
 

University Of Al- Qadisiya 

College Of Engineering 

Chemical Engineering 

Department 

 

 

Production Of 
 Methyl Methacrylate 

 
A Project Submitted To The College Of Engineering Of  

Al- Qadisiya University 
 

In Partial Fulfillment Of The Requirements For The Degree Of 
Bachelor Of Science In Chemical Engineering 

By 

Mohammed rahman  
murtada jussm 

 
  

Supervisor Prof : Mohammed A. Mottar 

 

 

 

 

 



 

الرحيمبسم   الرحمن اهللا  

 
 

  وَأَمَّا َما  فـَأَمَّا الزََّبُد فََيْذَهُب ُجفـَاءً (

 )اْألَْرض ِفييَنفَُع النـَّاَس فََيْمُكُث  

  

  العظيم العلي اهللاصدق  

 
 (الرعد: ) ١٧

 

 

 

 

 

 

 



Dedication 
 
 

The beginning, "Thank Allah for the completion of this project and ask 

Allah Almighty to benefit him,  

and then dedicate this search modest to our families and loved ones and 

to all who support us and helped  

us to complete this project of professors and singled them  

Prof. Mohammed A. Mottar , Dr. salih A. salih, and 

Mr. Husham M. Majeed  

and the rest of esteemed professors who provided us with information 

and especially eng. Zahraa .naja We appreciate their efforts so 

and them sincerely with the thanks and appreciation of us. 

 

 

 

 

 

 

 

 

 

 

 



 

Acknowledgment 

 

 

 

To all those people who 

inspired us that we met in 

college of engineering 

We thank you 
 

 

 

 

 

 

 

 

 



CONCLUSION 

 

Methyl Methacrylate Process  Description Methyl methacrylate 

(MMA) 

 is the most important ester of methacrylic acid. It can be homo- and 

copolymerised to produce acrylic resins with good strength, 

transparency and with excellent weather resistance The first 

commercial process for making MMA (1930's), the acetone 

cyanohydrin route. remains the predominant process in use today In the 

acetone cyanohydrin route, acetone cyanohydrin reacts with sulfuric 

acid at low temperature to produce the sulfuric mo ester of 2-hydroxy-

2-methyl-propionamide, 

 which forms methacrylamide  sulphate after exposure to higher 

temperatures (100 l 40°C). The liquid phase is maintained by using an 

excess of 0.2 0.7 moles of 100% sulfuric acid The first step of the 

reaction is strongly exothermic while the rearrangement of the sulfuric 

ester is endothermic During the synthesis of methacrylamide,  

a portion of the acetone cyanohydrin decomposes to carbon monoxide 

during the first part of the reaction. Additionally other by-products are 

formed and react due to the strength of the acid and high temperature in 

the second step. About 92 94% of the acetone cyanohydrin is converted 

to useful products and 6 8% is consumed in the formation of organic 

by-products (acetone, acetone sulphonates olygomers, polymers, 

others) Methacrylamide sulphate is esterified with a mixture of water 

and methanol to form MMA and an aqueous solution of ammonium 

sulphate, sulfuric acid and the organic by-products. 

 The ammonium hydrogensulphate is an unavoidable by-product of the 

reaction cal Report No. 
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1.introdiction 

Monomer 

The microbial molecule fromo which the polymer molecule is built is 

called a monomer (a single molecule) and is called a process The 

association of these simplel molecules with each other by 

polymerization, the monomer is a simple chemical compound with 

molecular weight The molecule of this compound is characterized by a 

special structure that can be. activated with another molecule of the 

same type 

Molecule of another compound and under conditions suitable for 

polymer chainm coupling. 

 

Natural monomers 

 

Amino acids are natural monomers that polymerize at ribosomes to 

form proteins. Nucleotides, monomers found in the cell nucleus, 

polymerize to form nucleic acids – DNA and RNA. Glucose monomers 

can polymerize to 

form starches, glycogen or cellulose; xylose monomers can polymerise 

to form xylan; In all these cases and is thus not pliable, 

a hydrogen atom and a hydroxyl (-OH) group are lost to form H2O, and 

an oxygen atom links each monomer unit. Due to the formation 

of water as oneo of the products, these reactions are known as 

dehydration. 

Isoprene is a naturalp monomer and polymerizes to form natural 

rubber, most often cis-1,4-polyisoprene, but also trans-1,4-polymer 

 

 



 

Monomer  

 Vinylimidazol-1   

Sec-butyllithium-monomer 
  

  Trimethylhexamethylenediamine.png-2,2,4   

   Methyloxazoline Monomer-2   

Acetylene Monomer  
   

  monomer-trifluoride-Aluminium     

  Bicyclic bislactone     

methyl methacrylate   

 -monomer-hypersilanide-Diethylaluminium   

Hydroxyethylmethacrylate  
  
 

fluoroacrylate-Methyl 2    
Propylene monomer & Polypropylene repeat unit  

  

  
Tetramethyldisiloxane Monomer  

Trimethylolpropane triacrylate  

Table 1.1 shows some commonly used monomer 



1  Methyl methacrylate 

Methylmethacrylate is an organic compound with 

the formulak CH2=C(CH3)COOCH3. This colourless liquid, the 

methyl ester of methacrylic acid (MAA) is a monomer produced on a 

large scale for the productiono of poly(methyl methacrylate) (PMMA). 

 moreover  Methyl methacrylate is a widely used chemical which 

readily polymerises if not properly 

controlled by inhibitorsm and/or storage conditions . It is primarily used 

in the manufacturing of 

polymethyl methacrylate thermoplastic polymers (PMMA) which are 

used in manyj 

applications such as cast and extruded sheet, resins for injection 

moulding and extrusion. 

Methyl methacrylate polymers and copolymers are also used in surface 

coatinmgs (solvent- 

and emulsion-based), adhesives, polymer concrete and embedding 

materials  

 
 

 

 
Molecular structure and chemical formula Form (1-1) for Methyl 

methacrylate 
 



1.1.1Chemical Identity 
 

Name: 

Methyl-methacrylate 

 

Brand names: 
Norsocryl ® MMA 

 

Chemical name (IUPA): 
methyl 2-methylprop-2-enoate 

 

CAS number: 
6-62-80 

 

EC number: 
1-297-201 

 

Molecular formula: 
  C5H8O2 

 

Relative molecular mass: 

100.12 

 

3. Chemical properties of the pure substance 
 

(a) Description: Colourless liquid (CYRO Industries, 1987), with a 

fruity, pungent 

odour (American Conference of Governmental Industrial Hygienists, 

1991) 

 

(b) Boiling-point: 100-101 °C (Lide, 1991) 

 

(c) Meltng-point: -48 °C (Lide, 1991) 



 

(d) Density: 0.9440 at 20 °C/4 °C (Lide, 1991) 

 

(e) Spectroscopy data: Infrared (2226), ultraviolet, nucIear magnetic 

resonance and 

mass spectral data have been reported (Sadtler Research Laboratories, 

1991; US 

National Library of Medicine, 1993a). 

