as packed bed reactors. In a fixed-bed reactor the catalyst pellets are held in place and do not move with respect to a fixed reference frame. When a liquid feed or gas feed passes through catalyst bed to contact with the catalyst for chemical reactions, the catalyst remains where it is with the feed flowing through it. Material and energy balances are required for both the fluid and gas, which occupies the interstitial region between catalyst particles, and the catalyst particles, in which the reaction occur.("Fixed-Bed Catalytic Reactors," 2011)
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Figure 9 Fixed Bed Catalytic Reactor



On the other hand, fluidized bed reactor is a combination of packed-bed and stirred tank, continuous flow reactor. Table below shows the advantages and disadvantages of fluidized bed reactor and packed bed reactor. Reactor



Fluidized Bed Reactor



Fixed Bed Catalytic Reactor



Advantages



 High heat transfer rates, and thermal efficiency  Suitable for large scale operations  High mass transfer rates  Catalysts can be removed, regenerated, and recycled  Good for fast reactions  Can handle large amounts of feed and solid  Ability to operate reactor in continuous state



 Less particle (catalyst) entrainment  Better variation of temperatures and residence time  High conversion per weight of catalyst  Low operating cost  Continuous operation  Efficient contacting of the reactants and catalyst  Used for high pressure reaction where smaller diameter vessels



 Requires more pumping power  Larger reactor vessel size (higher cost)  Erosion of internal components  Low conversion rate of reaction  Particles (catalyst) entrainment  Higher loss rate of catalyst  Only small variation of residence time is allowed  Preferable for gas-solid noncatalytic reactions



 Large pressure drop  Temperature control is difficult  Extremely short-circuiting and bypass  Requires large volume of gas  Catalyst might be deactivated  Not good for small particle of catalyst  Insufficient heat exchange rates



Disadvantages
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Therefore with the info provided, fixed bed catalytic reactor is chosen to be the reactor design for this project due to their significant advantages: a



Less losses in catalyst 



Fluidized bed reactor will cause the loss of catalyst.







The losses in catalyst will happen if:  Catalyst is settling at the bottom of the reactor when it is not well mixed with the gas phase reactant.  Generation of catalyst fines occurs during the operation of the reactor when the catalyst hit on the wall of the reactor or through attrition.



b Highest conversion per weight of catalyst among reactors 



Fixed bed catalytic reactor has highest conversion among all other types of reactors available because it is approximately identical to the ideal plug-flow operation.







Fixed bed catalytic reactor is suitable for process that uses catalyst with a long life time.



c. Higher pressure condition 



The reactions involved in the formaldehyde production are required to be operated in high pressure condition and fixed-bed catalytic reactor is favored for high pressure condition.







Fluid bed reactor is favored for strongly endothermic reaction while chemical reaction involved in this process is highly exothermic reaction.



d. Lower capital and operating cost 



The required volume for fixed bed catalytic reactor is smaller compared to fluidized bed reactor for high pressure operation, and thus lower capital cost.







The operating cost for fluidized bed reactor is very high because it is more difficult to maintain the gas phase reactant and catalyst to be in the well mixed condition if it is operated in high pressure.







The expansion of the bed materials in fluidized bed reactor will increase the reactor vessel size. A larger vessel is often required than that for a packed bed reactor. Hence the capital cost will be higher if fluidized bed reactor is chosen.



e. Lower maintenance cost 45







If fluidized bed reactor is selected, the catalyst that settle at the bottom of the reactor will foul and plug the reactor while the generated catalyst fines will cause fouling in the pipeline and equipment downstream







Plant might need to be shut down often for maintenance.



In conclusion, under reactor optimization, fixed bed catalytic reactor is chosen for the oxidative and non-oxidative dehydrogenation of formaldehyde production. 4.2.1.3 Reactor Physical Properties There are few operating parameters that will be influencing the selectivity and conversion. 



