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(57) ABSTRACT 

A process for producing oxygenated products from an 
olefin-rich feedstock comprise reacting, in a hydroformyla 
tion Stage, a Fischer-Tropsch derived olefinic product com 
prising linear and methyl branched olefins, with carbon 
monoxide and hydrogen in the presence of a catalytically 
effective quantity of a hydroformylation catalyst and under 
hydroformylation reaction conditions, to produce oxygen 
ated products comprising linear and methyl branched alde 
hydes and/or alcohols. The Fischer-Tropsch derived olefinic 
product is that obtained by Subjecting a Synthesis gas 
comprising carbon monoxide (CO) and hydrogen (H) to 
Fischer-TropSch reaction conditions in the presence of a 
Fischer-Tropsch catalyst. 
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PROCESS FOR PRODUCING OXYGENATED 
PRODUCTS 

0001 THIS INVENTION relates to a process for pro 
ducing oxygenated products. More particularly, it relates to 
a proceSS for producing oxygenated products from an olefin 
rich feedstock. Still more particularly, the invention relates 
to a process for producing oxygenated products Such as 
aldehydes and/or alcohols from an olefin-rich feedstock by 
means of hydroformylation. 

0002. According to a first aspect of the invention, there is 
provided a process for producing oxygenated products from 
an olefin-rich feedstock, which process compriseS reacting, 
in a hydroformylation Stage, a Fischer-Tropsch derived 
olefinic product obtained by Subjecting a Synthesis gas 
comprising carbon monoxide (CO) and hydrogen (H) to 
Fischer-TropSch reaction conditions in the presence of an 
iron-based, a cobalt-based or an iron/cobalt-based Fischer 
TropSch catalyst, with carbon monoxide and hydrogen in the 
presence of a catalytically effective quantity of a hydro 
formylation catalyst and under hydroformylation reaction 
conditions, to produce oxygenated products comprising 
aldehydes and/or alcohols. 

0003. The process of the first aspect of the invention is 
thus characterized thereby that it utilizes said Fischer-Trop 
sch derived olefinic product as feedstock for the hydro 
formylation stage. This feedstock is thus obtained by Sub 
jecting a synthesis gas comprising carbon monoxide and 
hydrogen to Fischer-TropSch reaction conditions in the 
presence of an iron-based or a cobalt-based Fischer-TropSch 
catalyst. 

0004 Thus, according to a second aspect of the inven 
tion, there is provided a proceSS for producing oxygenated 
products, which process comprises. 

0005 subjecting, in a Fischer-Tropsch reaction 
Stage, a Synthesis gas comprising carbon monoxide 
(CO) and hydrogen (H) to Fischer-Tropsch reaction 
conditions in the presence of an iron-based, a cobalt 
based or an iron/cobalt-based Fischer-TropSch cata 
lyst, to obtain an olefinic product; 

0006 optionally, working up the olefinic product to 
remove unwanted components therefrom and/or to 
Separate a particular olefinic component therefrom; 
and 

0007 feeding the olefinic product or the olefinic 
component as a feedstock to a hydroformylation 
Stage in which the feedstock is reacted with carbon 
monoxide and hydrogen in the presence of a cata 
lytically effective quantity of a hydroformylation 
catalyst and under hydroformylation reaction condi 
tions, to produce oxygenated products comprising 
aldehydes and/or alcohols. 

0008 More particularly, the Fischer-Tropsch catalyst and 
reaction conditions may be selected to give an olefinic 
product having desired characteristics, depending on the 
particular oxygenated products required from the hydro 
formylation Stage. Thus, for example, the catalyst and reac 
tion conditions may be those utilized in fluidized bed 
reactors or reaction Stages, eg those commonly known as 
Synthol reactors, or those utilized in fixed bed reactors or 
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reaction Stages, or those utilized in Slurry bed reactors or 
reaction Stages, as hereinafter described. 
0009. The predominant Fischer-Tropsch products from, 
for example, Synthol reactors, can be olefins. These are 
predominantly linear and mono-methyl C-olefins, with 
lesser quantities of linear and mono-methyl branched inter 
nal olefins. The balance of the Fischer-Tropsch products 
comprise aromatics, paraffins and oxygenates Such as 
ketones, aldehydes, alcohols, and carboxylic acids. Typi 
cally, in the olefinic product, more than one mono-methyl 
C-olefin isomer is present for any given carbon number, with 
the methyl group being present at any position along the 
C-olefin molecule backbone or linear hydrocarbon chain. 
0010) A high degree of olefin feedstock purity and lin 
earity have hitherto been regarded as essential for effective 
hydroformylation thereof; in contrast, in the present inven 
tion, it was unexpectedly found that a Fischer-TropSch 
derived olefinic product, containing large amounts or pro 
portions of additional, ie non-olefinic, components with 
different functional groups, as well as relatively large 
amounts of non-linear or branched olefins, can be used, 
directly or indirectly, as a hydroformylation feedstock. 

0011. The Fischer-Tropsch stage olefinic product or the 
olefinic component as hereinbefore described can thus be 
used directly in the hydroformylation Stage without any 
Substantial purification or further processing thereof to 
remove unwanted components Such as non-olefins. The 
non-olefinic components in Single or multiple carbon num 
ber fractions of the Ficher-TropSch Stage product then act as 
a reaction medium and/or a Solvent medium in the hydro 
formylation Stage, and can thus have a beneficial effect in the 
hydroformylation Stage. These non-olefinic components can 
ultimately be separated from the heavier hydroformylation 
Stage products, eg by means of distillation, and used as 
synthetic fuels or the like. It is believed that the additional 
cost of processing Suchinert components in the hydroformy 
lation Stage is more than compensated for by the Saving 
realized in not having to Separate them from the hydro 
formylation Stage feedstock. This is especially true for the 
higher olefin containing Fischer-TropSch material, in which 
it may be difficult to purify and/or separate the valuable 
olefins from the balance of the Fischer-Tropsch products 
having Structures and boiling points Similar to the required 
olefins. Subjecting Such material to hydroformylation con 
ditions favouring the formation of linear products, results in 
selective removal of the olefins by their reacting to form 
heavier and still more valuable aldehydes and/or alcohols 
which in turn may be easily Separated on the basis of 
temperature. This simplifies the beneficiation of the olefins. 
However, if present, organic acids should be removed as 
these can be deleterious to hydroformylation. 

0012 However, the process of the invention also envis 
ages that the olefinic product from the Fischer-TropSch 
reaction Stage can, if desired, be worked up to remove 
unwanted components therefrom and/or to Separate a par 
ticular olefinic component therefrom, in which case this 
component can b used as the feedstock to the hydroformy 
lation Stage. This working up typically involves distillation, 
and may include conventional, Vacuum, extractive or reac 
tive distillation. Instead, or additionally, the working up may 
involve techniques Such as membrane Separation. The olefin 
content and distribution of the feedstock to the hydroformy 
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lation Stage can thus be tailored according to the oxygenated 
products which are required. Thus, a discrete or multiple 
carbon number olefin product from the Fischer-TropSch 
Stage may thus be processed further to produce narrower 
cuts in which linear C-olefins are concentrated; when Such 
cuts are used as hydroformylation Stage feedstock, hydro 
formylation products with increased linearity are obtained. 

