«» UK Patent Application QB

2024 246 A

(21
(22
{23
(30}
3n
{32}
(33
43}

(51)
52)
{56}
{58)

{m

{72}

Application No 7320833
Date of filing 13 Jun 1979
Claims filed 13 Jun 1979
Priority data

783486

16.Jun 1578

South Africa [ZA)
Application publizhad
9.Jan 1980

INTCL?

€O7C 104

Domestic classification
CSE 222 332 286 381 CK
Documents cited

None

Fiald of saarch

ChE

Applicants

Johnson, Matthey & Co.,
Limited,

43 Hatton Garden,
Landan,

ECTN BEE

Inventors

Raymaond C, Everson
Alan R, M. Kirk

Edward T. Weodburn

{741 Agants
Withers & Rogars

{54} Hydrocarbon synthesis

{57} This Invention relates to hydrocar-
ban synthesis and particularly to the
production of gasoline with a range of
Cs 10 Cya. )

In particular the invention relatasto a
pracass for synthesising hydrocarbons
in the Cg - Ty range from a mixture of
hydregen and carban monoxide gases,
comprising contacting the said mixtura
with a supported ruthenium catalyst
wherain the said mixture is at a temper-
ature within the temperature range of
{500 to BEDI°K and wherein the outlat
partial pressure of carbon monoxide is
riot lags than 0.8 atmospheres in the
temperature range (500 to 5256)°K and
not lass than 3.0 in the temperature
range (525-650°K.
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SPECIFICATION

) Hydrocarbon synthesis

§ This Invention retates ta hydrocarbon synthesis.
So-calied “synthesis” gas produced from coal has been used forthe synthesis of hydrocarhons ana

* commercial seale in the Fischer-Tropsch process. in the currently used process the synthes!s gas, composed -

of hydrogen and carbon monoxide, is passed ovar iron catalysts.

With presently used commercial catalysts itis

10 product range, e.g. tha hydrocarbens within the
spectrsm from methane to waxes.

Ruthenium is known as a catalyst in hydrogen

nat possible te limit hydrogarben synthesis to a desirable
gasoline range. The praducts praduced comprise the whole

ation reactions, but has not heen used commercial_l\,'f._in the

Fischer-Tropsch process because of its relatively high cost compared with ron catalysts. _
The present invention is based on the discavery that with the use of ruthenium catalysts, it is possible to
15 obtain a product mix which favours the gasoline range of hydrocarbans. From a practical point of view
ruthenium elso now ls more attractive due to the development of new techniques forthe preparation of
ralatively cheap supported catalysts which contaip low concentrations of ruthenium, e.g. of the order of 0.5

par cent by mass.

By comparison with the prometed iron catalysts used commercially ruthenlum would appear to be
ap intrinsically-more selective, for casoline range hydrocarbons. Thus Figure 1 shows a comperison of

published data for the iron catalyst with that whi

ch wa have cbtsined using a ruthenjum catalyst. It is seen

that for a given methane salactivity, the yield of gasolina (i.e: Cs - Cy2) is much higher and the maximum yiald
of gasclineg possibie is also mich higher. Curves in Figure 1wihtout individualiy plotted points refer to
promoted Fa catalyst as reported in the literature (M.E.Dry | and EC, Prod. Res. & Dev. vol 15 Mo, 4 p 283

26 {1976}

According to this inventton a process for gynthesising hydrocarbens in the Cgto Cyz range from a mixutre
of hydrogen and carborn monoxide gases comprises contacting the said mixture with a supprted ruthenium

catalyst such that the said mixturs is at atemper
partlal pressure of carbor monoxide is notesst

ature within the range 500° to B50°K and suchr that the outlet,
han 0.8 atmosphere lin the 500° to 526°K temperature range)

30 and not less than 3.0 in the 525° to EBU°K temperaturs range, : _
Controlling the reaction in this way has been found 10 give unexpectedly high yields of the gasoline
fractlon with minimum guantities of the iess desirable dry gas and heavy wax fractions. .
Praferably the weight hourly space velocity based on tha mass of the supported catalyst is within the range
0.1to 0.25 hr!, Space velority is defined as mass flow rate of reactant gas par unit time per unit mass of the
35 catalyst. The outlet partial prassure of parbon monoxide is the product of the total reactor pressure and the
fraction by volume of carbon monixide remaining In the gaseous reaction products existing from the reactor,
The supported ruthenium catalyst preferably takes the form of 0.56% by weight rutheniurn metal deposited
upon the external surface of 3x 3mm cylindrical pallets of gamma alumina and to a depth of 200 - 300um.
Howevaer in a fluidised bad rezctor a powdered catalyst {100 - 200 B.5.meash} is preferred and for this purpose

40 the above c_Iescribed pallets may be crushed.

