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Summary

Thermal stability analysis is imperative to enstite safe operation of chemical reactors carrying ou
highly exothermic reactions. This work presentsharmal stability study based on stationary and
dynamic criteria. A fixed bed gasoil hydrotreatmesdictor working at industrial operating conditions
was investigated. The stationary study is basethervan Heerden criterion and parametric sengitivit
The influence of the variation of the most impottaperating parameters was studied. Stability maps
were traced and the parametrically sensitive regigere identified. Finally, a complementary dynamic
stability criterion was applied to evaluate the ayic stability close to the bifurcation points. Fhi
comprehensive stability study enables to deternfiaesafe/unsafe operating regions of this reactor.
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I ntroduction

Hydrotreatment is a catalytic process that aimsutify oil is maintained (stable) or a multiplicity of steadiates
fractions at high hydrogen partial pressure to iobta occurrence (unstable). A stationary stability ciie is
improved quality products by eliminating heteroasoamd  deduced establishing that the slope of heat gestbriay
increasing their H/C ratio. Hydrotreatment accouafs the reactions(ngen/dT) must be lower than the slope of

more than one thousand units all around the worlghe heat transferreddQ,,, ./dT). Another approach for

covering a capacity of about 44 millions of barreksr
calendar day It is one of the most important processes i
the oil refining industry. Gasoils are petroleuntscissued
from different operations and processes in thenirgji
chain and must be hydrotreated to meet commerigakt
specifications. Gasoil hydrotreatment (HDT) reausio
mainly consist on hydrogenation of aromatics, ofand
hydrodesulfurization reactions; all are exothermic.
Hydrotreatment of gasoils that have a high aromatic
content such as light cycle oils (in average 80 Wwi%b
generally carried out by dilution with other kinofsgasoils
having a much lower aromatics content. This is aicgh
not only based on the poor light cycle oils (LCQialty,
but also based on safety concerns since hydrotesatis
extremely exothermic. Hence, this study aims
determining the safe operating regions of a LCO HD
reactorvia a thermal stability analysis.

Different approaches to realize a thermal stabslitydy are
reported in literature. Van Heerdestudied exothermic
reactions under stationary conditions. This autitmwed
that a diagram representing the heat consumptiah a
production enables to determine if the reactor emaoire
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a_llfdynamic analysis).

n

thermal stability analysis under steady-state danth is
the parametric sensitivity. Parametric sensitiatyalysis
consists to assess how the reactor temperaturengso
changes of parameters controlling the reactiveesyst
The sensitivity S is calculated asS(T;g,) = dT/dg, ,

where the variable studied is temperatuf@ é&nd the
model parameters areg, . Finally, a complementary

dynamic stability criterioncan also be applied. Consisting
on the perturbation of the reactor model, the &tabi
condition states that after solution of the pertgrimnodel,
the real part of all the eigenvalues must be negafihis
work presents a detailed parametric sensitivitylyasis as
well as the complementary approaches (van Heerddn a

Results

A dynamic reactor model was developed to carrytbet
thermal stability study. The detailed descriptionda
validation of this model has been reported elsegh@he

most relevant points are indicated here. The model



represents the triphasic gas-liquid-solid systenpoiver
law kinetic model was fitted with pilot plant expeents
carried out with commercial catalyst, real LCO fe@dthe
industrial range of operating conditions.
important HDT reactions from the thermal point aéw
are taken into account in the model.

The effect of variation of total pressure is presdnin
Fig. 1. The wall cooling temperature was kept camnisall
along the reactor and an internal temperature Iprefas
obtained; only the average temperature is illusttat
Different steady-state operating curves are obthiae
different total pressures. The shape of the cuchesmges
when pressure is increased forming a “S” shapectiofes
ranging from 140 to 170 bar, a multiplicity of sigastates
is obtained (3 fean for a unique value of wall cooling
temperature). The unstable stationary behaviolociated
between the bifurcation points marked by numbexs#8
and #9 for 170 bar). This stability behaviour cam b
explained by the fact
that hydrogen patrtial
pressure will
increase when total
pressure increases. A
higher content of K
will  favour the
kinetics, hence the
heat generated by
the exothermic
system. At low total
pressure (<120 bar)
a stable behaviour is
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stability map was
established (Fig. 2).
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Fig. 2 Unstable/sensitive/stable operatingIHUSt_r_ated' T_he
regionmap as a function of total press. _ stability boundaries
correspond to the

bifurcation points marked in Fig. 1. The sensifiviegion
was determined carrying out sensitivity calculatias a
function of the increasing cooling temperaturediferent
parameters at 130 bar (Fig. 3). This pressure \lvasen
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map. The original shape of the bifurcation curves i
explained by two different phenomena. For low LH®¥
conversion is high but heat generated is limitedhaylow
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could be possible
to determine that,
for this case, both
the dynamic and
the stationary
criteria cover the
same stability
regions. However,
interesting

additional

information  was
ety e obtained since the

Fig. 4 Bifurcation points and stable/unstableaxial location of
regions as a function of LHSV. the hot spot was
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Conclusions

A comprehensive thermal stability study of a reglhasic
HDT reactor was presented based on stationary and
dynamic criteria. Stable/unstable maps were estadxi for

this complex system. Based on the parametric $@tsit
approach it was possible to identidypriori the regions
where process operation becomes unreliable. Irhdurt
work, the stability analysis presented will be agglto an
industrial scale reactive system.
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