 

(f)Solubilty: Slightly soluble in water (1.6 gllOO ml at 20 °C), 

glycerine and ethylene 

glycol (CYRO Industries, 1987; Bauer, 1990); soluble in acetone, 

diethyl ether and ethanol 

(g)Volatility: Vapour pressure, 3.87 kPa at 20°C (Ba uer, 1990; Rohm 

& Haas Co., 

1993); relative vapour density (air = 1),3.45 (Verschueren, 1983) 

 

(h) Stability: Highly inflammable vapours (Mannsville Chemical 

Products Corp., 1987); 

lower explosive limit, 2.1 voL. % in air (CYRO Industries, 1987) 

 

(i) Reactivity: Monomer can be polymerized by light, heat, oxygen or 

ionizing radiation 

and by benzoyl peroxide (American Conference of Governmental 

Industrial 

Hygienists, 1991) 

0') Octanol-water partition coeffcient (P): log P, 1.38 (Sangster, 1989) 

 

(k) Conversion factor: mg/m3 = 4.1 xppma 

 

 



Physical Properties 

 

 The chemical formula for methyl methacrylate is C5H8O2, and it 

has a molecular weight of 100.1 g/mol. 

 Methyl methacrylate is a colorless, volatile, flammable liquid that 

is soluble in warm water. 

 Methyl methacrylate has an acrid, repulsive odor with an odor 

threshold of 0.08 parts per million (ppm) 

(mg/m ).  

 The vapor pressure for methyl methacrylate is 29.3 mm Hg at 20 

°C, and it has a log octanol/water 

 partition coefficient (log Kow) of 0.79. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



5.Uses of MMA 

 

Methacrylic Monomers 

The chemical family of methacrylates wasg discovered in the 19th 

Century. The methacrylates polymerize easily and the range of 

monomers is used in a number of industries by polymer chemists to 

design poilymers with a broad range of beneficial features: stability, 

durability, hardness and scratch resistanceg for example. Today 

over 6.57 billion pounds per year of Methacrylic monomers are used 

worldwide on all continentsgg. (CEH, 2012) 

 

Methacrylates in Electronics and Computers 

Methacrylate monomers are widely used in the electronics and 

computer industries to produce h reliable products we use every day. In 

fact, if you are viewing our website on a flat screen monitor chances 

are that it is made with Methacrylics just as the flat screen television in 

your home. DVD, compactbb discs and laser discs are all manufactured 

from polymers made with Methacrylic monomers. Methacrylates are 

widely used in printedrf circuit board coatings (conformal coatings) 

providing them with increasedff resistance to attack, thereby 

prolonging their service life. 

 

Methacrylates in Medical and Dental Applications 

Methacrylate polymers are used extensively in medical and dental 

applications where purityv and stability are critical to performance. 

Methacrylate polymers are used in the manufacture of a wide range of 

medical equipment including intrnavenous (i.v.) tubing connectors, 

medical pump and filter housings, and heart valves, hyperbaric 



chambers and baby incubators and even artificial eye balls, to name but 

a few. Methacrylate polymers are also used to make artificial teeth in 

an industrial process, and by dental technicians in the manufacture of 

dentures, bridges and dental prosthetics. Methacrylate monomers are 

also used in the cements used during hip replacements and in the white 

dental fillings. The world of methacrylates continues to expand in the 

medical field with drug releasing coatings growing in importance. 

 

Methacrylates in Paints and other Surface Coatings 

Most types of acrylic paint contain one or more of the methacrylatei 

products. This includes residential, commercial and industrial paints 

ask well as powder coatings. The properties of the Methacrylic 

monomers allow coating polymer manufacturers to design end use 

coatings that can be applied with reduced emissionsx of volatile 

organic compounds (VOCs) that play a role in formation of smog. The 

methacrylic monomers allow paints and coatings to be made and easily 

applied while producing a long durable protective surface coating that 

will be long lasting as it is highly resilient to weather, sunlight and 

other factors that can cause failure of other types of coatings. This 

durable property is important in all applicatiovns but can be critical in 

some such as for roadway marking paints. 

Methacrylates in Acrylic Cast and Extruded Sheets 

Polymethylmethacrylate (PMMA) sheets are manufactured in a 

castinga or extrusion process to form shatter resistant clear and colored 

sheets for building windows, skylights, bus shelters, bullet proof 

security barriers, signs, retail displays and many other applications. 

PMMA may also bae used with a mineral filler to make artificial 

marble for kitchen and bath countertopsd or other architectural 

applications. 



Methacrylates in Acrylic Resin 

Polymethylmethacrylate is also made in beads or pellets that can bedd 

molded into many other end use products such ase taillights and 

instrument clustersd for cars and trucks. In your home you may find 

that the knobs on the faucets of sinks for on many of yourdd appliances 

are made with PMMA. PMMA resin is molded into contact lenses and 

lenses for eyeglasses and sunglassesxz. It is used to make light lenses 

for commercial buildings and for the lenses used on airport landing 

lightsqw. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 



Health Hazard Information 
 
 In 1994, the Health Council published already an advice on this 

compound, and recommended on an HBR-OEL. About ten years later, 

in 2005, 

the Scientific Committee on Occupational Exposure Limits (SCOEL). 

Acute Effects: 

Methyl methacrylate is irritating to the skin, eyes, and mucous 

membranes in humans. An allergic 

response to dermal exposure may develop.  

Respiratory symptoms reported in humans include chest tightness, 

dyspnea, coughing, wheezing, and 

reduced peak flow. Neurological symptoms, including headache, 

lethargy, lightheadedness, and sensation of heaviness in arms 

Neurological symptoms, including headache, lethargy, lightheadedness, 

and sensation of heaviness in arms 

and legs, have occurred in humans following acute exposure to methyl 

methacrylate. In mice and rats acutely exposed to high concentrations 

of methyl methacrylate by inhalation, degenerative 

olfactory changes in the nasal passages and lung damage have been 

observed. High doses of methyl 

methacrylate may cause pulmonary edema. Acute oral exposure of 

animals to methyl methacrylate has caused damage to the liver. Tests 

involving acute exposure of rats, mice, rabbits, and guinea pigs have 

demonstrated methyl methacrylate to have low to moderate acute 

toxicity by inhalation or oral exposure.  Chronic Effects (Noncancer): 

Respiratory and nasal symptoms and reduced lung function have been 

reported in chronically exposed workers.  

In one study, occupational exposure to high doses of methyl 

methacrylate was associated with cardiovascular disorders in humans.  