Temperature







Residence Time







Molar ratio of H2O/CH3OH in the feed



Reaction temperature will definitely affect the conversions and yield as in temperature function. According to the research by Min Qian et. Al. at temperature about 570K. CO2 showed a maximum yield and then it dropped proportionally with temperature. However, the yield of formaldehyde increases along with temperature and reached maximum at 923K. As the temperature increase more than 923K the CO and H2 yield increase as a results of formaldehyde decomposition. Therefore, the optimum temperature for this process is 923K.



Figure 10 Conversion/Yield vs Temperature graph
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On the other hand, residence time also affecting the methanol conversion and the selectivity to formaldehyde and hydrogen. The higher the residence time higher the conversion rate of methanol. However, it is not always beneficial to formaldehyde formation as the selectivity decrease with longer residence time, which may cause by the faster rate of decomposition of formaldehyde in the gas phase at high temperatures. Therefore, with the results graph below we can determine the optimum residence time for methanol to react with catalyst.



Figure 11 Conversion/Selectivity vs residence time graph, courtesy from Min Qian et al.



Lastly, will be the effect of Water/ Methanol molar ratio towards the conversion. It shows that at molar ration 0.74 the conversion reach at its peak. Therefore the optimum should be the 0.74 molar ratio between water/methanol. 4.2.1.4 Catalyst Effect a. Iron Molybdenum Oxide Catalyst -



Normally in Industry the selection between Metal Oxide catalyst and Silver catalyst is still debatable both have their own disadvantages and advantages. Usually Iron Molybdenum oxide catalyst is used for best efficiency process. Unreacted methanol contaminate in formaldehyde range between 1-5.0 %. This is because according to (Soares, Farinha Portela, Kiennemann, Hilaire, & Millet, 2001), using this type of catalyst the selectivity of the process to formaldehyde will be ranges from 95% to 99%. Also, this catalyst also is more economical to use initial cost of this plant although high but cost of product is low. Other than 47



that, using this catalyst the process can be worked using lower temperature and it is resistance to the contaminants that cause by the sulphur in natural gas or methanol process. In the economical side, it requires less frequent change out but a longer down time for each replacement. b. Silver Catalyst -



Other option we have for the catalyst selection is silver catalyst. Compared to metal oxide this catalyst will only have overall plant yield about 87%. Therefore, the unreacted amount of methanol will be range from 13 – 15%. However, the initial cost is relatively low compared to silver catalyst. Carbon Monoxide, carbon dioxide, methyl formate and formic acid are the by products for this catalyst. In addition to that the process is highly exothermic(Min Qian, 2002). The resistance to the methanol contamination is relatively lower to metal oxide hence, the silver catalyst has approximately useful life of 8 months.



4.2.2 Separation Recycle Selection and Synthesis Separators are the most important equipment in the chemical process. Separation of desired products from byproducts and unreacted feed up to the required specification and feed purification are the main reasons for the need of separators. The separation stage comes either prior or after the reaction stages in which the products are separated and purified. In this section, few separation technique alternatives will be analyzed based on the separation train sequence using Heuristic guidelines (Douglas 1988) approach. Then, the separation technique will then be selected with some justifications. 4.2.2.1 Heuristic Approach for Separation System Synthesis In the conceptual design of chemical processes, the following decisions are made when considering the separation system of the process. a. Decision 1: Types of separators -



The type of suitable separators can be distillation, absorption and membrane. This decision depends on the type of the mixture whether the mixture is homogeneous or heterogeneous.



 Heterogeneous mixtures (all components in different phases) -



This case involves the exploitation of differences in certain physical properties such as density, molecular size, surface tension in order to perform the separation.
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This separation includes membrane separation, and filtration, gravity settler, and centrifugal separator, phase separation (flash drum) and flotation.  Homogeneous mixtures (all components in the same phase) -



This is where the mixtures are in single phase such as gas, liquid, or solid. The separation technique can be distillation (liquid mixture), extraction (solid and/or liquid mixture), and condensation (gas mixture), absorption (gas mixture) and adsorption (gas mixture).



b. Decision 2: Sequencing of separators -



This is usually for homogeneous mixtures. This shows how the separators are arranged.



c. Decision 3: Operating conditions -



The important operating conditions in the separation system are temperature, pressure, concentration and addition of extra components.



