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HEAT TREATRPofbSédgsR- TROPSCH CATALYST PARTI CLES Thi s i nveni@dmeBISHBILS
to catalysts. More particularly the invention relates to a nmethod of

maki ng breakage resistant self-supported precipitated iron-based

Fi scher-Tropsch catal yst particles, to a nmethod of making sel f-supported
preci pitated iron-based Fi scher-Tropsch catal yst particles having superior
synt hesis perfornmance or activity, to catalyst particles made according to
the methods, and to the use of said catalyst particles in a slurry bed
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This invention rélates to catalysts. More particularly the invention relates to a
method of making breakage resistant seif-supported precipitated iron-based
Fischer-Tropsch catalyst particles, to a method of making self-supported
precipitated iron-based Fischer-Tropsch catalyst particles having superiori
synthesis performance or activity, to catalyst particles made according to the
methods, and to the use of said catalyst particles in a slurry bed Fischer-Tropsch

reactor.
BACKGROUND OF THE INVENTION

US Patent Nos. 5324335 and 5504118 disclose the production of roughly
spherical iron-based Fischer-Tropsch catalyst particles having diameters in the
range of between 1 and 50 microns which are annealed by heating in air at
about 316°C (600°F) to drive off residual moisture and to stabilise the catalyst.
The annealing step i.e. the heating and gradual controlled cooling, converts the
Goethite to Hematite whereafter the catalyst may be activated and used.
According to these patents, the annealing does not lead to a breakage resistant

or a superior performance catalyst particle.
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spheri cal ig,?)n%)%?&%d Fi scher-Tropsch catal yst particles havi ng-gea8dsg6s | n
4993 ) :

the range en 1 and 50 microns which are anneal ed by heating in air
at about 316[err]C (600[err]F) to drive off residual noisture and to
stabilise the catalyst. The annealing step i.e. the heating and gradual
control l ed cooling, converts the Goethite to Hematite whereafter the

cat al yst n3gutheAfitnany RetentaNe. S4530 risdpses dheoptadustiopadk @nsirontased

anneal i ng does not lead to a breakage resistant or a superior performance

catal yst ppiskhé&l-Fropsch catalyst including from 1 to 80% by mass of activdted carbon.
This catalyst shows improved breakage resistance over conventional catalyst,
particularly where the particle diameters are below about 45 micron. The
catalyst particle of this patent does not have superior synthesis performance and

is expected to hydrothermally sinter at about 300°C.

A need thus exists for breakage resistant iron-based Fischer-Tropsch cétalyst
particles, in particular for use in a low temperature Fischer-Tropsch process,
such as that carried out in a slurry bed reactor, for the production of, amongst
others, wax and other syncrudes, as well as chemicals. The breakage resistant
self-supported precipitated iron-based Fischer-Tropsch catalyst particles will
ideally inhibit the formation of catalyst fines in the reactor thereby maintaining
the performance of the reactor and reduce the contamination of down stream

processes and catalysts by the catalyst fines.

In this specification, unless the context clearly indicates to the contrary, the term
"fines" when used in relation to catalysts and catalyst particles is to be
understood to mean particles which due to their dimensions, when present at a
concentration of about 30% of the total catalyst, tend to reduce the performance
of the solid separation system of a Fischer-Tropsch slurry bed reactor. Typically

fines have a diameter of less than about 45 microns, usually about 22 microns.



South African Patent No. 90/ 7530 discloses the production of an iron-based
Fi scher - Tr aRg@eg 62l yst including from1l to 80% by mass of @ctrieBismdoos
carbon. This catalyst shows inproved breakage resi stance over conventi onal
catalyst, particularly where the particle dianmeters are bel ow about 45

m cron. The catalyst particle of this patent does not have superior
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BRIEF SUMMARY OF THE INVENTION

It is well expected that heat treatment of seif-supported precipitated catalyst
particles has a negative effect on the activity thereof. In particular, the catalyst
particle surface area and pore volume are likely to be reduced at temperatures
above 250°C. Those skilled in the art therefore generally tend to avoid such

heat treatment of such Fischer-Tropsch catalyst material.

Surprisingly it has now been found that the breakage resistance and the
synthesis performance or activity of seif-supported precipitated iron-based
Fischer-Tropsch catalyst particles can be increased by the heat treatment

thereof at temperatures of at least 250°C.



