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ABSTRACT:-  

Methyl Tertiary-Butyl Ether is an organic compound with 

molecular formula (CH3)3COCH3 .MTBE is a volatile, flammable, 

and colorless liquid that is sparingly soluble in water. It has a 

minty odor vaguely reminiscent of diethyl ether, leading to 

unpleasant taste and odor in water. MTBE is a gasoline 

additive, used as an oxygenate to raise the octane number. Its 

use is controversial in the US and declining in use in part 

because of its occurrence in groundwater and legislation 

favoring ethanol. However, worldwide production of MTBE has 

been constant at about 18 million tons/y (2005) owing to 

growth in Asian markets which are less subject to ethanol 

subsidies The blending of methyl tertiary butyl ether (MTBE) 

into motor gasoline has increased dramatically since it was first 

produced 20 years ago. MTBE usage grew in the early 1980's in 

response to octane demand resulting initially from the phase 

out of lead from gasoline and later from rising demand for 

premium gasoline. The oxygenated gasoline program 

stimulated an increase in MTBE production between 1990 and 

1994. MTBE demand increased from 83,000 in 1990 to 161,000 

barrels per day in 1994. The reformulated gasoline (RFG) 

program provided a further boost to oxygenate blending. The 

MTBE contained in motor gasoline increased to 269,000 barrels 

per day by 1997. Methyl Tertiary Butyl Ether (MTBE) has been 

accepted worldwide as an octane booster and it is being 

blended with gasoline up to 15 volume percent. The demand 

for MTBE is growing rapidly and it is the fastest growing 

chemical nowadays because it has replaced lead alkyl 



compounds in gasoline. The use of lead and other metal 

containing compounds e.g., tetraethyl lead (TEL), tetra methyl 

lead (TML) and methylcyclopentadienyl manganese tricarbonyl 

(MMT) as gasoline additives for octane boosting is being 

discouraged. The emission of their combustion products from 

the vehicle exhausts creates atmospheric pollution causing 

serious health hazards. United States and some European 

countries have imposed a complete ban on the use of such 

compounds. Consequently other blending agents are required 

to replace the metal based agents presently in use in order to 

increase the octane of gasoline. To have lead free high octane 

gasoline, various components such as methanol, tertiary butyl 

alcohol (TBA), secondary butyl alcohol (SBA), tertiary amyl ethyl 

ether (TAME) and MTBE can be used. Among these possibilities, 

MTBE appears to be the most effective choice because its 

physical, chemical and thermal properties are compatible with 

that of gasoline, especially in the boiling range where gasoline 

typically shows lowest antiknock characteristics .The addition of 

MTBE affects the properties of gasoline. The change in 

properties depends not only upon the characteristics of the 

base gasoline but also on the concentration of MTBE. The 

behavior of MTBE varies when blended with different gasoline 

at different concentrations. The exact amount of MTBE 

required for a particular lead content reduction or octane 

number improvement depends on the properties of the MTBE 

and the composition of the gasoline base stock .MTBE also 

allows the low octane components such as straight run gasoline 

and raffinates to remain in the pool and reduce the amount of 

expensive petrochemical aromatics that would be required to 

boost octane number. 

 

 



 

CHEMICAL AND PHYSICAL INFORMATION  

  

MTBE is a relatively volatile chemical and is moderately soluble 

in water. It is very soluble in some organic solvents such as 

alcohol and ether. Oil refiners blend MTBE into gasoline to 

meet requirements for oxygenated fuels. Gasoline containing 

MTBE has become recognizable by its pungent odor. MTBE is 

ammable, and is a moderate re risk (Sax and Lewis 1987). 

Information regarding the physical and chemical properties of 

MTBE is located in Table(1).  

Reference Information Characteristic 

Merck 1989  Methyl tert-butyl ether. Chemical 
Name. 

Merck 1989  2-methoxy-2-
methylpropane;MTBE;methyl 
t-butyl ether. 

Synonyms. 

Merck 1989  C5H12O Chemical 
formula. 

