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ABSTRACT

The Methanol-to-Gasoline (MTG) Process is based on the Mobil-discovered Zeolite Catalyst
(ZSM-5) and is a new and viable route for producing high quality and high octane gasoline:
from methanol. ZSM-5 class zeolites possess a unique channel structure and the intermediate-
size of these channels are just wide enough to produce hydrocarbons boiling in the gasoline
range. This results in the superior yield of gasoline to that by Fischer-Tropsch process.

Another significance of MTG process consists in a new route to gasoline in terms of methanol)
from non-petroleum such as coal, natural gas and biomass. Consequently this process, which

uses much cheaper raw materials, is expected to be promising as oil price rises up.
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Table 1. Channel characteristics of zeolite®

Zeolite [ Chemical Formula ]I Ell O\;Rat‘o Channel

25M-5 | Nao,0sHz, e7ALL, 7Siss.5015:9H:0 346 (5.3X5.7) 5. 5%
Mordenite | Nao.7Hi.sAls.sS1s2.70ss, Hz0 8.1 (6.7%7.00%.(2.9X5. 1)

Offretite Nas.0:Ko.sHs.0Als, 6Si1s.40s6, XH;0 4.0 | 6.4%.(3.6x5.2)*

Ref. 1. Channel dimensions in A°
2. (~—) interconnected channels
3. ( . ) perpendicular channels

4. Number of asterisks indicates whether the channel network is one, two, or three dimensions.
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Table 2. Coke selectivities

Zeolite i's | Pore Volume Max amount of

1R atio | | cm?/cm’Cat | Coke (wt%)
ZSM-5 | 4.6 0.20 | 2.2
Mordenite 8.1 | 0.28 ﬁ 8.7
Offretite 40 | 040 | 168
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Table 3. Methaol conversion to hydrocartbon at 370°C

P =1 atm.
K1 =2.77
Kz =1.97 x 107!

P =(.04 atm.
Ki1=2.64
K; = 2.47 X 1072

tx 103

tx10®

sec Aobs Cobs. Dobs., A calc sec A obs. Cobs. D obs. A calc.
@ W (©) © ) © O 0 © D
)
1.7 0.998  0.0003 0.0017  0.999 ég g 33; g 2‘;? g gg 8: 312
2.6 0.994  0.0040  0.0011  0.990 1.0 0.240 0572 0188  0.244
2.6 0.995  0.004  0.001 0.990 1100 0.008  0.771  0.221  0.008
3.9 0.979  0.007  0.014 0.996 o " (S.E. =0.019)
5.8  0.956  0.022  0.022 0.956 P =50 atm.
7.5 0.983  0.010 0. 007 0. 980 Ky =2.32 X 10°
26.0  0.660 0.215  0.125  0.622 o K, = 5.70 X 107 o
30.0  0.549 0.216  0.235 0.579 b Aobs. Cobs. Dobs A cale.
78.0  0.437  0.336  0.223 0.421 _
1200 0.033  0.446  0.521 0.033 © ® ) © M
28000 0.002 0.012  0.9878  0.005 ig g: i(l)g g: gg? g: égg 8: ;fé
(S.E. = 0.017) 13.9 0.171  0.076  0.753  0.214
(a) A = oxygenates; C = olefins; 110 0,,~. 0.030 0.117 0.853 0.026
D = paraffins 4 aromatics (S.E. =0.042)
otal skt
hyrocarbor 8t Chang 3 Silvestri'V = ojek2-2- &utg]
B2 sl Fig. 63 zo] 260°CoAl 49 +
yh-&-2 DME 29| ehib-3-o] 3 340 — 375°C of]
Ale G — G ¥ abaEFo] X84 Jebirs
A e sFER RS A7) AsiHE 370°C 2
ol A8 HEgEEr) A o 4 g},

wie

(g-tas-nrame'™ )

Fig. 4. Hydrocarbons distribution?

3 %

PEETY 5 DME S uif a2 A#
uh2e] gejA AR EE] LEHEAL AT
st Ak Fig. 59 7ol 280°Cell A= elsl4
29 Aggo] 5%l E3shad 2t 300°C ol A
E elabead) g0l A8 100%e wEd o

H 43 1982 8¢

rﬁ

a3t 3 w2

?

Product Distribution

Temperature ©C

Fig. 5. Temperature effect of DME conversion

(2) HrEQf2{19,20
{garee st

=L &
R

Table 4o} A=

o I
LI e ]’«, nydesearien,

.



WATER

S — Hyel0* L0,
METNANE_J ¥ ?