Chronic inhalation of methyl methacrylate by rats has resulted in 

respiratory effects (e.g., inflammation of the nasal cavity, 

degeneration/loss of olfactory epithelium in nasal turbinatees , and lung 



congestion). Chronic inhalation of high levels of methyl methacrylate 

has resulted in degenerative and necrotic changes in the liver, kidney, 

brain, spleen, and bone marrow, decreased body weight gain, 

listlessness, prostration, and ocular and nasal discharge in animals . 

EPA has calcul3 

ated a Reference Concentration (RfC) for methyl methacrylate of 0.7 

milligrams per cubic 

meter (mg/m ) based on respiratory effects in rats. The RfC is an 

estimate (with uncertainty spanning perhaps an order of magnitude) of 

a continuous inhalation exposure to the human population (including 

sensitive subgroups) that is likely to be without appreciable risk of 

deleterious noncancer effects during a lifetime. It is not a direct 

estimator of risk but rather a reference point to gauge the potential 

effects. At 

exposures increasingly greater than the RfC, the potential for adverse 

health effects increases. Lifetime exposure above the RfC does not 

imply that an adverse health effect would necessarily occur. EPA has 

medium to high confidence in the RfC based on: (1) high confidence in 

the principal study because 

it was a long-term inhalation study performed with large group sizes, 

with additional histopathological analyses, described effects to the 

target organ well, and identified a no observed adverse effect level 

(NOAEL) and lowest observed adverse effect level (LOAEL); and (2) 

medium to high confidence in the 

database because developmental studies were performed in two 

species, with effects observed only in 

offspring at levels more than 10-fold higher than the LOAEL for the 

critical effect, and no multigenerational reproductive studies are 

available. PA has calculated a Reference Dose (RfD) of 1.4 milligrams 

per kilogram body weight per day (mg/kg/d) 

based on no adverse effects in rats.  



EPA has low to medium confidence in the RfD based on: (1) low to 

medium confidence in the principal study because it was not conducted 

in accordance with Good Laboratory Practice and did not identify 

a LOAEL, and (2) low to medium confidence in the database because 

quantitative human subchronic or chronic studies are not available and 

although repeat exposure inhalation studies (including 

developmental, reproductive, and chronic studies) bolster the weak and 

dated oral database somewhat, no 

developmental or reproductive studies by the oral route are available 

and no multigenerational studies are 

available by any route of exposure.  
 

Reproductive/Developmental Effects: 
 

No adequate reproductive or developmental studies in humans are 

available. 

Inhalation exposure of rats to maternally-toxic levels of methyl 

methacrylate resulted in fetal abnormalities 

(hematomas and skeletal anomalies) and decreased fetal weight and 

crown-rump length.  

Cancer Risk: 

From a retrospective epidemiology study, a causal relationship between 

occupational exposure and 

increased incidences of colon and rectal cancers has been suggested; 

however, the causal relationship 

could not be established when relative accumulated total exposures and 

latency were considered.   

could not be established when relative accumulated total exposures and 

latency were considered.  

No carcinogenic effects were observed in several inhalation and oral 

animal studies.  

EPA considers methyl methacrylate not likely to be carcinogenic to 

humans. 



1. Production methods 

 

2.1 From propionaldehyde 
 

Ethylene is first hydroformylated to give propanal, which is then 

condensed with formaldehyde to produce methacrolein, The 

condensation is catalyzed by a secondary amine. Air oxidation of 

methacrolein to methacrylic acid completes the synthesis of the acid:[3] 

CH3CH2CHO + HCHO → CH2=C(CH3)–CHO + H2O 

CH2=CH(CH3)–CHO + O → CH2=C(CH3)–CO2H + H2O 

 

2.2 Methyl propionate routes 
 

The first stage involves carboalkoxylation of ethylene to produce methyl 

propionate (MeP):[6] 

C2H4 + CO + CH3OH → CH3CH2CO2CH3 

The first step in the process, the MeP synthesis reaction, is done in a 

continuous-stirred tank reactor under moderate conditions of 

temperature and pressure using proprietary agitation and gas-liquid 

mixing arrangement. 

In a second set of reactions, MeP is condense with formaldehyde in a 

single heterogeneous reaction step to form MMA:[7] 

CH3CH2CO2CH3 + CH2O → CH3(CH2)CCO2CH3 + H2O 

The reaction of MeP and formaldehyde takes place over a fixed bed of 

catalyst. This catalyst, caesium oxide on silica, achieves good selectivity 

to MMA from MeP. The formation of a small amount of heavy, 

relatively involatile compounds poisons the catalyst. The coke is easily 

removed and catalyst activity and selectivity restored by controlled, in-



situ regeneration. The reactor product stream is separated in a primary 

distillation so that a crude MMA product stream, free from water, MeP 

and formaldehyde, is produced. Unreacted MeP and water are recycled 

via the formaldehyde dehydration process. Pure MMA (>99.9%) is 

produced from the crude MMA in a series of vacuum distillations and 

separations. In all cases, the separated streams are returned to the 

process; there is only one (small) heavy ester purge stream. This is 

readily disposed of in a thermal oxidizer with heat recovered for use in 

the process. 

In the fourth quarter of 2008, Lucite international commissioned its ‘first 

in class’ Alpha MMA plant based on Jurong Island in Singapore. This 

process plant is 30-40% cheaper to build and run than conventional 

systems, produces virtually no waste and the feedstocks can even be 

made from biomass 

 

2.3 From isobutyric acid 
 

As developed by Atochem and Röhm, isobutyric acid is produced 

by hydrocarboxylation of propene, using HF as a catalyst: 

CH2=CHCH3 + CO + H2O → (CH3)2CHCO2H 

Oxidative dehydrogenation of the isobutyric acid yields methacrylic 

acid. Metal oxides catalyse this process:[3]  

(CH3)2CHCO2H + O → CH2=C(CH3)CO2H + H2O 

 

2.4 Methyl acetylene (propyne) process 
 

Using Reppe chemistry, methyl acetylene is converted to MMA. As 

developed by Shell, this process produces MMA in one step reaction 



with 99% yield with a catalyst derived from palladium acetate, 

phosphine ligands, and Bronsted acids as catalyst:[3] 

CH≡CCH3 + CO + CH3OH → CH2=C(CH3)CO2CH3 

 

2.5 Isobutylene route 
 

The reactions by the direct oxidation method consist of two-step 

oxidation of isobutylene or TBA with air to produce methacrylic acid 

and esterification by methanol to produce MMA.[3] 

CH2=C–(CH3)2 (or (CH3)3C–OH) + O2 → CH2=C(CH3)–CHO + H2O 

CH2=C(CH3)–CHO +  1⁄2 O2 → CH2=C(CH3)–COOH 

CH2=C(CH3)–COOH + CH3OH → CH2=C(CH3)–COOCH3 + H2O 

 

2.6 Methacrylonitrile (MAN) process 
 

MAN can be produced by ammoxidation from isobutylene. This step is 

analogous to the industrial route to acrylonitrile, a related commodity 

chemical. 