0013 While the Fischer-Tropsch reaction stage and the 
hydroformylation Stage can be separated from each other So 
that the olefinic product from the Fischer-Tropsch reaction 
Stage can be Stored or transported independently of the 
hydroformylation Stage, the Applicant envisages that the 
Stages will preferably be integrated So that the olefinic 
product from the Fischer-TropSchStage passes directly to the 
hydroformylation Stage with at most the working up of the 
olefin product and possibly Some intermediate Storage 
thereof between the Stages taking place. 

0.014. In the light of this integration, the carbon monoxide 
and hydrogen required for the hydroformylation can typi 
cally be in the form of Synthesis gas, which can then be the 
Same as that used in the Fischer-TropSch Stage. This has the 
added advantage that all the reactants in the hydroformyla 
tion Stage are then essentially Sulphur free Since the Synthe 
sis gas is Sulphur free. 

0.015 If alcohols are the desired hydroformylation prod 
uct, then the overall H. Co usage ration for the Fischer 
TropSch reaction and hydroformylation Stages may be 
approximately equals thereby more readily facilitating inte 
gration of the gas Systems of these Stages. 

0016. The hydroformylation stage feedstock is thus, 
depending on the Fischer-Tropach reaction conditions and 
product workup, free of Sulphur and typically contains 
between 35% and 100% by mass olefins. Of the total olefin 
content of the feedstock, between 50% and 100% by. mass 
may be linear C-olefins, between 0% and 60% mono-methyl 
branched C-olefins, and between 0% and 10% linear internal 
olefins. 

0.017. The Fischer-Tropsch reaction may be effected in a 
fixed bed, in a slurry bed, or, preferably, in a fluidized bed 
reactor. The Fischer-TropSch reaction conditions may 
include utilizing a reaction temperature of between 190° C. 
and 340 C., with the actual reaction temperature being 
largely determined by the reactor configuration. Thus, when 
a fluidized bed reactor is used, the reaction temperature is 
preferably between 300° C. and 340° C.; when a fixed bed 
reactor is used, the reaction temperature is preferably 
between 200 C. and 250 C.; and when a slurry bed reactor 
is used, the reaction temperature is preferably between 190 
C. and 270° C. 

0.018. An inlet synthesis gas pressure to the Fischer 
Tropsch reactor of between 1 and 50 bar, preferably between 
15 and 50 bar, may be used. The Synthesis gas may have a 
H:CO Solar ratio, in the fresh feed, of 1.5:1 to 2.5:1, 
preferably 1.8:1 to 2.2:1. A gas recycle may optionally be 
employed in the reactor, and the ratio of the gas recycle rate 
to the fresh feed rate, on a molar basis, may then be between 
1:1 and 3:1, preferably between 1.5:1 and 2.5:1. A space 
velocity, in m. (kg catalyst) hour', of from 1 to 20, 
preferably from: 8 to 12, may be utilized in the reactor. 

Aug. 26, 2004 

0019. In principle, an iron-based, a cobalt-based or an 
iron/cobalt-based Fischer-Tropsch catalyst can be used in 
the Fischer-TropSch reaction Stage; however, an iron-based 
catalyst is preferred. 
0020. The iron-baaed Fischer-Tropsch catalyst may com 
prise iron and/or iron oxides which have been precipitated or 
fused. However, iron and/or iron oxides which have been 
Sintered, cemented, or impregnated onto a Suitable Support 
can also be used. The iron should be reduced to metallic Fe 
before the Fischer-Tropsch synthesis. The iron based cata 
lyst may contain various levels of promoters, the role of 
which may be to alter one or more of the activity, the 
stability, and the selectivity of the final catalyst. Preferred 
promoters are those influencing the Surface area of the 
reduced iron (structural promoters) and these include 
oxides or metals of Mn,Ti, Mg, Cr, Ca, Si, Al, or Cu or 
combinations thereof. Preferred promoters for influencing 
product selectivities are alkali oxides of Kand Na. The alkali 
oxide to Structural promoter mass ratio may, be between 0:1 
and 20:1 but should preferably be between 0.1:1 and 2:1. 
The Structural promoter content thereof, expressed as grams 
of structural promoter per 100 grams Fe, may be between 0 
and 50 but is preferably between 0,1 and 2 for high tem 
perature Fischer-TropSch applications, and between 10 and 
40 for low temperature Fischer-TropSch applications. 
0021 When the Fischer-Tropsch olefinic product is 
obtained in a high temperature reaction Stage or reactor, Such 
as in the Synthol reactor or reaction Stage, which uses a 
fluidized bed, the iron-based Fischer-Tropsch catalyst will 
normally be a fused catalyst, eg that derived by the fusion of 
magnetite with various levels of, oxide promoters as here 
inbefore described. The fused material may then be crushed 
or atomized to yield particles preferably having a size is 70 
tim, and may be reduced with H2 prior to Fischer-TropSch 
Synthesis. 
0022. However, when the Fischer-Tropsch olefinic prod 
uct is obtained in a fixed bed or a slurry bad using lower 
temperatures as hereinbefore described, the catalyst will 
normally be a precipitated or Supported catalyst. 
0023 The Fischer-Tropsch catalyst may be prepared in 
accordance with the methods described in the article by M. 
E. Dry in “Catalysis Science and Technology” (1979) Vol 
ume 1; pages 159-255, Eds. J. R. Anderson and Boudart. This 
article is hence incorporated herein by reference. 
0024. When a cobalt-based catalyst is used, it may com 
prise cobalt and/or a cobalt oxide which has been precipi 
tated, cemented or impregnated onto a Suitable Support, Such 
that the catalyst has the following composition: 

0025 1-50 g cobalt per 100 g support, preferably 
5-30 g cobalt; 

0026 0-20 g promoter per 100 g support, preferably 
0-10 g promoter. 

