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Figure 3. Reaction pathways in hydrotreating of rap  eseed oil.
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Figure 4. Overall reaction scheme for methyl laurat e deduced from a model compound
study. The dashed arrows mark the reactions found n ot to play a dominant role. In-
stead a new enol intermediate (shaded box) is propo  sed.

As a very high alkene/alkane ratio was observed far above equilibrium, the hydrogenation of
alkene to alkane appears to be a rate-limiting step, and thus the preceding reactions must be
in quasi-equilibrium. However, the only alcohol observed was 1-dodecanol and not 2-
dodecanol or any other alcohols as would have been expected in this case. Therefore, an-
other reactive intermediate must be involved, and since ketones are known to exist in equilib-
rium with their enol form, a simple conjecture would be that such an enol (possibly in an ad-
sorbed state) is formed and reacts further to form either the alkene or the 1-alcohol. This new
intermediate is shown in the shaded box in Figure 4.

To corroborate that the enol intermediate is a vital part of the reactions scheme, further stud-
ies with other model compounds were carried out showing that simple ketones react much
faster than alcohols. The alcohol would only yield the corresponding alkane and small
amounts of the alkene, whereas the observed products from ketones were large amounts of
the corresponding alcohols as well as alkenes and alkanes. This shows that ketones must
react through a different intermediate and not only through the alcohol.

Another test was designed to examine whether the possibility of forming an enol intermediate
has implications for the reactivity. Thus, the reactivities of a ketone with and without hydro-
gen in the a-position was investigated (Figure 5). Without a-hydrogen, the ketone cannot
isomerise into an enol, and it was also observed that this compound reacted much slower (by
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Figure 6. Pressure drop development when co-process  ing vegetable oil with and with-
out Topsge biofuel catalyst.

Carbon monoxide inhibition

In the co-processing test with rapeseed oil, the observed HDS activity was the same as in a
corresponding test with 100% LGO. This is somewhat surprising, since substantial amounts
of carbon monoxide and carbon dioxide were detected, which are known to inhibit many
catalytic reactions. In particular CO is known to be selectively adsorbed on catalytic sites and
block reactants from adsorbing and reacting. As the product gases are recycled in industrial
hydrotreating units, and CO is not removed to any significant extent by amine scrubbing, it is
of great interest to investigate how different types of hydrotreating catalysts are affected by
CO in the treat gas.

Pilot plant tests were carried out to investigate how the HDS and HDN activities of CoMo-
type and NiMo-type catalysts respond to co-processing of rapeseed oil (Figure 7). The rela-
tive volume activities were calculated, taking the lower amount of sulphur and nitrogen in the
feed into account. It is evident that CoMo catalysts were severely influenced by the introduc-
tion of rapeseed oil to the feed. Both HDS and HDN activities were very low compared with
the case, where pure LGO was processed. In contrast to this, the NiMo catalyst activity was
almost unchanged when co-processing rapeseed oil. In order to explain these results, a new
set of tests was conducted, using the pure LGO as feed but using a treat gas consisting of
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Figure 8. Reaction pathways in hydrotreating of RTD

Handling of high-TAN feed and issues with high exot herm

As the feed contained many unconverted free fatty acids as well as resin acids, a major con-
cern was the feed handling and the mineral/renewable feed blending system. The high
amount of acids has the negative effect of increasing corrosion in pipes, heat exchangers
and fired heaters upstream the hydrotreating reactor. So far this has imposed a limitation on
the industrial applicability of the attractive concept of hydrotreating mixtures of conventional
mineral oil with significant proportions of tall oil or tall oil derived material.

To address this problem, a new RTD feed system was invented by Preem and Topsge, and
the mixing with the mineral feed is carried out in several stages. Part of the RTD is intro-
duced at an injection point after the fired heater and prior to entering the reactor. In this way,
all existing process equipment upstream this injection point is not affected. Another part of
the RTD feed is introduced between the first two beds of the reactor to control the tempera-
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Figure 9. Process flow diagram for the revamped uni  t at Preem Gothenburg.

With the described injection system, where RTD is only injected after the fired heater and as
a liquid quench to the second reactor bed, the hardware subjected to the high-corrosive RTD
is very limited, and only minor changes to the material selection are necessary. These
changes have in fact prepared the unit for future operation with an even higher fraction of
RTD feed.

Another concern is the large amount of heat released due to the hydrogenation of the RTD.
In order to control the heat release, the effluent from the first catalytic bed in the hydrotreat-
ing reactor is mixed with fresh RTD feed as described above. In this way quenching is pro-
vided by the RTD. This means that more hydrogen can be used to prevent coke formation
and fouling, thereby ultimately giving a higher unit reliability and lower investment cost. Fur-
thermore, injecting a part of the RTD as liquid quench provides a relatively higher hydrogen
partial pressure upstream the reactor, preventing gum formation and corrosion.
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