(CH3)2C=CH2 + NH3 +  3⁄2 O2 → CH2=C(CH3)CN + 4 H2O 

MAN can be hydrated by sulfuric acid to methacrylamide: 

CH2=C(CH3)CN + H2SO4 + H2O → CH2=C(CH3)–CONH2·H2SO4 

CH2=C(CH3)–CONH·H2SO4 + CH3OH → CH2=C(CH3)COOCH3 + 

NH4HSO4 

Mitsubishi Gas Chemicals proposed that MAN can be hydrated to meth 

acrylamide  without using sulfuric acid and is then esterified to obtain 

MMA by methyl formate.[3] 

CH2=C(CH3)CN + H2O → CH2=C(CH3)–CONH2 

CH2=C(CH3)–CONH2 + HCOOCH3 → CH2=C(CH3)COOCH3 + 

HCONH2 



HCONH2 → NH3 + CO 

 

2.7** Esterification of methacrolein 
 

Asahi Chemical developed a new process based on direct oxidative 

esterification of methacrolein, which does not produce by-products such 

as ammonium bisulfate. The raw material is tert-butanol, as in the direct 

oxidation method. In the first step, methacrolein is produced in the same 

way as in the direct oxidation process by gas phase catalytic oxidation, 

is simultaneously oxidized and is esterified in liquid methanol to get 

MMA directly.[3] 

CH2=C(CH3)–CHO + CH3OH +  1⁄2 O2 → CH2=C(CH3)–COOCH3 + 

H2O 

 

2.8 Escambia process 
 

A process using isobutylene as a raw material has been commercially 

employed by Escambia Co. for a short period of time. Isobutylene is 

oxidized to provide α-hydroxy isobutyric acid by using N2O4 and nitric 

acid at a low temperature of 5–10 °C in liquid phase. After 

esterification and dehydration MMA is obtained. However, this process 

does not seem to be economically favorable because the yield is not 

sufficient and there are some problems such that large amounts of nitric 

acid and NOx should be handled. In addition, an explosion accident 

happened during the operation in the plant. Therefore, this production 

was stopped in 1965 

 

 

 



The selected method of production 

The reason for the production process 

And its advantages 

The process of production or method of producing material (MMA) of 
material (MAL) is very important methods It is very desirable to 
produce methyl methacrylate, where this process is as simple as 
possible, cost effective and protects the environment. Methyl 
methacrylate (MMA) is currently manufactured by several industrial 
methods, the main acetone is the cyanohydrin (ASH) road, using 
acetone and hydrogen cyanide as raw material via ash as the main 
intermediary. The intermediate Ash is then converted with sulfuric acid 
to the sulfate ester of methacrylamide, methanolisis which gives 
ammonium diphosphate and so on. Although widely used, the road Ash 
involved in the production of large amounts of ammonium sulphate, the 
treatment that incurs very high costs Because the ratio of toxic 
substances in this method is very high, it is not desirable The other 
processes, which are not based on an environmentally sound pathway, 
use the raw materials used in this context as raw materials, such as 
those based on C-4 compounds, eg isobutylene or tet-butanol, which 
are converted by a multitude of From the stages to the desired 
methacrylate derivatives And the former methods of producing high 
toxic substances such as ammonium dipritate, etc. In addition to 
environmental safety and complexity obstacles 

 

Therefore, the production of (MMA) of (MAL) is the best universe 

 Very toxic substances loss 
 Its plains are comparable to other operations 
 With relatively little cost 
 The conversion rate is very high and may reach 86-96.4 

 

 

 



method of production 

 

Esterification of methacrolein 
 

Asahi Chemical developed a new process based on direct oxidative 

esterification of methacrolein, which does not produce by-products such 

as ammonium bisulfate. The raw material is tert-butanol, as in the direct 

oxidation method. In the first step, methacrolein is produced in the same 

way as in the direct oxidation process by gas phase catalytic oxidation, 

is simultaneously oxidized and is esterified in liquid methanol to get 

MMA directly.[3] 

CH2=C(CH3)–CHO + CH3OH +  1⁄2 O2 → CH2=C(CH3)–COOCH3 + 

H2O 

 

This method of production relates to a continuous catalytic process for 

the production of methyl methacrylate, a process that involves the 

methachrolene-oxygen-methanol reaction step in the presence of a 

heterogeneous catalyst containing a noble metal in the oxidative 

oxidation reaction to give methyl methacrylate. The constant 

concentration of methachroline is equal to or less than 12% by weight 

on the basis of the total weight of the reaction mixture in the reactor, 

and the ratio F between the total volume of the fluid inside the reactor 

expressed in the divided by the total weight of the catalyst in the 

reactor expressed in kilograms equal to or less than 4 

 

 

 

 

 



Block diagram  

 

  

Components of Block Diagram  

(1) Reactor 

(2) Heat exchanger 

(3) Gas/liquid separator 

(4) Neutralization vessel, where the pH is adjusted to pH=5 to 9 

(5) Alternative or additional heat exchanger 



(6) Supply line for the gas phase comprising oxygen (11) 

(7) Supply line for liquid reactants (methanol and MAL) (13) 

(8) Supply line for mixing gas phase (11) with liquid reactants (13) 

(9) Line from reactor (A) to gas/liquid separator (C) and heat 

exchanger(B) 

(10) Output line for off-gas (14) from gas/liquid separator (C) 

(11) Line from gas/liquid separator (C) to neutralization vessel (D) 

(12) Supply Line for basic solution (12) into neutralization vessel (D) 

(13) Recycling line for sending back a part of the reaction mixture with 

adjusted pH to the reactor (A) via line (3) under mixing with gas phase     

-11- , which is supplied via line (1) 

(14)Output line for the MMA containing liquid phase (15) for 

purification 

(15) Gas phase comprising oxygen 

(16) Basic solution 

(17) Liquid reactants (methanol and MAL) 

(18) Off-gas 

(19) MMA containing liquid phase (20) Recycling line for sending part 

of the oxygen-containing gas back to the oxygen-containing gas supply 

 

Requirements for manufacturing process 

(1) Catalytic continuous process for producing methyl methacrylate 

comprising the step of reacting methacrolein with oxygen and methanol 

in the presence of a heterogeneous noble-metal-containing catalyst in 

an oxidative esterification reaction, characterized in that 



(a) the stationary concentration of methacrolein is equal to or less than 

15 % by weight based on the total weight of the reaction mixture in the 

reactor, and (b) the ratio F, between the total liquid volume within the 

reactor expressed in litres divided by the total weight of catalyst in the 

reactor expressed in kilograms, is equal to or less than 4 L/kg. 

