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STATUS OF THE MOBIL METHANOL-TO-GASOLINE PROCESS

ABSTRACT

The Methancl-to-Gasoline (MTG) Process is based on the ZSM-5
class of Mobil-discovered zeolite catalyst and offers a new and viable
route for prnducing high quality gasoline from alternative energy
resources such as coal, natural gas and biomﬁss- These resources can
be readily converted into methanol by using commercially availableH
technologies. The MTG Process in turn converts the methaneol into high
octanes gasoline which is directly marketable and totally compatible
with petroleum derived gasoline. In addition, the MTG Process scheme

is relatively simple and over 90% enexrgy efficient.

Since the mif-1970's, Mobil has carried out extensive
process development work oﬁ this process. Two modes "of operation have
been investigated - fixed-bed and fluidized-bed. The former is now
ready for commercial application and has been selected for a
commercial size plant in New Zealand which will produce 13,000 BPD of
synthetic gasoline from natural gas. Startup is projected to be in
1984/1985. The latter is undergaing final stages of engineering
development. A 100 BPD fluid-bed MTG pilot plant is under
construction in Wesseling, W. Germany and will come on stream in

mid-1982.
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Introduction

The discovery of a new class of shape selective zeolite
catalyst, namely the ZSM-5 class, has provided the basis for a new and
efficient érocess for.converting methanol to high octane gasoline.(l)
Recognizing that methanol éan be produced from coal and natural gas
using well established commercial technology, Mobil undertook the
development of the Methanol-to-Gasoline (MTG) Process to provide the
first new route in 40 years for the production of premium
transpertation fuel from ceoal and other alternate energy resources.
Twe modes of operation have been developed - fixed-bed and
fluidized-bed. This paper describes the development and current

status of the MTG process.

Process Destription

The production of gascline from coal or natural gas using
the MTG Preocess is shown conceptually in Figure 1. Synthes:is gas (CO
and H,) derived from coal by gasification, or from natural gas by
steam reforming, is readily synthesized into methanol, which is then
converted to gasoline, LPG, and water by the MTG Process. It is
signifidant to note that there are commercially proven processes
available for the natural gas-to-methancl and ccal-to-methanol paths.
With the MTG Process now ready for commercial application! the final

technological link is in place.
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The basis for the MTG Process is a new class of zeolite
catalyst {2ZSM-5) with unique catalytic properties. A schematic
drawing of the catalyst channel structure(2) is shgwn in Figure 2.
There are two types o: channels which intersect each other:
elliptical l0-membered ring straight channels and sinusoidai, tortuocus
channels. The sizes of these channels permit only molecules of
certain sizes to penetrate or exit. Consequéntlf the reacti&n
products exhibit a high selectivity. In the MTG reactiocns, the
hydrocarbon products contain virtualy no molecules with a carbon
number higher than ten and fall within the gasoline boiling ranée

exclusively.

The MTG reaction chemistry is guite complex, with ﬁany
competing and seguential reactions taking place at the same time. A
simplified representatien is given in Figure 3. The initial reaction
is the dehydzation of methanol to dimethyl ether. This reaction is
revéisible and the thermodynamic egquilibrium is established rapidly.
The methanol and dimethyl ether then undergo further dehydration to
form light olefins. Subseguent reactions lead to the formation of
heavier olefins, followed by naphthenes, paraffins, and aromatics. A
more detailed discussion of the reaction chemistry is given by Chang
and Silvestri (3).  The paraffin fractioﬁ contains primarily branched
(izo) species. This, together with the high yield of aromatics (25 to

45 wt % of the hydrocarbons), contribute to the high octane rating of
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the MTG gasoline.

The typical mass and energy balances for MTG are shown in
Figure 4. Virtually complete mekthanol conversion is attained in
normal MTG ﬁperations. For 100 mass units of methanol input,
atoichiometric yields of 44 units of hydrocarbeons and 56 units of
water are obtained. Gasoline yield {(including alkylate) is 85 to 90
wt ¥ of the hydrecarbona. The energy balance, however, is extremely
favorable; 95% of the tﬁermal energy in the methanol feed is
preserved in the h?drocarbon preducts, The remaining 5% is liberated
as heat of reaction. After allowing for process utilities energy
requirement, we estimate that the overall process energy efficiency

will be in the range of 90 to 93%.