0027 Preferred supports for the cobalt-based catalyst are 
oxides of Ti, Mn, Si, Al or combinations thereof, while 
preferred promoters, when present, are metals and/or oxides 
of Pt, Ru, Zr, Re or combinations thereof. 
0028. The hydroformylation catalyst will thus be selected 
according to the particular oxygenated products required. In 
the case of a Synthol derived product, comprising linear 
C-olefins as hereinbefore described, being used as the hydro 
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formylation Stage feedstock, predominantly linear oxygen 
ated products will be required. Thus, the hydroformylation 
catalyst may then be a phosphine and/or phosphite ligand 
modified rhodium (Rh), cobalt (Co) or ruthenium (Ru) 
homogeneous catalyst. Such catalysts are described in, for 
example, U.S. Pat. Nos. 3,239,566, 3.239,570, 3,448,157, 
3,448,158 and 3,527,809, which are hence incorporated 
herein by reference. Preferred catalysts are tri-aryl phospho 
rous derivatives used as ligands with rhodium, and alkyl 
phosphorous derivatives used as ligands with cobalt. 
Examples of Such catalysts are tri-phenyl phosphine ligands 
used with rhodium, and alkyl phosphines used with cobalt 
Specific examples of the latter are tri-alkyl phosphines as 
described in U.S. Pat. Nos. 3,239,569 and 3,239,571; 
:9-phosphabicyclo 4,2,1 nonane and 9-phosphabicyclo 
3,3,1 nonane as described in U.K. Pat. No. 1,254,063 and 
U.S. Pat. Nos. 3,440,291, 3,527,818 and 3,400,163; and 
derivatives thereof, as described in U.S. Pat. No. 3,420,898. 
These patents are hence also incorporated herein by refer 
ence. Derivatives and modifications of these catalysts Such 
as heterogeneous, Supported, water Soluble and/or bimetallic 
Systems, can also be used. 
0029. A rhodium, cobalt or ruthenium metal precursor 
and the phosphorous derivatives are usually introduced 
Separately in the appropriate proceSS Stage, with the catalyst 
then forming in situ. For homogeneous phosphine modified 
rhodium catalysts or catalyst Systems, the form of the 
rhodium precursor is important, while this effect is not as 
apparent in phosphine modified cobalt catalysts or catalyst 
systems. Preferred rhodium precursors include HCRh 
(P(CH3)4), and Rh(OOCCH4).l. 
0.030. For ligand modified cobalt catalysts, typical hydro 
formylation temperatures are between 140 C. and 210 C., 
and preferably between 160° C. and 200 C.; synthesis gas 
(syngas) composition with respect to the H:CO ratio may 
be 1:2-3:1, and preferably about 2:1; Syngas pressure may 
typically be 20-110 bar, and preferably 50-90 bar, the molar 
ratio of ligand to metal may typically be 10:1-1:1, and 
preferably is 1:1-3:1; and the % metal to olefin by mass may 
typically be 0.01-1, and preferably is 0.2-0.7. 
0.031) For cobalt hydrocarbonyl catalysts, typical hydro 
formylation temperatures are between 80 C. and 200 C., 
and preferably between 110° C. and 180° C.; syngas com 
position with respect to the H:CO ratio may be 1:2-2:1, and 
preferably about 1:1; Syngas preSSure may typically be 
170–300 bar, and preferably 200-220 bar; and metal to olefin 
by mass may typically be 0,1-1, and preferably 0.1-0.3. 
0.032 For ligand modified: rhodium catalysts, typical 
hydroformylation temperatures are between 50 C. and 150 
C., and preferably between 80 C. and 130 C.; syngas 
composition with respect to the H:CO ratio may be 1:2-3:1, 
and preferably 1:1-1:2, Syngas pressure may typically be 
between 2 and 60 bar, and preferably between 5 and 30 bar; 
and % metal to olefin by mass may typically be 0,001-0,1, 
preferably 0.01-0,05. 
0033. The hydroformylation stage products, ie the oxy 
genated products, can be worked up and purified by means 
of recognized procedures Such as catalyst Separation, distil 
lations for Separation of light and heavier ends from the 
desired products, hydrolysis of by-products by Washing with 
caustic, and hydrogenation of aldehydes to produce alco 
hols, if desired. 
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0034. The hydroformylation stage products are thus typi 
cally, depending on the hydroformylation Stage feedstock, to 
a Substantial extent primary alcohols and/or aldehydes. For 
example, if the hydroformylation Stage feedstock predomi 
nantly comprises Co olefins, the hydroformylation Stage 
products may comprise between 35%. and 90% by mass 
primary linear alcohols and/or aldehydes, depending on the 
exact feedstock composition and the hydroformylation con 
ditions. The balance of the alcohols and/or aldehydes would 
then typically comprise 60% to 9% by mass primary mono 
methyl alcohols and 0% to 30% primary dimethyl alcohols. 
0035. The oxygenated products of the process are char 
acterized thereby that, generally, they are biodegradable. 
0036) The invention extends also to oxygenated products 
when produced by the processes of the invention. In par 
ticular, it extends to mono-methyl and/or dimethyl linear 
alcohols and/or aldehydes when produced by the processes 
of the invention, and/or to derivatives of Such products, Such 
as alcohol ethoxylates, alcohol ether Sulphonates, alcohol 
Sulphates, alkyl glycerol ether Sulphonates, alkyl poly glu 
cosides, fatty alkanolamides, C-Sulphomethyl esters, fatty 
acids, fatty esters and phthalates. 
0037. The invention will now be described by way of the 
following non-limiting examples, and with reference to the 
following drawings. 

0038 
0039 FIG. 1 shows a flow diagram of a process accord 
ing to one embodiment of the invention, for producing 
oxygenated products, 
0040 FIG. 2 shows a flow diagram of a process accord 
ing to another embodiment of the invention, for producing 
oxygenated products, and 
0041 FIG. 3 shows a flow diagram of a process accord 
ing to yet another embodiment of the invention, for produc 
ing oxygenated products. 

In the drawings, 

0042 Referring to FIG. 1, reference numeral 10 gener 
ally indicates a proceSS according to one embodiment of the 
invention, for producing oxygenated products. 
0043. The process 10 includes a separation stage 12, with 
a raw Synthesis gas flow line 14, from a coal gasification 
Stage (not shown) leading into the separation stage 12. An 
aqueous fraction withdrawal line 16 leads from the Stage 12 
to an extraction Stage is, with a phenol withdrawal line 20 as 
well as an ammonia withdrawal line 22 leading from the 
stage 18. A heavy component withdrawal line 24 leads from 
the Separation Stage 12 to a tar and oil workup stage 26, with 
gasoline, diesel, bitumen and creosote withdrawal lines, 
designated 28, 30, 32 and 34, respectively, leading from the 
Stage 26. 

0044) A synthesis gas withdrawal line 36 leads from the 
Separation Stage 12 to a Sulphur removal Stage 38. A naphtha 
withdrawal line 40 leads from the stage 38 to the tar and oil 
Workup removal Stage 26. A carbon dioxide withdrawal line 
42 also leads from the Stage 38, as does a Sulphur compound 
withdrawal line 44. The line 44 leads to a sulphur recovery 
stage 46 with a Sulphur withdrawal line 48 leading from the 
Stage 46. 
0045. A synthesis gas flow line 50 leads from the Sulphur 
removal stage 38, to a reactor stage 52. A product line 54 
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leads from the reactor Stage 52 to a separation Stage 56. The 
stage 52 can use fluidized bed Synthol reactors; however, 
instead, Slurry bed or fixed bed reactors can be used. 
0046) An aqueous fraction withdrawal line 58 leads from 
the Stage 56 to an oxygenate workup stage 60, with ketone, 
alcohol and acid withdrawal lines 62, 64 and 66 respectively 
leading from the stage 60. 
0047 A gas phase or fraction withdrawal line 68 also 
leads from the Stage 56 to a gas Separation Stage 70. Carbon 
dioxide, C and C withdrawal lines, designated 72, 74 and 
76 respectively, lead from the gas separation Stage 70, as 
does a hydrogen withdrawal line 78. The line 78 leads back 
to the flow line 50. Optionally, a methane withdrawal line 80 
can also lead from the Separation Stage 70 to a methane is 
reformer 82, with a product line 84 then leading from the 
reformer 82 to the line 78. 