In this specification, unless the context clearly indicates to the

contrary, the ter "fines" when used in relation to catal yst yst
particles igiot%mgggs understood to nean particles which due toé‘fﬂélg?ﬁ%ﬂ

di mensi ons, when present at a concentration of about 30% of the total
catal yst, tend to reduce the performance of the solid separation system of
a Fischer-Tropsch slurry bed reactor. Typically fines have a dianeter of

| ess t han Adeondingly, nther dnyenticruaprioyidasod methad rafnproducing self-supported

2 A further long felt need which exists is that for self-supported

preci pit at;#éciE&Qtfed irba-TRed CRAKst paAREN Al Ko MSdrdrcTropsbia slurey-bed
superior synthesis perfornmance
process, the said particles being breakage resistant and thus inhibiting the
formation of catalyst fines, the method including the heat treatment of the said

particles at a temperature of at least 250°C.

The heat treatment may be calcination of the said particles at a temperature of at

least 250°C.

The heat treatment of the said catalyst particles may be carried out at a
temperature of between 250 °C and 500 °C, preferably between 320 °C and 500

°C, more preferably between 360 °C and 3290 °C, most preferably at 380°C.

According to a second aspect of the invention, there is provided a method of
producing self-supported precipitated iron-based catalyst particles for use in a
Fischer-Tropsch slurry-bed process, the catalyst particles having a superior
synthesis performance or activity under low temperature Fischer-Tropsch slurry-
bed operating conditions, the method including the heat treatment of the said

catalyst particles at a temperature of at least 250 °C.

The heat treatment temperature of the method may be between 250 °C and

500°C, preferably between 320°C and 500°C, more preferably between 360°C

and 390°C, most preferably 380°C.




or activity, in particular for use in a |low tenperature Fischer-Tropsch

process, of9odshat carried out in a slurry bed reactor, fgiT/&6B88/03004
production of wax and other syncrudes, as well as chem cals. BRI EF
SUMVARY OF THE | NVENTI ON It is well expected that heat treatnent of

sel f-supported precipitated catal yst particles has a negative effect on
the activity thereof. In particular, the catalyst particle surface area
and pore volune are likely to be reduced at tenperatures above 250[err]C.
Those skilled in the art therefore generally tend to avoid such heat

t reat ment ofpicallyh tie ssaigr catalysic pacticlas yate maabiamed at e headi tigatment has
now been found that the breakage resistance and the synthesis perfornance
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According to a further aspect of the invention there are provided self-supported
precipitated iron-based catalyst particles for use in a Fischer-Tropsch slurry-bed
process, the said catalyst particles being produced according to a metﬁod of

heat treatment of the said catalyst particles as described above.,

According to yet a further aspect of the invention, there is provided a method of
maintaining the performance of a solid separation system of a Fischer-Tropsch
process slurry bed reactor where a reduction in performance is caused by an
increase in catalyst particle fines in the slurry bed reactor, the method including

the use of the catalyst particles as described above.



3 WO 99/ 49965 Accordi ngly, the invention provides a nethod of

produci ng s rted precipitated iron-based catal yst pa Eridggod
use in a Fi 9141 5’?‘*ﬁa-’gpsch slurry-bed process, the said partic Rlbel ngda4

breakage resistant and thus inhibiting the formation of catalyst fines,
the nethod including the heat treatnent of the said particles at a

tenperature of at |east 250[err]C
According to yet a further aspect of the invention, there is provided a process for

synthesis of syncrudes and/or chemicals, for example, waxes, the process
comprising the step of contacting a suitable synthesis gas, at suitable
temperatures and pressures in a Fischer-Tropsch slurry-bed reactor, with self-

. supported precipitated iron-based Fischer-Tropsch catalyst particles as

described above.

The process may be carried out in a suitable vessel, with unreacted reactants
and gaseous product being withdrawn above the slurry bed, and separated

liquid product also being withdrawn from the vessel.
Typical suitable operating temperatures for the process are temperatures in the

range 160°C to 280°C, or even higher for production of lower boiling point

product.

Typical suitable operating pressures are pressures in the range 18 Bar to 50

Bar.
DETAILED DESCRIPTION OF THE INVENTION

The invention will now be illustrated by means of the following non-limiting

examples:




The heat treatnment may be cal cination of the said particles at a
tenperature of at |east 250[err]C The heat treatnent of |

cat al yst parWP(?P’é%%ﬁay be carried out at a tenperature of be?v&\g”ec?lﬁféao“
[err]C and 500 [err]C, preferably between 320 [err]C and 500 [err]C, nore
preferably between 360 [err]C and 390 [err]C, nost preferably at 380[err]C
According to a second aspect of the invention, there is provided a nethod
of produciE?éAU@Lngupported preci pitated iron-based catal yst particles for
use in a Fischer-Tropsch slurry-bed process, the catal yst particles having
a superior synthesis performance or activity under |ow tenperature

Fi scher-Tropsch slurry- bed operating conditions, the nethod including the
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iron-based Low Temperature Fischer Tropsch catalyst particles for slurry bed

application results in an increase in the mechanical strength of the said catalyst.