Figure 12 Possible Sequencing of Separators



4.2.2.2 Separation System of Formalin Plant Based on the heuristic approach for the choice of separators above, the separation system in this plant is absorption since the mixture homogeneous. Absorption is the most common alternative to distillation for the separation of lowmolecular weight materials. This separation involves the contact of a gas mixture with a 49



liquid solvent which preferentially dissolves one or more components of the gas. The absorption process requires an extraneous material to be introduced into the process to act as liquid solvent. There are important variables such as liquid flow rate, temperature, and pressure which are set. The formaldehyde and methanol are removed from the gas stream by absorption in the aqueous solution. The unabsorbed gases and vapours exit at the top of the absorber column. A portion of this gas is recycled and the remaining gas is vented. The figure below shows the Absorption separation of the formalin plant.



Figure 13 Separation System in Formaldehyde Plant



4.3 Process Screening Formaldehyde was first produced in the United States in 1901 which is used as an embalming agent and disinfectant. Nowadays, it become a commercial and highlydemanded chemical. Formaldehyde is available in several different forms to fit user‟s needs. The most commonly produced is the aqueous form of formaldehyde, often called as formalin. It is available containing 37 to 50 percent formaldehyde by weight. These solutions may contain 6 to 15 percent stabilizer, usually methanol to prevent polymerization. Formaldehyde is manufactured commercially from methanol and air by using metal catalyst or metal oxide catalyst. Reactor feed to former is on the methanol-rich side of a 50



flammable mixture and virtually complete reaction of oxygen is obtained, conversely, feed to metal oxide catalyst is lean in methanol and almost complete conversion of methanol is achieved. Two types of catalysts that are currently used for methanol oxidation: (i)



Iron Molybdenum oxide catalyst



(ii)



Silver or copper catalyst



Silver catalyst process is the predominant process, accounting for 75 percent of formaldehyde manufactured while metal oxide process accounts for the remaining 25 percent. However, a new approach which is direct catalytic conversion of biogas methane to form formaldehyde has been tested experimentally. This method utilized organic solid waste such as cattle waste to generate biogas and methane gas. After purification of methane gas, a direct conversion of methane to formaldehyde is achieved. 4.3.1 Metal Oxide Catalyst Process (Iron-Molybdenum Oxide Catalyst) The metal oxide catalyst process is licensed in the United States by Reichhold and Lummus. In this process, Iron Molybdenum oxide catalyst is employed in this selective oxidation process for best efficiency. Unreacted methanol content in formaldehyde ranges between 0.5 -1.0 percent in this case. Besides, the reactant mixture is rich in air and containing only 5 to 10 volume percent of methanol gas. The reason specific ratio of methanol and air is feed in reactor is if the methanol-air ratio is between 7.5 and 35, it produces an explosive mixture. In case of iron molybdenum oxide catalyst this ratio is less than 7.5 therefore less methanol is used in this process. So, this catalyst is more economical to use. A typical metal oxide catalyst has an effective life of 12 to 18 months. Compared to silver catalyst, it is much more tolerant to trace contamination. It requires less frequent change-outs but a longer down time for each replacement. 4.3.2 Silver Catalyst Process In the silver catalyst process, a methanol-rich air mixture is passed over a stationary silver catalyst. Reaction conditions are approximately atmospheric pressure and temperature of 450



to 650 . The product gases are cooled and absorbed in water.



