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4, ICI Zeolites

a) Zeolite EU-1

7eolite EU-1 1s a recent development of Imperial
éhemical Industries described in the European patent
application 00“2226.133 EU-1 has a molar composition
expressed by 0.5 to 1.5 R2O:Y203: at least 10 XOZ: C to 1l0C
HEO‘ Wkere R 1s a moncvalent cation, X 1s silicon and/or
germanium, and Y is 1 or more cf the elements; aluminum,
iron, zzllium or boron. The x-ray powder diffraction data
for EU-1 as svnthesized is shown iIn Table 13 and that for
BU-1 after calcination 1s shown in Table 16,4232 mecitte
EU-1 1s thought to be similar to the ZS5M-23 femily of
seolites described in U.S. patent 4076842.132 Tne sorption
capaclity of EU-1 for molecules of varlous sizes 1s shown

tn Table 15.-°°

The pore system of EZU-1 1s thought to
have £ argstrom diameter pores which are hyvdrophoblc In
nature. The rapid scrption of paraxylene and the slow
sorption of metaxvlene Indlicates that this zeolite might
be useful irn separating the xylene lsomers. EU-1 1s

synthesized‘using at least cne alkalated derivative of

polymethvlene, a w diamine having the formula:

Ry R,
R NT - (cH.,) Nt R

2 = 2’n ~ g
R} R

where n 1s the range from 3 to 12 and R, to R¢ may be

the same or different can be alkyl or hydroxyalkyl groups



d () | 1/To
11.03 Very Strznc
10.1c Strong
9.72 Weak
6.34 Weak
5.86 Very wezkx
4.66 Vary EStroncz
.31 | Very Stzco=g
4.00 | vers Stecona
3.82 Streorng
3.71 Strong
3.44 Medium
3.38 Magi=
3.28 Streng
3.16 Very weak
3.1l Very Weak
Z.96 Very wWeezk
2.71 very Week
2,55 Weak
2.48 Very Weak
2.42 Vaery Weak
2.33 Very Weak
2.30 Very Weak
2.13 Very Weak
Table 12. Zeolite ZU-1

as rreshly Prepared.

133
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d (A) I/1z
11.11 Very strono
Z0.03 Very st-ong
9.78 Weak
7.62 Weax<
6.44 Medi =
6.21 Very weak
5.73 Weak
4.87 Very weax
4.60 Very szr=:g
4.30 Vexyy sz-T=o3
3.97 Very c=zz=g
3.77 Strzong
3.71 Weeak
3.63 Very weax
3.42 Mecivz
3.33 Melim
3.27 Strcng
3.23 Medl
3.18 Weak
3.07 Weak
2.93 Heak
2.6% Weak
2.63 Very weak .
2.57 Very weak ﬁ
2.51 Weak
2.45 Vary wesk
2.41 Very weak
2.32 Very weak
2.29 Very wazk
2.11 Very weak ﬁ
Table 14. Zeolite EU-

in Calecined Na-H Form.
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containing from 1 to 8 carbon atoms and up to 5 of these
groups Hl to RS can be hydrogen atoms. Zeolite Ey-l is
synthesized under autogenous pressure at a temperature
from B5 to 250 C and the synthesis time can range from

1 hour to many months depending on reactant composition.
Following synthesls, Ey~l 1s washed, calcined, and ion-
exchanged to 1its hydrogen form, followed by ion-exchange
or Impregnation with cations or oxides of the following
metals, Cu, Ag, Mg, Ca, Sr, Zn, Cd, B, Ar, Sn, Pb, V, P,
sby Cr, Mo, W, M, N, Re, Fe, CO, N1 or the noble metals.
Zeolite Epy-l 1s thought to be applicable for catalysis

in the following processes. Catalytic ecracking, hydro-
desulfurization, hydrodenitirfication, catalytic dewaxing,
alkylation of alkanes or aromatics, dealkylation, dispropor-
tionation, 1somerization of alkanes and alkyl benzenes,

dehydration reactions, oxidation, and polymerization.13u

Zeolite EU-1 has been found to be especially useful for
catalytlic xylene lsomerization. The batch composition des-
cribed by example 1 of this patent application 1s the

following:

