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ORJECTIVE: Tc develoup a process for the production of mixed
alcohols that can be used as a component for motor fuels.

A+ During ongoing development work for -he
LURGI Low Pressure Methanol Process i catalyst cype was
discovered which showed teadency to yield to higher
alcohols. Encouraged ty the commonly practice of adding
so-called oxygenates to gasoline LURGI pursuit to develop a
process for production of mixed alcohols in a single
synthesis step.

To determine the optimal parameters and to prave the quality
of the selected catalyst extended pilot plant tests using a
water cooled tubular reactor were performed for more than
12 000 hours. o

Product from the PDU operation vas added to gaséline for
several test programs in the United States and in Europe.

SIGNIFICANT ACCOMPLISHMENTS:

- Idarntified and demonstrated the effectiveness .of a
catalyst for mixed alcohol synthesis.

- A demonstraticn unit designad by LURGI for the
preduction of about 2 tpd OCTAMIX i, currently under
commissioning,

- Process routes for econowm’cal production uf synthesis
gas for the OCTAMIX synthesis were developed.

- Promising rcesults from vests with OCTAMIX »plended
gasolines zvailable.

- Granting the EPA "Waiver" for OCTAMIX as a nyasoline
additive through "Texas Methanol Corpration, USA*®.

- OCTAMIX process ready fc: commer<ial application.
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Introduction

Firgt tes: runs aiming at fuel methanol production were
made already at the beginning of the seventies witn a
catalyst type which was singled ocut during the screen-
ing tests for an improvement of the Lurgi methancl
catalyst because it tended to stimvlate the formation
of higher alcohols.

A3 alcohol mixes containing methanol were becoming more
and more important as motor gasoline components also in’
Europe, Lurgi began, in 1981, to intensify its efforts
to develop a process aiming at direct catalytic
production of a mixture of methanol and higher alcohols
from synthesis gas under economically jusatifiable
conditions.

An extonsive catalyst 8CI@ONLAG PrOG ranme was
implenanted in cooperat’ 'n with tiig catalyst
manufs curer SUD-CHEMIE AG, . ' investigations with
moditied methancl test reactors ‘ere made 2t the same
time to detcrmine the influenc 3 resulting frow the
reaction parameters and from syngas composiuvion.

A semi-industrial pilnt plant was designed on the basis
of a water-coocled tubular reactor - a type that had
proven its merits in Lurgli's methanol syatheszis plants
before. This plant was then operated with the selectud
catalyst for a total of approx. 12,000 hours.

By selecting an appropriate temperature range and using
a syngas with a surplus of CO, the test team succeeded
in

- reaching a long service 1life of the copper cata-
lyst,

- largely suppressing the -ater reaction ky ahifting
the CO to CO3 and hydrogen, and

- ensuring a satisfactory space/time yield and a

high percencage of higher alcohols.

Lurgi used these results to design an Octamix demon-
straticn plant for an output of more than 2 tpd which
is currently being commissioned.




OCTAMIX Synthesis

Figurc 1 shows the confiquraticn of the synthesis leoop,
wh.ch differs from that 1n a ‘wethanol syntheais unit
only by the inclusican of 4 COy vorubbe: stage. Syngas
with an H3/CO ratio of approx. 1.0 ig aixed with recy-
cled gas. Then its (0 content is reduced to something
like 1 % by the CO; scrubner in tae loop. After
preheating, this mixture is fed to the synthesis
reactor, which - as tor Lurgi low-pressure methanol
synthesis - is o{ tubular desigu. Conversion takes
place at temperatures batween 250 and 3C6°C over a
catalyst that differs rror the Lurgi methanol catalyst
mainlw by 3 somewhat differert pore atructure. As the
reaction temperature is somewhat nigier than during
methanasl production. ¢he boidling water used to cosl the
reactor i3 turned into steam of 80 %o 100 bar. On
leaving the reactcr, the mixture of alcohols, other
oxygerates and unreacted gas is cooled down in the
gas/gas exchanger and further in 2 trim cooler to about
43°C so that alcohals, other oxyqenates and traces of
water ace condensed. They are sezarated from the
uncondensed gases which are recompressed into the loop
by means of the recycle compressaor. Mainly depending on
plant capacity the optimal op«n. ation pressure is in the
zoane brtween 0 and 100 bar. :

The crude product is fed to a stabilizing column to
remove dissolved gases and components whose boiling
Point is lower than that 2f methanol. The bottoms of
the stabilizing column corstitute the finished product,

-vhich, depending upon the H3/CO ratic of the syngas

contains about 57 - 70 w:.% of methanol. The iest a:ce
Cz2 to Cg alcohols and scher oxygenates. The product
contains 0.1 to 0.3 wt.% 0f water. The hydrocarbon zon-
tent is almost aegligible. Some 2.0 to 2.2 kg of steam
are procuced from the reaction heat per ton of OCTAMIX.