Excess methanol is removed by distillation and returned to the process. In this case, the unreacted methanol content in formaldehyde ranges between 4% and 7%. Since, methanol and air ratio exceed 35% so large amount of methanol is used in process. Besides, silver catalyst poisons very rapidly by the traces of transition group metal and 51



by sulphur and no reactivation of catalyst is possible. It has useful lifespan of 3 to 8 months. By using silver catalyst, by-products such as carbon monoxide and dioxide, methyl formate and formic acid will be produced. In addition, there are also physical losses, liquid phase reactions, and small quantity of methanol in the product, resulting in an overall plant yield of about 83 to 92 percent. 4.3.3 Biogas/Methane gas Process Conversion of Methane gas into Formaldehyde is one of the many processes that is available out there. This process uses methane gas, whether it a biogas or natural gas, to produce formaldehyde. As with other processes, this process uses various catalysts to improve the conversion rate. Among the catalysts that are usually used are Silicon Dioxide and combination of Silicon Dioxide with other metal oxides such as Vanadium Oxide. This process is usually conducted in the range of 400℃ to 850℃ and pressure of up to 15 atm. 4.4 Alternative Routes Selection 4.4.1 Route 1: Metal Oxide Catalyst Process In the metal oxide catalyst process, the major products are formaldehyde and water. The catalyst system most often used is iron molybdenum. The process begins as incoming air, which has been scrubbed to remove dust and trace impurities. The scrubbed air is then mixed with oxygen-lean recycle gas from the process to lower the oxygen content of the air feed stream to below 10.9 percent. This low oxygen content keeps the methanol concentration below the lower explosive limit when a portion of the air feed stream is saturated with methanol in the vaporizer column. The methanolsaturated air is then mixed with the remaining air and preheated by heat exchange with the product gas leaving the converter. The feed gas mixture then enters the converter, which is maintained at 345



by the exothermic oxidation reaction.



The heat released form the product gas is cooled by heat exchange with the feed gas mixture and then quenched in the absorber column. The formaldehyde and methanol are removed from the gas stream by absorption in the aqueous solution. The unabsorbed gases and vapors exit at the top of the absorber column. A portion of this gas is recycled, and the remaining gas is vented. The solution generally is treated in an ion exchange 52



system to reduce the acidity and is then stored. As a final step, water is added to provide suitable concentration for storage and shipping. Process yields of 91 to 93 percent are reported for the metal oxide catalyst process. Figure below presents the basic operations that is being used in a metal oxide catalyst process. Actual flow diagrams for production facilities will vary.



Tail gas
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Water Absorption Column
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Ion Exchange Unit



Figure 14 Block Diagram for Metal Oxide Process



4.4.2 Route 2: Silver Catalyst Process The major products of the silver catalyst process are formaldehyde, hydrogen and water. Firstly, the compressed air is being scrubbed to remove traces of sulfur dioxide, hydrogen sulfide and other impurities. The scrubbed air is the passed through a vaporizer column, where it is heated and saturated with methanol vapor. The heated stream must maintain a methanol concentration greater than 37 volume percent in order to be above the upper explosive limit of methanol. The mixture is then enters a battery of converters that are maintained at a temperature of approximately 635 . The hot effluent gases are
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cooled rapidly to prevent decomposition of the product formaldehyde. Two simultaneous chemical reaction involved in the reactor:



The first exothermic reaction produces around 50% - 60% of the total formed formaldehyde. The rest is formed by the second endothermic reaction. Cooling is accomplished by indirect heat interchange with the feed mixture in the vaporizer and by then introducing the gas into the primary absorber. The primary absorber liquid is an aqueous solution of formaldehyde and methanol. A portion of this liquid is withdrawn from the bottom of the absorber column and recirculated to the top. The remainder is pumped to the product fractional column. The uncondensed vapors and non-condensable gases are withdrawn from the top of the primary absorber column and fed to a secondary absorber. The major portion of the uncondensed vapors is recovered in the secondary absorber column through contact with demineralized water. The weak formaldehyde solution is withdrawn from the bottom of the secondary absorber column is pumped to the primary absorber column and used as makeup solution. The methanol-containing formaldehyde solution is pumped to a fractional column, where methanol is recovered. This vacuum distillation steps yield an overhead product of approximately 99 percent methanol for recycle to the reactor and a bottom product of formaldehyde solution containing less than 1 percent methanol. The methanol vapor from the top of the column is condensed and recycled to the vaporizer. The formaldehyde solution form the bottom of the fractional column is pumped to product storage tanks. When required by customer specifications, the solution is treated in an ion exchange system for removal of trace amounts of formic acid before being stored. Figure below presents the basic operations that is being used in a silver catalyst process. Actual flow diagrams for production facilities will vary.
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Figure 15 Block Diagram for Silver Catalyst Process



4.4.3 Route 3: Biogas/Methane gas Process Common Procedural Route: 1. Preparation of Feed (Methane Gas) a. From Natural Gas i.