7.5 NaEO + 7.5 HxBrQ + 1 A1203 - k3 SiO2 T 2220 HEO

Where H Br, 1s hexamethonlium bromide (CHH)3 n (CHE)G n
(CHH)32+ (Br~). The range of batch compositions from
which EU-]1 can be synthesized is described on page 8 of

the patent applicaticn.
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b) Zeolite EU-2

2e0lite EU-2 1s described in the U.X. patent applica-
tion #GB20T709A which was submitted by Imperial Chemilcal
Industries, Ltd. The molar composition of Ep-2 1s expressed

by the formula:

0.5-1.5 R20:Y20u: at least 70 XOE: 0-100 HEO'

Wherein R {s a monovalent cation, X 1s silicon or germanium
and Y is 1 or more of the elements; aluminum, iron, galllum
or boron.

The x-ray diffraction lines evidenced in the EU-2 family of
zeolites is shown in Table 16,35 ohe typical sorption
results which demonstrate the characteristic molecular sleve
properties of this zeolite are shown in Table 17.135 EUu-2
is extremely hydrophobic and exhiblts a pore diameter near
6 angstroms which is characteristic of a 10-ring window.
The organic cations used in 1its synthesis are the same
used in the synthesis of zeolite Eu-l. The range of batch

compositions which can be used in the synthesis of Eyu-2

are expressed by the following mole ratios:

XOE/Y203 at least 70, preferably at least 150, OH—/XO2
0.1 to 6.0, preferably 0.1 to 1.0, (M' + Q)/Y, 05 0.5 to
100, /(" + @) 0.1 to 1.0, H,0/X0, 1 to 100.
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Q denotes the organic salt having a cationic form Q2+.

¥* 15 a univalent metal cation and X and Y were previously
defined. <Zeolite Ey-2 is thought to possess catalytic
behavior which make 1%t applicable to the following processes:
hydreodesulfurization, hydrodenitrification,'catalytic de-
waxing, selective alkylation, dehydration, and oxidation
reactions. The dehydration of methanel on Eu-2 has been
found to yleld a wide range bf aromatic and aliphatic hydro-

136 The product distrivution cbtained from the

carbons.
dehydration of methanel described in Example 7 of this

patent, is shown in Tables 17 and 18.137
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Zechte EU-2

‘nterplanai Relative lnensnty
Spacings d(A} 100 /.,

11 74 Table 16.

1013
5-23
585
4 33
418
3 B9
369
327
308
2 85
209

PUPEY

X-ray Diffraction Lines in Eu-2

Family of Zeolites. >

— omw
WD~ OO ~ ] fd

C.-C, hydrocarhan analysis ‘%
v/v

Table 17.

Merhane
Ethane
Typical Sorption Results which Ethene
Prapane
Demonstrate characteristic Molecular Propene

2-mnthyl propane
135 Butine

Butene-1

7 -muthy! prropene

trans - butene. 2

cis-butene-2

CwaR[NOn -~

Sieve Properties of Eu-2,

-l -
SN0 =D ~NDO —

N
€L w0

Aromatics analysis (% v/ vl

A ;] C 0 Table 18,

nren 7 58 4
Benrene s 2% 3% oA Product Distribution Obtained
Ethylberzene}
+ m.paylene) 351 347 327 353 From the Dehydration of
o-xylene 67 69 8 65
C, aromaics S8 98 105 10.3 Methanol. 137
CTio. BIOMSELCS 14 ¢ 153 139 118
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C. The Synthesls of Gasoline
l. Fischer-Tropsch Synthesis