Merck 1989  

  

Chemical 
structure. 

Lide 1994  Soluble in alcohol ,ether Soluble 
(organic) 

Lide 1994 88.15 Molecular 
Weight. 

HSDB 1994 Colorless Color 

Merck 1994 Liquid Physical state 

Lide 1994  -109 0c Melting point 

Lide 1994  55.2 0c Boling point 



Lide 1994  0.7405 g/cc Density at 20 0c 

Uses of MTBE:-  

  

MTBE is almost exclusively used as a fuel component in fuel for 

gasoline engines. It is one of a group of chemicals commonly 

known as oxygenates because they raise the oxygen content of 

gasoline.  

-knocking Agent:-As Anti - 

In the US it has been used in gasoline at low levels since 1979 

to replace tetraethyl lead and to increase its octane rating 

helping prevent engine knocking. Oxygenates help gasoline 

burn more completely, reducing tailpipe emissions from pre-

1984 motor vehicles; dilutes or displaces gasoline components 

such as aromatics (e.g., benzene) and sulfur; and optimizes the 

oxidation during combustion. Most refiners chose MTBE over 

other oxygenates primarily for its blending characteristics and 

low cost.  

knock Agent:-Alternatives to MTBE as an Anti- 

Other compounds are available as additives for gasoline 

including ethanol and some ethers such as tert-amyl methyl 

ether (TAME). Ethanol has been advertised as a safe alternative 

by the agricultural and other interest groups in the US and 

Europe. In 2003, California was the first US state to start 

replacing MTBE with ethanol. Several other states started 

switching soon thereafter. Advocates of both sides of the 

debate in the US sometimes claim that gasoline manufacturers 

have been forced to add ethanol to gasoline by law. It might be 

more correct to say they have been induced to do so, although 

any oxygenate would fulfill the law. An alternative to straight  



ethanol is the related ether ETBE, which is manufactured from 

ethanol and isobutene. Its performance as an additive is similar 

to MTBE, but due to the higher price of ethanol compared to 

methanol, it is more expensive Higher quality gasoline is also an 

alternative, so that additives such as MTBE are unnecessary. 

iso-octane itself is used. MTBE plants can be retrofitted to 

produce iso-octane from Isobutylene.  

As a Solvent: -  

Despite the popularity of MTBE in industrial settings, it is rarely 

used as a solvent in academia with some exceptions. MTBE 

forms azeotropes with water (52.6 °C; 96.5% MTBE) and 

methanol (51.3 °C; 68.6% MTBE). Although an ether, MTBE is a 

poor Lewis base and does not support formation of Grignard 

reagents. It is also unstable toward strong acids. It reacts 

dangerously with bromine.  

MTBE Environmental Impacts:-  

  

Despite its potential benefits on air quality, MTBE has some 

properties that can cause problems. MTBE is much more 

soluble in water than most other components of gasoline. If it 

gets in the ground, it can travel faster and farther through 

groundwater than other gasoline components. This makes it 

more likely to contaminate public water systems and private 

drinking water wells if gasoline is spilled on the ground or leaks 

out of underground storage tanks. Even fairly small amounts of 

MTBE in water can give it an unpleasant taste and odor, making 

the water undrinkable. MTBE also does not break down 

(biodegrade) easily. As a result, it is harder to clean up once 

contamination occurs. In the late 1990s, many community 

drinking water supplies in areas that used a lot of MTBE were  



found to have detectable levels of MTBE. Since then, MTBE use 

in gasoline has been phased out because of concerns about 

groundwater contamination. Although it is not clear what 

effects MTBE in drinking water might have on health, many 

states have passed laws limiting or banning the use of MTBE in 

gasoline.  

    

Butene Environmental Impacts:-     

  

Butene's themselves are unlikely to cause significant harm to 

plants and wildlife. However, as VOCs, Butene's can be involved 

in the formation of ground level ozone which can cause 

damage to crops and materials. It is not considered likely that 

Butene pollution has any effects on the global environment. 

