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SPECIFICATION
Process for the preparation of hydrocarbons

The Invention relates to a process for the preparation of linear olefins having at least 70 and at maost 20
carbon atoms per molecuie.

Linear olefing having at least 10 and at most 20 carbon atoms per molecute (hereinafter refarred to as
“linear'” GGy olefins) are valuable starting materials for the preparation of synthetic detergents. Said
olefins can be obtainad by mild tharmal cracking of mixtures of linear paraffins having at least 20 carbon
atoms per molecule {harsinafter refarred t0 as “#lingar C,+ paraffing”). Linear C..+ paraffins, togsether
with branched C,,+ paraffins are found in heavy minera! oil fractions, such as lubricating oil fractions.
The paraffins can be separated from said minerai oil fractions by cooling. From the paraffin mixtures
obtained the desired linear paraffins can be isolatad by way of fractional crystallisation or complaxing
with urea. The lincar C,+ paralfins thus obtained are generally contaminated with sulphur- and nitrogen
compounds from the rmineral oil, as well as cyclic compounds. Prepartory to being suitable for use as
teed for the preparation of linear Co-Cyp olefins by mild thermal cracking the C,,+ paraffins should be
freed from these contaminants.

Linear C,,+ paraffins which can suitably be used as starting materiat for the preparation of linaar C.-Cy
olefins by way of mild thermal cracking may also be synthesized starting from a mixlure of carban mon-
oxide and hydrogen. In this what is called Fischer- Tropsch synthesis a H,/CO mixture is contacted at
elevated temperature and pressure with a catalyst comprising ane or more matals from the iron group
togathar with one ar mare promoters and a carrier material. The preparation of these catalysts can suita-
bly be carriad out by the known technigues, such as precipitation, impregnation, kneading and melting.
As compared wilh waxy heavy mineral oil fractions the products prepared by the Fscher-Tropsch synthe-
sis have the advantage that thay contain virtually no sulphur- and nitrogen compounds and cyclic com-
pounds. Nevertheless the use of the products obtained over the usual Fischar-Tropsch catalysts for the
preparation of linear C,-C,o Olefins has two drawbacks which are connected with their compaosition. in
the first place these products contain but a relatively small amount of C,,+ compounds as compared fo
the quantitias of C,,—compounds present. Furthermore the Cy, + compounds are macle up to a considera-
hie extent of branched paraffing, branched and unbranched olefins and axygen-containing compounds,

Recently there has been found a class of Fischer-Tropsch catalysts which have the praparty of yielding
& product in which considerably more Gyt compounds are present than in the praducts prepared by tha
usual Fischer- Teopsch catalysts, which C,+ compounds consist virtually exclusively of linear paraffins.
The Fischer- Tropsch catalysts belonging 10 the sbove-rentioned ciass contain silica, alumina or silica-
alumina as carrier materials, and cobalt together with zirconium, titanium and/ar chromium as catalyti-
cally active metals, in such quantities that par 100 plw of carrier material the catalysts comprise 3-60
pbw of cobalt and 0.1-100 pbw of zirconium, titaniwm, and/or chromium. The catalysts are prepared by
depositing the metals invalved on the carrier material by kneading and/or impregnation. For further infor-
mation concerning the preparation of thase catalysts by kneading and/ar impregnatien reference may be
made to Netherlands patent application No. 8301922, recently filed by the Applicant. Considering the
composition of the product prepared over the cobalt catalysts it is extremety attractlve to separate from
the product a heavy fraction substantially consisting of Cy+ paraffins and to convert at least part of this
heavy fraction by mild thermal cracking into a mixture of hydrucarbons substantially cansisting of linear
alefins and cantaining tha desired C.o-Csp 0lefins.

The present patent appiication thersfore relates to a provess for the preparation ot linear C.s-Cag olefing,
in which a mixturc of carben monoxide and hydrogen is converted into a mixtura of hydrocarbans sub-
stantially consisting of linear paraffins by contacting it at elevated temperature and pressure with & cata-
lyst comprising 3-60 pbw of cobait and 0.1-100 pbw of at [zast one other metal chosen from the group
formed by zirconium, titanium and chromium per 100 pbw of silica, alumina or silica-alumina carrier.
which catalyst has baen prepared by kneading andfor impregnation, in which from the paraffin mixture
thus prepared a heavy fraction is separated which consists substantially of G, 1 paraffins, and in which
at |=ast this heavy fraction is convarted by mild thermal cragking into a mixture of hydrocarbons which
consists substantially of lingar olefins and gontains the desired C,-Cx olefins.