The composiiicn of the product may be varied by chang-~-
ing the H3/CC ratio or the reaction temperature. A J.ow
ratio and a high reaction temperature do not only 1iu-
crease the percent- 2 of higher alcohol and other oxy-
genates, but also shift the product range towards
higher alcohols and higher percantages of other
oxygenates. Pnart from the adjustment of the H3/CO
ratio and t', reaction temperature there are other
possibiliti of, 80 to speak, custom tailcring the
product ove i fairly wide range.
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3.

3.1

M

If, for inatance, the H/C0 ratio cauust be
adjusted economically to the required low ratio,
an OCTAMIX will be praoduced with a low content of
say 30 % of higher alcchals, Dy overhead
extraction not ounly cf Adisaolved gases and
low-boiling componre&nts but oven pazts of the
methanol itself, an OCTAMIX can be produced with
the required higher alcohol .ontent. The overhead
methanol can then be conventinnzally distillated to
pure methanol of grade AR and sola.

Recycling the low boilers and methancl to the syn-
thesis rveactor results in a priduct mix with €0 %
and more nigher alcochols. This recycling of low
boilers and methanol, in combination with a low
H2/CO ratio and a higher rea:zt'on temperature,
allows to combine the wdvantage of a considerably
reduced methanol proportion, with cthe production
of a high parcentage of higher alrohols with a
smaller Cé6+ contcent.

Figure 2 summarizes 3 different product mixes in a
table, indicating the relevant H3/CO ratio, ths
operating temperatures and the recycled quantities
of low boilers and methanol.

Integration o Gas Production and Synthesis
Pesdstock: Matural Gas

For maximum production of higher alcohols, the
H2/CO ratio of the syntnesis gas should ba around
1.0 or lowar. IXf natural gas is used as a
feedatock, this can be achieved by steaw refc-ming
of the natural ga3d with carbon dioxide additicn.

On the assumption, however, that OCTAMIX product-
ion will probably be practical on.y in plants de-
signed for 2000 tpd or mors, the LWURGI Combined
Raforming Frocess or partial oxidation may oftes
sconomic advantages and avoids carbon dioxide ad-
dition fros an external source.

Combined Reforaing

Figure 3 shows a complets natural o.s~based plant
for fuel uethanol production. Par’. of tha natural
gaig is routed through steam raforming. The balancw
of the gas togethar with the reformed gas from the
steam reforme. and oxygen frox the air separation
unit are sert to ctii» autothermal reformer




where & synthesis gas with the desired H,/CO ratio
is produced. The synthesis gds is compressad in
the makeup gas compressor, mixed with the racycle
gas and sent to a (O scrubber. COz-lean gas
enters the syntnesis secticn to be converted into
OCTAMIL. Carboen dioxide from the CO, removal unit
is recycled tc the autcthermal reformer.

Partizal Oxidation

Partial oxidation of natural gas is an alternative
foc the prcduction of a synthesis gas with the
raquired H,/CO ratio (Pigurs 4).

datural gas, oxvgen and recycled carbon dioxide
are sent to the partizl axidacion unit whers make-
up gas is produced at pres3ures up to 55 bar.
After mixing it with recycle gas it is fed into a
02 scrubher to remove carbon dioxide which is
recycled to the partial oxidation unit.

Feedstock: Heavy Residue (il

Pigure 5 shows the production of OCTAMIX from
heavy residuas. The residue ia gasified ny rartial
oxidative with steam and oxygen. The carbon formed
during gyasification is removed from the gas and
rexized to tha feedstack. The crude gas is mixed
with the recycle ga2s3. fresed from sulfur and carbon
dioxide and fed into the synthssis unit. Dua to
the high cacbon conteni. ol the feedstock, no C0O,
recycliag is required.