Fischer-Tropsch synthesis which was named after two
German scientists, Franz Fischer and Hanz Tropsch, who
first investligated the reaction, 1s a process by which
hydrocarbons are polymerized during the catalytic hyéro-
genation of carbon monoxide. The general reactions in-
volved in the hydrogenation of carbon monoxlde are given

by Shah et al.138

1) (2n+1) H2+nCO = Cn H2n+2 + nH20

2) (n+l) H,o+2nCO = Cn H + nCO2

2n+2
3) 2nH2+nCO = Cn H2n + nH20

4 nH, + 2nCO = Cn H + n002

2 2n

5) 2nH2 + nCO = Cn H2n+l 0H + (n-1) H20 138

6) (n+l) H2+(2n—1) CO = Cn H2n+l OH + (n-1) 002.

Although other reactions had been previously observed in
the catalytic regimen for carbon monoxide hydrogenation;
such as methanocl synthesls:

co + 2H2—-> CHBOH
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and the methanation reactlon:

Co + 3Hé—ﬁ> CHy + H20

It was Fischer and Tropsch who first observed measurable
quantities of higher hydrocarbons when in 1323 they passed
hydrogen and carbon monoxide over alkyzed iron filings.

The synthesls reaction which can be expressed as:
H
2
Cco _.__7\,CaHb+CcHd(OH)e + CfHSCHO + CnHi COOH

The virtually unlimited array of saturated hydrocarbens,
olefins, aromatic hydrocarbons, and oxygenated derilvatives
are formed through a myrlad of competing reactions which are
ﬁollectively called Fischer-Tropsch synthesls. Five processes
are involved in Fischer-Tropsch synthesls which were reviewed
by Muetterties and Stein.139 They include:
1) Hydrogen atom transfer from metal surface atoms
or from surface intermediates to carbon whereby
a carbon hydrogen bond 1s formed.
2) Net hydrogen atom transfer to oxygen resulting Iin
oxygen - hydrogen bond formation.
3) Carbon - carbon bond formation.
4} Carbon - oxygen bond sclssion,

5} Carbon - oxygen bond rormation.139

Only ateps 1 and 2 are operative in methanol synthesis and
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steps 1, 2, and 4 in methanation. The chemistry involved in
each of these flve steps has been extensively reviewed.139 ’
Indirect coal liquefaction by Filscher-Tropsch synthesis
involves two steps. In the first coal 1s reacted with i
water to produce synthesals of gas having a H2/CO ratio of

2 or less:

3C+4H,0(g) (= —— 2CO+4H ,+C0,

an? = +374.9KkJ; X 7.7 x 107

1500 1500

With the rejection of steam and with gases recycled to
extinction, the synthesis gas 1is reacted over a pofassium

promoted iron catalyst:

CO+2H,—> (-CH,-)(g) + H,0 (g)

Au0

700 = -149,7kJ

The Schulz-Flory distribution funetion has been used to

model the formation of hydrocarbons via Fischer-Tropsch
synthesis. Three assumptions are involved in the derivatlon
of the Schulz-Flory distribution funetlon, First, that
Fischer-Tropsch synthesis involves a polymerizatlion process )
wherein all monomer units are equivalent in welght.

Second, that hydrocarbon chalns grow by the successive -

additior of monomer units each contalning a single carben

atom and third, that the polymerization process takes place
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on the catalyst surface and that all hydrocarbon species and
{ntermediates adsorbed on this surface have an equal probabll-
ity of adding a monomer unit to form the next higher monolog
in the hydrocarbon series. If we defined P as the probablility
that a monomer unit has polymerilzed then the probabllity of
forming a surface hydrocarbon of carbon number n can be
obtained. The probability of forming a surface specles where-
in one monomer unit has polymerized with a surface carbon
(carbitic carbon) is defined as P. The probability of

forning a surface specles wherein two monomer units have
polymerized with the surface carbon 1s therefore, P2. The
probability of forming a surface specles contalning n carbon