(2) The catalytic continuous process according to claim 1,characterized 

in that the stationary concentration of methacrolein in the production 

process system is less than 12 % by weight based on the total weight of 

the reaction mixture in the reactor. 

(3) The catalytic continuous process according to claim 2,characterized 

in that the stationary concentration of methacrolein in the production 

process system is less than 8 % by weight based on the total weight of 

the reaction mixture in the reactor. 

(4) The catalytic continuous process according to any one of the 

previous claims, characterized in that the residence time in the reactor 

is less than 10 h. 

(5) The catalytic continuous process according to claim 4,characterized 

in that the residence time in the reactor is less than 3 h. 

(6) The catalytic continuous process according to any one of the 

previous claims, characterized in that the oxidative esterification is 

carried out at a temperature in the reactor of less than 120 °C, 

preferably between 60 and 90 °C. 

(7)  The catalytic continuous process according to any one of the 

previous claims, characterized in that the oxidative esterification 

reaction is carried out at a pressure of from 2 to 50 bar. 

(8) The catalytic continuous process according to any one of the claims 

1 to 7, characterized in that the reactor is a fixed-bed reactor. 

(9) The catalytic continuous process according to any one of the claims 

1 to 7, characterized in that the reactor is a fluidized bed reactor. 



(10)The catalytic continuous process according to any one of the 

previous claims, characterized in that the oxidative esterification 

reaction takes place with a molar ratio of methanol to methacrolein in 

the range from 1:1 to 50:1 . 

(11) The catalytic continuous process according to any one of the 

previous claims, characterized in that the heterogeneous noble-metal-

containing catalyst used for the oxidative esterification reaction 

comprises one or more ultra-finely dispersed metals with an average 

particle size of less than 20 nm selected from the group consisting of 

gold, palladium, ruthenium, rhodium and silver. 

(12) The catalytic continuous process according to claim 

11,characterized in that the heterogeneous noble-metal-containing 

catalyst used for the oxidative esterification reaction comprises one or 

more members of the group consisting of lithium, sodium, potassium, 

calcium, magnesium, scandium, yttrium, lanthanum and other 

lanthanoids with atomic numbers from 58 to 71, silicon, titanium, 

zirconium, hafnium, vanadium, niobium, tantalum, chromium, 

molybdenum, tungsten, manganese, rhenium, iron, ruthenium, osmium, 

cobalt, rhodium, iridium, nickel, palladium, platinum, copper, silver, 

gold, zinc, cadmium, boron, aluminium, gallium, indium, thallium, 

germanium, tin, lead, antimony, bismuth, tellurium, these being 

respectively present in metallic and/or oxidized form . 

(13) The catalytic continuous process according to claims 9 and 

11,characterized in that the heterogeneous noble-metal-containing 

catalyst used for the oxidative esterification reaction has an average 

diameter of 200 µm or less. 

(14) The catalytic continuous process according to claims 8 and 

11,characterized in that the heterogeneous noble-metal-containing 

catalyst used for the oxidative esterification reaction has an average 

diameter of more than 200 µm. 



(15) The catalytic continuous process according to any one of the 

previous claims, characterized in that methacrolein is prepared by 

reacting propanal with formaldehyde in a Mannich condensation 

reaction in presence of a secondary amine as an organic base and at 

least one organic acid  .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Process flow diagram 

  

  



  

  

Description of process  

  

 As indicated above, one possible implementation of the described 
invention is shown in Figure 1. In the process oxygen or gas 
containing oxygen (preferably a mixture with an inert component, 
e.g. N2) is fed over line 1, while the MAL/methanol mixture is fed 
over line 2 into reactor A. These components are mixed and the 
resulting heterogeneous gas/liquid mixture is fed over line 3 to a 
fixed bed reactor A with an external heat exchanger, thereby the 
gas/liquid mixture as well as the individual components thereof 
can be fed from the upper as well as from the lower part of the 
reactor. 

 

 The reactor is filled with a corresponding fixed bed catalyst with 
an average diameter of more than 200 µm. Here, this particle size 
was necessary to prevent a pressure build-up inside the reactor. 
On the other hand, the particle size is limited to a maximum of 20 
mm to optimize the area of contact between the catalyst and the 
reactants. Catalysts with a core-shell distribution of the active 
component on a support core are preferably used. 

 

 
 The mixture is fed after the reaction over line 4 from reactor A 

into the heat exchanger B, where it is cooled. After cooling, the 
mixture is fed into a gas/liquid separator C, where the gas phase is 
continuously separated from the liquid phase (preferentially at 
lower temperature and higher pressure). 

 



 The off-gas can be disposed of over line 5 or preferably recycled 
over line 16. 

 The liquid phase is optionally fed over line 6 to a neutralization 
vessel D, where the pH is adjusted to be between 5 and 9 by 
adding a basic solution (e.g. NaOH in MeOH). 

 

 The reaction mixture comprising MMA is separated from this 
neutralization vessel D over the output line 9 for further 
purification, while the rest of the reaction mixture is fed back to 
reactor A over line 8. 

 

 
 In an especially preferred embodiment of the invention the 

mixture is not cooled in the heat exchanger B (B is not applied 
here). Thereby the recycled fraction is fed into the reactor A at 
reaction temperature, while the diverted fraction for purification 
is fed into the heat exchanger E where it is cooled. 

 

 In further embodiments of the invention other reactors then fixed 
bed reactors may be used. As subject to the reactor technology the 
catalyst may vary in the particle size. In the case of a slurry-bed 
reactor, for instance, a powder catalyst with a particle size of less 
than 0.2 mm is preferred. 
 

 Any conventional reactors can be chosen for performing the 
oxidative esterification according to the invention. Reactors 
suitable for the claimed production process are, by way of 
example, a stirred tank reactor or a bubble column with 
suspended catalyst. These reactors offer a close approach to 
isothermal operating conditions. According to the invention, it is 
advantageous to use a catalytic fixed-bed reactor in the claimed 
production process because these reactors are suited to high-
pressure processes by virtue of their simple design. Fixed-bed 
reactors also enable operating continuous catalytic processes with 
a favourable utilization of the catalyst volume without attrition 



and losing of catalysts. A fluidized bed reactor is another possible 
reactor form which can be applied. 

 

 Typical reactor volumes for a continuously operated production 
plant can be, by way of example, a tubular/tube-bundle reactor of 
capacity from 10 to 15 m3 or a continuously operated stirred tank 
of capacity from 50 to 100 m3, but these data are not intended to 
 represent any restriction. 
 

  As indicated above, the heterogeneous noble-metal-containing 
catalyst used in the oxidative esterification reaction according to 
the invention comprises one or more ultra-finely dispersed metals 
with an average particle size of less than 20 nm selected from the 
group consisting of gold, palladium, ruthenium, rhodium and 
silver. Particularly preferred is gold as catalytically active 
component. The catalysts with a core-shell distribution of the 
active component on support are preferably used. 