Process Development

In the development of the MTG Process, three major factors

must be considered:

® Reaction heat removal

Catalyst activity control

e Durene (1,2,4,5~tetramethylbenzene) selectivity
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MTG reactions are highly exothermic. The heat of reaction
is estimated to be about 740 Btu per pound of methanol converted.
Unless this heat is promptly removed, the catalyst temperature could

rise by as much as 1000°F and suffer thermal damage.

As the MTG reactions proceed, the catalyst undergoes two
types of aging which contribute to a gradual loss of catalytic
activity. A temporarily loss results from small amounts of "coke”
formedxas reaction byproducts and deéosited on the c§talyst surface.
This loss can be reversed by oxidative regeneration of the catalyst,
i.e.,by burning off the coke in an atmosphere containing a controlled
amount of oxygen. A pefmanent loss of activity, however, alsc occurs
gradually. The presence of significant amounts of steam in the
reactor is believed to be primarily responsible for the permanent
aging. Methanol conversion and product selectivity are affected by

catalyst aging.

One notable gdifference between MTG gasoline and conventional
petroleum derived gasoline is ‘the presence of more durene in MTG
gascline. Durene is the largest molecule produced in the MTG process
in any significant quantity. It boils in the gasocline range (3B6°F)
and has a high octane rating (estimated 100 R+0). However, because

of its high freezing point (175°P), it may cause drivability problems

by "icing" in an engine carburator.
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Durene formation is guite sensitive tco process temperature and
pressure as shown in Pigures 5 and 6.(4) Increased temperature and

reduced pressure would lower the durene content.

Two modes of operation have been developed for MTG -
Fixed-Bed and Fluidized-Bed. Each mode of operation has its
advantages and is significantly different from the other. The major
distinguishing features are summarized in FPigure 7 and are described
in more detail in the following sections.. Our experience indicates

the advantages for the fixed bed are: -
s Easy to scale up
[ ] éommercial catalyst

For the fiuid bed, the potential advantages are:

e Higher gasoline yield including alkylate from steady state

operation

e Easy temperature control and heat removal

.
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e Minimal recycle reguired and hence lower operating cost.

To fully expleit the merits of the fluid-bed, substantially more
engineering development efforts are required than the fixed-bed.
Bagsed on these considerations; our strategy in the past few years has
been to pursue both routes: conducting further RE&D on the fluid-bed .

while at the same time proceeding with commercializtien of the

fixed-bed process.

Status of Fixed-Bed MTG

—

The Fixed-Bed MTG Process is ready for commercial
appiication. A commercial size plant capable of producing 13,000 BFD
of gasdline is under design for construction in New Zealand. This
venture is a joint effort by the New Zealand Government and Mobil.
When completed, the plant will supply one-third of New Zealand's
gasoline needs from its indigenous natural gas reaoﬁ&ce and lessen its
demand for imported petroleum. The plant will be a grass-root,
totally integrated facility. WNatural gas from the offshore Maui Field
will be converted to methanol using commercia}ly provén technology.
The MTG section completes the natural gas Lo gasoiine conversion. The

projected startup date is 1984-1985.
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A typical schematic diagram of the Fixed-Bed MTG Process 19
given in Figure 8. The MTG conversion is carried out in two steps
(using two different catalysts. 1In the firast step, the dehydration of
. methanol to dimgthylethér (DME) is accomplished gatalytically. About
20% of the total reaction heat is released in this step. The effluent
is then sent, along with recycle light gas, to the MTG reactors where
the conversion to gasoline is completed. The recycle gas, typically
at a rate of 9 moles per mole of methanol, is used for reactor
temperature control and réaction heat removal. Pigure 9 shows
normalized temperature rise profiles for the fixed-bed MTG reactdr._
For normal operations, the temperature rise in the bed is about 100 F.

It will vary with changes in the recycle -ratio.