Butene exposure mainly occurs in the occupational setting. 

Butene can enter the body either by inhalation of air containing 

butene, or by dermal contact with butene. Inhalation of air 

containing high levels of butene can lead to a range of adverse 

health effects including hyperventilation, rapid heart rate, 

fatigue, excessive salivation, headache, dizziness, mood 

changes, nausea, vomiting, confusion, lack of coordination, 

memory loss, and convulsions and in extreme cases coma and 

death. Dermal contact with liquid butene can cause frostbite 

with symptoms including pain, itching, discoloration, swelling 

and blistering. Eye contact can cause pain, reddening, swelling 

and impaired vision. The International Agency for Research on 

Cancer has not designated butene in terms of its 

carcinogenicity. However, exposure to butene at normal 

background levels is unlikely to have any adverse effect on 

human health.  



Methanol Environmental Impacts:-  

When burned as fuel, methanol cuts emissions of nitrogen oxides and 

volatile organic compounds that form ground-level ozone or “smog.” 

Methanol is much less reactive than gasoline in the atmosphere, with 

the only toxic component of the emissions being formaldehyde, as 

compared to dozens of carcinogenic components of gasoline emissions, 

which also contains formaldehyde. The use of heated catalytic 

converters has shown that methanol-fueled auto emissions meet and 

exceed California’s stringent Ultra Low Emission Vehicle (ULEV) emission 

targets for formaldehyde. Methanol fuel also does not contain the toxic 

BTEX additives found in gasoline— benzene, toluene, ethyl benzene, and 

xylenes. These compounds are highly carcinogenic, do not readily 

biodegrade in the environment, and are capable of contaminating 

groundwater SUPPLIES  .  

  

Production METHODS:-  

(1)- UOP-OLEFLEX process. 

(2)-Philips star process.  

(3)-ABB Lummus CATOFIN process. 

(4)-SNAMPROGETTI-YARTSINGTEZ FBD(SP-ISOETHER). 

(5)-OXENO process. 

   

UOP-OLEFLEX PROCESS:-  

  

The UOP-OLEFLEX process uses multiple side-by-side, radial 

flow moving-bed reactors connected in series. preheated feed 

and inter stage heaters supply the heat of reaction. The 

reaction is carried out over platinum supported on alumina, 



under near isothermal conditions. The catalyst system employs 

UOP'S continuous catalyst regeneration (CCR) technology. The 

bed of catalyst slowly flows concurrently with the reactants and 

is removed from the last reactor and regenerated in a separate 

section. The reconditioned catalyst is then returned to the top 

of the first reactor. The typical processes involved are the 

DEISOBUTENIZATION, the isomerization and the 

dehydrogenation process that has been commercial in 

Malaysia.  

  

 
 

UOP’s OLEFLEX Dehydrogenation Technology:  
 
(1)-Lowest Capital Cost & Energy Usage 
(2)-results in Lowest Operating Cost (CCOP) and Highest.  
(3)-Return on Investment (ROI) 
 
 

 Customers Choose UOP OLEFLEX because:- 
 
•High Reliability / On-Stream Availability 

–Constant process conditions 
–CCR technology well proven across the industry 
 

•Smallest Environmental Footprint: 

–Lowest energy leads to lowest CO2 
–Low NOx & VOC emissions 
–Non-toxic catalyst system 
 
 
 
 
 



 

Philips Star Process:- 

 
The second one is the Philips steam Active Reforming (STRA) 

process. The Philips steam Active Reforming (STRA) Process 

uses a noble metal-promoted zinc aluminate spinel catalyst in a 

fixed-bed reactor. The reaction is carried out with steam in 

tubes that are packed with catalyst and located in a furnace. 

The catalyst is a solid, particulate noble metal. Steam is added 

to the hydrocarbon feed to provide heat to the endothermic 

reaction, to suppress coke formation and to increase the 

equilibrium conversion by lowering partial pressures of 

hydrogen and propane.  