For a laboratory microscale operation, 250 grams of pilot plant and commercially
prepared catalyst was placed in a porcelain dish in a muffle furnace. The furnace
was subsequently heated to the desired heat treatment temperature at a heating
rate of 1°C/min. The heat treatment or calcination temperature (as indicated in
Table 1 below) was maintained for 4 hours after which the furnace was allowed

to cool down to below 100°C.

For larger scale operation the catalyst was fed from a hopper at room
temperature to a portable pilot plant scale rotary kiln. This kiln had a refractory
lining and was electrically heated. The dimensions of this equipment were as
follows: length=2.1m, diameter=0.47m, inclination=2°, rotational speed=1rpm.
The average temperature inside the kiln was controlled at 385°C. The feed rate
was varied around 30 kg/h which resulted in a residence time of close to 1 hour.

1500 kg of catalyst was heat treated in this manner.



The heat treatnment tenperature of the method may be between 250 [err]C and

500[err] C, preferably between 320[err]C and 500[err]C, nore prefera

bet ween 360M&Y9Y48%5and 390[err] C, nost preferably 380[err]C PCT/GB”/O:’ 04
Typically the said catalyst particles are maintained at the

heat treatment tenperature for at |least 0.1 hours, preferably between 0.2

and 12 hours, nore preferably between 0.5 and 4 hours. According to a

further aspesample theaiaiystparticlesitbat were heatvirelaiedsetdordimgpto theel manner

precipitated iron-based catal yst particles for use in a Fischer-Tropsch
sl urry-bedgescriped above was subjected to a Jet Impingement test. In this test a jet of air
is used to impinge fresh catalyst particles against a plate. The smaller than 22
micron fraction of jet impinged sample is normally taken as a measure of the
catalyst particle mechanical strength. Table 1 shows the results that were
achieved from this test. Standard pilot plant prepared catalyst particles, and

standard commercially prepared catalyst particles were used as reference

materials.

Table 2 also refiects the results obtained from a repeated jet impingement test
conducted on a sample that was heat treated at 300°C. Repeated jet
impingement results indicated that the heat treated catalyst particles are
stronger even after the initial break-up. It can be concluded that heat treatment
induces strength to the whole particle, and not only to the outer shell of the

particle.



process, the said catalyst particles being produced according to a nethod
of heat treatnent of the said catalyst particles as describe
Accor di ng t oMY 4¢Syrt her aspect of the invention, there is g‘?‘ﬁ@?ﬁ%&“&“
met hod of nmaintaining the performance of a solid separation system of a

Fi scher-Tropsch process slurry bed reactor where a reduction in

. performance is caused by an increase in catalyst particle fines in the
slurry bed EXGAMBLE 2he nethod including the use of the catalyst particles
as descri bed above.

This example illustrates that heat treatment of standard self-supported
precipitated iron based Low Temperature Fischer Tropsch slurry bed catalyst
particies does not alter the iron phase composition nor the crystallinity of the

said catalyst particles; but rather promotes the enhancement of the catalyst

particles’ mechanical strength.

The phase composition and relative crystallite size of both the untreated
standard catalyst particles and the heat treated samples were determined by

Mossbauer spectroscopy at 4.2 K. The parameters are presented in Tabie 3.

Both samples can be described as highly dispersed Fe(lli)oxide. The Fe-phase
has been identified as a-Fe.,Os;. The particles display superparamagnetic

behaviour and from the quadropole splitting parameter the size of the primary

particles was estimated as between 2 and 4 nm.

At 77K the heat treated sample shows a slight increase in the A value, indicating
a corresponding decrease in the primary particle size. Based on these results it
would seem as if the heat treatment causes a restructuring or reordering of the

ions making up the primary particle, thus leading to a state of lower energy i.e. a

stronger particle.