0.048. An oil phase withdrawal line 86 leads from the 
Separation Stage 56 to a further Separation Stage 88. A 
product flow line 90 leads from the stage 88 to a hydro 
formylation feed workup stage 94, with a hydroformylation 
feed line 96 leading from the stage 94 to a hydroformylation 
stage 98. A flow line 100 leads from the stage 98 to a 
hydroformylation product workup stage 102 with a alcohol/ 
aldehyde withdrawal line 104 leading from the stage 102. An 
off-gas withdrawal line 124 leads from the stage 98, while 
a heavy ends withdrawal line 126 leads from the stage 102. 
0049. An oil phase withdrawal line 106 leads from the 
separation stage 88, with oil phase product lines 108 and 110 
leading from the stages 94, 102 respectively into the line 
106. The line 106 leads to an oil workup stage 112, with a 
diesel withdrawal line 114 and a gasoline withdrawal line 
116 leading from the stage 112. 
0050. A flow line 118 leads into the stage 98. The flow 
line 118 leads from the flow line; 50 and/or from the flow 
line 78, as indicated in broken line. 
0051) If desired, a flow line 120 can lead from the flow 
line 78 to the stage 102. 
0.052 In use, raw synthesis gas derived from the coal 
gasification Stage is cooled in the Separation Stage 12, and an 
aqueous fraction removed therefrom. The aqueous fraction 
is withdrawn along the flow line 16, while heavier tar oils, 
which are removed along the flow line 24. The aqueous 
fraction and the heavier tar oil fraction can be processed 
further respectively in the stages 18 and 26 to yield, in the 
case of the water fraction, phenols and ammonia, and in the 
case of the tar oils, creosote and heavy tar. Upon further 
working of the latter, BTX (benzene, toluene, xylene mix), 
gasoline and diesel can be produced. 
0053. The synthesis gas then passes to the Sulphur 
removal stage 38 where Sulphur removal is effected by 
means of cooling and methan 1 washing. This firstly 
removes naphtha, which is withdrawn along the flow line 40 
to the Stage 26, and then Sulphur containing gases as well as 
CO, which are removed along the flow lines 44, 42 respec 
tively. 

0.054 Purified synthesis gas then passes to the reactor 
Stage 52 which comprises Fischer-TropSch reactors contain 
ing an iron-based, cobalt-based or iron/cobalt-based cata 
lyst. The products from the stage 52 are cooled in the 
Separation Stage 56 to remove, by condensation, oil, water 
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and water Soluble products from the reactor outlet gases. The 
gas fraction is withdrawn along the flow line 68, and light 
hydrocarbons, methane, hydrogen and carbon dioxide are 
Separated in the Separation Stage 70. The methane may, 
optionally, be reformed in the reformer 82 into Synthesis gas 
before being recycled to the Stage 52. 
0055. The aqueous fraction separated out in the separa 
tion stage 56 is withdrawn along the flow line 58 and, in the 
oxygenate workup stage 60, ketones, alcohols and acids are 
recovered therefrom. 

0056. The oil stream passes to the separation stage 88 
where it is subjected to distillation to obtain hydrocarbon 
fractions having a carbon number distribution desirable for 
hydroformylation. The balance of the hydrocarbons have 
synthetic fuel value, and pass, along the flow line 106, to the 
oil workup Stage 112. The oil workup stage 112 can, 
naturally, be the oil workup stage 26, ie Separate oil workup 
Stages need not be utilized. 
0057 The select dehydroformylation feed fraction then 
passes to the Workup Stage 94. It is to be appreciated that the 
Stage 94 is optional, and it is not essential that the Selected 
hydroformylation feed fraction be subjected to further work 
ing up. When the workup stage 94 is present, an optional C 
fraction or C fraction flow line 122 may lead from the flow 
lines 74, 76 to the stage 94. Instead, the flow line 122 can 
then lead to the stage 98, if desired (not shown). Whether or 
not further workup is required, depends on the Specific olefin 
content and the distribution required and may, for example, 
involve caustic treatment to remove organic acids if present. 
Lighter olefin containing tractions from the gas Separation 
Stage 70 thus can also optionally be used as a hydroformy 
lation feedstock by passing into the Stage 94 along the flow 
line 118 and the flow line 122 (not shown). 
0058. The hydroformylation feed fraction then passes, 
along the flow line 96, into the hydroformylation stage 98. 
This stage comprises a hydroformylation reactor System 
incorporating catalyst recovery and/or catalyst recycle. Syn 
thesis gas required for the Stage 98, and comprising carbon 
monoxide and hydrogen, may be obtained from any Suitable 
gas Stream entering the Stage 52, or being recycled thereto. 
However, preferably, product from the methane reformer 82 
may be used as Synthesis gas in the Stage 98, this product 
thus entering along the flow line 118. This has the benefit 
that it comprises product which is passed over the Fischer 
Tropsch catalyst in the stage 52. The Fischer-Tropsch cata 
lyst has a high Sulphur affinity and is poisoned by Sulphur, 
and thus the Synthesis gas contains very little Sulphur. 
Off-gas from the stage 98 is withdrawn along the flow line 
124, and may be used as fuel gas or may be recycled. 
0059. The product from the stage 98 passes to the workup 
stage 102 which includes separation of the “inert Fischer 
TropSch component which functions as a Solvent, hydro 
formylation products, and heavy ends. The heavy ends are 
withdrawn along flow line 126 and may be beneficiated or 
used as fuel. The Fischer-Tropsch component with alterna 
tive synthesis fuel value is routed, along the flow line 110, 
to the oil workup stage 112. If alcohols are the desired 
product, then the workup stage 102 may involve a hydro 
genation Step in order to convert remaining aldehydes to 
alcohols. 

0060 Referring to FIG. 2, reference numeral 200 gen 
erally indicates a proceSS according to a Second embodiment 
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of the invention for producing oxygenated products. Parts of 
the process 200 which are the same or similar to those of the 
process 10 hereinbefore described with reference to FIG. 1, 
are indicated with the same reference numerals. 

0061. In the process 200, a methane or natural gas flow 
line 202 leads into the separation stage 12, with the flow line 
36 from the stage 12 leading to the methane reformer 82. A 
product withdrawal line 204 leads from the reformer 82 to 
the reactor Stage 52. 
0062) The remainder of the process 200 substantially the 
Same as the process 10, and it functions in Substantially 
identical fashion to the process 10. 

EXAMPLE 1. 

0.063. In a simulation of the Fischer-Tropsch reactor stage 
52 of the processes 10, 200, an olefinic product, Suitable for 
use as a feedstock for a Subsequent hydroformylation Stage 
in accordance with the invention, was prepared by passing 
Synthesis gas, in a fluidized bed pilot plant Scale reactor, 
over a fused iron catalyst. The catalyst contained, as a 
chemical promoter, potassium oxide (KO) and, as structural 
promoter, Silica (SiO2), Such that the K2O/SiO2 molar ratio 
was approximately 0.5 and the mass of K-O used was 
approximately 0.5 g/100 g of Fe. The mass of catalyst load 
expressed in kg Fe was 4.2 and the catalyst bed height was 
2 meters. 

0064. The reactor temperature and pressure were main 
tained at +320 C. and +23 bar respectively. The molar ratio 
of H.CO in the fresh Synthesis gas was approximately 2:1 
with a recycle rate to fresh feed rate ratio of approximately 
2:1. A total gas linear velocity of 45 cm/sec was used. 
Under these conditions, the CO and H conversion was 
+93%. The selectivity to the Css oil fraction based on 
carbon atom 9% was 42%. This fraction was separated from 
the balance of the products using condensation in a simu 
lation of the stage 56. The oil fraction was distilled, in a 
Simulation Stage 94, using conventional or vacuum distilla 
tion procedures to yield various olefinic containing frac 
tions, hereinafter referred to as Fischer-TropSch fractions. 
Various of these fractions were pretreated and Subjected to 
hydroformylation as described in the following examples. 