 

ABB Lummus CATOFINE Process:-   

    

The ABB Lummus CATOFINE Process uses a relatively 

inexpensive and durable chromium oxide-alumina as 

catalyst. This catalyst can be easily and rapidly 

regenerated under severe conditions without loss in 

activity. Dehydrogenation is carried out in the gas phase 

over fixed beds. Because the catalyst cokes up rapidly, 

five reactors are typically used. Two are on stream while 

two are being regenerated and one is being purged. The 

reactors are cycled between the reaction and the 

reheat/regeneration modes, and the thermal inertia of 

the catalyst controls the cycle time, which is typically 

less than 10 minutes. The chromium catalyst is reduced 



from Cr6+ to Cr3+ during the dehydrogena�on cycle. 

The raw materials used to produce MTBE by using this 

method are butanes , hydrogen and as well as recycled 

isobutene from the system it self. In this process, there 

is an stripper column, which separates the heavies, and 

the light ends from which then could produce MTBE.   

 

  

  

  

C3H8                                    C3H6 +H2                                       

                                                                                       Propane   

 

 

 

Process Benefits  Process Features 

Lower investment and 
operating costs  

High per pass conversion  
(48% -53%) and high                 
                      catalyst 

selectivity  

Economy of scale  Single train capability up to 
900,000 MTA of                   

  isobutylene or 850,000 MTA 
 of propylene  

Lower investment and 
operating costs  

No hydrogen recirculation 
or dilution steam  

Reliable and robust operation Fixed bed reactors  

Process       

                    

Advantages:- 



with high on-stream factor      
        

  

Environmentally sound 
design  

No catalyst losses  

 

 

  

  

Product  Typical Feedstocks 

Mole % Mole %   

Propylene         99.5mole% min  Propane                    95 min 

Propane               0.5 mole% max  Ethane                     2.5 max  

Ethylene + Ethane          100 mole 
ppm max  

Butane +                 2.5 max  

MAPD             10 mol PPM  max               
Carbon Oxides               5 mole% ppm 
max  

Sulfur         10 WT ppm 
max  

  

  

SNAMPROGETTI- YARSINGTEZ FBD (SP-ISOETHER):-  

  

The SNAMPROGETTI- YARSINGTEZ SP-ISOETHER (FBD) Process 

uses a chromium catalyst in equipment, which is the fluidized 

bed that resembles conventional fluidized catalytic cracking 

technology used in the oil refinery. The catalyst is recirculated 

 

 Performance Characteristics  

(Propane Dehydrogenation) 



from the reactor to the regenera�on sec�on on a 30-60 min 

cycle. The process operates under low pressure and has a low-

pressure drop and uniform temperature profile. 

SNAMPROGETTI has been presenting and marketing their 

hydrogena�on technology. ISOETHER 100, since 1997. This 

process is to be used to convert MTBE units by utilizing 

SNAMPROGETTI  MTBE Water cooled tubular reactor 

technology. In this SP-ISOETHER process, the product are MTBE 

and ISOOCTAGENAS (iso octane gas ). In this SP-ISOETHER 

Process the catalyst used in the ISOETHERRIFICATION reactor is 

the same as those other typical processes. Which is Platinum.   

   

OXENO process:-  

  

A process for the dissociation of methyl tert-butyl ether 

(MTBE), which includes at least:-  

(a) catalytic dissociation of MTBE which is present in two 

streams I and VII over a catalyst to give a dissociation 

product II,  

(b) separation by distillation of the dissociation product II 

obtained in a) into an overhead stream III containing 

more than 90% by mass and a bo�om stream IV 

containing DIISOBUTEN, MTBE and more than 80% of the 

methanol present in the dissociation product II,  

(c) separation by distillation of the bottom stream IV 

obtained in b) into a methanol-containing bottom stream 

V, a side stream VI containing DIISOBUTEN, methanol and 

MTBE and an overhead stream VII containing MTBE and 

methanol.  