In the process accarding to the invention the starting materiai shoutd be a H,sCO mixture, Suitable H,/
CO mixtures cen be prepared by the gasification of heavy carbonaceous materials, such as coal and re-
sidual mineral oil fractions. It is preferred to start from a H,/CO mixture which has been cbiained by the
steamn refarming or partial oxidation of light hydrocarhons, in particular natural gas.

In the process according to the invention preference is given to the use of the cobalt catalysts which
form the subject matter of Natherlands patent application No. B301 922. They are catalysts which satisfy
tha relation:

(3+4R >LS>(03+04 R}, wherein

L = the total quantity of cobalt present on the cataiyst, expressed as mg Co/mi catalyst,
§ = the surface area of the catalyst, expressed as m¥ml catalyst, and

10

18

20

25

30

35

40

415

50

56

60

6h



2 GB 2 168 020 A

R = the weight ratio of the quantity of cobalt deposited on the catalyst by kneading to the total quan-
tity of cobalt present on the catalyst.

In the process of the invention use Is further preferably made of cobait catalysts which have been pre-
pared by one of the three procedures mentioned hereinaftar:

al first cobalt is deposited in one or mora steps by impregnation and subsequently the other metai ls
depasited in one or more steps, also by impragnation,

bj first the other metal is deposited in one ar more steps by impregnation and subseguently the cobalt
is deposited in one or more sieps, also by impragnation, and

a) first cobalt is deposited in ong or more steps by kneading and subseguently the other metal is de-

16 posited in one or more steps by impragnation.

In the process according to the invention use is further preferably made of cobait catalysts containing
15-50 phw of cobalt per 100 pbw of carrier. The preferred quantity of other metal present in the cohalt
catalysis depends on the way in which this metal has been deposited. In the case of catalysts whara first
cobalt has been deposited on the carrier, followed by the other metal, preference Is given to catalysts

15 containing 0.1-5 pbw of the other matal per 100 pbw of carrier. In the case of catalysts where first the
other metal has been deposited on the carrier, followed by the cobalt, preference is given to catalysts
containing 5-40 pbw of the othar matal per 100 pbw of carrier, Preference is given to zirconium as the
other metal and to silica as carriar materiat.

In the process according to the invention the conversion the H,/CO mixture is preferably carriad out a

20 temperature of 125-350°C and a pressure of B-100 bar and in particular at a temperature of 175-275°C and
& pressure of 10-75 har. The mild thermal cracking which according to the invention is appliad to at least
part of the heavy fraction of the product prepared over the cobait catalyst is prefarably carried out in the
presence of steam. Further the mild thermal cracking is preferably carried out at a temperature of 535&-
§75°C, a pressure of 1- & bar abs., a residence time of .5-15 seconds and in the presence of a quantity of

25 steam which is at most 40%w, calcutated on the hydrocarbon feed, and in particular &t a temperature of
640-G00°C, a residence time of 2-10 seconds and n the prasance of a quantity of steamn of 3-20 %w, cal-
culated on tha hydrocarbon feed.

In the process according to the invention the product abtained by mild thermal cracking consisting
substantially of linear olefins is divided into a light C,- fraction, the C,-Cyp fraction desired as end prod-

30 uct, and a heavy C,,+ fraction. The yield of linear C,,-C., olefing may be increased by recycling at least
part of the heavy C,,+ fraction to the mild thermal cracking, or by dividing the light C,- fraction into a
¢,—fraction and a C.—C, fraction, subjecting at least part of the [atter fraction, together with at least part
af the haavy C,,+ fraction tu a combination of isomerization and disproportionation in order to prepare a
mixture of linear olefins, and separating from the olafin mixture thus obtained an additional quantity of

35 C,-Cop linear olefins. From the C,- fractions which remains after the separation of the Cy- fraction, there
¢an be separated ethene, from which linear olefins can be prapared by oligomerization, part of which
linaar alafins consist of C,-Cy, olefins. The C,- and C,,+ olafins present in the mixture can be converted
by means of the afore-mentioned combinatien of isomerizetion and disproportionation into 2 mixture of
linear olefins from which €,;-C,, olefins can be separated.