Peodstock: Coal

Syrgas can ba produced from coal by various
uethods rangiug firom pressure gasificacion at
relatively low tenperaturea to tha neuly dnveloped
partial oxidation process wperating with dry coal
dust as a {eedstock.

Since coual, if used for OCTAMIX production, will
4lways have a carbon surplus, an osn-spiciication
Syngas caii be obtained with all these proceasra,
No €02 recycling is reguired.

Thermal EBfficisncy
figure 6 shows the thermil efficiency of OCTAMIX
production from /ar.ois feedstceccks. The fiqures

are based on the lower neating values and include
oxygen production.

61



OCTAMIX Properties

The OCTAMIX properties have been investigated by spe-
cialized firms in the USA and the Federal Republic of
Germany. With a view to the proposed applications, the
extensive tes:s wcre made on hlends of motor gasoline
and OCTAMIX.

For a more meéaningful evaluation, the properties of
mixtures made up of motor gasoline and a blending
component consisting of methanol and tectiary butyl
alconol were derived for comparison. This gasoline
blending component is known on the world market by the
brand name of Oxinol.

Various types of gasolines representative of the Euro-
pean market were tested, as the results obtcined with
the mix are influenced also by the properties of the
motor gasolines used. Three types of gasolines of dif-~
ferent origins as shown in Pig. 7 were considered, one
being a cat cracker type (Type I), the second a reform-
ate type (Type II) and the third beina a mix containing
a considerable propcrtion of petrochemical products.
For each type, both the reqular and the premium vers-
ions were studied. Tne laal content in all gasolines
considered was 0.15 g/1. ' v

Three diffezent types of OCTAMIX as shown in the table
in Pigure 2 were used as blending comporents. Two
consisted of OCTAMIX 40, type A being produced without
and type B with recycling of methanol and low boilers,
and ons was OCTAMIX 50, which had been produced without
recycling methznol. Unless stated otherwise, all
gasoline/alcohcl mixes were adjusted to a methanol
content of 3 vol.i in the mix.

The following CCTAMIX - and blend properties have been
determined and will be described in the following
sections:

Density and blending density
Boiling behxviour

Reid vapor pressure

Octane boosting capacity
Water tolerance




Density and blending deasity

Figure 8 shows the density of OCTAMIX and its blending
density. The blending density is some 2 % higher than

.the corresponding density figure for oxygenates, be-

cause mixing of oxygenates with gasoline is associated
with a minor reduction in volume. For the blending ra-
tes celected for the studies, the density of the gaso-
line/>xygenate mix is only about 0.5 - 0.7 % higher
than that of gasciine alone.

Boiling behaviour

Figure 9 shows the boilii.g characteristics of gasoli-
ne/alcohol mixtures contrasted with the boiling curve
for pure gasolire. The figure shows that the 70°C
point, which is essential for the refineries, is exact-
iv the same fo5r a mixture of 5 % OCTAMIX 40 B with 95 &%
of gasolire Type I and for this gasoline alone. Cnly
about 28 % have boiled-off at 70°C. The fiqures for the
methar.ol/TBA blend are slightly less favorable where as
the blend with methanol exhibits a clearly negative
effect.

Influence of Alcohol Blending on REID Vapoi Pressure

Figure 10 shows the influence of alcohol blending on
Reid vapor pressure. The change in the Reid vapor pres-
sure of the gasoline caused by the admixture of
oxygenates is of particular importance because any
increase in this vapor pressure reduces the butane
blending capacity. Past studies have shown that an
admixture of 5 vol.% pure methanol lea 3 to an increase
in vapor pressure of about 0.25 bar on an average.
Hovever, this figure varies considerably, depending on
the type of the bare gasoline. Pigure 10 shcws to what
2xtent the percentage of higher alcohols offsets the
undesired effect of methanol. FPor instance, if the
methanol percentage in the oxygenate mix is limited ¢to
50 * as in the case of OCTAMIX 50, the increase in
vapor pressure is of the same order as for a
methanol/TBA b. end, ranginy betwsen 12 2né 25 %. Tha
only exception is gascline of Type IX for which the

increase in vapur pressure caused by oxygenate tlending

is highest in all cases - both for the reqular and for
the premium versions. PFor oxygenate blends containing
60 % methanol - for instance for OCTAMIX 40 - the most
favorable valua for the increase in vapor pressure is
about 28 % and the most unfavorable about 40 §,
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4.4 Octane Boosting Capacity

