Catalyst Deactivation (HVGO’s and Lighter feeds)

Introduction

Im part 1 of this papar, which
was published in the previous

Part 2

By H. Homan Free

Nickel and vanadium

NIV DEACTIVATION

Nickel and vanadiurm are pre-
sent in the heavy fraction of

100
M \

Catalysts Courier (no. 18], the  the crude oil. Usuaily these ?} _ \ !
effect of operating conditions  metals are observed in fracti- T o \ :
on deactivation was discus-  on$ with a beiling range of 2 70
sed. In this article the effect of  over 5007 C, Therefore, nickel 2 \\
metais or ather contaminants and vanadium poisoning is g @ \\
in the fesdstock on the cata-  enly significantin HVLO's and S 5
lyst activity will be discussed.  residues [atmospheri¢ and va- 41 \\__
E \_‘1‘"‘--.__
o 30 —
£ =
2 - g 1w
a g T - o ™ T T n T T - r T
18 a 2 4 G 8 W@ 12 14

1.6 -

1.-1-5 /

12 -

1 -

0.8 - /
0.6 -

I

HD'S rala constan

. "REGLILAR"
0.4 5 HYDROTREATING

KF-VGI-DEMET

V + Ni on catalyst (%wt)

centration on
about 3-%awt.

The maximum allowable can-
catalysts is

Figure 2: Effect of Nf + V on deactivadon rate

VGO/distillate operation which
can pick up much more me-’
tals [up to 25 %wt) than regu-
lar hydrotreating  catalysts,
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Figitre 1: Effect of Ni + V on catalyst activity

Figure 1 gives the effect of Ni
+ V poisoning on the catalyst
activity. As can be seen, me-
tals have a large effect on the
activity, Akze Chemicals has
developed a catalyst for

and still has a very good HDS
activity, This cataiyst, Ketjen-
fine VGO-Demet, should be
used in toplayers or in guard
reacters. to protect the down-
stream catalyst from metal

(comeentianal caralysrs)

Deactivation due to metails

If a feedstock cantains metals
like V. Ni. 5i etc.. the catalyst
will be contaminated by thesa
metals, The metals are usuai-
ly present as organo-metal
compaunds. Ni. Fe. V and As
are centaminanis present in
the crude oil. Other metais li-
ke St and Pb are added in the
form of anti-feaming agents
[51) and additives to gasoline
[PR), [N the next sections the
gffect of the individua! metals
will be discussed. Unlike coke
deactivation. metal deactiva-
tion is irreversible. The metals
cannot be removed by rege-
neration.

cuum residug], In this article
we will not cover residues, sin-
ce this is a special subject en
which abundant literature is
available, Also the types of ca-
talyst used in residue hydro-
praceseing deviate from 'nor-
mal’ hydrotreating catalyst.

On regular hydrotreating ca-
talysts. nickel and vanadium
are only deposited on the ed-
ge of the catalyst particles.
Therefore the capacity of the-
se rataiysts for nicke! and va-
nadium is not very large. and
limited to about 10%wt on
catalyst. At this metal level
the catalyst is almost dead.

Figure 3: Zifect of Pb on coreiyst activity

Lead deactivation
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Arsenic deacivation
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Figure 4: Effect of As on catalyst activity

contamination, and can result
in substantially longer cycles,
In figure 2 the effect of metal
pick-up on tha HDS rate
constant is ploreed. Clearly it
can be seen that the Ketjen-
fine VGO-Demet has a much
higher tolerance for merals,
thus resulting in a longer cy-
cle. Mere information on the
Ketienfine VGO-Demet can be
found in TUHTC 87/9%€. It is
recommended to use the Ket-
jenfine VGO-Demet when the
metasl concentrations are ex-
eeeding 1.5 ppm Ni + V.

Lead deactivation

Lead is not naturally occur-
ring n feeds. It i3 added to
gasolines in the form of eg.
T.E.L. When processing siops
over a hydrotreating catalyst,
the T.E.L. is decomposed and
the lead is deposited on the
catalvst, Since TE.L. decom-
poses easily. the lead profiie
in the reactor is uually steep.

Lead has a large effect on the
caralyst activity. In figure 3
the relationship bietween lead
on catalyst and the activity is
pictted, Since lead is obser-
ved in naphtha's, and thus in
reformer pretreaters, break-
through of lead to the refor
mershould be aveided. There-
fore it is recommended to run
the pretreater at 300-320°C
when processing lead conta-
minated feedstocks. Further
more, the maximum amount
of lead on the catalyst should
not exceed Q.5%wt.

Arsenic deactivation

Arsenic occurs naturally in
crude oils and is observed in
naphtha's and light LGO's. It
ig an even more severe poison
than lead, Figure 4 plots the
effect on arsenic. The maxi-
mum allowable concentration
is 300-1000 ppm on catalyst,
depending on the cperating
sEvericy.

Figure 5: Metal profile over a naphtha hydrotreater
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In figure 5 the arsenic arnd
lead profiles as measuredin 3
naphtha hydroTeaser are g
ven. As can be ez the prei-
les are steap and most of e
cONTAMInaTon 5 Eresent il
the top of the reartor (30%).
When unioading a Pb/As con-
taminated reactor, it is recom-
mended to unicad the first
part of the catalyst bed over
the top, in erder to avoid
mixing of contaminated and
uncontaminated catalyst

S1 deactivation

Silicon originates from antd-
foaming agents. It is especiai-
ly observed in coker nagh-

Caonclusions

Trzrz are three main reasons
or =mlyst deactivation: Co-
=2 271 metal deposition and
changes in the active phase.

Coke deactivation i2 inavita-
ble, but is accelerated by ope-
rating at low partial hydrogen
pressures and high tempera-
tures. In order to avoid un-
necessary deactivation, one
snould try to run units at the
minimum required severity,
and at the maximum partial
hydrogen pressure.

Operatienal up-5ets can cau-
se very rapid coka deposition

Si02 DEACTIVATION
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Figure &: Effect of Si0a on catalyst activity

thas and sometimes in vis-
breaker naphtha. 5i01 is not
a very severg poison. A con-
centration of 15 %wt 5i01 on
catalyst can be telerated du-
ring the cycle, Remarkable Si
paigoning is more pronoun-
ced after regeneration. Most
likely, when the ¢oke is bur-
ned off, the 51C1 is deposited
on the active sites of a cata-
lyst. When considering rege-
neration, a 502 concentra-
rian of -4 %uwt shpuld not be
exceeded. Akzo has develo-
ped special catalysts, Ketjen-
fine 844 and Katjenfine
VGO-Demet, which can pro-
tect down-stream catalysts
against silica poisoning. The-
se catalyst, when used as a to-
player, will protect the
downstream catalyst. 1n Ti-
HTC 21/121E more informati-
on on the performance of
these catalysts is given. In fi-
gure & the effect of silica on
the activity before regenerati-
on is given.

and thersfore a severe loss in
activity.

The most frequently observed
metais in oll fractions are nic-
kel, vanadiurm, arsenic, lead
and silicon. Nickel and va-
nadium are only observed in
heavy cuts and arsenic. lead
and silicon are mostly presant
in light cuts (naphtha), $pedi-
al guard bed catalysts <an
protect against metais, by in-
creasing the metal capacity of
the cataiyst systerm and there-
fore ingrease the cycle length.

Metal poisoning cannot be re-
versed by regeneration, Cata-
tysts which are poisoned need
to be replaced by fresh ca-
talyst.