n~1  ne probability that a surface

atoms is therefore, P
species will terminate (desorb from the surface) before

adding one more monomer unit 13 given by 1-P. For an oligomer
Cn to be synthesized It must first polymerize and then
terminate. The overall probability for the formation of

an oligomer with carbon number 1is, therefore,

- ph-1
Since the sum of the fractions of product at each carbon
number must total 1, Mn is equivalent to the mole fractlon
of product having carbon number n. Since by definition,
the average degree of polymerization is 1/(1-P) and by

assumption one, all monomer units are of equivalent welght,

we can cenvert the mole fraction equation to a welght
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fraction equation by multiplying by n and dividing by
the average degree of polymerization 1/(1-P). The resulting

welght fraction equation 1s:
W= (1-p)2 . pP-?

Thils distribution function can be linearized by taking the
logarithm of both sides: |
140
log Wy, = n logP + log((1-P)2/P).
Plotting reaction data with log wn/n on the ordinate against
carbon number n on the abscissa, the polymerization probability

can be determined from the intercept:
log ((l—P)E/P or from the slope log P.

This Sthulz-Flory distribution function predicts with con-
siderable accuracy the product distribution in Fischer-
Tropsch synthesis over a wide variety of reaction conditions
and a wide variety of Fischer Tropsch catalysts. The in-
herent non-selective nature of Fischer-Tropsch synthesis causes
economic difficulties which have prevented the utilization
of this process in all free economies. The only plants in
operation today utilizing the Fischer-Tropsch method for

the indirect liquefaction of coal are the Sasol plants in
South Africa. Inspection of the distribution function shows
the only hydrocarbon which can be produced with this
technology in 100% yield i1s methane. With the appropriate

selection of operating conditions and catalyst type, the
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polymerization probability can approach 0 and the reaction
selectivity driven toward methane. The most useful and
valuable product of the indirect liquefaction of coal 1s
gasoline range hydrocarbons which have carbon numbers
ranging from Cs to 012. The Schulz Flory polymerization
mechanism in Filscher Tropsch synthesis 1s capable of pro-
ducing only a fraction of the product yleld 1n this hydro-
carbon range. The product fraction outside of this range
must undergo secondary treatments such as cracking or
reforming to generate a useful product. It 1s the cost

of these secondary treatments which prohiblt utilization
of this technology. Recently, technologles have emerged
which provide substantially improved control of the product
dfstribution and product quality. The following sections

will review these emerging technologies.
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2. Methanol toc Gasoline

Mobll's methanol to gasocline process represents the
first majJor breakthrough in indirect coal ligquefaction
technology since the ploneering work by German asclentists
prior to World War II. Mobll Research and Development
Corporation found that methanol could be converted to
gasoline of high octane number over a shape selective
zeplite catalyst, ZSM-5, in excellent vields with long
catalyst life. The process of indirect coal liguefaction,
Involving the Mobll M converslon 1s shown in Figure 30.3‘41
The three steps 1involved 1n this converslon were reviwed
by Probstein and Hicks.lu1 First, the coal is gasified

into 2:1 synthesls gas:

3C + 4H,0(g) = 2C0, + 4H, + CO,

O — - . F - 7
AHlBOO - +37u-9k03 I'\ = 7:7 X 10

1500

Methanol is synthesized from the synthesls gas over a zinc

oxlde catalyst:

co + 2H2{_——>CH30H
O - -
Ao o0 101.9kJ

In the final step methanol 1ls converted to high octane

gasoline over zeolite ZSM-5 with the rejection of steam.

CH;0H(g) > (-CH,=) (g) + H,0(g)

D - \
AHTOO L7.3%kJ
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COAL
v
Oxygen
. > light gas
Gasifier fifffffif; Methanolf =rude > Lp )
Gas Unit Methanol{ Process| Oagoltne
Steam
Ash

Figure 30. The Process of Indirect Coal
141
Liquefaction Involving NMebll M Conversion.