Adding OCTAMIX to gascline increases the octane rating
of the mix. ‘

Fig. 11 contrasts the measured RON «nd MON figures for
the mixes with different gasoline types with the calcu-
lated blending octane number. A striking result is that
the blending octane number £for mixes of OCTAMIX and
regular gasoline is clearly higher than for premium
gasoline. The different gasoline types, on the other
hand, are of little influence. The rcad octane number
(RON + MON)/2 for a mixture of 95 % reqular gasoline
and 5 § OCTAMIX 40 increases from 86.8 to 88, whereas
the same percentage of OCTAMIX 40 mixed with premium
gasoline boosts the octane rating only from 93.2 to
93.7.

Fig. 12 illustrates the blending octane numbers calcu-
lated from moasured values for various OCTAMIX blends
and for TBA/methanol.

Water Tolerance

Phase segregation problems may be encountered with
blends of methanol and hydrocarbons especially at low
temperatures. OCTAMIX with its content of highex alco-
hols enhances the water tolerance of gasoline/alcohol
blends.

The top half of FPig. 13 shows the wafer,toleranca of a
blend consisting of ceformate-type regular gasoline

mixed with the three OCTAMIX grades and with a metha-

nol/TBA mix. It illustrates ciearly that the higher the
percentage of higher alcohols, the better will be the
water tolerance of the blend.

As shown by the two bottom diagrams of Pig. 13, it is
particularly the olefin and aromatics content of the
base cisoline that influences the water tolerance of
the gasolina/alcohol blend. On the 1left, two regular
gasolines with almost the same aromatics content - one
being a cat cracker and the other a reformate type -
are contrasted with easch other. The cat cracker gaso-
line with its high olefin content is much less tolerant
to vater than the reformate type having a low content
of olefins. The right side of the picture illustrates
the influence of the aromatics content on the tolerance
to water. Again, a cat cracher and a ieformate gasoli-
ne, thougii this type of premium gquality with approx.
the same olefin contents, were contrasted with each
other. The performance of the ¢# cracker gasoline wi“h
its low aromatics content is clearly poorer than that
of the high--aromatics reformate gasoline.
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The OCTAMIX EPA Waiver

For legal reasons methanol cannot 1legally be blended
into gasoline without the addition of higher cosolvent
alcohols. In a methanol/gascline mix, the hicher
cosolvents such as ethanol, propanols and butanols are
deemed necessary to prevent fuel system and engine
corrosion, to protect against phase separation and to
teduce the extreme vapor pressure increases. Moreover,
the processes of producing and then blending these
individual higher alcohols with methanol are difficult,
time-consuming and expensive, making the
methanocl-higher alcohol mixes too expensive for
gasoline blending.

Any manufacturer of a fuel or fuel additive in the USA
must either show that the fuel is substantially similar
to fuels used in certification of vehicles beginning in
1975 and thereafter, or obtain a waiver showing that
the manufacturer's fuel does not contribute to the
failure of any emission control device or the emission
control system.

On Rugust 7, 1987, the Texas Methanol Corporation sub-
mitted a waiver application to the Environmental Ero-
tection Agency (EPA) for tl:e introduction into commerce
of a gasoline-alcohol fuel, referred to as OCLAMIX.
Texas Methanol ~ Corporatinn maintains a licence
agreemsnt with Lurgi GmbH for the OCTAMIX process.

This waiver was graited on Pebruary 1, 1985 prcvided
the following conditions are met:

- The final fuel consists of o maximum of S vol.$
rathanol, a minimum of 2.5 vol.% cosolvent in un-
ieased gasoline. The cosolvents are any one or a
mixture of ethancl, propanols, butanols, penta-
nols, hexanols, heptanols and octanols within the

~ following constraints: the ethanol, propancls and
butanols or mixtures thereof must compose a mini-
mum of 50 percent by weight of the coso:vent mix,
whereas a maximum limit of 40 percent Ly weicht of
the ccsolvent mix is placed on the pentanols,
hexanolis, heptanols and octancls or mixtures
thereof. Furthermore, the heptanols and octanols
are limited to 4 maximum 5 [percent by weignt cof
the higher molecular weight &zlcohol m3, x
(pentanols, hexanols, heptanols and octanols).