Natural gas contains mainly methane with 5-10% of Ethane. Separation of ethane must be conducted.



ii.



Ethane can be converted into formaldehyde by other processes.



b. Biogas i.



Commonly prepared using cow dung or other manure.



ii.



Prepare manure as water slurry and run it through anaerobic digester to produce methane gas, carbon dioxide and water.



iii.



The product stream is then purified using 40% KOH Solution to achieve maximum purity methane stream. (This step must be done at least 3 times).



2. Preparation of Catalysts a. Metal oxides are prepared with wet impregnation method: Dissolving metal nitrates into distilled water. Mixture heated at



for 4 hours and left to cool



for 15 hours. b. It is then dried at c. Calcination was done at



for 12 hours. for 3 hours.



d. Steps a-b is repeated for other catalysts. 3. Process Set-up a. Pass prepared feed into reactor bed containing catalyst. b. Catalysts must be secured in place to prevent displacement. Best to use glass wool at the sides of the catalyst bed. c.



Temperature must be maintained to achieve maximum conversion rate. 55



d. Different Catalysts at different temperature produces different conversion.
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Figure 17 Block Diagram for Production of Formaldehyde from the methane gas



4.4.4 Economic Evaluation The economic evaluation is a necessary step to analyze which process will yield the most profit and is more economically viable. Assumptions have been as shown in below: (i)



Based on 100% conversion.



(ii)



Analysis was done based on the overall chemical equations.



(iii)



All the byproducts are not take into consideration of selling.



Component



Molecular weight



Formula



Methanol



32.04



410



Water



18



-



Hydrogen



1.01



-



Oxygen



32



-



Organic Waste



-



Formaldehyde



30.03



-



Price ($/MT)



450



Table 9 Molecular Weight and price of components



4.4.4.1 Economic Potential 1(EP 1) The EP 1 is done to analyse the potential and preliminary profitability of the formaldehyde production. EP 1 is done for the three respective process routes and compared. The EP 1 considers the cost of product deducted with the raw materials for the process.



Economic Potential 1: Metal Oxide /Formox Process Table 10 Gross Profit for Metal Oxide Process



Reactants



57



Products



Overall Chemical Equation Mole



1



0.5



1



1



Molecular weight



32.04



32



30.03



18



Weight Weight/Weight formaldehyde Price of component ($/MT) Gross profits ($)



32.04



16



30.03



18



1.07



0.53



1



0.60



-438.7



-



450



-



11.30 $



Economic Potential 1: Silver Catalyst Process Table 11 Gross Profit for Silver Catalyst Process