The 2SM-5 catalyst dehydrates the methanol and re-
arranges the remaining hydrogen and carbon atoms into a
concentrated high energy fuel known as gasoline. Although,
methanol itself nas been used in motor fuels both as an
octane beoster to conventional gasoline and in 1its pure
form, each gallon of gasolline has twlce the energv content
of a gallon of methanol. The toxicity and corresive
properties of methanol combined with 1ts low energy to
weight ratio make 1ts conversion to gasoline economically
attrac<ive. For methanol to be used instead of gasollne the
transporta<ion capacity, storage and distributilon capacity
for motor fuels would have to double., 1In addition to the
cost incurred in doubling the fuel capaclity of automotive
_fuel tanks, an efficlency loss would be introduced because
the water weight contained in methanol would increase the
irertia of the motor vehicles. The first public disclosure
of the Mobil M techrology was presented in the artilcle,

\
"Gascline from Methancl in One Step" in February, 19'5’6.“42
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An excellent review manuscrilpt was published by Clarence
Yy
D. Chang in 1983.1 3 Similar reactions of methanol over

other highly siliceous zeclites have been reported.lqu

A reaction path dlagram for the conversion of

methanol to hydrocarbons is shown in Filgure 31.

T T 1 riTri L T 1 T3 7T T T T T
ol ziJ f M UL T """?

Iy
\METHANOL

-

\ J’ ----------- g F-J- waren

50’-—

0 -

b

o

- DIMETHYL

ETHER PARAFFINS -

(AND Cg* CLEFINS )

~ A ]
%r:g
C2-Cs OLEFINS =1

PACDUCT DISTRIBUTION, WY Y.

t
SPACE TIME ft;'-s—v‘

Figure 31. Reactlion Path Dlagram For the

Conversion of Methanol to Hz,rr.'lr'ocar'bo:-m.“5

In this figure variation of the product distribution with

space time 1s shown for a reaction temperature of 371 C. A

similar reaction path diagram is shown in Figure 32 145

for the conversion of dimethylether into hydrocarbons over

-

ZSM-~5, Methanol, dimethylether or an equilibrium mixture of
methanol, dimethylether and water appears to be first con-
verted to 02 to C5 range olefins which are subsequently -
converted to parafins, aromatics, cycloparafins, and 06+

148

clefins. The reaction path appears consistent with the
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Tre effect of temperature on the product distribution at
relatively low space velocity (LESV = 0.6-0.7) and 101.3kFa

1s shown in Figure 33 for the temperature span 260-538 C.lus

At the lowest temperatures the main rezction occurring 1t the
dehydration of methancl to cdimethyl ether. At a temperature
between 340 C and 375 C the conversion of methancl to dime?hyl
ether approaches completion and substantial amounts of the
dimethyl ether appear to be polymerlized into arcmatics. A4s
the temperature increases, secondary cracking reactlons
inerease the amount of methane and light olefins belng formed.

The dlstritution of arcmatics formed In the conversion of

Neactant: Methanol  eButanol  J-Hepranol  Methanethiol  Propanal Methoi,

Neaclion conditions

7' (°C) 371 371 371 452 471 10t
LUSY (hrY 1.0 1.0 05 1.0 10 i
Cunvcr:_ion (o) 100.0 160.0 Y00 049 9= 99,9 liag

Hydroearbon
diztribution {wit9p)

