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@ Synthesis for producing carbon compounds from a carbon oxide/hydrogen synthesis gas.

@ In producing carbon compounds by synthesis reaction of
carbon monoxide and hydrogen a starting gas deficient in

hydrogen is mixed with a hydrogen rich gas obtained by pro-'

cessing a mixture of starting gas with recycled hydrogen rich
gas and/or unreacted synthesis gas. Gas produced by partial
oxidation (10) of coal and purification (12) is mixed with hy-
drogen rich gas at (14) and recycled synthesis gas at (16),
compressed in circulator (18) and divided at (20) into (a) a syn-
thesis stream fed to methanol synthesis reactor (22), cooler
(24) and separator (26) and (b) a hydrogen enrichment stream
fed to shift (36), CO, removal (44) and hydrogen purifier (52).
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Synthesis

This invention relates to a process of synthesis for
producing carbon compounds from a carbon oxide/hydxogen synthesis
gas. |

Such a synthesis is typified by the production of
methanol from a gas made by catalytic reaction of a gaseous or
vaporisable hydrocarbon feedstock with steam. When such feed-
stocks contain at least 2 hydrogen atoms per carbon atom, the
gas contains at least sufficient hydrogen for methanol synthesis
and can be passed to the synthesis with no loss of pressure due
40 chemical treatment. It has been proposed to produce methanol

:from other feedstocks, such as natural gases containing mach

carbon dioxide and especially from heavier hydrocarbons, coal,
coke or shale, which are deficient in hydrogen and also have to
be gasified by partial oxidation. Then the raw synthesis gas is
subjected to steps of catalytic shift reaction and carbon dioxide
removal in order to correct the composition of the gas. Such

steps are complicated and thermally not very efficient. Moreover,

they introduce a substantial pressure-drop, as a result of which
either the initial partial oxidation has to be operated at an um-
economically high pressure or else an undesirably high consumption
of energy in gas compression is incurred. Examples of the shift

~ reaction applied to carbon monoxide made by partial oxidation are
~ to be found in UK 770765, UK 1309872 and the article by Staege in

Erdol-Erdgas-Zeitschrift 1976, 92, 381-387.
We have nor devised a process in which some or all of
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the above defects can be avoided, in methanol production and in
other syntheses. It is also capable of dealing with hydrocarbons
encountered in the synthesis gas or as by-products in the process.
According to the invention a process for producing one

or more carbon compownds by reaction of carbon monoxide (CO) with
hydrogen comprises the steps -

I. providing a starting gas containing CO but deficient
in hydrogen; :
1. processing it to produ.ce a gas having the required

hyd.rogan +o0 CO ratio; and -
III. reacting the resulting gas incampletely over a

catalyst to synthesise the said car'bon compounds

or an intermediate therefor;
and is characterised by 7 : .
(1) producing the gas having the requa.red hydrogen to CO

ratio by mixing a hydrogen rich gas with the starting
gas; and
(ii) producmg the hydrogen rich gas by subjecting to the

ghift reaction and/or to the steam/hydrocarbon re-
action and/or to carbon dioxide removal a mixture of
the starting gas with either or both of (a) the pro-
duct of such subjecting and (b) unreacted gas after
separation of synthesis products in step ITI.

As a result of feature (i) starting gas'can pass to step
IIT without incurring the pressure drop due to reaction and/or
carbon dioxide removal steps. As a result of feature (ii) the
shift step can be carried out in advantageous ways.

In thé ensuing description a number of process steps
will be referred to by proper names. These names are Registered
Trade Marks or otherwise proprietary to companies making design
data available under licence.

The starting gas can be derived from catalytic reform-
ing of carbon dioxide rich natural gas or catalytic partial oxid-
ation of hydrocarbons boiling at not over 200°C. It may be a by~
product such as the off-gas from a basic oxygen steelmaking furnace.

*;
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More conveniently it is denved from part:.al oxidation of a car-
bona,ceous feedstock -such as a gaseous hydrocarbon, volatilisable
hydrocarbon, heavy oil such as crude oil or residual 0il, solids
such as coal, coke and shales and waste materials such as poly-
mers and wood products. The pressure of this gas is preferably
at least 10 bar abs. especially in the range 20 - 60 bar abs.

and thus the gas can be provided by a partial oxidation step at

a pressure high enough not to need compression. Suitable steps
are those known by the names of Shell, Texaco, Lurgi and Shell-
Koppers. Since, however, the process can minimise pressure losses,
the gas can be provided by a partial oxidation at pressure under
10 bar abs. such as the Koppers-Totzek and Winkler processesr, fol-
lowed by compression to the preferred level.

The starting gas suitably contains 20 - 80% /v of CO
on a dry and carbon dioxide (002)-free basis. As derived from
partial oxidation it commonly contains 10 - 50% '/v of hydrogen
and up to 15, especially up to 10% v/'cr of methane, nitrogen and

noble gases. The invention is especially valuable when the said
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CO content is over 50, especially over 60% V/v, as for example in
gas derived from partial oxidation of coal by the Koppers-Totzek
or Shell-Koppers process. The effect of carrying out step II in
the presence of the added gas is to bring the CO content down to
a level, especially under 45% v/v, at which simplifications can
be made, for example use of a simple adiabatic reactor or combin-
ing shift with other reaction steps or providing an adequate ’
steam to CO level at a low steam to gas rat:.o, and good heat re-
covery can be obtained.
The starting gas has usually been purified as follows,
unless it has been produced by catalytic reforming:
removal of particles such as of dust, tar and carbon,
usually by water-scrubbing and often with transfer
of carbon to a hydrocarbon for recycle to the
partial oxidation;
Scrubbing with an absorbent liquid to remove CO,, HZS
and possibly other sulphur compounds such asACOS.