EXAMPLE 3



5 According to yet a further aspect of the invention, there is
provi ded a process for synthesis of syncrudes and/or chemcals, for
exanpl e, wawes99/49965 process conprising the step of contacti RFHEGEWHB e
synthesis gas, at suitable tenperatures and pressures in a Fischer-Tropsch
slurry-bed reactor, with self- supported precipitated iron-based
Fi scher-Tropsch catal yst particles as described above. The process may
be carried out in a suitable vessel, with unreacted reactants and gaseous
product being w thdrawn above the slurry bed, and separated
This example illustrates that heat treatment of the catalyst particles results in a
major improvement of the solid separation system performance of said catalyst

particles as experienced in a semi-works pilot plant reactor.

The liquid product recovery rate as a function of cycle number for a synthesis
run with untreated catalyst particles is depicted in Graph 1. The separation rate
levels obtained from a synthesis run operating with these standard cétalyst

particles only reached a maximum of 350 relative units per hour.

Data for a similar synthesis run with heat treated catalyst is presented in Graph
2. The average liquid product recovery rate is clearly above 1000 relative units

per hour.
EXAMPLE 4

This specific example illustrates that calcining or heat treating standard self-
supported precipitated iron-based Low Temperature Fischer-Tropsch catalyst
particles for slurry bed application results in a significant reduction of the amount

of fines that the catalyst particles generate under normal Fischer-Tropsch

synthesis conditions.

10



i quid product al so being withdrawn fromthe vessel. Typi cal suitable

operating tgvrgg%‘?%% es for the process are tenperatures in thge JGH98/63004

160[err]C t ]C, or even higher for production of |ower boiling
poi nt  product. Typi cal suitable operating pressures are pressures in
the range 18 Bar to 50 Bar. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

The invention wll now bé% illustrated l%g_mean . of the fol |.OYVi ng
non-1i m ti R@rtiggAize gistributions of representative on line catalyst particle sampjes were

obtained for periods when untreated and heat treated catalyst particles were run
respectively as outlined in example 3 above. A comparison of the catalyst fines
content is presented in Table 4. The heat treated catalyst clearly shows a

dramatic decrease in the amount of fines present in the reactor.

Scanning electron micrographs of the above mentioned untreated and heat
treated on-line catalyst particle samples are presented in Micrographs 1'énd 2
respectively. The absence of fine catalyst particles in the heat treated sample is

once again obvious for the heat treated version.
EXAMPLE 5§

This example shows that there is a marked increase in activity of standard self-
supported precipitated iron-based Fischer-Tropsch catalyst particles upbn heat
treatment. This is elegantly illustrated in Graph 3. The catalyst activity shows a
continuous increase after the change to heat treated catalyst particles which is

indicated by a vertical bar in Graph 3.

11



WO 99/ 49965 EXAMPLE | This exanple illustrates that the heat
treatnment of self-supported precipitated iron-based Low Tenperature

Fi scher Trop¥@R%26%I yst particles for slurry bed applicati O%Cﬁggé?’?@"‘l n
an increase in the nechanical strength of the said catalyst. For a

| aboratory m croscal e operation, 250 grans of pilot plant and comrercially

pr epar ed m%ﬁ.ﬁgs pl aced in a porcelain dish in a nmuffle furnace. The
furnace ently heated to the desired heat treatnent tenperature
at a heating rate of 1C mn. The heat treatnment or calcination tenperature
(as indicated in Table 1 below) was maintained for 4 hours after which the
furnace was allowed to cool down to below 1 00[err]C.

This example illustrates that removal of residual moisture from freshly prepared

catalyst particles does not lead to mechanically stronger catalyst particles.

A sample of untreated standard catalyst particles was treated in a vacuum oven
at 100°C until the moisture content was half the original value. Both the
untreated and the vacuum dried samples were subsequently subjected to a Jet
Impingement (J1) test in order to measure their mechanical strength. The results

are compared with a heat treated example in Table 5.

12



For .l arger scale operation the catalyst was fed froma hopper at room
tenlperature t QoPooRa9 sdsabl e pilot plant scale rotary kiln. This kid

ByBh3604
reffractory | 1'ni'ng and was el ectri ca i mensi ons of this
ui pnent were as follows: |ength=2 mmﬂﬂﬂﬂgg IE
[ gcl I nation=2[err], rotational speed= ge tenperature inside

the kiln was g_arwg)l | ed at 385[err]C. The feed rate was varied around 30
Kg/ h which rg d in aresidence tine of close to 1 hour. 1500 kg of

catal yst was heat treated in tPHs manner .
17 1. A method of producing self-supported precipitated iron-based catalyst

particles for use in a Fischer-Tropsch slurry-bed process, the said particles
being breakage resistant and thus, in-use, inhibiting the formation of catalyst
fines, the method including the heat treatment of the said particles at a

temperature of at least 300°C.