40 [n the process according to the invention a further increase of the yield of linear C,,-Cy, olefins can ba
realised starting from the C,- fraction obtained in the hydrocarbon synthesis over the cobalt catalyst, or
from lighter fractions separated therefrom, By subjecting these fractions, which consist substantially of
linear paraffing to steam cracking, a mixture of lower olefing can be obtained which consists substantially
of ethene. The ethene can be oligomarizad to prepare a mixtdre of linear olefins which cansists partly of

45 C,-C., olefins. The Cyp- and C,,+ olefins formed in the cligomerization can be converted by the afore-
mentioned combination of isocmerization and disproportionation info @ mixture of linear olefins from
which the desired C,-C;, olefins can be separated. An increase of the yield of linear C,-C,, olefins, start-
ing from the C,- fraction obtained in the hydrocarbon synthesis over the robalt catalyst, can also ba
realised by separating from the C,.- fraction a heavy fraction and subjecting it to dehydrogenation or

50 chiorination, followed by dahydrochlorination. From the C,,-C,; or the Ci-C, fraction of the product ob-
tained over the caobalt catalyst can thus be prepared finear C,,-C,, or C,-C,; olefins. The C-C,; olefins pres-
ent in the mixture of Co- Cye olefins can suitably be used as feed components in the disproportionation
mentioned hereinhafora. The efore-mentioned processes for the preparation of linear C,.-C, olefins, start-
ing from tha C..- fraction obtained in the hydrocarbon synthesis over the cobalt catalyst, can very suita-

5% hly be combined by dividing the €, fraction into a fight and a heavy fraction {for instance @ C,- and a G,
€, fraction, or a Gy and a C..-C,, fraction), and converting tha light fraction by steamn cracking/oligomeri-
zation and the heavy fraction by dehydrogenation or chlorination/ debydrochlorination.

In the present patent application tere has thus far only been mention of the usa of the product ob-
tained over the cobalt catalyst as feed for the preparation of linear C,-C,, olefins. According to the inven-

60 tion, to this end at least part uf the G+ fraction should be subjected to mild thermal cracking. Cptionally
the entire C,,+ fraction may be converted in this way. In addition, as described hereinbefore, part or all
of the C,,- fraction can be used for the preparation of finear C,-C,, vlefins. In view of the specall composi-
tion of the product obtained over the cobalt catalyst which consists virtuaily entirely of linear paraffins,
this praduct Is also axcellently suitable for a number of other applications, which can be combined with

B5 tha process according to the invention. To this end use may ba mada sither of part of the C,,+ fraction
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or of at least part of the C,- fraction.

in addition to its use according to the invention as feed for tha preparation of linear C.,-C;, otefins by
mild thermal cracking, the Cyo+ fraction is very suitable for the uses tollowing:

1) Valugble solid paraffins can be separated from the C,- fraction by fractional crystallization.

2} A mixture of lower olefins substantially congisting of ethene can be obtained from the C,+ fraction
by steam cracking.

3) A preduct from which a lubricating oil with a high viscosity indax can be obtained from the Gy +
fraction by catalytic hydro-isumerization.

4) The C,+ fraction can be converted into middie distillates by catalytic hydrocracking.

In addition to its use as feed for the preparation of linear C,;-Cy, 0lefins the C,- fraction is very suitable
for the uses following:

1t A mixture of lower olefins substantially consisting of ethene can be obtained from the C,;- fraction
by steam cracking.

2) By treating the GGy fraction at an elevated temperature with a peroxide of the general formula R-
Q-0-R, wherein R and R represent aikyl, aryl or acyl groups, said fraction can ba converted inta a prod-
uct from which a lubricating oil with a high viscosity index can ba separated.

3) Certain fractions with & narrow boiling range which are pragent in the C.-C,, fraction can be suitably
used as spacial solvents either such as they are or afier a mild hydrogenation or hydro-isomerizatian
carried aut to convert minor amounts of olefins and/or oxygen-containing compounds, or t0 introducea
some branching. In this connection may be mentloned extraction liquors for oil seeds, spraying oils for
insecticides and pesticides und as solvents for medicinal and pharmaceutical uses and in the food-stuff
industry.

The afore-mentionad steam cracking for the praparation of a mixture of lower alefins substantially con-
sisting of ethene may very suitably be carried out a temperature of 700-1000°C, a pressure of 1-b bar
abs., a residence time of 0.04-0.5 seconds and in the presence of a quantity of steam which amounts to
20-100 %w, calculated on hydrocarbon feed.

The inventicn is row illustrated with the aid of the following example.

Example
Fiva hydrocarbon synthesis experiments wera carried out by using the following catalysts.