EXAMPLE 2 

0065 AC. Fischer-Tropsch fraction in accordance with 
Example 1, was Subjected to azeotropic distillation with 
methanol. The overhead fraction comprising a C. Fischer 
TropSch derived component and methanol, was Subjected to 
hydroformylation. The pretreatment of the feedstock in this 
manner resulted in the removal of the oxygenates originating 
from the Fischer-Tropsch reaction. The Fischer-TropSch 
component of this hydroformylation feedstock comprised 
+81% by mass 1-octene, while the feedstock comprised 
+67% by mass methanol. 150 ml of the feedstock was 
loaded into an autoclave together with a rhodium catalyst 
precursor Rh)OOCCH), and triphenylphosphine 
(P(CH)) as liganding agent, Such that the % Rh/olefin by 
mass was +0.08 and the P(CH.) :Ph ratio by moles was 
100:1. The material was subjected to hydroformylation for 5 
hours at a constant temperature of 90° C. and an initial 
pressure of 25 bar, using Syngas, ie synthesis gas, with a 
molar H:CO ratio of 2:1. Gas chromatography (GC) analy 
sis of the reaction products indicated an O-olefin conversion 
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of +96% and a selectivity to Caldehydes of +100% based 
on the number of moles of olefin converted. Of the aldehyde 
products, it8.1% were linear, the balance being mono-methyl 
branched. 

EXAMPLE 3 

0066. A Co Fischer-Tropsch fraction in accordance with 
Example 1 was distilled, and a Co. Fischer-Tropsch material 
recovered as an overhead product. This material was used as 
a hydroformylation feedstock in this Example. The Fischer 
Tropsch component of the feedstock comprised itó2% by 
mass 1-nonane, and t18% by mass iso-nonenes comprising 
various mono-methyl branched C-olefins. The balance of the 
Fischer-Tropach component consisted of various paraffins, 
aromatics and oxygenates having boiling points Similar to 
the relevant Co olefin. 150 ml of the feedstock was loaded 
into an autoclave together with 50 ml n-octane, a rhodium 
catalyst precursor Rh(OOCCH) and tri-phenylphos 
phine (P(C6H5)) as liganding agent, Such that the % Rh/ole 
fin by mass was t0,04 and the P(CH):Rh ratio by moles 
was 100:1. The material was subjected to hydroformylation 
for 4 hours at a constant temperature of 90° C. and an initial 
pressure of 25 bar, using Syngas with a molar H2:CO ratio 
of 2:1. GC analysis of the reaction products indicated an 
C-olefin conversion of +94% and selectivities to Co alde 
hydes and Co paraffins of +99% and +1% respectively, based 
an the number of moles of olefin converted. Of the aldehyde 
products, 81% were linear, the balance being mono-methyl 
branched. 

EXAMPLE 4 

0067. A Co Fischer-Tropsch fraction in accordance with 
Example 1 was distilled, and a Co Fischer-Tropsch material 
recovered as an overhead product. This material was used as 
a hydroformylation feedstock in this example. The Fischer 
Tropsch component of the feedstock comprised itó3% by 
mass 1-decene, and its% by mass iso-decenes comprising 
various mono-methyl branched C-olefins. The balance of the 
Fischer-TropSch component consisted of various paraffins, 
aromatics and oxygenates having boiling points Similar to 
the relevant Co olefins. 150 ml of the material was loaded 
into an autoclave together with 50 ml n-octane, a rhodium 
catalyst precursor Rh(OOCCH) and tri-phenylphos 
phine (P(C6H5)) as liganding agent, Such that the % Rh/ole 
fin by mass was t0,04 and the P(CH):Rh ratio by moles 
was 100:1. The material was subjected to hydroformylation 
for 10 hours at a constant temperature of 90° C. and an initial 
pressure of 25 bar, using Syngas with a molar H2:CO ratio 
of 2:1. GC analysis of the reactor products indicated an 
C-olefin conversion of 96% and selectivities to Calde 
hydes and Co paraffins of +84% and +13% respectively, 
based on the number of moles of olefin converted. Of the 
hydroformylation products, 84% were linear with the bal 
ance being mainly mono-methyl aldehydes and alcohols. 

EXAMPLE 5 

0068 A. C. Fischer-Tropsch material having the same 
composition as that of Example 3, was used as hydroformy 
lation feedstock in this example. 150 ml of this material was 
loaded into an autoclave together with 50 ml n-octane, a 
cobalt catalyst precursor Co(OOCCH).4H2O, and tri-n- 
butylphosphine (P(CHo)) as liganding agent, Such that the 
% Co/olefin by mass was +0.5 and the P(CHo):Coratio by 
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moles was 5:1. The material was subjected to hydroformy 
lation at a constant temperature of 150° C. and initial 
pressure of 70 bar, using Syngas with a molar Ha:CO ratio 
of 2:1. After 3 hours, GC analysis undertaken on the reactor 
products indicated an O.-olefin conversion of +68% and 
Selectivities to Co aldehydes, Co alcohols, Co paraffins, Co 
internal olefins and heavier oxygenated products of t2%, 
+54%, +9%, +18% and +6% respectively, based on the 
moles of C-olefin converted. Of the hydroformylation prod 
ucts, t84% were linear, with balance being mainly mono 
methyl alcohols. 

EXAMPLE 6 

0069 Co Fischer-Tropsch fraction in accordance with 
Example 1 was fractionated and redistilled, and a Co 
Fischer-TropSch material recovered as an overhead product. 
This material was used as a hydroformylation feedstock. The 
feedstock Comprised +80% olefins by mass of which +75% 
were linear C.-olefins, +15% were mono-methyl C-olefins 
and it 10% were linear internal olefins. The balance of the 
feedstock consisted of various paraffins, aromatics and oxy 
genates having boiling points Similar to the relevant Co 
olefins. 100 ml of this material was loaded into an autoclave 
together with a Co precursor Co(OOCCH). 4H2O, and 
tri-n-octylphosphine (P(C8H17)) as liganding agent, Such 
that the 96 Co/olefin by mass was +0.5 and the P(CH2):Co 
ratio by moles was 2:1. The material was subjected to 
hydroformylation at a constant temperature of 170° C. and 
a constant pressure of 70 bar, using syngas with a Ha:CO 
ratio of 2:1. After 8 hours, GC analysis of the reactor 
products indicated an O.-olefin conversion of +93% and 
Selectivities to Caldehydes, C alcohols, Co paraffins, 
and heavier oxygenated products of +0.5%, +86%, 11% 
and +2.5% respectively, based on the moles of C.-olefin 
converted. Of the hydroformylation products, 67% by mass 
were linear with the balance being mainly mono-methyl 
alcohols. 