(d) recirculation of the overhead stream VII to (a) 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

FLOW SHEET 

This process (OXENO process) Is the best process you can 

choose to complete the project. because suitable process. 

which is gives a lot of profit and less problem is an 

important in order to determinate for the success of a 

plant.  

 



  

  

MATERIAL BALANCE )(  



  

3-1)-MATERIAL BLANCE ON DISTILLATION(T-901)(  

M10    

  

  

  

  

                                       M8                            

 

 

  

  

M9 

 

 

  

18000 Ton /Year                            2053 Kg/ Hr                   

23.2898 kgmol/hr 

M9=M9+M10 

M8=23.2898+M10    ……………………………(1) 

  

-:BALANCE OF (MTBE)  

distillAtion 



0.1833 × �8 = 23.2898 × 0.9650 + �10 × 0.014 

0.1833(23.2898 +�10) = 22.4747 + 0.0148�10 

4.2690 + 0.1833�10 = 22.4747 + 0.0148�10 

�10(0.1833 0.0148) = 22.4747 4.2690 

0.1685�10 = 18.2057 

�10 = 108.0457 �
�����

�
� 

�8 = 23.2898 + 108.0457 

�8 = 131.3355	 �
�����

�
� 

This stream (kg mole /hr) 

M10(mole)  M9(mole)  M8(mole)  Components  

0.4957 0.0469 0.4162 CH3OH  

O.4851   0.3992 I-Butene  

0.0148  0.9650 0.1833 MTBE  

  0.0063 0.00109 H2O  

  

This steam (Kg mole /hr) 

M10  M9  M8  Components  

53.5583 1.0923 54.6618 CH3OH  
52.4130   52.4291 I-Butene  
1.5991 22.4747 24.0738 MTBE  

  0.1467 0.1432 H2O  

108.0457 23.2898  131.3355 Total  

(3-2)-Material balance on absorber (T-902) 



  

    M13                              M11                  

  

 

   

                 

           M13                     M12                                

 

  

M11+M12=M13+M14 

108.0457+M12=M13+M14 ………………………(1) 

((BALANCE OF METHANOL)) 

108.0457 × 0.4957 + 0�12 = 0.0472�13 + 0.2307�14 

(( BALANCE OF I-BUTENE )) 

108.0457 × 0.4857 + 0�12 = 0.4913�13 + 0.065�14 

53.5583 = 0.0472�13 + 0.2307�14 

0.0472�13 = 53.5583 0.2307�14 

M13 = 1134.7096 4.8877M14 

52.4778 = 0.4913(1134.7096 4.8877�14) + 0.0659�14 

  

M13 = 1134.7096 4.8877 × 216.1559 

M14=216.1559 kg mole/hr 

Absorber 



M13=78.2044 Kg mole /hr  

  

108.0457 + M12 = 78.2044 + 216.1559 

M12=186.3146 Kg mole /hr   

STREAM (Mole)  

M14 M13 M12 M11 Components  

0.2308 0.0471   0.4957 CH3OH  

0.0659 0.4913   0.4857 i-Butene  

0.0083 0.0026 1.00 0.0180 MTBE  

0.6942  0.4587     H2O  

  

  

  

STREAM (Kg mole /hr)  

M14 M13 M12 M11 Components  

49.8888 3.6834   53.5583 CH3OH  

14.2447 38.4218   52.4778 i-Butene  

1.7941 0.2033   1.9448 MTBE  

150.0554 35.8724 186.3146   H2O  

216.1559 78.2044 186.3146 108.0457 Total 

294.3603 294.3603 Total 

  

  

 

 

MATERIAL BALANCE OF DISTILLATION (T-903) 

In=out 

 



  

                    M16 

  

  

     

M15 

  

  

  

  M17 

  

  

M15=M16+M17 

216.1559=M16+M17 ………………(1) 

Water balance 

0.6942 × (216.1559) = 0.0022 × (216.155) + 0.9996�17 

  

  

M16=216.1559-149.6398  

  

  

  

STREAM (mole%) 

distillAtion 

 