2. A method as claimed in claim 1 wherein the heat treatment of 'tﬁe said

catalyst particles is carried out at a temperature of between 320 °C and 500 °C.

3. A method as claimed in claim 2, wherein the heat treatment of the said

catalyst particles is carried out at a temperature of between 360 °C and 330 °C.

4. A method as claimed in claim 3, wherein the heat treatment of the said

catalyst particles is carried out at a temperature of 380 °C.

5. A method of producing seif-supported precipitated iron-based Fischer-
Tropsch catalyst particles for use in a Fischer-Tropsch slurry-bed process, the
said catalyst particles having superior synthesis performance or activity under
low temperature Fischer-Tropsch operating conditions, the method including the

heat treatment of the said catalyst particies at a temperature of at least 300 °C.

This Sheet Has Been Replaced
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A sanpl e of catalyst particles that were heat treated according to the
manner descri bed above was subj e I ngement test. In thi
test a jet WO%I4PI65i s used to inp g i] mlest particl &T ébeo?isll‘?%qo“
plate. The smaller than 22 mcronsTractu O O npi nged sanple is
normal |y taken as a neasure of the catalyst partlcl e mechani cal strength.
Table 1 shows the results that were achieved fromthis test. Standard

pi | ot pl arB. pr ehanettiodaamclamegdntdlaines, wasteindhenteatdtreatmentdenpeyature
prepared catal yst particles were used as reference materials. Table 2
al so refl ggtyptivBen 3990 ang@lsodiated from a repeated jet inpingenent test
conducted on a sanple that was heat treated at 300[err]C. Repeated jet

i mpi ngenent results indicated that the heat treated catal yst particles are
stronger even after the initial break-up. It can be concluded that heat

treatnment _induces strength to the whole artlclh and not only to the
outer shelT. of Argethod as claimed in claim 6, wnerein the heat treatment temperature

is between 360 °C and 390 °C.

8. A method as claimed in claim 6, wherein the heat treatment temperature
is 380 °C.
9. A method as claimed in any one of the preceding claims, in which the

said cataiyst particles are maintained at the heat treatment temperature for at

ieast 0.1 hours.

10. A method as claimed in claim 9, in which the said catalyst particles are

maintained at the heat treatment temperature for between 0.5 and 4 hours.

11. A method of producing seif-supported precipitated iron-based catalyst
particles for use in a Fischer-Tropsch slurry-bed process, the said catalyst
particles having superior synthesis performance or activity under low
temperature Fischer-Tropsch operating conditions and being breakage resistant
and thus, in-use, inhibiting the formation of catalyst fines, the method including

the heat treatment of the said particles at a temperature of at least 300°C.

This Sheet Has Been Replaced
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12. A method as claimed in claim 11, wherein the heat treatment temperature

peen 207G ane 00" I

13. A method as claimed in claim 12, wherein the heat treatment temperature

is between 360 °C and 390 °C.

14. A method as claimed in claim 13, wherein the heat treatment temperature

is 380 °C.

15.  Self-supported precipitated iron-based Fischer-Tropsch catalyst particles
for use in a Fischer-Tropsch slurry-bed process, which particles are produced

according to a method as claimed in any one of claims 1 to 14.

16. A method of maintaining the performance of a solid separation system of
a Fischer-Tropsch process slurry-bed reactor where reduction in performance is
caused by an increase in catalyst particle fines in the slurry-bed reactor, the

method including the use of the said catalyst particles as claimed in claim 15.

This Sheet Has Been Rep
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This exanple illustrates that heat treatnment of standard sel f-supported
precipitated iron based Low Tenperature Fischer Tropsch slurry_ bed h | yst
particles dVEx9%3865alter the iron phase conposition nor the %?ﬁ?

of the said catalyst particles; but rather pronotes the enhancenment of the
catal yst particles' nechanical strength. The phase conposition and
relative crystallite size of both the untreated standard catal yst
particles gnd tAepioessst forasyihssispole synernseate andiom ettenycalsp dbd apracess
spectroscopy at 4.2 K. The paranmeters are presented in Table 3. Bot h
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has been as a- e err err The particles dis
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supported precipitated iron-based Fischer-Tropsch catalyst particles as claimed

e s Iy

18. A method of producing self-supported precipitated iron-based catalyst
particles for use in a Fischer-Tropsch slurry-bed process, the said particles
being breakage resistant and thus, in-use, inhibiting the formation of catalyst

fines, as claimed in claim 1, substantially as herein described and illustrated.