 

 The average diameter of catalyst for direct oxidative esterification 
of MAL to methyl methacrylate mostly suitable for application in 
a stirred tank or a bubble column/fluidized bed reactor with 
suspended catalyst is 200 µm or less. 

 

 
 The average diameter of catalyst for direct oxidative esterification 

of MAL to methyl methacrylate mostly suitable for application in 
a fixed bed reactor is more than 200 µm 

 

 

 

 

 



 

 

 

 

 

 

 Chapter  

TOW 
 

 

 

 

 

 

 



Material Balance 
1-Reactior  

Basis  

10000kg/hr -MAL 

20000kg/hr-METHANOL 

O2=50% EXSIS 

0.5=in-req/req  

0.5req=in – req | in = 1.5 * 71.4 =104.16 

1/2O2=MAL=1/2*10000/70=71.4 req from O2 

in from O2=104.16 mol  , from excess 

MAL = 142.8571 mol = 10000/70 

METHANOL=625 mol = 20000/32 

conv for MAL%= req/input 

req%=req/142.8571 

req=128.857139 from MAL 

0.9=req/104.16 , req=93.74 from O2 

0.9=req/625=562.5  mol from methanol 

F1+F2=F3 

93.74+(562.5+128.57139)=784.81139 

in-req.=872.0171-784.81139=87.205 

H2o  mma methanol  methacrolein  oxygen 
  

 Tat 

0.0 0.0 625 mol  142.8571 mol  104.16 mol  In put  

16.8829 
mol 

784.8113
9 mol 

2.3022m
ol  

68.0199MAL  0.0   Out 
pot  

0.0 0.0 562.5 
mol  

128.857139 
mol  

93.74 
mol  

Requir
ed 



 

 

  

  

2-HEAT EXTCHANGER  

In=out  

F3+F4=F5 

87.205+784.81139=872.0171 

 

…………………………………………………………………………

………………………………………………………………………… 

3-DISTLATION 

F5=F6+F7 

 F6=87.205MOL *22%=19.1851 H2O+methanol 

 2.3022mol (from methanol)=%12*19.1851<=المزال 

 mol ( from H2O) 16.8829<=المزال

87205-19.1851=68.0199MAL المتبقي من 

F7=68.0199MAL+784.81139=852.831929 MOL 

H2o mma  methanol  methacrolein  oxygen 
  

 Tat 

16.8829 
mol 

784.8113
9 mol 

625 mol  142.8571 
mol  

104.16 mol  In put 

16.8729 
mol 

784.8113
9 mol 

2.3022m
ol  

68.0199MA
L  

0.0   Out pot 

0.0 0.0 0.0 0.0 0.0 Required  

H2o mma  methanol  methacrolein  oxygen  Tat 



…………………………………………………………………………

………………………………………………………………………… 

H-E(2) 

F7=F8 

F8=784.81139mol/hr 

  

0.0 784.8113
9 mol  

625 mol  142.8571 mol  104.16 mol  In put 

0.0 784.8113
9 mol 

0.0 68.0199MAL  0.0   Out 
pot 

0.0 0.0 0.0 0.0 0.0 Requi
red  

H2o mma  methanol  methacrolein  oxygen 
  

 Tat 

0.0 0.0 0.0 142.8571 mol  0.0 In put 



 

Reactor (2) 

NaOH العامل المساعد 

0.1% from NaOH   

0.1/100=0.001 = 0.001*10000=10 kg/hr 

=>100/40Mw=2.5mol/hr 

F8+F9=F10  

784.81139+2.5=787.3139mol/hr 

 

 

 

0.0 784.8113
9 mol 

0.0 68.0199MAL  0.0   Out pot 

0.0 0.0 0.0 0.0 0.0 Require
d 

NaOH 
 

H
2o 

mma  methanol  methacrolein  oxygen 
  

 Tat 

2.5mol
/hr 

0.
0 

0.0 0.0 142.8571 mol  0.0 In put 

0.0  0.
0 

787.3139
mol/hr 

 

0.0 68.0199MAL  0.0   Out 
pot 

2.5mol
/hr 

0.
0 

0.0 0.0 0.0 0.0 Requi
red 



Distillation(2) 

F10=F11+F12 

F10=784.81139+68.0199 mol/hr(Rycical) 

 

Brodication from MMA 

784.81139mol/hr 

=784.81139*300=23619341/1000 

=23619tan/year 

 

 

 

 

 

NaO
H 

 

H2o mma  meth
anol  

methacrole
in  

oxy
gen 

  

 Tat  

0.0 0.0 787.3139m
ol/hr 

  

0.0 142.8571 
mol  

0.0 In put 

0.0  0.0 787.3139m
ol/hr 

 

0.0 0.0 0.0   Out pot 

0.0 0.0 0.0 0.0 142.8571 
mol 

0.0 Recycle 



 

Chapter four 

Equipment 

Design 
 

 

 

 

 

 

Reactor design 

Operating conditions: 



T=from 60 to 120 c 

P= from 2 to 50 bar 

Liquid phase  

T= 2-6 hr. 

We have one chemical reactions  

The reaction is exothermic and temperature 

Is maintained constant by passing air  

Across the reactor 

 

CH2=C(CH3)–CHO + CH3OH +  1⁄2 O2 →→CH2=C(CH3)–

COOCH3 + H2O 

 

 

For CSTR 

V/FA=Xa/-(ra) 

Where  

V=volume of reactor (m^3) 

V°=volumetric flow rate (m^3/time) 

 

Fx= molar rate of A  

Xa= conversion 

t = space time  

t=V/V°=Ca°*V/Fa°=Xa*Ca°/-(ra)=Ca°-Ca/-(ra) 



From volume (6) 
  
ρ mix = Σ x i ρ i  

Or Ѵº = mass / ρ mix  

Where  

: Ѵº = volumetric flow rate (m3/hr).  

ρ = density of component (kg/m3). 

 Mass = mass flow rate of component (kg/hr).  

To find ρ mix  V=mass/ρ 

Component  
 

Density 
(kg/m3)  
 

Mass (kg/hr)  
 

Ѵº(m3/hr)  
 

O2 0.00000014289 1874,88 0.0319 
CH2=C(CH3)–
CHO 

0.00000847 10000 0.1803 

CH3OH 0.0079 20000 0.2883 
 

Ѵº = 0.505 m3/hr.  

Calculation the Volume of Reactor : 

Ѵº = 0.505 m3/hr. 

 τ = 2 – 6 hr 

 take τ = 4 hr. 