EXAMPLE 7 

0070 A Co Fischer-Tropsch fraction in accordance with 
Example 1 was distilled, and the overhead product thereof 
treated with aqueous NaOH. The resultant Co Fischer 
TropSch material was used as hydroformylation feedstock in 
this example. The feedstock comprised +53% olefins by 
mass, of which +69% were linear C-olefins, +27% were 
mono-methyl C-olefins and +4% were linear internal olefins. 
The balance of the feedstock consisted of paraffins, aromat 
ics and oxygenates all having boiling points similar to the 
relevant Co olefins. 100 ml of the feedstock was loaded into 
an autoclave together with a Co precursor 
Co(OOCCH).4H2O, and tri-n-octylphosphine (P(CH2)) 
as liganding agent, Such that the %, Cofolefin by mass was 
+0.5 and the P(CH2):Co ratio by moles was 2:1. The 
material was Subjected to hydroformylation at a constant 
temperature of 170° C. and a constant pressure of 70 bar, 
using syngas with a H:CO ratio of 2:1. After 8 hours, GC 
analysis of the reactor products indicated an overall olefin 
conversion of +90% and selectivities to Caldehydes, C 
alcohols, Co paraffins, and heavier oxygenated products of 
+1%, i.88%, +10% and +1% respectively, based on the 
moles of olefin converted. Of the hydroformylation prod 
ucts, +66% were linear with the balance being mainly 
mono-methyl alcohols. 
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EXAMPLE 8 

0071 A Co Fischer-Tropsch fraction in accordance with 
Example 1 was used as a hydroformylation feedstock. The 
feedstock comprised 57% olefins by mass, of which +65% 
were linear and +35% were mono-methyl C.-olefins. The 
balance of the feedstock consisted of paraffins, aromatics 
and oxygenates all having boiling points similar to the 
relevant Co olefins. 100 ml of the feedstock was loaded into 
an autoclave together with the precursor Co(OOCCH). 
4H2O and tri-n-butylphosphine (P(CHo)) as liganding 
agent, such that the Co concentration was 0,1258 g/100 ml 
and the (P (CH)): Co molar ratio was 5:1. The material 
was Subjected to hydroformylation at a constant temperature 
of 200 C. and an initial pressure of 100 bar(g), using Syngas 
with a H:CO ratio of 2:1. After 3,7 hours, GC analysis of 
the reactor products indicated an O-olefin conversion of 93% 
and Selectivities to Caldehydes, C alcohols, Co paraf 
fins, internal olefins and heavier oxygenated products of 
+5%, +78%, +8%, +5% and +5% respectively, based on the 
moles of C-olefins converted. Of the hydroformylation prod 
ucts +50% were linear with the balance consisting mainly of 
mono-methyl alcohols and aldehydes. 

EXAMPLE 9 

0072 For purposes of comparison, a mixture of pure 
1-decene and n-octane was used as a hydroformylation 
feedstock. The feedstock comprised 50% olefins by mass, 
of which it 100% were linear. The balance of the feedstock 
consisted of n-octane which was used to “simulate” the 
balance of the Fischer-TropSch components in Example 8. 
100 ml of the feedstock was loaded into an autoclave 
together with the precursor Co(OOCCH).4H2O and tri-n- 
butylphosphine (P(CHo)) as liganding agent, Such that the 
Co concentration was 0,1739 g/100 ml and the (P(CHo)): 
Co molar ratio was 5:1. The material was subjected to 
hydroformylation at a constant temperature of 200 C. and 
an initial pressure of 100 bar(g) using Syngas with a H:CO 
ratio of 2:1. After 3,7 hours, GC analysis of the reactor 
products indicated an O-olefin conversion of, 100% and 
Selectivities to Caldehydes, C alcohols, Co paraffins, 
internal olefins and heavier oxygenated products of t3%, 
+71%, +21%, 0% and +5% respectively, based on the 
moles of C-olefins converted. Of the hydroformylation prod 
ucts +79% were linear with the balance consisting of 2-me 
thyl and other branched Calcohols and aldehydes derived 
from hydroformylation of internal olefins. 
0073. On comparison of the alcohol products obtained in 
Examples 8 and 9, it is evident that internal olefins in the 
Fischer-TropSch products are leSS Susceptible to direct 
hydroformylation compared with a pure linear C-olefin feed. 
This has an effect on the branched product composition in 
the hydroformylation product spectrum. Branched alcohols 
derived from internal olefins (in pure linear feeds) have 
longer branched chains, compared with branched alcohols 
derived from Synthol feeds which were of the methyl 
variety. 

EXAMPLE 10 

0074 A. C. Fischer-Tropsch fraction in accordance 
with Example 1 was distilled, and the overhead product 
thereof treated with aqueous NaOH. The resultant C. 
Fischer-TropSch material was used as hydroformylation 
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feedstock in this example. The feedstock comprised +50% 
C and Cia olefins by mass, of which +59% were linear 
C-olefins, +37% were mono-methyl C.-olefins and +4% were 
linear internal olefins. The balance of the feedstock con 
Sisted of paraffins, aromatics and oxygenates all having 
boiling points similar to the relevant C and Colefins. 100 
ml of the feedstock was loaded into an autoclave together 
with Co-octanoate as a Co precursor, and 9-eicosyl-9- 
phosphabicyclononane (CH)(CH-)-P(CH) as ligan 
ding agent, Ouch that the 96 Co/olefin by mass was 0.38 
and P:C ratio by moles was 2:1. The material was subjected 
to hydroformylation at a constant temperature of 170° C. and 
a constant pressure of 70 bar, using syngas with a molar 
H:CO ratio of 2:1. After 8 hours, GC analysis of the reactor 
products indicated an overall olefin conversion of +99% and 
Selectivities to C2a aldehydes, C2a alcohols, C112 
paraffins, and heavier oxygenated products of +3%, +93%, 
354% and E>1% respectively, based on the moles of olefin 
converted. Of the hydroformylation products, +50% were 
linear with the balance consisting mainly of mono-methyl 
alcohols. 

EXAMPLE 11 

0075). In order to demonstrate further the suitability of 
Synthol products as a hydroformylation feedstock, a C-12 
Fischer-Tropsch fraction in accordance with Example 10, 
was tested in a continuously operated reactor System, as 
shown in FIG. 3. The reaction conditions employed were 
similar to those given in Example 10. 
0076. In FIG. 3, reference numeral 300 thus generally 
indicates a process according to another embodiment of the 
invention, for producing oxygenated products. 

0077 Parts of the process 300 which are the same or 
similar to those of the processes 10, 200, are indicated with 
the same reference numerals, and Some parts of the proceSS 
300, which are the same as those of the processes 10, 200, 
have been omitted. 

0078. The process 300 thus, in essence, comprises a 
different hydroformylation or oxo stage 98, to the processes 
10, 200. The stage 98 of the process 300 comprises at last 
one hydroformylation reactor 302, with the flow lines 96, 
118 leading into the reactor 302. The flow line 124 leads 
from the reactor 302. A product flow line 304 leads from the 
reactor 302 to a distillation stage 306. 
007.9 The distillate or product withdrawal line 100 for 
withdrawing alcohols, aldehydes, converted olefins and 
Syntholinerts, leads from the stage 306. A heavier prod 
ucts withdrawal line 308 also leads from the stage 306, as a 
recycle line back to the line 96 and/or to the reactor 302, 
with a purge line 310 leading from the line 308. A catalyst 
make-up line 312 leads into the recycle line 308. Thus, the 
recycle line 308 is used to recycle catalyst, heavy oxygen 
ates and the balance of the alcohols and aldehydes, back to 
the reactor 302. 