19. A method of producing self-supported precipitated iron-based Fischer-
Tropsch catalyst particles for use in a Fischer-Tropsch slurry-bed process, the
said catalyst particles having a superior synthesis performance or activity under
low temperature Fischer-Tropsch operating conditions, as claimed in claim 5,

substantially as herein described and illustrated.

20. Self-supported precipitated iron-based Fischer-Tropsch catalyst particles
for use in a Fischer-Tropsch slurry-bed process as claimed in claim 15,

substantially as herein described and illustrated.
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At 77K the heat treated sanple shows a slight increase in the A val ue,

I ndicating @a caorrespondi ng decrease in the primary particle §j on
these resul t¥O%49%fBul d seemas if the heat treatment causes %C€?GBJ§%§&(1

restructuring or reordering of the ions making up the primary particle,
thus leading to a state of |lower energy i.e. a stronger particle. EXAMPLE
3 e 9 .. This exanpl e

i 11 ustrat ed1t ha meshod franaiieingig thecperferaange oha splid sepagatipn systemof

maj or i nprovenent of the solid separation system perfornmance of said

catal yst a Fischer-Tropsch process slurry-bed reactor as claimed in claim 18,

Ay

22. A process for synthesis of syncrudes and/or chemicals, substantially as

substantially as herein described and illustrated.

herein described and illustrated.

23. A new method of producing self-supported precipitated iron-based
catalyst particles for use in a Fischer-Tropsch slurry-bed, new self-supported
iron-based catalyst particles, a new process for synthesis of syncrudes and/or
chemicals, or a new method of maintaining the performance of a solid separation

system of a Fischer-Tropsch process slurry bed reactor, substantially as herein

described.
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@art I cles as experienced in a sem -wrks pilot plant reactor. The liquid
product recovery rate as a function of cycle nunber for a synthesis run

di th untreat euwéa?f”éi?%%t particles is depicted in Gaph 1. The sd&§dfGR?®gA004
rate |evels obtained froma synthesis rudboperating with these standard
datal yst particles only reached a maxi num of 350 relative units per hour.
Data for a simlar synthesis run with heat treated catalyst is presented in
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tthat cal ci ni eati-ng—standard-self- — supported—precipi t at ed
i'ron-based low Tsanper at uf ecaidtsdpef - TA@aSCh| Capodd Bt | % fines <22um
°C m*/g cc/g after JI
i Pilot Plant uncalc 288 0.03 1.6
§ catalyst
300 286 0.64 2.8
400 262 0.63 _ 3.7
500 243 0.60 2.1
Commercial uncalc 293 0.62 11.4
catalyst
300 267 0.61 1.1
400 247 0.67 1.6
500 225 0.60 1.9
. Pilot Plant Rotary Kiln
Commercial uncalc 289 0.60 12.2
catalyst
385 241 0.54 5.8
Table 2: Behaviour after repeated jet impingement
Increase in % fines< 22uym
Uncalcined Calcined at 300°C
Before Jet Impingement 0 0
After Jet Impingement 1 11.6 2.8
I
' After Jet Impingement 2 29.4 18.5
After Jet Impingement 3 22.4 19.5

SUBSTITUTE SHEET (RULE 26)



particles for slurry bed application results in a significant reduction of
the anobunt of fines that the catal yst particles generate unde

Fi scher-Tr Opgv&99/%9§?ﬁ hesi s conditions. ﬁc-P/&'i;Q?]B:;oM

10 Particle size distributions /of representative on |line catalyst
particle sanples were obtained for per?éds when untreated and heat treated
catal yst particles were run respectively as outlined in exanple 3 above. A

conpari sonpffe £ he cahBlysler fleftfScopic pitaBersi S presented in Table 4. The heat
treated catalyst clearly shows a dramatic decrease in the amount of fines