Methane .o 0.1 u.n 0.6 08 14
Ethane n.G 0.7 .3 53 04 a;
Ethvlene 0.5 0.5 <.l 6.7 04 01
Propane 162 15.8 1n4 15.3 3 1
Propylene 1O 1.1 02 1.3 0.6 0
i-Butane 18.7 164 1973 9.0 1.6 13t
n-Bulane 36 S.G 11.0 3.1 30 VY
Butcnes 1.3 0.7 <01 0.2 03 EY
t-Pentane 1. 6.2 - 1.2 1.5 s
n-T'entane 1.3 1.4 1.5 <(.1 0.6 D]
Pentenes 0.5 02 0.1 <0.1 (.2 "y
Cy* aliphatics 1.3 T4 3.0 0.1 1.3 3
Beuzoue 1.7 3.3 3.4 0.2 4.1 il
Toluene 10.5 11.6 14.3 1.3 257 ]
Lithylbenzene ns 13 1.2 <0.1 24 a;
Nvlenes 172 124 11.6 §.40 264 B
Cy Aromatics 7.9 G.1 R 27.0 (BN 1214
Cie Aramatics 33 0.4 2.0 9.3 3.7 Jk
Ci* Aramatics 0.2 0.6 0.6 13 06 v

a27.2% C vonverted to (CH =
¥ 11.09 C converted to CO + CG..

Table 19. Distribution of Aromatics Formed 1n
145
The Conversion of Methanol to OGasoline.

g
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Lg
methanol to gasoline 1is shown 1n Table 19.1 - Toluere,

ortho-, meta-, and paraxylenes, and 1,2,4 trimethylbenzene accourt

for the majority of the product.

The reaction mechanism inveolved in this ceonversion 1c

composed of three key steps; ether formatlon, Initlal C-iZ

H]
bond formation, and aromatizatlion with hydrogen tr‘ansfer.1 6
The mechanisms involved in the formation of ether from

alcohols on oxide catalysts has been thoroughly Investlgated

147,148,149

and comprehensively reviwed, From the evidence

- 150 . 5
ccliectecd ,Perera et a1.5 concluded that the synthesis of
metharcl over oxide catalysts, such as aluming, involives

surface methoxy greups as shown below:

CR

|

Q
|
Al 4

NN

La)

o — @

Tre formation of dimethvl ether from methancl by dehydratlion
on the zeollite, clincptilolite, was 1nvestigatgd by Detrekoy
and Ka110.151 Proposing the following mechanism, they
attritute the formation of dimethyl ether tn the creation
sf Brorsted sites from Lewls sites via hyvdration during

reacticorn with methanol.
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Tre seccond of the three key steps In the acid catzlvzed
conversion of rmethanel to hydrocarbons 1.e., iniclal C-C
btond formatior, occars 2y a mechanism which Is currently

sublect to mucel speculation. Numerous mechanistic schemes

rave bteern prorpcsed irnziuding surface alkoxyls, carbenes,

'3

4]

&

carvenium Ions, oxeniurm lons, Iree radicals, penta coordinate

carbon, and successlve carpeere insertion into surface alkoxy

specles. Tre propcsed mechanisms were reviewed by Crang and
2 ~ k6 1 15t .
Chu*°° and by “rang. ° Kormerilas et a1,53’ -2 proposed that

hydrocarkten chain growth occurs by the successive insertion

of carbene intn surface alkoexy species via a rake type
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wn
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mechanism. The mechanism preposed Is shown 'n Figure 34,

Me, O MeGEL C,H, MeG Pr CyHg Mz OBy CuHy
PHASE
ADSOR3ED 12

PHASE

R

6
7
Meo.__MeOE._c,H, MeOPr == C,M,  MeOBu ==C H,
oy

~\\(~CHZ] 5 (~CHyz) 9// "

5 9’

Figure 34, "Raxe" Mechanism for Dimethyl Ether

. 15¢
corversior to Hydrocarbons. 5%

The final step In this conversion i.e., aromatizatilon
with hydrogen transfer has been comrrehenslively reviewed In
a number of publications. Olefin condensatlon, cyclization,
and H-transfer cver acid catalysts is well known tc zeollite
literature.lsG’IST‘

The two versions of Mobil's MTG6 process are based on
fixed bed and fluidized bed reactors which were installed In
New Zealand and West Germany, respectively., The flixed-bed