Description of Apparatus:
Figure 2 is a schematicdrawing of the apparat
hydrocarbons.

us used an of the flow diagram used to product

45 The reactor used was a stirred gas-solid reactor 10 driven by a motor 11 through a magnetic coupling. The
reactor was housed in an oven 12. Gas entars the reactor above the catalyst 13 and is withdrawn from below
so that there is a net downward flow of gas away from the bearing surfaces, thus preventing accumulation of

fines and reaction praducts.
The catalyst used in these examples was 0.5%

by weight rusthenium on gamma-alumina in the form of

50 approximately 3 x 3 mm cylindrical pellets with tha ruthenium impregnated enly on the outer sheli of gach
pellet. The main gas supply fo the reactor is from cylinder 14 centaining premixed synthesis gas. A cylinder
17 supplied hydrogen gas to feed through a de-oxo unit 15 and a drier 16, A threeway valve 18 controis tha
» gasfeed to the reactor. Aneedie valve 19 cantrols the rats of gas flow into tha reactor 10, A pressure

requlator 20 is preset to produce the reactor ope

rating pressure reguired. A thermaocouple not shown

55 embedded in the reactor wall is used to control the temperature of oven 12,

A system consisting of two separate gas chromatagraphs was devised of which one measuras the
complete praduct spectrum and the other measures oniy the CH,, CO end Cz's (which was noramily very
low} after the removal of water and hydrocarbons above Cz. These analyses, togethar with a measure of the
flow rate of the final effluent stream (CHa, CO, C; and Ha) vield the flow rate of the totat product stream

80 directly from the reactor.

Each experiment utilised a fresh charge of catalyst taken from the sama container obtained from the
suppler. This charge was reduced for 12 hours with flowing hydrogen at a rate of 10 ml/min at a temperature
of 873 K. After switching over to synthesis gas for raaction, samples of tha product stream were analysed ~
periodicatly in order to establish deactivation within tha reector. Tha selectivities of the hydrocarbons

g5 {considering the total hydrocarbon fraction only

} was found to be practically the same over both the initial
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2 GB 2024246 A

rapid deactivation par

iod and a subseguent slow deactivation perlod. The product distributions and

selectivities reported balow ware cbained from analysis of samples teken at a time when the deactivation

rate was very small. :
Selectivity is defined as percentage weight of carbon {n converted carbon monoxide found in the given
5 product. .
Exampie! Selectivities to Gesoline

This example illustrates the fundamental essence of this discovery. From a large number of runs covering ’
a temperature range 500K to 600K, reactor pressure range 8 to 16.atmospheres and weight hourly space
10 velocity 0.1 - 1.0 {hour) itwas found that very high selectivities 10 gasoling {Cg - C,2} were ohtalned if, for a
given temperature, the minimum outlet CO partial pressure were graater than a specified value, These

results are shown in F

Igure 8. Thees show that independent of total prassure and space velocity, high

salectivities are obtained at 525 K [Fand only if the minimum (i.e. outlet{ CO partial pressure is greater than

0.8 atmopsphers. Aelat

ively high selectivitias are obteined at the highar temperature of 550K if, and only if, the

16 minimum CO partial pressure is greater than 3 atmospheres. Conversely at 576 K good selectivities could not

be obtalned.