As shown in Figure 9, the fixed-bed MTG operates in a cyclic
mode. At the beginning of a cycle, the catalyst bed is highly active
and only about 1/3 of the bed is needed for conversion. As the
catalyst ages with time on stream the reaction zone gradually shifts
towards the end of the bed, exhibiting the classical "band aging”
phenomenon. When methanol breakthrough occurs, the reactor is
shutdown and the bed’is regenerated. A cycle lasts typically well
aover 20 days. Product selectivity varies within a cycle, with
gasoline yield increasing from about 75 wt % of hydrocarbons produced
to aboﬁt 90 wt %$. The average is about 85 wt 3. (9) Typical properties

of the fixed-bed MTG gascline are shown in Table 1. The product is
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comparable to unleaded regular gasoline.

initial development of the fixed-bed MTG process was -carried’
out in bench-scale pilot plant. (4} process conditions and the
long-term aging behavicr of both the dehydration and MTG catalyst were
established. Recently, the fixed-bed Process has been scaled-up to a
4 BPD pilot plant to provide support for the design of commercial
plants. This pilot plant has performed very well and is currently in
operation at our Paulsboro Laboratory. As shown in Table 2, product A
selectivigies and guality are practically identical in both units. In
fact, longer cycle lengths were experienced in the 4 BPD unit than the
bench-scale unit. Since the 4 BPD unit operates at the exactly same
conditions as for the commercial plants, we do not expect any

detrimental effect in scaling-up to commercial size reactors.

Status of Fluid-Bed MTG

The Fluid-Bed MTG Process is currently in its final stages
of engineering development. A program is underway to design,'
construct, and operate a large—scale 100 BFD pileot plant. This $35
million, 5-1/2 year program is an international venture jointly ~
supported by the Bundesminisater fur Forschung und Technclogie (BMFT)
of the Federal Republic of Germany (FR;) and the U.5. Department of
Energy (DOE). The cost-sharing industrial participants in this

program include Union Rheinische Braunkohlen Kraftstoff AG (URBK),
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Uhde GmbH, both of FRG, and Mobil. The pilot plant will be located on
a site provided by URBK in Wesseling, FRG. URBK is acting as the
operating Agent for the program. Uhde is responsible for engineering

design. Mobil contributes the process technology, MTG catalyst, and

guidance in all aspects of the program.

'The'major technical tasks §f this program are:
e Cold Flow Model (CFM) Studies
e Pilot Plant Design and Construction
] P?lot Plant Operation

s Product Evaluation

.s Conceptual Design of a Commercial Fluid-Bed MTG Plant

Figure 10 shows the program schedule. The CFM studiegs and
the pilot plant design are well underway. Construction will begin in
midflgsl and startup is targeted for mid-1982. A 2i-month opefating
period ié planned. The product testing task will be carried out in
Germany as well as in the U.S. The program will culminate in a

conceptual design of a commercial size fluid-bed MTG plant.
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The major objectives of the cold flow model studies are to:

e Charactrize the fluidized-bed gquality at the design’operating

conditions.

e Develop internal baffle designs to assure high conversion

performance.

. Oppimize;catalyst circulation strategy and control

methodolegy.

Towards these ends, a full-size non-reacting model éf the 100 BPD
pilot plant reactor system has been built and put into operation in
our Paulsboro Laboratory. A schematic diagram of the reactor system
is shown in figure l11. There are three major process vesaels -
reactor, regenerator, and extérnal catalyst cooler. The re%ctor
consists of a dense bed section oﬁ top of a dilute phase riser

section. Reaction heat removal can be carried out in two modes:
1) By circulating catalyst through the external cooler, or

2) By means of internal heat exchange pipes immersed in the

dense bed.

Both modes will be tested in the pilot plant. To maintain 2 constant
catalyst activity in the reactor, a small fraction of *coked" catalyst

will be circulated continuously through the regenerator, where part of
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the coke is burnt off, and returned to the reactor. The
reactor/regenerator circulation rate is low because of the very low

roke make in the MTG reactions.