present I nrtire—reactor: Uncalcined sample Calcined sample
Hyperfine field (H) (T) 517.6 515.3
496.9 495.3
473.8 472.6
444 .4 442.5
Isomer shift (8,) (mm.s™) 0.757 0.761
0.744 0.742
0.717 0.711
0.678 0.669
Quadropole splitting (AEy) (mm.s™) 0.010 0.009
0.018 0.013
0.024 0.026
0.021 0.024
Table 4: On line quantification of catalyst fines
Volume(% <)
Particle diameter (um) Uncalcined catalyst Calcined catalyst
22 10.1 0.28
11 5.6 0.16
4 1.9 0.02
Table §: Mechanical strength of dried samples
Sample % Moisture % fines <22um after J1
Standard 2.7 9.7
Dried 1.0 7.0
Calcined 1.3 1.5
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Scanni ng el ectron m crographs of the above nentioned untreated and heat

tre
and
trég
EX/
of
ca

]

ated on-line catalyst particle sanples are presented in Mcrographs 1

2 respectWQAPMI¥6The absence of fine catal yst particles in POF/GRRI03004
ated sanple is once again obvious for, ,the heat treated version.

\VPLE 5 Thi s exanpl e shows t hat theP®is a marked increase in activity
standard self- supported pr.ecipitated iron-based Fischer-Tropsch

al yst particles upon heat treatnent. This is elegantly illustrated in

chnge t o SEABR ek SPTE pAPGIatolt BBrfmidites BY SEalRGARREY) . ver 1) ca

in Gaph 3.
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Graph 2: Solid separation performance of calcined catalyst
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EXAMPLE 6 This exanple illustrates that renoval of residual noisture

fromfreshl e ed catalyst particles does not lead to melgg@ L I

st ronger ca%’gos{?é“?%ﬁarti cl es. A sanpl e of untreated standar gbgﬁ g%

particles was treated in a vacuumoven at 100[err]C until the noisture

content was half the original val ue. #&th the untreated and the vacuum

dried sanples were subsequently subjected to a Jet |npingenent (JI) test
in order to neasure their mechanical strength. The results are conpared

with a hepipl 5£at efhcpeRdlih Ratdlyst 2ti9ity-after addition of calcined catalyst

CATALYST ACTIVITY DATA
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On line uncalcined catalyst particles
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CLAI M5 1. A net hod of producing self-supported precipitated iron-based
catal yst paw ®4@e6sf or use in a Fischer-Tropsch slurry-bed pr éfss, t he
nmet hod being characterised by the heat treatnent of the said g GBAP/A004,
a tenperature of at Ileast 300C to inpart Bygakage resistance to said
particles and thus,in-use, inhibiting the formation of catal yst fines.

2. A nethod as clainmed in claim1l wherein the heat treatnent of the said
catal yst particles is carried out at a tenperature of between 320[err]C and
500[err] C 3. A nethod as clainmed in claim?2, wherein the heat
treatnent of the said catalyst particles is carried out at a tenperature
of between 360[err] C and 390[err] C. 4. A nethod as clained in claim 3,
wherein the heat treatnent of the said catalyst particles is carried out
at -a tenperature of 380[err]C.
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5. Mrret hod of producing self-supported precipitated i P I.sgher -
. Tropsch catal yst particles for use in a Fi scher-Tropschlisﬁ%ﬁ%‘g gdfpls:%cess,

the nethod being characterised by the heat treatnment of the Said catal yst
particles at a tenperature of at |least 300[err]C to inpart to said
particles superior synthesis performance or activity under |ow

t enperature Fi scher-Topsch operating conditions. . 6. A net hod as
claimed ChAIM& m 5, wherein the heat treatnment tenperature is between
320[err] C and 500[err]C. 7. A nmethod as clainmed.in claim®6, wherein

the heat treatment tenperature is between 360[err]C and 390[err]C
1. A method of producing self-supported precipitated iron-based catalyst

particles for use in a Fischer-Tropsch slurry-bed process, the method being

characterised by the heat treatment of the said particles at a temperature of at
least 300°C fo impart breakage resistance to said particles and_thus, in-use, _

_.inhibiting the formation of catalyst fines.

2. A method as claimed in claim 1 wherein the heat treatment of the said

catalyst particles is carried out at a temperature of between 320°C and 500°C.

3. A method as claimed in claim 2, wherein the heat treatment of the said

catalyst particles is carried out at a temperature of between 360°C and 390°C.

4, A method as claimed in claim 3, wherein the heat treatment of the said

catalyst particles is carried out at a temperature of 380°C.