M17=149.6398 kg 

mole/hr 

M16=66.5161 Kg mole/hr 



M17(mole)  M16(mole)  M15(mole)  Components  

0.0003 0.7531 0.2307 CH3OH  

  0.2166 0.0659 I-Butene  

  0.0276 0.0083 MTBE  

0.9996 0.0022 0.6942 H2O  

  

STREAM (kg mole/hr) 

 

M17  M16  M15  Components  

0.0449 50.0933 49.8672 CH3OH  
  14.407 14.2447 I-Butene  

 1.8358 1.7941 MTBE  
149.5799 0.1463 150.0554 H2O  

149.6398 66.5161  216.1559 Total  

  

  

  

  

  

  

  

  

  

  

  

In=out 

 



Material balance on reactor (R-901)   

  

  

M7                                                                           M8  

  

  

  

  

  

CH3OH + iso-Butylene                                 MTBE  

A+B                   C  

COUT = CIN + generation 

131.3355=0+generation 

  

  

   _The reactor has overall conversion of 98% of 
iso-butylene to MTBE. 

�����	��	�

����
conv=       

  
���.����

����
= 0.98  

  

  

  

reActor 

M8=131.3355 Kg mole/hr 

Gen=131.3355 kg mole /hr 

Feed=134.0158 kg mole /hr 



Stream (mole%) 

M8(mole)  M7(mole)  Components  

0.4162 0.5007 CH3OH  

0.3992 0.486 I-Butene  

0.1833 0.0118 MTBE  

0.0011  0.0009 H2O  

  

Steam (kg mole /hr) 

M8  M7  Components  

54.6618 67.1017 CH3OH  

52.4291 65.1317 I-Butene  

24.0738 1.5814 MTBE  

0.1445 0.1206 H2O 

131.3355 134.0158 Total  

  

  

  

  

  

  

  

  

In=out 

 



Material balance on mixer(M-901)  

  

M4 

 M5       

M3  

  

  

M3 + M4 =M5 

M3 + M4 =134.0158……….(1) 

Balance of Water  

0�3 × 0.00175	�4 = 0.0009 × 134.0158 

M4 = �
0.12061422

0.00175
� = 68.9224	Kgmole	hr 

M3 = 134.0158 68.9224 

  

  

M5(mole)  M4(mole) M3(mole)  Components  

0.5009 0.8249   CH3OH  

0.4862 0.1538 1.00 I-Butene  

0.0119 0.0196   MTBE  

0.0009 0.00175  H2O  

mixer 

M3=65.0934 Kg mole /hr 

 



Stream (mole%) 

Stream (kg mole /hr) 

M5  M4 M3  Components  

67.1285 56.8541   CH3OH  

65.1585 10.6003 65.0934  I-Butene  

1.5948 1.3509   MTBE  

0.1206 0.1206   H2O 

134.0158 68.9224 65.0934 Total  

 

  

  

  

Material balance on flash drum (v-901)  

  

M1 

M4     

 

M2  

  

M1+M2=M4 

M1+65.0934=68.9224 

                                      

In=out 

 

FlAsh drum  

M1=3.829 Kg mole /hr  



  

  Stream (mole%) 

    

Stream (kg mole /hr) 

                          

  

  

    

  

M4(mole)  M2 M1(mole)  Components  

0.8249 0.7531   CH3OH  

0.1538 0.2166 1.00 I-Butene  

0.0196 0.0276   MTBE  

0.0016  0.0022  H2O  

M4  M2 M1  Components  

56.8541 49.0218   CH3OH  

10.6003 14.0992 3.829 I-Butene  

1.3509 1.7966  MTBE  

0.1103  0.1432  H2O  

68.9224 65.0934 3.829 Total 



  

  

Overall balance on plant :- 

  

  

  

  

  

 

   

 

 

Total mass flow output Total mass flow input 

M9=23.2898  M1=3.829 

M13=78.2836 M3=65.0934 

M17=149.6398 M12=186.3146 

Total=251.2132(kg 
mole/hr) 

Total=255.237(kg mole /hr)  