10

15

20

25

35

0047596

4 B 31505

There may also be a step of removing nitroge'n oxides and
HON by catalytic or other treatment, and purifications other than,
by scrubbing could be used.

For the scrubbing, either of the two available classes
of process can be used. In one class 002, st and COS can be
thoroughly removed. Tntil recently only the "Rectisol™ process,
using methanol as absorbent, was capable of this. "Rectisol" re-
quires the gas to be cooled to -10 to -40°C, which usually entails
an initial stage of methanol treatmemt to remove water before the
cold removal of sulphur compounds. Other processes using for
‘example zbsorbents based on tetramethylene sulphone, are available
or under development. The other class, using gbsorbents such as
the chemical and physical solvents (other than methanol) set out
below, can remove 002 and HZS efficiently but not the refractory
sulphur compounds. They have the advantage of being operable at
temperatures in the range - 10 to 100°C, but the refractory sul-
phur compounds have to be decomposed in a separate stage with form-
ation of st’ which is then removed as part of the purification
before step 1.

For the absorbent-scrubbing the pressure of the gas is
preferably at the level indicated above. Apart from possibly a
precautionary st-a.’nsor‘bent bed such as zinc oxide or a molecular
sieve, the gas passes to the synthesis with substantially no
further purification. 7

If the processing to produce a gas rich in hydrogen
volves & shift stage this may be 2 separate step or may be part
of another step. Thus if the synthesis is of methanol from a mix-
ture of CO, 002 and hydrogen as normally practised, little if any
ghift reaction tekes place during synthesis and thus the unreacted
gas mst be subjected to the shift reaction in a separate step and
then to 002 removal. If, however, methanol synthesis is carried
out in presence of steam, possibly instead of CO2 initially fed or
possibly at a higher concentration than this, then shift will accom~
pany synthesis and the unreacted gas will require CO?_ removal but
less, possibly no, separate shift reaction. Likewise if the
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synthesis in itself or in accompanying i'eac':'l:ions produce water,
this reacts with CO over the synthesis catalyst and decreases
or removes the need for a separate shift reaction. Further de-
tails are given below.

When methanol synthesis is accompanied by shift reaction
by adding steam to the synthesis gas about to enter the synthesis
catalyst, the shift reaction can .occur over a catalyst particul-

‘arly formulated to withstand shift reaction conditions and pos-

sibly having only low if any methanol synthesis activity. The
shift step can be carried out in a separate reactor or- in the up-
stream-most bed or beds of a synthesis reactor or in an inlet

~ portion of a bed containing shift catalyst followed by synthesis

catalyst. Preferably the shift reaction take place over a copper-
containing catalyst, and as a result the shift outlet gas requires
little or no adjustment of temperature before it enters the syn-
thesis. Typically the steam to dry gas ratio of the gas is umder
0.2 entering the shift step and under 0.02 leaving it, when the
synthes:.s is of methanol, ‘ '

.The shift reaction may accompany a hydroca.rbon/steam
reaction. If the gas processed to give the hydrogen rich stream

_ contains a hydrocarbon (which term includes a hydrocarbon derivative),

it is processed preferably by reaction with steam over a catalyst

in conditions such that it is converted to carbon oxides and hydro~

gen. Such conditions include preferably a temperature over 55000,
especially in the range 600 - 900°C and a steam to hydrocarbon
carbon molar ratio of at least 2, especially in the range 3 - 10.
Since the steam/hydrocarbon reaction is endothermic, the necessary
heat can be provided for example by one or more times heating the

, steam/gas mixture and passing it over a catalyst, or by extermal

heating (the catalyst being contained in tubes supported in a
furnace) or by internal heating by added oxygen, in any event

aided by any simultaneous shift reaction. The catalyst is typic-
ally one or more metals from Group VIII of the Periodic Table,
especially nickel or cobalt, on a refractory support. Depending

on the composition of the gas processed in this step and of hydrogen
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content required, the hydrocarbon/steam reaction step can provide

enough hydrogen to make shift reaction unnecessary or can itself

effect sufficient shift reaction or can be followed by one or

more steps of shift reaction. i

The said hydrocarbon can enter in from various sources,
especially the following:

(1) from a gasification step, such as the Lurgi process,
operated in conditions such that methane is presemt

s in the raw gas. Those conditions include especially

’ a temperature in the range 900 - 1700°C and/or a '
pressure in the range 10 - 120 bar zbs. The methane
content is typically in the range 1 - 20, especially
4 -10% /v on a dry basis. As a result of removal

- of CO and 32 by methanol synthesis and of 002 remova:!.’