0080 Use is thus made, in the stage 98 of the process 
300, of distillation in the distillation stage 306 as a means of 
Separating the catalyst from the reactor products. Preferably, 
falling film distillation, typically wiped film distillation, is 
used in the stage 306. The catalyst in a residue leg of the 
stage or unit 306 is recycled to the reactor 302. This is 
facilitated in a Solution of heavy oxygenates and the balance 
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of the hydroformylation products not recovered as distillate 
in the stage 306. Catalyst deactivation was not observed. 
0081 Stable operation of the continuous reactor was 
achieved over a time period of 60 days. The total conversion, 
which was limited by the size of the experimental equipment 
(long residence times could not be employed) was main 
tained at +80% for 60 days. A change in feed necessitated 
that the run be terminated. Hydroformylation product selec 
tivities and linearities were similar to those of Example 10. 
These values remained constant with time on Stream, 
thereby indicating the absence of poisons in the feed. 

EXAMPLE 12 

0082 To demonstrate the biodegradability of the alcohols 
produced by the process of the invention, C alcohols 
obtained in similar fashion to Example 6 were further tested. 
The final primary alcohols contained +40% linear 1-unde 
canol, +36% mono-methyl Calcohols and +24% di-methyl 
Calcohols. Standard OECD (European Community Coun 
cil Directive) procedures for biodegradability testing 
(OECD Council Directive:Guidelines for Testing of Chemi 
cals, Test 302A) employing a continuous bio-reactor con 
taining micro-organisms were used to test the breakdown of 
the abovementioned alcohols. A hydraulic retention time of 
t6 hours and an alcohol concentration of ti50 ppm in water 
fed to the reactor were employed. Comparisons of the 
Chemical oxygen Demand (COD) in the reactor inlet and 
cutlet taken over a period of 30 days, indicated that it 94% of 
the carbon fed to the reactor was biodegraded. 

EXAMPLE 13 

0083. The biodegradability of surfactants derived from 
products produced in accordance with the process of the 
invention, was tested by preparing Co alcohol Sulphates 
from Co primary alcohol products obtained in Similar fash 
ion to Example 4 using a Standard Sulphation technique. Of 
the alcohol Sulphates prepared, +73% were linear and +27% 
were composed of various mono-methyl derivatives. Sub 
jecting this material to the same biodegradability testing 
procedures and conditions described in Example 12, resulted 
in +99% of the carbon feed material being biodegraded. 
0084. It is thus apparent that, in the process of the 
invention, various Fischer-TropSch products are Suitable as 
hydroformylation feedstocks, giving rise to linear as well as 
other unique plasticizer and detergent alcohol precursors. 

0085. In accordance with the invention, the unique char 
acter of the olefin composition and distribution in the high 
temperature Fischer-TropSch fractions can thus be exploited 
in n-alkyl phosphine modified Co catalyst Systems. These 
catalyst Systems facilitate isomerization of C-olefins to inter 
nal olefins. The internal olefins readily re-isomerize back 
to C-olefins before being hydroformylated to yield predomi 
nantly linear products. On comparing products derived from 
pure feeds with those derived from Synthol products, as in 
Example 1, it is evident that more internal olefins undergo 
hydroformylation in pure feeds. 

0086 The process according to the invention also has the 
following advantages: 

0087 synthesis gas is the only raw material required 
for producing higher aldehydes and alcohols. 



US 2004/0167235 A1 

0088 the synthesis gas as well as the feedstock for 
the hydroformylation Stage is essentially Sulphur 
free. 

0089 it was unexpectedly found that unique hydro 
formylation products are obtained, based thereon 
that the Fischer-Tropsch derived feedstock to the 
hydroformylation Stage contain linear olefins and 
mono-methyl C-olefins, with the methyl groups 
being located at any position along the C-olefin 
molecules linear backbone. In contrast, when using 
conventional linear olefin feedstocks for hydro 
formylation, the only mono-methyl hydroformyla 
tion products which can form are of the 2-methyl 
variety. 

0090 the Fischer-Tropach reaction products and the 
hydroformylation product distributions can be tai 
lored to give desired hydroformylation product com 
binations. 

0091 it was also unexpectedly found that the bal 
ance of the components in the Fischer-TropSch prod 
ucts, and which comprises aromatics, oxygenates 
and paraffins, does not adversely effect hydroformy 
lation reactions, and in Some cases can be beneficial, 
eg it can act as a polar Solvent to improve the CO and 
H Solubility, thereby improving gas to liquid ass 
transfer; it can improve reaction Selectivity control 
by varying the concentration of the reactants, inter 
mediates and final products, and it can improve 
proceSS control by acting as an additional coolant. 

0092 the relatively high C-olefin content of the 
Fischer-TropSch reaction product, and the fact that 
the Fischer-TropSch components are relatively inert, 
means that little or no additional chemical purifica 
tion or chemical workup is required as compared to 
known hydroformylation processes. 

0093 the inert Fischer-Tropsch components present 
in the feedstock to the hydroformylation Stage has 
alternative Synthetic fuel value, and can, if desired, 
be hydrogenated in a hydroformylation proceSS. 

0094 the hydroformylation products obtained, and 
derivatives thereof, are biodegradable. 

0.095 hydroformylation of the olefins in the Fischer 
TropSch fractions is an efficient way of both Sepa 
rating them from other Fischer-Tropsch components, 
which may otherwise be difficult, whilst at the same 
time converting them to a still more valuable prod 
uct. 

0096 the higher and lower molecular weight alco 
hol products obtained by the process are Suitable for 
use as precursors for the production of biodegradable 
Surfactants and plasticizers. 

1. A process for producing oxygenated products from an 
olefin-rich feedstock, which proceSS comprises reacting, in a 
hydroformylation Stage, a Fischer-TropSch derived olefinic 
product comprising linear and methyl branched C-olefins 
obtained by Subjecting a Synthesis gas comprising carbon 
monoxide (CO) and hydrogen (H) to such Fischer-TropSch 
reaction conditions in the presence of a Suitable Fischer 
Tropsch catalyst to obtain said Fischer-Tropsch derived 
olefinic product, with carbon monoxide and hydrogen in the 
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presence of a catalytically effective quantity of a hydro 
formylation catalyst and under hydroformylation reaction 
conditions, to produce oxygenated products comprising lin 
ear and methyl branched aldehydes and/or linear and methyl 
branched alcohols. 

2. A process for producing oxygenated products, which 
process comprises 

Subjecting, in a Fischer-TropSch reaction Stage, a Synthe 
sis gas comprising carbon monoxide (CO) and hydro 
gen (H) to Such Fischer-Tropsch reaction conditions in 
the presence of a Suitable Fischer-TropSch catalyst, to 
obtain linear and methyl branched olefinic products, 

optionally, working up the linear and methyl branched 
olefinic products to remove unwanted components 
therefrom and/or to Separate a particular olefinic com 
ponent comprising linear and methyl branched C-ole 
fins therefrom; and 

feeding the linear and methyl branched C-olefinic prod 
ucts or the olefinic component comprising linear and 
methyl branched C-olefins as a feedstock to a hydro 
formylation Stage in which the feedstock is reacted with 
carbon monoxide and hydrogen in the presence of a 
catalytically effective quantity of a hydroformylation 
catalyst and under hydroformylation reaction condi 
tions, to produce oxygenated products comprising lin 
ear and methyl branched aldehydes and/or linear and 
methyl branched alcohols. 