UMULATIVE WEIGHT PERCONT
o
3

€2 -Ce HYDROCSRBONS FPARAFFINS

-
w
A

SALIPRATICS OLEFINS

-~ ABONATICS

TEMPERATURE °C

Fig. 6. Temperature effect of methanol ]
conversion

0 — 720 psi A}e] 8] oFFell A of 75 el
& 27 Yol whek Babe] 2 HPFol
hewl 53] o] FllA
methyl benzenzene)-&

&4

7k
Durene(l, 2, 4, 5-Tetra-
7hEEl qlAlel] v F gk

237

T S7Fe Durene &) @eke v
#ate I Ae) Ful,

(4) Z042] S10,/A1,05 |V
ZSM-5 £u19] 242 Si0,/ALO; v]o] =Ap
245 =], Fig. 8 ¢ SlOz/AIan vl 7k A2 e
TF ZSM-59] vjdt mksla g9 w
SEAL vebd Aolvh.  ALO; ghgko]
- TEE doH,
HAA 8o

..{

2 gt o du

w3

o [ e o

o
. o
L,
o

. MTG Process

e 2 RE st Bd4s gL
197633 ®l 3 2L A {34 ZSM-5 Eu) 2
Mo ® A4y o 4 Fste] FoY3} vhA

Table 4. Effect of pressure on methanol conversion to hydrocarbons

Fixed bed
Pressure, psig 0 59 169 353 7‘20
WHSV, b 1.0 1.5 1.5 1.5 1.5
Conversion, %® 99 98 97 97 99
Hydrocarbon Distribution, wt%
Methane + ethane 1.0 1.0 1.3 1.6 1.6
Propane 8.7 8.0 8.8 9.6 5.8
n-Butane 4.6 5.0 4.9 2.5 1.4
Isobutane 17.3 13.9 13.6 13.8 9.0
C, — C; olefins 1.7 0.6 0.7 2.7 2.5
Cs + Nonaromatics 30.5 35.8 32.8 24.3 44.9
Aromatics
— Aw 35.7 35. 6 37.6 4.9 34.8
Aun+b 0.5 0.1 0.3 0.6
Total Cs + 66.7 71.5 70.7 69.8 79.7
C/R 0.375 0.415 0.450 0.463 0.561
% Durene in HC 3.2 4.4 9.4 9.5 20.5

s Defined as 100 X (1 — ((mol of unconverted methanol 1+ 2 (mol of dimethyl ether))/mol of met-
hanol feed)) ® Includes naphthalene (C in aromatic side chains)/(C in aromatic rings).
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Table 5. Typical properties of finished gasoline

Components, % wt

Composition, % Vol

Butanes 3.0 Paraffins 53
Alkylate 3.0 Olefins 12
Cs + Gasoline 94.0 Naphthenes 7
100.0 Aromatics . 28
Physical properties 100
Research octane Motor octane
Clear 93 Clear 83
Leaded, 3 cc TEL/USG 101 Leaded, 3 ¢c TEL/USG 90
Reid vapor pressure, psig 9.0
Specific gravity 0.728
Sulfur, % wt Nil
Nitrogen % Wt Nil
Corrosion, Copper Strip 1A
Freeze point 0°C —37
ASTM distillation, °C
10% 47
30% 70
50% 103
90% 169
coat r—«@.m,.c,}w.mm £ 7H&El f-2e] 81%«<lw] ks, Fischer-Tro-
0}?56 o] 1T psch ¥y & 23-—39% Fo|vt(Table 6).
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Table 6. SASOL/MTG Processes

SASOL-1
Product (% wt) — MTG
Fixed Fluid
Light gas Ci, C; 7.6 20.0 1.3
LPG Cs, C4 10.0 23.0 17.8
Gasoline Cs — Cp2 22.5 39.0 80.9
Fuel oil Ci + 56.0 11.0 0
Oxygen compounds 3.9 7.0 0
Aromatics % of gasoline 0 5 38.6
55 93

Research octane (R + O) —

Table 7. Material balance and efficiency

Case MTG Route Fischer-Tropsch Route
Input
Coal, MST/SD 27.3 27.8
Water, gpm 6, 000 6, 600
Product
Gasoline, B/SD 23, 065 13, 580
SNG, MMSCF/SD 152.6 173.3
Cs LPG, B/SD 1,790 1,107
Butanes, B/SD 0 146
Diesel fuel, S/SD — 2, 307
Fuel oil, B/SD — 622
Alcohol, MIlb/SD — 510
Methanol, B/SD — —
Fuel oil equivalent, B/SD 45, 560 44, 950
Other
power, MW (e) (0.08) 3.51
Coal fines, MST/SD 1.6 0
Efficiency (HHV) % 63 58
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Table 8 Economics

Case MTG Route Fischer-Tropsch Route
Investment, MMS
Onsite 910 1,035
Offsite 795 895
Other 155 175
Total 1,870 2,105
Working capital, MMS 65 70
Coal cost, MMS/Yr. 69 61
Operating cost, MMS/Yr. 145 173
By-product credit, MMS/Yr. 7 5
Equity unit cost 12% DCF
Thermal cost, S/MM Btu
Utility finance 5.55 6. 20
Equity finance 12% DCF 6.5 7.05
Casoline cost, ¢/Gal (1)
Utility 67--83 T5—118
Equlty 12% DCF 76--87 86--174

(1) Lower costs all products given same value on BTU basis (thermal costs).
Higher costs: SNG given value of product from grass-roots gasification plant.
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