' steps, the methane content of the gas processed to ~-
give the hydrogen-rich gas is typically higher than
this by a factor of 1.5 to 3; , J—

(i1) as by-products of the synthesis of me'bhanol, d:metbyl
ether, higher alcohols, mixed hydrocarbons anﬂ./or
oxygenated hydrocarbons or 0X0 or carbonylation pro-
ducts, or of aromatisation especially of methanol or
dimethyl ether; or )

(1i1) as recovered off-gases from let-down vessels or distil-
lation colums or saturators fed with water contain-
ing hydrocarbons. ’

The hydrocarbon content, calculated as equivalent methane,
after such processing is typically less than 5, especially under

1% 7/ on a dry basis. :

7 If the gasification step produces sufficient methane and/
or the synthesis produces sufficient by-product hydrocarbons or
hydrogen, the ratio to CO of hydrogen and potential hydrogen in
the gas to be processed to give the hydrogen-rich stream can be
high enough to make 002 removal unnecessary. By "potential hydro-
gen" is meant the hydrogen obtainable by the reactionss
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Cofloy , o + DE0 —) nCO + (o «+ 1)1-:1'2

and - = C0 + 320-—-)002+H2
to the extent to which they occur. A particular example is a
process involving synthesis of methanol a.nd/or dimethyl ether
(which contain 2 hydrogen atoms per carbon atom) followed by
aromatisation, the liquid products of which contain less than

‘2 hydrogen atoms per carbon atom and the gaseous products more

than 2. ' T

If a separate shift step is used, it is most conveniently
at an outlet temperature in the range 300 - 550°C and over an iron-
chrome catalyst, owing to the still relatively high CO content of
the gas being treated. If the gas being treated contains compoumds,
such as methanol, that would form methane over such a catalyst, a
zinc-chrome catalyst can be used. If desired, a second stage, of
low temperature shift (200 - 260°C) over a copper-containing
catalyst, can follow the stage at 300 - 450°C. Such a catalyst
does not cause methane formation. By low temperature shift an
outlet CO content in the range 0.2 to 3.0% can be readily attained
and an export hydrogen stream produced, as described below. Steam
for the shift reaction is provided preferably by humidification
with hot water from heat-exchange with reacted gas in the synthesis
step. In this event the high grade heat in the gas leaving shift
at 300 - 550°C is available for high pressure (40 - 140 bar) steam
generation and the effect is to upgrade the heat recovered from
the synthesis. . , _

In order to carry out a shift stage in an adiabatic bed,
with minimum steam consumption and maximum heat recovery, the con-
ditions of initial CO concentration in the gas mixture, steam to
gas ratio and temperature are chosen preferably to give an outlet
CO concentration in the range 3 to 18% '/v on a dry basis, before

-C0, removal. Concentrations of CO of over 10% v/v are preferred,

2
if the synthesis can be operated with a correspondingly low ratio

of hydrogen to carbon oxides. Thus a starting steam to total gas
ratio in the range 0.4 to 0.6 and an outlet temperature over 400°C
are very suitable.
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A separate ghift step can be simplified by limiting
the extent of shift to the minimum that will provide hydrogen
for the synthesis. It can thus be advantageous overall to oper-
ate the synthesis at what would normally be regarded as a defic-
iency of hydrogen. In particular, for methanol synthesis, whereas
it has been customary to operate with

5 - ©o
CoO + 002
in the present process R is preferably in the range 0.8 to 2.0,
especially 1.0 to 1.8. For methanol synthesis in absence of added
steam, since the synthesis reaction removes carbon oxides and
hydrogen on the basis of R = 2, the unreacted gas after separation
of methanol is still richer in CO and it is necessary to use shift
but this can be incomplete and a simple adiabatic bed can be used.
If steam is added to the gases entering methanol synthesis the
value of R does not change but owing to the shift reaction the
ratio Hz/CO increases amd if it exceeds 2.0 the unreacted gas is
(after co, removal) enriched in hydrogen. A steam addition suf-
ficient to produce an 32/00 ratio in the range 2.5 to 5.0 provides
a suitable balance of methanol synthesis and shift and can make
separate shift umnecessary. The intermediate case of separate
shift to give an 32/00 ratio of 0.8 to 2.0, especially 1.0 to
1.8, and further shift by adding steam to the synthesis gas is
preferred when the CO content of the starting gas is over 50% '/v.

In the 002 removal step the so-called "chemical" solvents
can be used, such as ethanolamines or potassium carbonate, especi-
ally in the established processes such as "Amine-Guard", "Benfield",
Benfielé-DEA“, n"Vetrocoke" and "Catacarb™, at any of the pressures
contemplated for the process of the process of the invention.

For effective use of physical solvents the process pres-
sure is preferably at least 20 bar abs.; however, since synthesis
gas to be used over a copper-containing catalyst preferably con-
tains 1 - 15, especially 2 - 10% /v of carbon dioxide, the pres-
sure need not be as high as in the production of ammonia synthesis
gas in which substantially complete removal of carbon dioxide is

R= = at least 2, possibly up to 15 or more,
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needed. Provided enough hydrogen is present, excess 002 can be
removed by reverse shift reaction accompanying synthesis.

As examples of physical solvents there may be mentioned

" Metramethylene sulfone ("Sulfinol")

propylene carbonate (Fluor)
N-methyl-2-pyrrolidone ("Purisol")

dimethyl ether of polyethyleneglycol ("Selexol")
methanol ("Rectisol")

The process is not, however, limited to solvent methods
of Coz-removal, as will be described below.

In any embodiment of the process in which 002 removal
is practised, this step can be a separate one or can be the same
as that used in step I. If desired such a separate step can re-
move part of the 002 and the step I 002
002 If two Coz-removal steps are used, they can be linked to a
common regenerator, if the absorbent is the same.