3. A process according to claim 2, wherein the Fischer 
TropSch catalyst is iron-based, and comprises iron and/or 
iron oxides which have been precipitated, fused, or impreg 
nated on a carrier/Support. 

4. A process according to claim 3, wherein the Fischer 
TropSch reaction Stage comprises a fluidized bed reactor, and 
wherein the Fischer-Tropsch reaction conditions include a 
reaction temperature of between 300° C. and 340 C. 

5. A process according to claim 4, wherein the Fischer 
TropSch catalyst is that derived from the fusion of magnetite 
with an oxide or a metal of Mn,Ti, Mg, Cr, Ca, Si, Al or Cu 
or combinations thereof, as Structural promoter, and an alkali 
oxide as a promoter for influencing product Selectivities. 

6. A process according to claim 5 wherein, in the Fischer 
TropSch catalyst, the alkali oxide to Structural promoter 
mass ratio is between 0:1 and 20:1, and wherein the struc 
tural promoter content thereof expressed as grams of Struc 
tural promoter per 100 grams Fe, is between 0,1 and 2. 

7. A process according to any one of claims 2 to 6 
inclusive, wherein the branched olefins comprise mono 
methyl and/or dimethyl C-olefins so that the linear and 
methyl branched aldehydes, when present, comprise mono 
methyl and/or dimethyl aldehydes, and the alcohols, when 
present, comprise mono-methyl and/or dimethyl alcohols, 
with the hydroformylation Stage feedstock optionally 
including non-olefinic components with different functional 
groupS. 

8. A process according to any one of claims 2 to 7 
inclusive, wherein the Fischer-TropSch reaction Stage and 
the hydroformylation Stage are integrated So that the olefinic 
products from the Fischer-TropSch Stage pass directly to the 
hydroformylation Stage with at most said working up of the 
olefin products and intermediate Storage thereof between the 
Stages taking place. 

9. A process according to claim 8, wherein the carbon 
monoxide and hydrogen required for the hydroformylation 
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are in the form of Sulphur-free Synthesis gas, which is the 
Same as that used in the Fischer-TropSch reaction Stage. 

10. A process for producing oxygenated products, which 
proceSS comprises 

Subjecting, in a Fischer-TropSch reaction Stage, a Synthe 
sis gas comprising carbon monoxide (CO) and hydro 
gen (H) to Such Fischer-Tropsch reaction conditions in 
the presence of a Suitable Fischer-TropSch catalyst, to 
obtain an olefinic product; 

without working up the olefinic product to remove 
unwanted components therefrom and/or to Separate a 
particular olefinic component therefrom, feeding the 
olefinic product as a feedstock to a hydroformylation 
Stage in which the feedstock is reacted Winch carbon 
monoxide and hydrogen in the presence of a catalyti 
cally effective quantity of a hydroformylation catalyst 
and under reaction conditions, to produce oxygenated 
products comprising aldehydes and/or alcohols, with 
any non-olefinic components present in Single or mul 
tiple carbon number fractions in the Fischer-TropSch 
reaction Stage product, then acting as a reaction 
medium and/or a Solvent medium in the hydroformy 
lation Stage. 

11. A proceSS according to claim 10, wherein the Fischer 
TropSch reaction Stage comprises a slurry bed reactor, and 
wherein the Fischer-Tropsch reaction conditions include a 
reaction temperature of between 190° C. and 270° C. 

12. A process according to claim 10, wherein the Fischer 
TropSch reaction Stage comprises a fixed bed reactor, and 
wherein the Fischer-Tropsch reaction conditions include a 
reaction temperature of between 200 C. and 250 C. 

13. A process according to claim 11 or claim 12, wherein 
the Fischer-TropSch catalyst includes an oxide or a metal of 
Mn,Ti, Mg, Cr, Ca, Si, Al or Cu or combinations thereof, as 
a structural promoter, and an alkali oxide as a promoter for 
influencing product Selectivities. 

14. A process according to claim 13 wherein, in the 
Fischer-TropSch catalyst, the alkali oxide to Structural pro 
moter mass ratio is between 0:1 and 20:1 and wherein the 
Structural promoter content thereof, expressed as grams of 
Structural promoter per 100 grams active element of the 
Fischer-Tropsch catalyst, is between 10 and 40. 

15. A proceSS according to any one of claims 10 to 14 
inclusive, wherein the Fischer-Tropsch catalyst is cobalt 
based, and comprises cobalt and/or a cobalt oxide which has 
been precipitated, Sintered or impregnated onto a Support. 

16. A process according to claim 15, wherein the cobalt 
based catalyst comprises an oxide of Ti, Mn, Si, Al or 
combinations thereof as the Support, and a metal and/or an 
oxide of Pt, Ru, Zr, Re or combinations thereof, as a 
promoter. 
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17. A process according to claim 15 or claim 16, wherein 
the cobalt catalyst has the following composition: 

5-30 g cobalt per 100 g of support; and 

0-10 g promoter per 100 g of Support. 
18. A proceSS according to any one of claims 10 to 17 

inclusive, wherein the Fischer-TropSch reaction Stage and 
the hydroformylation Stage are integrated So that the olefinic 
product from the Fischer-TropSchStage passes directly to the 
hydroformylation Stage with at most Said intermediate Stor 
age thereof between the Stages taking place. 

19. A process according to claim 18, wherein the carbon 
monoxide and hydrogen required for the hydroformylation 
are in the form of Sulphur-free Synthesis gas, which is the 
Same as that used in the Fischer-TropSch Stage. 

20. A process according to any one of claims 2 to 19 
inclusive, wherein the Fischer-TropSch reaction conditions 
include an inlet Synthesis gas pressure to the reaction Stage 
of between 1 and 50 bar, and a H:CO molar ratio of 1,5:1 
to 2.5:1 in respect of the Synthesis gas. 

21. A process according to claim 20, wherein a gas recycle 
to the reaction Stage is optionally employed with the ratio of 
the gas recycle rate to the fresh Synthesis gas feed rate, on 
a molar basis, being between 1:1 and 3:1, and wherein a 
space velocity, in m (kg catalyst)-' hour-, of from 1 to 20 
is used in the reaction Stage. 

22. A process according to any one of claims 1 to 21 
inclusive, wherein the hydroformylation catalyst is a phos 
phine and/or phosphite ligand modified rhodium (Rh), 
cobalt (Co) or ruthenium (Ru) homogeneous catalyst. 

23. A process according to claim 22, wherein the hydro 
formylation catalyst is a tri-aryl phosphorous derivative used 
as a ligand with rhodium, or an alkyl phosphorous derivative 
used as a ligand with cobalt. 

24. A proceSS according to claim 23, which includes 
introducing a rhodium, cobalt or ruthenium metal precursor 
and the phosphorous derivative Separately into the hydro 
formylation process Stage, with the catalyst then forming in 
situ. 

25. A novel proceSS for producing oxygenated products, 
Substantially as described and illustrated herein. 

26. Oxygenated products when produced by the process 
of any one of claims 1 to 25 inclusive, and/or derivatives 
thereof. 

27. Mono-methyl and/or dimethyl branched alcohols and/ 
or aldehydes, when produced by the process of any one of 
claims 1 to 25 inclusive, and/or derivatives thereof. 