Catalyst A
This catalyst compriged 10 pbw of iron, 5 pbw of copper, 2 pbw of potassium and 30 pbw of kiesel-

guhr, and had been prepared hy precipitation of iron and coppar from an agueous solution by using
potassium carbonats, while kiesalguhr was being added.

Catalyst B
This catalyst comprised 97.5 pbw of iron, 2.5 pbw of aluminium and 0.5 pbw of potassium, and had

hean prepared by melting 2 mixture of Fe,0, and the oxidas of aluminium and potassium in an arc.

Catalyst C
This catalyst comprised 100 pbw of cobalt, 5 pbw of thorium oxide, 7.5 pbw of magnesium oxide and
200 pbw of kigsalguhr, and had baen preparad by precipitation of cobalt and therium from an agucous

salution, while kieselguhr was being added.

Catalyst O

Tiis catalyst cornprised 25 pbw of cohalt and 0.9 pbw of zirconium par 100 pbw silica, and had been
prepared by kneading a silica carrier in a solution of cobait nitrate in water, followed by single-step im-
pregnation of the cobalt-loaded carrier with & solution of zirconylchloride in water.

Catalyst £

This catalyst compriead 23 pbw of cobalt and 17 pbw of zirconlum per 100 pbw of silica, and had been
prepared by three-step impregnation of a silica carrier with solution of zirconiumtetra n-propoxide ina
mixture of n-propanol and benzene, follwed by single-step impregnation of the zirconium-loaded carrier
with solution of cobalt nitrate in water.

During the preparation of Catalysts D and E, such a quantity of solution was used in each impregnation
step that its volume corresponds substantially with the pore volume of the carrier, After each impregna-
tion step the solvent was removed by heating and the material was calcined at 500°C. When a knaading
step was used, the guantity of solution uged had a volume stibstantiaily correspending with 160% of the
pore volume of the carrier, When a kneading step was used, the mixture was kneaded in a kneading
machine for thras hours. During the kneading a smail portion of the solvent was resnoved by heating.
Aftur the kneading step the paste obtained was recoverad from the kneading machine, tha remainder of
the solvent was removed by heating, and the material was ground and calcingd at 500°C.
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Hydrocarbon synthesis experiments (1-5)
After Catalysts A-E had been activated by means of treatment with a hydrogen-containing gas at 260°C
they were used in tha preparation of hydrocarbons from a mixture of carbon monoxide and hydrogen.
The experiments wera carried out in a reactor containing a fixed catalyst bed. The conditions under
5 which the experiments were carried out and the results of these experiments are given in Table |. Of 5
these experiments only Experiments 4 and § are part of the invention. Expariments 1-3 fall outside the
scope of the invention. They have been Included in the patent application for comparison.
Cracking experiment (6)

10 The G+ fracticn of the product prepared in accordance with Experlment 4 was cracked in the pres- 10
ence of steam at a temperature of 576°C, a pressure of 1 bar, 2 space valocity of 3.2 kg.1-".h-, calculated
on the voluma of the cracking zone, a steam dose rate of 8.5 %w, calculated on feed and a nominal
residence time in the cracking zone of 2.5 saconds. After cooling and separation of the condensed water
a product was obtained of which 5 %w consisted of a gas fraction, 14 %w of a light liquid fraction sub-

15 stantially boiling below 300°C, and 81 %w of a residual fraction suhstantially boiling ahove 300°C. The 15
gas fraction obtained in the cracking was made up of hydrogen and light hydrecarbons. The cracking gas
comprised 35 %v ethiene and 17 %v propens. The light liquid fraction consisted substantially of linear C,-

C,, olefins. The olafins content was 85% and the a-olefins content 80%,
20 Cracking experiment (7} 20
The C,-C, fraction of the product prepared according to experiment 4 was cracked in the presence of
steamn at an average temperature of 760°C, an average pressure of 1.5 bar, & residence time of 0.6 sec-
onds and a steam/ hydrocarbon weight ratic of 0.5. The composition of the product obtained is as given
in Table N,
bri ] 25
TABLE |
Experiment No. 1 2 3 4 5
an Catalyst No. A B C D E 3o
Temperature, "C 230 320 790 220 204
Pressure, bar 20 20 120 20
H,/CO volume ratio 1.7 25 2.0 2.0 3.0
Space velocily, N1.1-.h-! 1780 1750 75 500 900
35 Conversion H;+C0O, %v 22 30 70 75 62 35
Product distribution, %w
Gas {C.-C,} 228 54.1 285 18.0 23.0
Gasoline {Cy-200°C} 28.3 319 42.5 15.1 19.0
40 Kerosine+gasoil [200-360°C) 195 25 195 284 224 40
Waxy residue (350°C+} 26.4 ¢ 8.0 38.0 35.4
Water-soluble oxygan com- 34 1.3 1.5 0.5 0.2
pounds
45 Properties of Co+ product 45
Olefins content, Yarmnol 50 30 34 ) 2
Aromatic contant, %emol 0.3 B.0 0.1 Q 0
Linearity, % o0 60 60 gb a7
{percentage linear
50 paraffins and olefins 50
calculated on total
of paraffins and
olafins)
Number of C atoms in tertiary
55 structure, % 1 5 4 0.2 0.1 55
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TABLE |