VWhether or not step II includes a separate shift step, -
it preferably includes production of a hydrogen stream by a physi-

removal can remove further

cal method such as cryo-gemic fractionation, selective adsorption
" or membrane diffusion. Preferably the gas,in step II is divided
into 2 streams, one of which is purified by solvent Coz-remova.l,
the other by a physical method. If there is shift, it preferably
precedes such division. The physical treatment step makes it pos-
sible to increase the purity of the hydrogen-enriched gas without
the comlication'of low temperature shift. It also provides a
hydrogen stream that can be exported, for use in for example
ammonia synthesis: indeed the invention includes such an inte-
grated process for production of methanol and ammonia. A more
complete shift reaction is preferable when hydrogen is to be
exported. The outlet CO content, preferably in the range 0.2 to
3.00 ' /v on a dry basis, can be achieved by multi-stage high
temperature shift with removal of steam and 002 between stages.
Preferably it is achieved by high temperature shift followed by
low temperature shift, in which event there need be only cooling
between the stages. The shifted gas is then cooled to below the
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dewpoint of steam, separated from condensed water and sﬁbjected
to 002 removal. The resulting gas is pure enough to provide '
the hydrogen-rich stream to be mixed with the hydrogen-deficient
gas as previously described. It is also suitable for conversion
to ammonia synthesis gas and, in a process in which the starting
gas is provided by gasifying a feedstock with. oxjgen derived
from air separation, it is mixed with nitrogen -,a.vailable from .
the air separation. Preferably this is done by washing th 002-
removed gas with liquid nitrogen, since this affords a very pure
synthesis gas. B - ) .
The 'ph&sical sepé.ratian is also highly valuable for
removing non-reactive gases from the synthesis gas. Since ﬁost

~ -

sources of CO produce also small or fractional percentages of _;
nitrogen and/or methane, and since many synthesis processes
produce such percentages bf methane, such non—readting gases 7
slowlj build up if the smﬁesis process involves recycle; thus
a purge of synthesis gas has to be maintained. 1In synthesis
processes as usually operafed a stream of recycle gas after product
separation is purged and proposals have been made to treat it for
recovery of carbon oxides ancl/or hydrogen. In the process of the
invention the physical treatment in step (II) is the most convenient
way of removing the non-reacting gases. , . .

Two particular process sequences for carrying out ‘the
invention should be mentioned. | o o

A preferred form of the process campr,ises'mixing a gas
rich in CO with a gas rich in hydrogen and a synthesis recycle gas,
compressing the mixture, d.lv:.d:.ng the compressed mixture into two
streams, passing one stream to steps to produce the gas rich in
hydrogen and passing the other siream to synthesis to produce a ‘
liquid synthesis product and the recycle gas. For such a process
compression by up to 50% or even up to 20% suffices, as in a
synthesis circulating pump, and acts upon both the hydrogen stream
and the synthesis stream. :

An alternative sequence applicable to the invention in

another aspect described below comprises mixing a gas rich in
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hydrogen and a synthesis recycle gas, compressing the mixture,
passing the compressed mixture to synthesis to produce a ligquid
synthesis product and an unreacted gas, dividing the unreacted

gas into two streams, passing one stream to steps to produce the
gas rich in hydrogen and passing the other stream to the mixing
point as the synthesis recycle gas. This form of the process
requires more compression because the .pressure of the gas entering

-such steps is lower to the extent of the pressure drop through the

synthesis. If desired, an additional compressor for the hydrogen
rich gas production circuit could be used.

In any process in which the starting gas has been
compressed, the hydrogen rich gas or unreacted gas can be fed into
the starting gas upstream of the compressor used.

If the synthesis is to be of methanol, any suitable
synthesis process can be used. Thus synthesis may be over a
catalyst in tubes surrounded by a coolant or in the space around
tubes containing coolant. The coolant may be for example
fressurised water or a mixture of diphenyl and diphenyl ether; the
pressurised water can be used as feed for a boiler or humidifier
or, like the mixture, heat-exchanged in liquid form with suitable
water to be fed to a boiler or humidifier. Alternatively the
coolant water may be allowed to boil and the resulting intermediate
pressure steam used as procesé feed or in an engine or condensed in
indirect or direct heat exchange with pressurised water. In é
second process the catalyst temperature can be controlled by heat
ex-change with cool feed gas passing through tubes in the catalyst
bed or through the space surrounding catalyst-filled tubes. In a
third process the catalyst bed can be in several parts with heat-.
abstraction by indirect heat exchange between the parts. Each
part of the bed operates adiabatically and thus the construction
of the reactor is simpler than for the first or second process.

In a fourth, widely used, process, the temperature is controlled
by injecting cool synthesis gas (“quench gas") into the hot
reacting synthesis gas. Quench gas can be injected into mixing

35 chambers between successive parts of a catalyst bed or successive

a
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reactor vessels. A very convenient ’sy'stem involves a single body of
catalyst in which are disposed catalyst-free perforated hollow

bars eachhaving a sparger for introducing the quench gas, the bars
being large enough in cross section for their interiors to constitute
mixing zones and close enough together or to +he catalyst bed walls
4o cause a substantial proportion of reaction mixture to pass through
their interiors, as described in our UK specification 1,105,614.

The temperature of quench gas can be below 50°C, but thermal E B
efficiency is better if it is at between 50 and 150°C. 4 composite
reactor having quench cooling at 2 - 4 upstream levels and indirect
heat exchange before the downstream-most bed also has advantages.