Example 2

High conversion selectivities are nat in themselves sufficient to ensure econemically high yields, High -
20 conversions of carbon monoxide are also necessary and desirabla in their own right. The requirement set

aut above imposes se

vere limitations upon the preferred operating conditions. Figure 4 illustrates this point,

Tha conversion of carbon monoxida is related to the outlet CO partial pressure in the maaner. shown.
Normally it is desirable to have a CO conversion in excess of 60%. Shown in Figure 4 are the ranges
according to the present invention defined by this 50% conversion limit and the minimum CO partial

25 pressure discussed in
As is readily appare

example 1. .
nt a total pressure in excess of 8-atmospheres is req uired at a temperature of 500 - 525

K and a temperature of 525 - 550 K would imply a total pressura in excess of 20 atmosphers.
Also shown in Figure 4 are tha weight hourly space veloclties required at 525 K to obtain the indicated
conversions at the different pressuras. Typical conditions as a preferred embodiment can be deduced fram
ag this Flgure. For example, at 525 K 8 atmospheres and a 3 : 1 H2/CD ratio, space velocities should be heald
within the range WHSV = 8.12 - 0.20 (hour}™

Exampies 3 -6 (Table

1

These iltustrate actual examplas falling within the preferred ranges given in Example 2, Table 1 shows

35 typical run conditions

Examples 7-9 {Table
These illugtrate exa
In Example 7 the ou
4p In Example 8the ou
temperature of H45.
In Example 9 the ou
573 K.

and the product yield structure which results.

1) : .

mples following cutside the present Invention.

tlat partial pressure is too low primarily because the WHSV is too low,

tlet partial CO pressure of 1.63 atmospheres is too fow {i.e. below 3} for tha operating

tiet CO partial pressure of 1-84 atmospheres is too low for the operating temperature of
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TABLE 1
- aceording to invention comparativa
examples
5 5
.  Example No. 3 4 5 6 7 8 9
H2/CO 3 3 3 3 3 3 3
Total pressure atm. 8 8 8 8 8 10 12
Temparature K 525 526 E26 525 523 545 573
10 WHSVhr? 015 098 019 0.4 011 044 083 g
CO Conversion 84.5 66,4 57 69.5 77.4 52.1 4.0
Minimum CO
Partlal Prass.Atms, 1.4 1.1 1.1 0.8 0.68 1.63 1.84
15 Selectlvities 15
“w of Hydrocarbon
Products
20 Cy 29.1 24.2 24.3 26.9 33.7 389 7.7 20
Cs 3B 3.2 3.3 4.2 4.4 5.8 87
Ca 6.9 7.3 1.9 7.3 6.8 7.6 4.4
Ca 9.6 8.5 8.1 a.z 8.3 10.6 8.3
Cs-Cqz 50.6 56.8 56.5 534 46.8 371 B.2
25 25
CLAIMS

1. A process for synthesising hydrocarbons in the Cj - G2 range from a mixture of hydrogen and carbon
3p monoxide gases comprising contacting the said mixture with a supported ruthenium cataiyst wherein the 30
sald mixture is at 2 temperature within the temperature ranga of (500 to 5501°K and wherein the outiét partial
pressure of carbon manaxide is not less than 0.8 atmospheres in the temperature range {500 te H25)°K and
not less than 3.0 atmospheres in the temperature range {525-5501°K.
2, Aprocess according to Claim 1 whaerein the ruthenium is in the form of ruthenium metal.
g5 3. Aprocessaccording to Claim 2 wharein the ruthenium metal catalystis carried on & particulate a5
support.
4. A process acgording to Ctaim 3 wherein the particutate support is mada from y alumina.
. A process according to Claim Awhsrain the support is in the form of 3x 3 mm clyindrical pellets.
6. A process according to Claim 4 wherein the support is in powder form having a powder size fatling
4p within the range 100 - 200 B8.5. mesh. a0
7. A procgess according to any one of claims 2 to 6 wherain the ruthenium mstal is deposited in an
amount up 1o 0.5 wt % and to a depth of 200 -300um on the support.
8. A process according to any preceding claim wherein tha reactant gas is synthesis gas.
9. A process accarding to claim 1 wharain the ratio of Hz : CO in the reactant gas is within the ratio of
45 between2:1and4:1. 45
10. A process according to Claim 8 wherein the sald ratio of H; : COis3: 1.
11. A process according to Claim 1 wherein the space velocity of reactant gas considered as the mass
flow rate of reactant gas per unit time, per unit mass of catalyst falls within the range of 0,10 to 0.25.
12. A process according to Claim 11 wherein the said space velocity is within the range 0,12 te 0.20.
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