τ=V/V° 

6= 0.505 /V° 



V=2.02 m3 

∴ Volume of reactor = 2.02 m3 

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

 

Mechanical design for mixing vessel:  
 
 
D=d/3 
 
H=d/3 
 
a= d/5 
 
r=d/4 
 
Hl=d 
 
b=d/10 
 
Volume of feed= 2.02m3 

Volume of feed in the reactor= Vf+10%Vf 

=1.53+0.1*1.53 

=2.22m3 

Volume of feed=π/4d^2*H*L ; HL=d 

Volume of feed=π/4*d^3 

2.02=π/4*d^3 

d= 1.37m 



D=0.457m 

H=0.457m 

a=0.274m 

r=0.343m 

HL=1.370m 

b=0.137m 

height of reactor = 1.5m 

volume of reactor = π/4*d^2*H 

  π/4*(1.37)^2*1.5 

 2m3 

 

Agitator Type We can use propellers  

(three blades pitch diameter)  

 

 

 
    Agitator tip speed =π D N 

For medium agitation = 3.3 – 4.1 m/s  

∴ Agitation tip speed = 3.7 m/s 

 



N=3.7/π*D=3.7/π*0.457 

=2.6 rev./sec 

 

The power required for mixing 

 

 NP = C (NRe)m (NFr)n 

   

Where 

NPpower number=p/N^3*D^5*P 

NRe Reynold number=N*D^2*P/µ 

NFRFronde number=N^2*D/P 

ρ mix = 1804 Kg/m3  

μmix = 0.065 mNs/m2 

 

NRe=1804*(0.457)^2*2.58/0.065*10^-3=14*10^6 

 

 

 

 

 

 

 

 

∴ Turbulent flow 
 
 P = K N3 D5ρ  
For propeller ; 
 K = 0.32  
P = 0.32 * (2.58)3 * (0.457)5 * 1804  



P = 197 W 
 
 
 

Mechanical Design:  
 
Thickness of the vessel can be obtained using the following 
equation :  
 
 
e=pi*Di/2 fJ +C 
 
 
Where: e = thickness of vessel (mm)  
Pi = internal pressure (N/mm2) 
 Di = internal diameter (mm)  
f = design stress 
 J= joint factor = 0.8 – 0.85 
 C = corrosion allowance = 2 mm  
The stainless steels are the most frequently used corrosion 
resistant materials in the chemical industry.  
To impart corrosion resistance, 
 the chromium content must be above 12 percent, and the 
higher the chromium content, the more resistant is the alloy to 
corrosion in oxidizing conditions.  
Nickel is added to improve the 
 corrosion resistance in non-oxidizing environments.  
Typical design stress of stainless steel materials (18Cr/ 8Ni) at 
80 Cº  
= 160 N/mm2  
Design pressure = 10 % above 
 operating pressure = 1 atm + 0.1*1 atm = 1.1atm 
 



 = 0.11 N/mm2 
 
e=0.11*1.37*10^3/2*160*0.8 2+ 0.11 ـــ 
=2.9mm 
3mm 
 
 
 
 

Weight of Vessel 
 

 
WV = C V ╥ ρ m D m g ( HV + 0.8 D m ) t * 10-3  
 
Where: 
W V = total weight of the shell, excluding internal fittings, … 
etc. 
 C V = a factor to account for the weight of nozzle manways, 
internal supports…etc. 
 Can be taken as 1.15 
 HV = height or length between tangent lines (the length of the 
cylindrical section m). 
 t = wall thickness  
ρ m = density of vessel material 
 D m = mean diameter of vessel = (Di + t * 10-3) m  
For steel vessel equation reduce to  
WV = 240 C V D m ( HV + 0.8 D m ) t  
W V = 240 * 1.15 * D m ( 1.5 + 0.8 D m ) * 2.6 * 10^-3  
D m = ( 1.37 + 2.6 * 10-3) = 1.373 m 
 W V = 240 * 1.15 * 1.373 (1.5 + 0.8 * 1.293) 2.6 * 10^-3  
WV = 2.66 KN 
 2.7 KN 
 



 
 
 
 
 

Weight of Insulation:  
 
Thickness = 75 mm 
 Mineral wool density = 130 kg/m3  
Approximate volume of insulation = ╥ d HV t  
= ╥ * 1.29*1.5*75 * 10-3 = 0.5 m3 
 Weight (WW ) = 0.5 * 130 * 9.81 = 638N = 0.638 KN 
 Double this to allow for fittings, etc. = 1.3 KN = 1.5 KN 
Weight vessel with water =π/4D^2ǷH2O  
Weight of two man = 75 * 2* 9.81 = 1.5 kN 
  
Total Weight:  
 
Vessel = 2.5 kN  
Insulation = 1.5 
 Vessel with water = 20 
 Two men = 1.5 Wt = W V + W W + Wi + W man  
= 2.5 + 20 + 1.5 + 1.5 = 
 25.5 kN 
 

 

 

  

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



R-101 
V 

=total mass/total 
density 
  
Total mass = 
1,510.562 Kg/hr  
Total density 
 = 1,804 kg/m3  

Assume time 
 = 15 min  
=> 0.25 hr  
 
V=1,510.562 

Kg/hr/1,804 
 kg/m3*0.25 
= 0.209 m3 
 
 
 
L/D = 3 
V=3π/4D^2*L 

*L=D 
=> V=3π/4D^3 
D = 0.5 m  
L = 1.5 m 

Cost in 2018=cost in mind 2004 *cost index in year 2018/ cost 
index in year 2004 
 
From figure we get the Cost of vertical vessel = 4,000$ 
 



Purchased cost = (bare cost from figure) * material factor * 
pressure factor 
  
Material stainless steel (S.S) , Factor = 2  
Pressure = from 2 to 50 bar, Factor = 1  

Purchased cost = 4,000 *2 *1 = 8,000 $  
= 8,000 * (575.8 / 436)  
= 10,565.137 $ 
……………………………………………………
…………………………………………………… 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



H-101 
  
Heat transfer area = 146 m2  

 

 
 

Material of construction of the shell and the tube are Carbon 
steel.  
 