The volume space velocity of the flow of gas through the
synthesis catalyst bed is typically in the range 5000 - 50000 hour_l.
and is preferably fixed at a level such that the gas leaves the catalyst
bed when the quantity of methanol formed has been sufficient to raise
the gas temperature to the design level, which is under 300°C and most
preferably under 280°C.  The methanol content of the reacted gas is
preferably 2 - 8 % and thus the pressure is preferably in the range
20 - 50, especially 35 - 45 bar abs. By operating at such a
relatively low pressure the methanol production rate can 'be_k_ep'b at a "
level such that the exothermic heat of synthesis. is taken up by the
gas (including quench gas) and need not be removed by indirect heat
exchange in the synthesis reactor. Consequently simple reactors -
having one or more adiabatic catalyst beds such as those described .
in UK 1105614 can be used, instead of the steam~raising tubular )

- reactors yreviously disclosed for using synthesis gas made by partial

oxidation. Broadly speaking, the synthesis pressure is chosen such
that the partial pressures of stoichiometric carbon oxides and '
hydrogen are of the same order as in synthesis gas made by steam/
hydrocarbon reforming. Since the gas fed to the synthesis catalyst
in the process of the invention typically contains less than 10% v/~
of methane, nitrogen and noble gases and not more than stoichiometric
hydrogen, unlike methane steam reforming gas (typically 10 - 2%%6 CH,,
20 - 40% excess Hz), the total pressure required is typically

50 to 80% of the corresponding process based on steam reforming.
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The invention thus makes possible a very attractive methanol
production process based on partial oxidation, even when the partial
oxidation step is at a low pressure and has to be followed by
compress:Lon. )

According to a second aspect of the invention a process

for producing methanol by reaction of CO with hydrogen comprises the

steps: .
I. . providing a starting gas containing CO but deficient in
*  hydrogen; - '
I - processing it to produce a gas having the required hydrogen
to CO ratio; and
III reacting the resul’cing. gas incompletely over a copper

containing catalyst to synthesis methanols
and is characterised by: : ' -
i) producing the gas having the required hydrogen to CO
‘ - ratio by mixing a hydrogen~rich gas with the starting
- T gass . - -

. ii) producing the hyd.rogen rich gas by subgect:.ng +to the

shift reaction and/or to the steam/hydrocarbon
reaction and/or to CO, Temoval one or a mixture of the

. following gases (a) a side stream of starting gas and
(b) unreacted gas after separation.of methanol in step III,
and removing methane, noble gases and. nitrogen from the
gas to the extent necessary to attain less than 10% v/v
of such gases in the gas to be fed to step III; and

,iii) operating step III at a pressure in the range 20 - 50 bar abs,

at a temperature under 300°C and at a space velocity in

the zange 5000 - 50000 hour

conditions to give methanol content of the reacted gas in

and controlling these

the range 2-8% v/v, whereby the exothermic heat of synthesis
is taken up by the gas in one or more adiabatic catalyst
beds.

An effect of the step of processing to a hydrogen rich

stream is that methanol synthesis can be operated at a..cons:.deranl;y'
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lower ratio of recycled gas to fresh gas than has been usual, for

example 1.5 to 3.0 instead of 4 to 6. Another effect is that the

percentage purge from the ges in the synthesis section can be much

higher, for example 15 to 30%, than has been usual (2 to 10%);

however, the bulk of the CO and hydrogen in this purge is recovered.
For methanol synthesis the catalyst contains typically

metallic copper as its active constituent, with an oxidic support

paterial. The support usually contains also zinc oxide and/or .

one or more further oxides such as of chromium or metals from

Group II - IV of the Periodic Table (especially aluminium) and/or

possibly, silver or oxides of boron, ra.re earth metals, vanadium

or manganese. Catalysts not containing copper can be used, but

are not preferred because a higher synthesis pressure and temperature

are needed.
Other syntheses to which the invention is appllcable

includes . B

(a) dimethyl ether, in which event the catalyst is si_mila.'r:

' to0 methanol synthesis catalyst but is associated with
. a dehydrating agent such as aluminaj -

(v) higher alcochols, in which event the catalyst may 'be
gimilar to methanol synthesis catalyst but usually
contains a21kali metal oxide or manganese oxide or both;

(e) mixed hydrocarbons and/or oxygenated hyd::oca.rbéns, in
which event catalysts based on iron or cobalt or ruthenium
or other metals are used, as in the Fischer-Tropsch,
Synthol and other processes;

(&) n0X0" or carbonylation process, for making aldehydes or
carboxylic acids, esters or anhydrides, in which the
catalyst may be heterogeneous or homogeneous; and

(e) methanol. synthesis or any of (2) to (&) in combination
with a subsequent step of aromatisationm, olei‘in—i‘oma‘bion
over a zeolite or etherification. ’

These all produce by-product water and are therefore
capable of producing unreacted gas of low CO-content, so that in

the processing to a hydrogen-rich stream little or no separate .
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shifting may be needed. )

One effect of processing the CO-containing gas in the
presence of an added gas is to make it possible to carry out a
shift step at a relatively high steam to CO ratio but a relatively
low steam to total dry gas'ratio. ' The same applies to the steam/
bydrocarbon reaction. As a result most or all the required steam
can be introduced by contacting with hot water and little if any
need be introduced as steam. Thermal efficiency is therefore
improved and the expense of steam generation and water purification
is decreased. The following Table 1 illustrates the effect. At
the inlet of shift a steam to CO ratio of at least 1.0 (especially
at least 1.5) and a steam to dry gas ratio under 0.6 (especially
in the range 0.2 to 0.5) can be considered typical for the process
of the invention when the shift step is not in the same cycle
as synthesis. .