The design of the 100 BPD reactor system is a product of the
orderly and evolutionary development of the fluid-bed MTG process. In
early bench-scale unit studies {4}, preferred operating conditions,
product yieuds and selectivities, catalyst aging characteristics, and
other process parameters were evaluated and determined. Subseguently
the flujd-bed process was scaled-up to a 4 BPFD pilot plant which
perfbrmed highly suécesefully.(s) A simplified flow diagram of the 4
BPD pilot plant is shown in Figure’lzg The reactor dimensions weye 47
ID x 25" high. It was topped by a Hisengaging section where entrained
catalyst was separated from the products and returned to the reactor
base through an external recirculation line. By controlling the heat
loss from this line, it also served as an external cooler. The
thermal stability of this system was found to be excellent and, as
shown in Figure 13, reactor was highly isothermal despite its high L/D
ratio of 75. Detailed operating conditions and results have been
reported previously.(s) The 4 BPD fluid-bed study also demonstrated
successfully the concept of steady state operation at maximum gasoline
(inclﬁding alkylate) yield and repeated regenerability of the

fluid-bed MTG catalyst.
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Typical product yields and gascline properties from the
fluid-bed MTG process are shown in Tables 3 and 4, respectively. The
raw hydrocarbon products contain about 60 wt % Cg+ hydrocarbons.
However, by taking advantagemof-the stoichiometric amounts of i-Cy
butenes, and propene which can be easily converted to gascline by
conventional alkylation, total 9 RVP gasoline yield is increazed to.as
high as 88 wt % of hydrocarbons. Octane guality of the fluid-bed MTG

gasoline is very good, comparable to unleaded premium gasoline.

Concluding Remarks

The Mobil Methanol-to-Gasoline Process is the first new
route in 40 years for synthesizing gasoline from coal, natural gas,
and other alternate energy resources. The process is relatively
simple, highly energy efficient, and produces a readily marketable,
high-octane gasoline with good yields. In the last decade, the MTG
process has grown from a laboratory discovery to a commercial process.

Further advancement is expected from the current ReD efforts.
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FIGURE 2

ZSM-5 STRUCTURE

=] \\l :il
sy Nl B =N
l| Hf‘i\‘li
Q!
X ,,/»//HT\] ._:-
|

15-16



FIGURE 3

REACTION PATH
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FIGURE 11

FLUID-BED MiG COLD FLOW MODEL
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FIGURE 13

TYPICAL 4 B/D FLUID BED REACTOR
TEMPERATURE PROFILE
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TABLE 2

FIXED-BED MTG SCALE-UP: YIELD COMPARISON
AT SAME TEMPERATURE POSITION

Product, Wt % of Chg 4 B/D Unit Bench Unit

Hydrocarbons 36.48 35.42
Water 63.49 64.51
€0, CO2 0.03 0.07
Methanol 0.00- 0.00
Dimethylether 0.00 0.00
o 100.00 100.00
Hydrocarbon Product, Wt %

Methane + Ethane 1.6 15
Ethylene 0.04 0.02
Propane 5.6 5.6
Propylene 0.2 0.2
n- Butane 2.9 2.9
i- Butane - 8.1 8.8
Butenes 0.9 1.0
Cs* Gasoline _80.1 _80.0
100.0 100.0

Aromatics 29.6 33.4

9 RVP (asoline

Yield, Wt % of HC
R+0

~O OO
W Wi
—g D
~O OO
I AN
wl
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TABLE 3

TYPICAL YIELDS FROM
FLUID-BED MG -

Average Bed Temperature, °F - TI5°F
Pressure, psig .5
Space Velocity (WHSY) 1.0
Yields, Wt % of Methanol Charge
Methano! + Ether 0.2
Hydrocarbons 43.5
Water " 56.0
Co, COz 0.1
Coke, Other 0.2
| 100.0
Hydrocarbon Product, Wt %
Light Gas 5.6
Propane - 5.9
Propylene 5.0
i-Butane 14.5
n-Butane - L7
Butenes 1.3
Cs* Gasoline 60.0
100.0
Gasoline (Including Alkylate)
{96 R+0, 9 RVP)
LP Gas | 6.4
Fue! Gas 5.6
100.0
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TABLE 4
TYPICAL PROPERTIES OF FINISHED FLUID-BED

MIG GASOLINE

Components

Butanes
Alkylate
Cs* Gasoline

Composition, Wt %

Saturates
Olefins
Aromatics

Octane ]

Clear
Leaded (3 cc TEL/US Gal)

Reid Vapor Pressure, kPa
Specific Gravity

Sulfur and Nitrogen |
Corrosion, Copper Strip

ASTM Distillation,° C

10%
30%
0%
90%
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2
28
10
100

67
6
21
100

Research

96.8
102.8

16
0.730
Nil
1A

47
10

103
169

Motor

87.4
95.1