Compasition in Yew of product prepared according to Experiment 7

Hydrogen 1
Methane 14
Ethanc <}
Ethene 40
Propane 8.5
Propene 14
C. 8
C. 5
Cet+ 12

CLAIMS

1. Process far the preparation of linear C,,"Cy, olefing, characterized in that a mixture of carbon mon-
axide and hydrogen is converted into a mmixture of hydrocarbons substantialty consisting of linear paraf-
fins by contacting it at elevated temperatura and pressurg with a catalyst comprising 3-60 pbw of cobalt
and 0.1-100 phw of at least one other metat chosen from the group formed by zirconium, titanium and
chromiurm per 100 pbw of silica, slumina or stica-alumina carrier, which catalyst has been prepared by
kneading and/or impregnation, in which from the paraffin mixture thus nrepared a heavy fraction is sepa-
rated which consists substantially of C+ paraffins, and in which at least this heavy fraction is converted
by mild thermal cracking info a mixtura of hydrosarbons which consists substantlally of linear olefins and
contains the desired C.o-Cp olefins.

2, A process as claimed in claim 1, characterized in that a H,/CO mixture is used which has been ob-
tained, starting from light hydrocatbons, by steam raforming a partial oxidaticn.

3. A process as claimed in ciaim 2, characterized in that a H,/CO mixture is used which has been ab-
tained starting from natural gas.

4. A process as claimed in any one of claims 1-3, characterized in that a cobalt catalyst is used which

satisfies tha relation
{3+ 4R LS =03 04 R}, whergin

L = the total quantity of cobalt present on the catalyst, exprassed as mg Co/m! catalyst,
& — the surface area of the catalyst, expressed as m#ml catalyst, and

= the weight ratio of the quantity of cobalt deposited oh the catalyst by kneading to the total quan-
tity of cobalt present on the catalyst.

5. A process as claimed in any one of claims 1-4, characterized in that a cobalt catalyst is used which,
per 100 pbw of carrier, comprises 15-50 pbw of cobalt and aither 0.1-5 pbw of the othat meta!l when
during the preparation gobait was deposited first and the other metal next, or 5-40 phw of the other
matal whenduring the preparation the othar matal was deposited first and the cobalt next.

. A process as claimed in any one of claimsa 1-5, charactetized in that a cabalt catalyst ig used which
camprises zirconium ag other meatal and silica as carrier.

7. A process as claimed in any one of claims 1-B, characterized in that the conversion of the HyCO
mixture is carried cut at a temperature of 125-350°C and a pressure of 5-100 bar.

8. A process as claimed n claim 7, characterized in that the conversion of the H/CO mixture is carried
out at a temparature of 175-275°C and a pressure of 10-76 bar.

9. A process as claimed in any one of claims 1-8, characterized in that the mild thermal cracking of
the heavy fraction of the producl prepared over the cobalt catalyst is carried vut in the presence of
sleam,

10. A process as claimed in claim 8, characterized in that the mild thermat cracking is carried out at a
temperature of 636-675°C, u pressure of 1-5 bar abs., a residence time of 0.5-15 seconds and In1 the pres-
ence of a quantity of steam which amounts to at most 40 %w, calculated on the hydrocarbon feed.

11. A process for the praparation of linear G, Cy, oOlefins and, substantlally as descrihed tiereinbefora
and in partjcular with refarance o Experiments 4, 5, 6 and 7.

12. Linear C,,-C, olefins, whenavat nrepared according to & procass a8s claimed in any one of claims
1-11.

Primiad in tha UK for HMSO, DEA18S3E, 886, 7102
Pubifshed by The Patent Otfico, 26 Sowthampton Bulldings, London, WE2A 1AY. from which ropics may b ohtained.
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