For providing such steam the hof water is preferably a waste
water streain_ ‘from- the process, particularly a condensate after shift
but before 002 removal, methanol distillation bottoms or purge,
synthesis by-products or aromatisation by-products. Such waste
water contains dissolved or suspended impurities, but by the direct
contacting these are returned to the process and converted to wanted .
products or recovered in a form in which they can be used'as fuel.
As a result, discharge of large volumes envirommentally objectionable
effluents can be avoided. It is already known to return to the
feedstock partial oxidation effluents such as carbon black, tar
and phenolic liquors, if these are formed.

The hot water for the direct contacting is provided

preferably by direct contacting with hot steam-containing gases,

for example as produced by the shift or steam hydrocarbon reaction
and/or by indirect heat exchange with reacted synthesis gas.
Preferred forms of the invention are represented as
flowsheets in the accompanying drawings, in which
Figure 1 shows a methanol production process in which a hydrogen
rich gas is produced by applying shift and C0, Temoval in a
side stream to a mixture of three gases;
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Figure 2 shows a methanol production process in which shift is in
the same cycle as methanol synthesis reactor but 002 removal
is in a different cycle; and '

Figure 3 shows the methanol synthesis section of an integrated
process for producing methanol and ammonia. This illustrates
the second aspect of the invention.

In the process of Figure 1 gasifier 10 reacts powdered

coal with oxygen and a small gquantity of steam to give a gas containing

CO and some hydrogen. Thus gas is freed from carbon, dust, HCN
and nitrogen oxides in coarse purification treatments, compressed
if necessary and then freed of HZS’ COS and CO2 by contact with

. cold methanol. All these are generally indicated by purifier 12.

15

The purified CO-rich gas is united at 14 with a hydrogen-rich stream
to be described, then at 16 with a recycle gas stream to be

described. The total mixture now has the design R value for methanol

synthesis and is fed to the inlet of circulating pump 18, which

. increases its pressure by 10%. The compressed gas is divided

20

25

at 20 into a synthesis stream and a shift stream. The synthesis
stream is passed to synthesis reactor 22, which for simplicity is
shown with a single catalyst bed but in practice may include
multiple beds and various cooling means as set out above: it need
not include intermal indirect heat exchange with a coolant.
incomplete reaction to methanol takes place. The gas lea%ring
reactor 22 4s cooled at 24, which indicates generally preheating
feed gas, heat recovery (with production preferably of hot water)
and final cooling to below the dewpoint of methanol. Methanol is
separated from the cooled gas in catchpot 26 and run off at 28 to

. distillation. TUnreacted gas passing overhead from 26 is the

35

recycle stream at point 16.

The shift stream from point 20 is warmed and humidified
in packed tower 30 by hot water (heated at least partly at 24) fed
in at 32, then fed to shift reactor 36, via a feed/effluent heat
exchanger (part of 38, not shown separately). The resulting hot
shifted gas is cooled in heat exchanger 38, which includes also
high grade heat recovery as steam, boiler feed water heating and
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cooling to below the dewpoint of steam. Water is separated in

catchpot 40 and rumn off at 42 to be reheated and fed again to

tower 30, together with added water. The water depleted gas

is divided at 50 into dry-treatment stream (which is passed

through pressure-swing adsorption unit 52 to remove CH 4 Cco, N2

and 002 at 53 and provide a pure hydrogen stream) and a wet

treatment stream. The latier is contacted in tower 44 with a 002

absorbent solution fed in at 48. The charged solution is run off

at 46 to a regenerator (not shown) and returned at 48. The overhead

gas is united at 54 with the pure hydrogen, to-form the hydrogen-rich

stream at point 14. : ) . - -
Table 2 shows typical gas compositions and flow rates in

the process, for producing 2500 metric tons of methanol per day. -

e - Table 2 - -
_ Gas composition % v/v Flow
Temp | Pres. - rate kg
Position | °¢ | bar sbg CO |CO, | H, |CH,+N,|CH,OH|H0 [mol wt
12 outlet | 35 35 | 67.05 - |31.22)1.74] - | - | 11249
18 outlet | 38 38.5| 40.24 1.45|51.59 | 6.20 | 0.52| - | 78252
22 inlet {240 38 | 40.241 1.45|51.59| 6.20 | 0.52] - | 62602

22 outlet 270 36 39.07} 1.60{45.59 | 6.96 | 6.75|0.03] 55727
26 overhead 35 35 41,59 1.69148.54| 7.41 | 0.7TT| ~ 52321

28 35 35 0.31}0.18{ 0.28] 0.04 |98.68]0.51| 3406
36 outlet |492 36.5| 11.58{16.T3{50.77_ 4.21 | 0.35[16.36] 23050
44 outlet | 35 36 17.04] 2.00{74.73 | 6.19 | 0.04] - | 12529
52 outlet '

to 54 35 36 - - {100 - - - 2107

In FPigure 2 gasifier 10 reacts powdered coal with oxygen
and a small quantity of steam to give a gas containing CO and some
002 and hydrogen. This gas is freed of carbon, dust, HCN
and nitrogen oxides in coarse purification treatments, then freed
of H.S, COS and €0, by contact with cold methanol. A recycle

2 2
stream to be described may be received at 151 after coarse puification
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but before 002 removal. These steps are indicated generally by
purifier 12. The purified CO-rich gas is united at 114 with a
first hydrogen-rich stream to be described, then at 115 with a
second such stream which is instead of or in addition to the

stream received at 151. The total mixture now has an HZ:CO

ratio lower than it is intended to use in methanol synthesis
(unlike the corresponding mixture in the process of Table 2).