Reactants



Products



Oxidative Chemical Equation Mole



1



0.5



1



1



Molecular weight



32.04



32



30.03



18



Weight Weight/Weight formaldehyde Price of component ($/MT) Yield



32.04



16



30.03



18



1.07



0.53



1



0.60



-438.7



-



450



-



60% from oxidative reaction 11.30 x 0.6 = 6.78 $



Gross profits ($) Reactants



Products



Non-Oxidative Chemical Equation Mole



1



1



1



Molecular weight



32.04



30.03



1.01



Weight Weight/Weight formaldehyde Price of component ($/MT) Yield



32.04



30.03



1.01



1.07



1



0.03



-438.7



450



-



40% from non-oxidative reaction 11.30 x 0.4 = 4.52 $



Gross profits ($) 58



Economic Potential 1: Biogas/Methane gas Process No economic potential can be evaluated as this process is still in research stage. It has not been commercialized as one of the formaldehyde production process in the industry. Justification: Based on the economic potential 1, silver catalyst and metal oxide process have the same gross profit. This is due to the similar oxidation chemical reaction in both process. Although silver catalyst process undergoes non-oxidative dehydrogenation reaction, but this reaction doesn‟t bring any significant difference in the gross profit calculation (shown in the calculation above). Hence, other factors has to be justified to choose the appropriate process route in the future study. 4.4.5 Advantages and Disadvantages of Respective Process Routes Since, economic potential 1 cannot give a clear and distinct justification of the process route selections, advantages and disadvantages of the each process routes are being studied. One process synthesis route maybe preferable over another because of the advantages that it offers and how these advantages are applicable for the production of the desired product. Each technology can perform better under its own set of specifications and parameters depending on the set limitations of each one. Table below shows the advantages and disadvantages of each process used in formaldehyde production. Table 12 Advantages and Disadvantages for Respective Process Routes



Process Routes



Advantages



Disadvantages



Metal Oxide Process



- Process yield : 91 – 93% - Larger equipment is - Product contains only required for high yield. small amount of - Space consuming. methanol - Further purification by distillation is not required. - Lower methanol-air ratio (Less raw material is required) - Longer catalyst lifespan



Silver Catalyst Process



- Process yield : 83 – 92% - Less space consuming.
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- Products contain excess methanol and further purification is required by using distillation



-



Biogas/Methane Process



gas - Green energy. - Low initial cost.



process. Large amount is needed in the process. Formation of undesired by-products. Short catalyst lifespan. Silver catalyst can be poisoned easily with the presence of sulphur or transition metal.



- Still in research phase. - Highest yield: 3.18% with catalyst



From the table above, metal oxide catalyst process is chosen due to several factors: -



Higher yield compared to silver catalyst process.



-



Further purification is not required by distillation (less operating cost).



-



Lower methanol consumption (lower raw material cost).



-



Longer catalyst life span up to one year (lower maintenance cost).
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CHAPTER 5: HEAT INTEGRATION The heat integration and energy optimization of the process is being carried out in order to recover as much heat as possible and reduce utility cost. First of all, all the streams data were extracted from the process flow diagram. Important information such as the change in temperature, heat capacities and flow rate were determined using Aspen HYSYS 8.4 software. 5.1 Stream Identification Stream is defined as any flow which is required to be heated or cooled without any changes in composition and flow rate. In a basic heat exchanger network synthesis problem, the following information is required in order to calculate the heating and cooling requirement. •



set of hot and cold streams



•



flow rate of individual stream



•



inlet temperature and outlet temperature of individual stream



•



heat capacity of individual stream



The following table defines all the properties of individual hot and cold stream available in the process: 5.2 Pinch Design Analysis Pinch design analysis is a method used to solve and design the heat exchanger network that require the usage of minimum utility based on the minimum temperature difference determined by user. In the analysis of the process streams, the construction of 61



composite curves, table algorithm and grand composite curve are significant to gain an insight on the amount of energy that is able to be recovered and the minimum amount of utility required. For this process, the minimum temperature difference is set to be 10 C. 5.2.1 Temperature Cascade Table From the corrected temperature for cold and hot stream, temperature cascade table is generated and heat cascade is build up to find the pinch temperature as well as minimum hot and cold utilities. Shift Interval Temperature °C 355 1 105 2 60.64 3 37.53 4 30.04 5 5



T(i+1)-Ti



mCpnet



dH



°C



kW/K



kW



250



-13.6926



-3423.1581 demand



44.36



-29.1275



-1292.0973 demand



23.11



86.8142



2006.277



surplus



7.49



100.5069



752.7965



surplus



25.04



115.9418



Infeasible Cascade



Feasible Cascade



▼ -3423.16 ▼ -1292.1 ▼ 2006.277 ▼ 752.7965 ▼ 2903.182 ▼



▼ -3423.158 ▼ -1292.097 ▼ 2006.277 ▼ 752.7965 ▼ 2903.182 ▼



PINCH



2903.1819 surplus



0 -3423.2 -4715.3 -2709 -1956.2 947



4715.3 1292.1 0 2006.3 2759.1 5662.3



Figure 18: Cascade Table



Hot Pinch Cold Pinch Min Hot Utility Min Cold Utility



65.64 °C 55.64 °C 4715.26 kW 5662.26 kW



5.2.2 Composite Curve The grand composite curve is obtained by plotting the problem table algorithm. It shows the heat flow through the process against temperature. It should be noted that the temperature plotted here is the shifted temperature. Below is the Grand Composite Curve
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Heating Water, No heat recovery