5. A method of producing self-supported precipitated iron-based Fischer-
Tropsch catalyst particles for use in a Fischer-Tropsch slurry-bed process, the
method being characterised by the heat treatment of the said catalyst particles at

a temperature of at least 300°C to impart to said particles superior synthesis

performance or activity under low temperature Fischer-Topsch operating _

conditions.
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8. “ A nethod as cldimed in clai m 6, wherein the heat treatnent tenperature

is 380[err]C 9. A nethod as clainmed in any one of the preceding
claims, in which the said catalyst particles are maintained at the heat
treatment tenperature for at least 0.1 hours. 10. A nethod as clai nmed
inclaim9, in which the said catalyst particles are maintained at heat
treatnent tenperature for between 0.5 and 4 hours. 11. A nethod of

produci ng selA methgrbas ethimescinmlaiet 5dwhersin M@éﬁéaﬁﬁbﬁirﬁéﬁt teRipidrattir€ds f O

use in a Fischer-Tropsch slurry-bed process, the nethod being

char act ebbétae@nB20°Ceamegbotceat ment of the said particles at a tenperature
of at least 300[err]C to inpart superior synthesis performance or activity

under | ow

7. A method as claimed in claim 6, wherein the heat treatment temperature is

between 360°C and 390°C.

8. A method as claimed in claim 6, wherein the heat treatment temperature is

380°C.

9. A method as claimed in any one of the preceding claims, in which the said
catalyst particles are maintained at the heat treatment temperature for at least

0.1 hours.

10. A method as claimed in claim 9, in which the said catalyst particles are

maintained at heat treatment temperature for between 0.5 and 4 hours.

11. A method of producing self-supported precipitated iron-based catalyst
particles for use in a Fischer-Tropsch slurry-bed process, the _method being

characterised by the heat treatment of the said particles at a temperature of at

least 300°C to impart superior synthesis performance or activity under low

temperature Fischer-Tropsch operating conditions and breakage resistance_to_

said particles.
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t enperat ure Fi scher"!“Tr“Opsch operating conditions and breakage resistance to
said particles.

REPLACEMENT SHEET 14 12. A nmethod as clained in claim11,
wherein the heat treatnent tenperature is between 320[err]C and 500[err]C.
13. A nmethod as clained in claim12, wherein the heat treatnent

tenperature i s between 360[err]C and 390[err]C 14. A nethod as cl ai ned
in claimM23, Avhmethod t &e bizdmedr dat oleith 11, wherein the heat treatment

temperature is between 320°C and 500°C.

13. A method as claimed in claim 12, wherein the heat treatment

temperature is between 360°C and 390°C.

14. A method as claimed in claim 13, wherein the heat treatment

temperature is 380°C.

15. Self-supported precipitated iron-based Fischer-Tropsch catalyst particles
for use in a Fischer-Tropsch slurry-bed process, which particles are

characterised by being produced according to a method as claimed in any one

of claims 1 to 14.

16. A method of maintaining the performance of a solid separation system of
a Fischer-Tropsch process slurry-bed reactor where reduction in performance
is caused by an increase in catalyst particle fines in the slurry-bed reactor, the

method_characterised by the use of the said catalyst particles as claimed in

claim 15.

17. A process for synthesis of syncrudes and/or chemicals, the procéss
comprising the step of contacting a suitable synthesis gas, at suitable

temperatures and pressures in a Fischer-Tropsch slurry-bed reactor, with self-

 REPLACEMENT SHEET

A5
A RN 001 | 30 ocT 2m




temperature is 380f&rﬁpc. 15. Sel f-supported precipitated iron-based
Fi.scher-Tropsch catal yst particles for use in a Fischer-Tropsch slurry-bed
process, which particles are characterised by being produced according to
a nethod as clainmed in any one of clains 1 to 14. 16. A method of

mai ntai ning the performance of a solid separation systemof a

Fi scher-Tropsch process slurry-bed reactor where reduction in performance

i s causesuppgorted i previpitated nirontbEsedt Fischer<llrop$chesatalyst hpariclesr \theed
reactor, the nethod characterised by the use of the.said catalyst

particl epraibss! @éiﬂ‘%%ﬂdﬂac@ﬁ@émﬁésaid pdrficled_BéingSsodiiesd Beblafed it
syncrud€s and7 ofr chéem cal s, € process conprisSing the step of contacting
a suitabkﬁhﬁygyhesis gas, at suitable
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t enperatures and pressures in a Fischer-Tropsch slurr
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T!_m inv?ntion provides heat treated self—supported precipitated iron-based Fischer-Tropsch catalyst particles. The particles of the
present invention are breakage resistant and exhibit superior synthesis performance. The invention also provides a method for producing