It is fed to the inlet of circulating pump 118, which increases its
pressure by about 10%. The compressed gas receives an addition of
water vapour in packed tower saturator 119 in contact with hot

water, which can include waste water from distillative purification

. of methanol and has been heated in a heater 123 or 124 to be

described. The moist gas is then heated in heat exchanger 121
(by heat exchange with reacted methanol synthesis gas) to low
temperature shift inlet temperature and passed into bed A of
reactor 122, which bed contains low temperature shift catalyst.
In bed A the shift reaction brings the H2:CO ratio to the design
level but little if any methanol is synthesised. The gas leaving
bed A is partly drawn off and cooled in heat recovery 123 (sSee below),
partly passed through bed B, which is charged with methanol
synthesis catalyst. Cooled gas from 123 is fed back partly into
reactor 122 after bed B as a quench to lower the temperature, which
has risen as the gas passes through bed B as a result of the
exothermic methanol synthesis. The remainder of tﬁe cooled gas is
fed back into reactor 122 after methanol synthesis bed C, again as a
quench. The temperature rises yet again as the quenched gas passes
through methanol synthesis bed D, but is then cooled by indirect
heat exchange with shift inlet gas at 121. The cooled gas is
reacted further in methanol synthesis bed E and led out to heat
recovery and cooling steps indicated generally at 124. The heat
recoveries 123 and 124 would in practice include for example (in
decreasing order of heat grade) .

pressured water heating (in a circuit including

saturator 119)
shift feed heating (preliminary to exchanger 121)
saturator water heating
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In addition 124 includes cooling to below the dewpoint of methanol,
whereafter liguid crude methanol is separated in the lower section
of catchpot 126 and run off at 128 1o distillative purification
(not shown). Unreacted gas passing upwards in catchpot 126 is for
the most part led out at 127 as a direct recycle stream, which is
fed to an intermediate level in circulating pump 118. The rest of
the unreacted ges enters the upper section of catchpot 126 via a
chimey-plate and therein is freed of residual methanol vapour :
by contact on trays with cold water fed in at 125. Agqueous
methanol is run off 131 to distillative purification. The scrub- -
bed gas 129 is divided at 150. One stream from 150 is a wet '
purification stream (002 removal), which is passed (path X) to
absorption tower 144 and contacted therein with a regenerable
solution such as potassium carbonate or physical solvent such as &
dialkyl ether of polyethyleneglycol. (The regeneration means is not
shown). (Dotted path Y is an alternative to path X and feeds the
scrubbed gas to point 151 in purifier 12. Then the 002 removal
step in purifier 12 replaces item 144. If desired, paths X and ¥
could both be used). The other stream from 150 is passed to dry
purifier 152, which separates the first hydrogen stream, which is
passed to mixing point 114, and a purge stream (CH,, €0, Mo, CO,
noble gases) at 153. Item 152 can be for example a cryogenics
adsorptive or diffusive unit. Stream 153 is the purge by which
non-reactive gases are removed from the processS.

Table 3 shows typical gas compositions and flow rates
in the process, for producing 2345 metric tons of methanol per

In Figure 3 gasifier 10 and purifier 12 are as in
Figure 2. The purified CO-rich gas from 12 is united at 215
with a hydrogen-rich stream to be described and passed to the ;
inlet of circulating pump 218, which increases its pressure by -
aboutl0%. The total mixture has an H,:C0 Tatio sufficient for
methanol synthesis. Part of it is heated at 221 by indirect
heat exchange with reacted synthesiz gas to synthesis inlet
temperature and passed into the fixst catnlyst bed of meactcr Zhde -

2%
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The remainder, possibly after warming, is fed between the

catalyst beds as quenches 223. The gas reacts in a first series

of catalyst beds and is cooled between the beds by the guench

gas feeds 223. After the first series of beds the gas is cooled

by indirect heat exchange at 221 and finally reacted in the lower-
most bed in reactor 222. It is then led out to heat recovery and
cooling steps indicated generally by 224, which are the same as in
the process of figure 2. Iiquid methanol is separated in the lower
section of catchpot 226 and run off at 228. TUnreacted gas

passing upwards in catchpot 226 is for the most part led off }mm

the lower section as direct recycle stream 127, which is fed to

an intermediate level in circulating pump 218. The rest enters the
upper section of catchpot 226 via a chimney plate and therein is
freed of residual methanol vapour by contact on trays with cold water
fed in at 225. Agqueous methanol is run off at 231 to distillative
purification. The scrubbed gas 229 receives an addition of steam by
saturation with hot water at 230, is heated to shift inlet '
temperature at 231 and is passed into high temperature shift reactor -

. 236. Here it reacts exothermally, whereafter it is cooled, by

external heat recovery as _i_nigg alia hot water for saturator 230
and by heat exchange at 231 with feed gas, to the inlet temperature
of low temperature shift reactor 237. Here the shift reaction is
substantially completed. The resulting gas is cooled at 238
with external heat recovery and then to below the dewpoint of'! .
water, which is separated in catchpot 240 and run off at 242.
The resulting water-depleted gas is contacted in 244 with a 002—
absorbent solution fed in at 248 after being passed out at 246
to a regenerator (not shown). The CO,-depleted gas is divided at
249 into a methanol stream (recycled to 215) and an ammonia stream,
which is contacted at 252 with liquid nitrogen to give ammonia synthesis
gas 253 and a discard stream 254. The ammonia synthesis section is
conventional and is not shown.