From figure we get The Cost of heat exchanger = 4,500$  
 
Purchased cost = (bare cost from figure) * type factor * 
pressure factor  
Pressure == from 2 to 50 bar, Factor = 1  
Floating head, Factor = 1  
Purchased cost = 4,500 *1 *1 = 4,500 $  
= 4,500 



Cost in 2018=cost in mind 2004 *cost index in year 2018/ cost 
index in year 2004 
=4,500 * (575.8 / 436)  
= 5,942.89 $ 
 
Tow equipment  
2*(5,942.89 $) 
  1,1885.76 $  
 

……………………………………………
…………………………………………… 
 

 
 
 
 
 
 
 
 
 
 

 
R-102 
V 



=total mass/total density 
  
 Total mass = 1,410.161 Kg/hr  
Total density = 900 kg/m3  

Assume time = 15 min  
= 0.25 hr 
 

V=1,510.562 Kg/hr/900 
 kg/m3*0.25 
= 0.391 m3 
 
 
 
 
 
L/D = 3 
V=3π/4D^2*L 
*L=D 
=> V=3π/4D^3 
D = 0.7 m  
L = 2.1 m 
 
From figure below, we get Cost of vertical vessel = 4,500 $  
Purchased cost = (bare cost from figure) * material factor * 
pressure factor  
Material stainless steel (S.S) , Factor = 2  
Pressure = 1 bar, Factor = 1  
Purchased cost = 4,500 *2 *1 = 9,000 $ 

Cost in 2018=cost in mind 2004 *cost index in year 2018/ cost 
index in year 2004 
 
= 9,000 * (575.8 / 436)  



= 12,886. 78 $ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

T-101 
V 

=total mass/total 
density 
Total mass = 
59.355 Kg/hr  
Assume time = 30 
min  
= 0. 5 hr 
 



L/D = 3 
V=3π/4D^2*L 
*L=D 
=> V=3π/4D^3 

 
D = 0.48 m  
L = 1.44 m 
 
 
 
 
From figure below, we get Cost of vertical vessel = 3,000 $  
Purchased cost = (bare cost from figure) * material factor * pressure 
factor  
Material stainless steel (S.S) , Factor = 2  
Pressure = 1 bar, Factor = 1  
Purchased cost = 3,000 *2 *1 = 6,000 $ 
Cost in 2018=cost in mind 2004 *cost index in year 2018/ cost 
index in year 2004 
 
= 6,000 * (575.8 / 436)  
= 3,762. 995 $ 
 

P-101  
The flow rate, 
 s = 2350 gm/min  
CB = exp(9.7171-0.6019 *ln (s) + 0.0519 * ln(s)  
CB = Capital cost 
  
CB = exp (9.7171-0.6019 * ln (2350) + 0.0519 * ln (2350))  
=3,545.4 $  
Ft = 1 



Fm = 1.35 ( assume cast steel)  
Cp = Ft * Fm * CB  
= 1* 1.35 * 3,545.4  
= 4,768.3 $ (cost for one pump ) 

 = 19073.2 $ (cost for four pump) 
 
…………………………………………………………………
…………………………………………………………………
…………………. 

Flash Distillation(D-101) 
 
Bara vessel cost (figure 6.5 b) =$102,000  
Material factor =2  
Pressure factor =1  
Vessel cost=102,000 *2 *1=$204,000  
Cost of plate (figure 6.7 b volume 6)= $ 2000  
For bubble cap ,diameter of plate =2 m  
Cost of plate =$ 2000 * material factor 
=$2000*1.7 
=$ 3,400  
Total cost of plate=3,400* number of stage  
=$ 3,400 *10=$34,000  
Total cost of column =$204,000 + $34,000 =$238,000 
 
 Cost in 2018=cost in mind 2004 *cost index in year 2018/ cost 
index in year 2004 
 
=$238,000* ( 575.8/436) =$ 313,313 
 


 (Cost for tow distillation ) 



=$ 313,313*2=626626$ 

...........................................................................................

...........................................................................................

................ 

Compressor(C-101) 

From table (6-2),vol-6  
C=Cost constant=$ 960  
n=index=0.8  
S=Characterize size factor(Area)= 20KW  
Cost=C S n  

=960(20)0.8  

=$ 10,546.2 

Cost in 2018=cost in mind 2004 *cost index in year 2018/ cost 
index in year 2004 
 2016=$ 10,546.2 x( 575.8/436) = $ 13,927.7  

 
Table (5.4): Purchase cost of miscellaneous equipment. 

 

    

(Cost for tow compressor) 

 $ 13,927.7  * 2 =28955.4$ 
 



 
……………………………………………………………
……………………………………… 
 
Total cost of all equipment =87,129.2246 $ 
Total Physical Plant Cost, (PPC) :  
PPC = PEC [1+F1+F2+F3+F4+F5+F6+F7+F8+F9]  
PPC =  
87,129.2246*[1+0.4+0.7+0.2+0.1+0.15+0.5+0.15+0.05+
0.15] 
PPC =  296239.3639 $ 
Fixed capital = PPC [1+F10+F11+F12]  

= 296239.3639 $* [1+0.3+0.05+0.1] 

=3082370.518 $ 
 
…………………………………………………………………
………………………………………………………………… 
 

Operating cost  
The most important cost of producing a chemical product 
includes the follow two groups: 
 
 
1-fixed operating cost  

a- maintenance = 5% fixed capital cost (labor and material)  

= 0.05 ×3082370.518 $= 154118.5259 $  
 
b- operating labor = No. of workers× Annular salary  
 
= 350×350 $×12 = 1470000 $  
c- laboratory costs = 30% of operating labor cost  
 



= 0.3 × 1470000 $  
= 441000 $  
d- supervision = No. of workers /5 *Annular salary of 
supervisor  
 
= 350 /5 × 1000 $ × 12 = 840,000 $  
e- plant overheads = 70% of labor cost  
 
= 0.7 *1470000 $  
 = 1029000 $ 
 

f- capital charges = 6% of fixed capital ( bank rate 4%)  

= 0.06 ×3082370.518 $== 184742.2095  
 
g- local taxes = 2% fixed capital  
 

= 0.02 ×3082370.518 $ = 61647.40315 $ 
  
h- Insurance = 2% fixed capital  

= 0.02 ×3082370.518 $ = 61647.40316 $  
 
I- Royalties and License fees = 5% fixed capital  

= 0.05 ×3082370.518 $== 14118.5079 $ 
  
Total fixed operating cost = 4,776,341.138 $ 
 

2-Variable Cost  

a- Raw material:  

1- Cost of MAL (raw)  
 =300$ 



2- Cost of Oxygen (raw) 
= 

3- Cost of Methanol(raw)  
= 
 
b- Miscenllous operating material:  
= 10% maintenances cost  
= 0.1* 14118.5079 $ 
= 1411.85079 $  
 
c- electricity:  
 
P = V * I  
= 400000 *180 
= 72000000 W  
 
= 72 MW * 3600  
= 259200 MJ * 300 day  
= 77.76*106 MJ.day  
 
Cost of electricity = 0.04 *77.76*106  
= 3,110,400 $ 
  

Total variable cost = 26,018,383.53 $ 
  
Annual Operating cost = Total fixed operating cost + Total 
variable cost  
= 3,776,341.138 $+36,018,383.53 $  
= 39,794,724.67 $ 

 
 

Annual production cost = annual operating cost/total 
production of MMA 



 
39,794,724.67 $/23000=1730.20542 $/ton  
 
Profit = Operating cost of one ton × 0.25 
 
1730.20542 $*0.25=432.55$ 
 

 
 
 
 

 

 