- A naximum concentration of up to 3.7 percent wy
weight oxygen in the final fuel is observed.
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- Petrolite’'s proprietary corrosion inhibitor formu-
lation TOLAD MA-10, is blended in the final fuel
at 42.7 milligrams/liter.

- The final fuel must meet ASTM D439--84a Standard
Specifications for Automotive Gasoline with the
quaiification that Test Method D 323 for RVP be
replaced by the "dry" test method described in
AST D-2 Proposal P-176, Proposed Specification
for Autcmotive Spark Igniton Fuel, Annex A.3 or by
automatic appartus described in Annex A.4 of the
D-~2 Proposal 176.

- The final fuel must meet the maximum temperature
for phase separation as specified in ASTM D-2 Pro-
posal P-176. Table 4 using the test method for
water tolerance corntained in Annex A.S5.

- The fuel manufacturer must take all reasonable
precautions, including identification and des-
cription of the product on shipping manifests, to
ensire that the finished fuel is not used as a
base gasoline to which other oxygenated materials
are added, provided, however, that up.to two per-
cint by volume c¢f methyl  teriary butyl ether
(MTBE) will be allowed in the base stock co which
the alcohols are added if the MTBE is p-esent cnly
as a result of commingling in transport and
storxage, ot purposafully added as an additional
component o the alcohol blend.

- Specifiations for alcchol purity attached to the
decision document as Appendix D are met.

The OCTAMIX waiver test fuel)l additive composition is
listed in Pigure 14.




Conclusions

The test results discussed above show clearly cthat
UCTAMIX blended gasoline behaves almost in all respects
like already commercially wused cxygenates. OCTAMIX as
neac alcohol fuel may increase its perspective. We are
confidant therefore that OCTAMIX will find a worldwide
market within 2 foreseeable future, once it has been
extensively tested ir. vehicles after more prcduct for
this purpose becomes available i.e. from the
demcnstration plant currently being started up.

To conclude, it may be sai? that Lurgi can today offer
4 process for the production of alcohol mixes which
does not include any absoluiely new or unproven ele-
mants under tae sipect of either catalysts or techno-

- logy.

S2UBLICATIONS:

Heinz Hiller, Emil Supp, LURGI:
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Emil Supp, LURGI:

OCTAMIX A Fuel Methanol that needs nu Cosolvent” presented
to the London Conference on the European Fusi Oxagenates
Market, July 1986.

Wayne Kreis, Tezas Methanol Corp.: "Understanding EPA's Nes
Motor Fuel aiver: "OCTAMIX" presented to the 1988 Mational
Conference on Octane and Oxygenatod Tuels, March 1948, San
Antonio, Taxas.

Wayne Kreis, Texas ﬁcthanol Corp.: "The Devalopment of

OCTAMIX in the USA"™ presented to the 1988 World Methanol
Conference, Frankfurt, Decemhber 1988.
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Octane Improvement by

: . §9-1267
Alcohol Blending |
Regular Gasoline
Base Gasoline Ron = 91
Mon = 33
Biending Blenciing -
- Ran Mon
Octamix 40 a 118 97
Octamix40 b , 120 98
Octamix 50 123 98
Meth./TBA . 122 - €9
Premium Gasoline
Base Gasoline Ron = 99
Mon = 838
" " }
Blending Blending
Ron Mon
Octamix 40 a 108 88
Octamix 40 b 111 89
Octamix S0 113 89
Meth./TBA 113 90
Fig. 12
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Fig. 14 (LURGD)
Octamix-Analysis

Composition (according GC-Analysis)

Methanol 645 wt%
Ethanol 1.5 wt%
Propanoles 5.2 wt%
Butanoles 7.4 wt%
Pentanoles 34 wth
Hexanoles 26 wt%
Heptanoles 1.2 wt%
Octanoles 0.2 wt%
Ketones (Cs-Cg) 1.8 wt%
Esters (Cs - Cg) 0.8 wt%
Water + Hydrocarbons ' 0.1 wt%
(0.8 wt% H,0)
Total component identified 98.7 wt%
+ Unidentified Components
plus analytical errors 1.3 wth
Total 1000 w'%
Ultimate Analysis (Anaiysis on Elements)
Carbon 46.30 wt%
Hydrogen 12.77 wt%
Oxygen , 40.93 wt%
Total 100.00 wt%
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