The water fed to saturator 230 can include waste water
from distillative purification of methanol and condensate from
point 242, and is heated in a circuit including one or more of heat
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recoveries 224, 231 and 238 and others in items 10 and 12.
Table 4 shows typical gas compositions and flow rates

in a process for producing per day 1823% metric tons of methanol

and 650 of ammonia. '

The following alternative forms of this process are to

be noted: ' :

(2) If desired, reactor 222 can be operated in the same way
as reactor 122 of Figure 2, so as to effect shift
reaction in its first bed; )

(b) If gasifier 10 produced a gas containing more methane,
it would be desirable to insert a methane/steam’
reaction ‘step between points 230 and reactor 236.
Heater 231 would then provide only external heat
recovery. Heat would be recovered from the product
of that reaction step when cooling it to the inlet

) temperature of reactor 222. '
(e) If reaction systems 222 - 228 included aromatisation,

‘ then the alternmative (b) will also be appropriate.
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1 4 process for producing one or more carbon compounds by
reaction of carbon monoxide (CO) with hydrogen which comprises the

steps:

I providing a starting gas containing CO but deficient

, in hydrogen;

I processing it to produce a gas having the required
hydrogen to CO ratio; and

III reacting the resulting gas incompletely over a

catalyst to synthesise the said carbon compounds
or an intermediate therefor;
and is characterised by
(i) producing the gas having the required hydrogen to CO
| ratio by mixing a hydrogen rich gas with the
starting gas; and ,
(ii) producing the hydrogen rich gas by subaect:.ng to the
shift reaction and/or to the steam/hydrocarbon
reaction and/or to carbon dioxide removal a
‘mixture of the starting gas with either or both
- =.  of (a) the product of such subjecting and (b) un-
reacted gas after separation of synthesis products
B _in step III. .
2 A process according to claim 1 in which the CO content
of the starting gas is over 50% v/v and the -CO content of the
mixture is under 45% v/v.
3 A process according to claim 1 or claim 2 in which the
mixture is subjected to a separate shift step at an outlet
temperature in the range 300 - 550°C, followed by CO removal.
4 A process according to claim 3 in which metha.nol is
synthes:.sed in step IIT and the shift reaction is controlled so ~
. as to g:.ve a methanol synthesis gas having a composition
represented by

R = H2 - 002 = 1.0 to-1.8 .
co + 002
5 4 process according to any one of the preceding claims in

which steam is added to the gas entering the synthesis step III and
shift reaction takes place over the synthesis catalyst or over a
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shift catalyst preceding the synthesis catalyst.

6 - A process according to claim 1 in which the mixture
contains a hydrocarbon or hydrocarbon derivative and is reacted
with steam over a catalyst at an outlet temperature of at least
550°C and with a steam to hydrocarbon molar ratio of at least 2,
whereby to convert the hydrocarbon to carbon oxides and hydrogen.
7 A process according to claim 6 in which the synthesis in
step ITis of methanol or dimethyl ether followed by aromatisation
and the hydrocarbon is at least partly a by product of such
aromatisation. :

8 A process according to any one of the preceding claims in
which the steam for the shift or steam/hydrocarbon reaction is
introduced by contacting the gas mixture with hot water.

9 A process according to claim 8 in which the hot water is
a waste water stream from the process and is heated by direct
contacting with hot steam containing gas produced by the shift

or steam/hydrocarbon reaction or by indirect heat exchange with
reacted synthesis gas. : '

10 A process for producing. methanol by reaction of CO with
hydrogen which comprises the steps: :
I providing a starting gas containing CO but deficient
in hydrogen;
II processing it to produce a gas having the required
hydrogen to CO ratio; and ' .
III reacting the resulting gas incompletely over a
copper containing ca.ta.'.l.ys‘a to synthesise
methanols
and is characterised by: -
(1) producing the gas having the required hydrogen to CO ratio
by mixing a hydrogen rich gas with the starting gas; and
(ii) producing the hydrogen rich gas by subjecting to the shift

reaction and/or t6 the steam/hydrocarbon reaction and/or to
co, removal one or a mixture of the following gases (2) a
side stream of starting gas and (b) unreacted gas after

separation of methanol in step III, and removing methane,

o
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0047596

27 B 31503

noble gases and nitrogen from the gas to the extent
necessary to attain less than 10% v/v of such gases

in the gas to be fed to step IIIj '

operating step III at a pi:essu:re in the range 20-50 bar
abs, at a temperature under 300°C and at a space
velocity in the range 5000-50000 hour_l and controlling
these conditions to give methanol content of the reacted
gas in the range 2-8% v/v, whereby the exothermic heat
of synthesis is taken up by the gas in one or more
adiabatic catalyst beds. '
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