158

process is shown in Figure 35, the two reactors in which,

operate under the conditions shown in Table 20.158 A

schemratic diagram of the fluidized bed pilot plant 1s shown
£Q

in Figure 36,1" and the compesition of nydrocarbon products

from the fluid bed pillot plant 1s shown in Table 21.160

A natural progression from the MTG technology which
requires two reactors, one for methannl synthesls and one

for carbon polymerization 1s to attempt to carry out both
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Mathanol 2> behydration > Gas Product
(175 W01 EZo Reactor 1
334°C e
p 1 Hydrocarbon
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Figure 3%5. Mobil Methanol-to-Gasoline Process.
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l Ezg_'.J N2 Temperature, outlet ~399°C
ﬂ Presaure, iniet 13.6-23.8 atm
PR
lTT Space velocity 20 h™!, WHSV
P
DISENGAGER 9 Second Reactor
24 1.0, 4-5 D —
l Temperature, inlet 343°C
4 Tempernture, outlet v 454°C
CONDENSER -
5 —-‘— Pressure, inlet 13.6-23.1 atm
18 .D.
™~ 4 Space velocity 1.5-5.0 h™!, WHSV
:3—{-
BAFFLE Ay Lf Molar recycle ratio 3-4 (based on total
---..~a> GAS fresh feed)
ﬁ'—‘ ANALYSIS res
3% 5
eparator
RS Separator
1% Tempernture 37.8°C
s
34 i
LIQUID -
—+— PRODUCT Table 2C. Operating Conditions
4
DISTRIBUTOR | for Dual Reactor Fixed-Bed
158
CATALYST Process. >
CUMP
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=

Material Lalance no, 26-01 23-03 29-07 2
MeOH cnarged (1b of MeOH/ 6 71 135
5 af cat.)

[ I 21
<
- =

[sopentane 12,36 11.43 11,06 10,07
n-Pentane 0.49 0.43 0.42 0.33
Pentenes 2.19 2.60 3.04 3.12
Cyclopentane 0.44 0.05 0.10 0.07
Methylcyclopentans 0.71 0.67 .63 0.358
n-Hexane 4.06 5.02 5.14 5.42
hMethylpentunes 5.46 6.04 6.03 5.40
Dimethylbutanes 0.9%9 1.17 1.18 1.00
Hexenes 0.26 0.39 0.43 0.47
Cyclohexane 0.03 0.23 0.09 0.25
C,-PON 3.11 3.87 4.00 4.9
C,-PON 2.89 a.62 3.46 3.91
C,-PON 1.64 2.43 2.15 2.20
C,,-PON 0.11 0.22 D.43 0.27
Benzene 0.00 0.00 0.00 -0.00
Toluene 1.38 2.12 2.38 4.03
Ethylbenzene 0.16 0.18 0.17 0.17
Xylenes 6.05 6.30 5.80 5.50
Trimethylben:zeries 8.9 8.30 7.30 7.20
Methylethvibenzenes 1.34 1.44 1.30 1.31
Propylbenzenes 0.02 0.03 v.u2 v.03
1,2,4,5-Tetramethylbenzene 1.94 3.38 2.87 3.93
1,2.3,5-Tetramethylbenzene 1.352 1.80 1.74 1.02
1,2.3,4-Tetramethylbenzene 0.56 0. 50 0.41 0.45
Other C,,-benzenes 1.36 1.23 0.97 1.07
C,,-Benzenes 1.72 0.48 0.43 0.33
Naphthalenes 1.14 0.02 0.00 0.01
Other aromatics 2.58 0.67 1.71 1.86

N7009F, 0 psig, 1 WHSV: concentrations are wt$ of total hydro-
carbons.

maple 21, Composition of Hydrocarbon Products From

Fluid-Bed Filot Plant.l0

processes in a single reactor over a dual functlon catalyst.
The fellowing section considers this approach which we will
call 272 standing for the direct conversion of synthesls gas

te gasoline.