Cooling water



Figure 19: Grand Composite Curve



The grand composite curve displays the net heat flow characteristics of a process versus its temperature. This allows us to quickly identify regions where heating and cooling utilities is required. Furthermore, it also give us the information on the heat generated and heat sink.
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Pinch temperature at 60.64oC



Figure 20:Combined Composite Curve



5.2.3 Heat Exchanger Network To pair two streams, Maximum Energy Recovery (MER) methods are required to be applied. Below are guideline on how to pair the cold and hot stream: •



For area above pinch , Cpc > Cph



•



For area below pinch, Cph > Cpc



Besides, there are three rules of thumb that we need to take in consideration during designing heat exchanger network: •



Do not transfer heat across the pinch
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•



Do not use cold utilities above the pinch



•



Do not use hot utilities below the pinch Heat Exchanger Network Diagram in figure below shows how the heat transfers



operations. Hot streams run from the left to the right. Cold streams run from right to the left. A heat exchanger transferring heat between the cold and hot streams are indicated by a vertical line connecting two circles on the two matched streams. Grid Diagram Interval



1



2



3



4



5



● |



5



30.04 | |



37.53 |



▼



|



●



HOT



|



115.9417685



|



6451



|



3



685kW |



COLD



60.64



13.69263237



|



4347



|



2



●



COLD



|



15.43489861



|



1157



105



1



▲



Shifted Temp (°C)



|



mCp (kW/K)



|



Heat Flow (kW)



▲



Stream Name



355



PINCH



4979kW From the results, the stream matching is between hot stream 3 and cold stream 1. The pairing is according above rule. The diagram above shows the cooling utility is needed and only one heat exchanger is needed to cool the hot stream 3 with enthalpy of 472 kW.
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CHAPTER 6: CONCLUSION AND RECOMMENDATION 6.1 Conclusion In conclusion, the formaldehyde production is a reliable process since the chemical plant has high availability and flexibility with dependable safety structures and troubleshooting systems. With reliable process using metal oxide catalyst the conversion of methanol can reach up to 95 – 99% of conversion which is relatively efficient operation compared to other reactors using different catalysts or different setup However, there are new methods of producing formaldehyde using other material such as ethylene and methane from biomass source. Even though the outcome is promising but they are still in laboratory test which proven practically in small scale. To make breakthrough for industrial process it needs more convincing economic analysis On the side of safety and health concern for this plant, OSHA and FMA act will provide proper guidelines to set up for the plant which cover from the plant layout to the worker welfare. With strategic plant location and economic factors this plant is viable to be set up in Malaysia. 6.2 Recommendation There are few studies that have been proposed to increase the efficiency of oxidizing Methanol to formaldehyde. One of the are proposed by (Diakov & Varma, 2003) by comparing fixed bed reactor which commercially used to packed bed membrane reactor performance for methanol oxidative dehydrogenation reaction network. Some parameters are fixed including the catalyst. The founding was it lead to the conclusion that for optimum yield of formaldehyde PBMR-O > FBR > PBMR-M Other than that, (Dias, Rozanov, Waerenborgh, & Portela, 2008) did some enhancement for the catalyst in adding silica to support the catalyst for methanol oxidation. The prepared catalysts displayed high selectivity towards formaldehyde, both for low and high methanol conversions. The presence of heteromolybdates, which 66



consists of phosphorus, perhaps causes the catalyst to give positive results. Also this research was done in fluidized bed reactors which it is viable to be used in the current industrial processes.
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