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Abstr act

This paper focuses on the use of SynTechnology for the revanp and
debott | enecking of hydroprocessing units. Revanp projects are
di scussed along wth the opportunities for staging investnent
commensurate wth product quality objectives. Several specific
cases are presented.

| nt r oducti on

The SynAlliance, consisting of Shell d obal Solutions, ABB Lumrus

A obal, and Criterion Catal yst Conpany L.P., has devel oped vari ous
opti ons and approaches to inproving diesel quality. The technol ogy
involved is referred to as SynTechnol ogy, consisting of various
reactor systemdesigns in conjunction with advanced high activity
SynCat catal ysts. By enploying the right conbination of catal yst(s),
reactor system and high performance reactor internals the
SynAl I i ance has devel oped optim zed sol utions for producing inproved
qual ity diesel. Through the use of reactor systemtechnol ogy that
can include both cocurrent and countercurrent reactors, various new
unit and revanp options have been achi eved.
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SynTechnol ogy and Reactor Systens Sel ection

SynTechnol ogi es include SynHDS, SynShift, SynSat, and SynFl ow.
SynHDS technology is primarily focused on producing ultra | ow sul fur
di esel and is capable of neeting sulfur specifications of <10 wppm
SynShift is a selective ring opening technol ogy for processing even
the nost difficult-to-treat feedstocks for the purpose of density
reduction, T95 reduction (shift), cetane inprovenent and aromatics
(pol ynucl ear or total) reduction. SynSat is specifically focused on
aromatics saturation, providing added density reduction and cetane
i nprovenent. SynShift and SynSat can be conbined for deep HDA and
T95 reduction, along with other process objectives. SynFl ow

t echnol ogy can be applied in conjunction with other SynTechnol ogi es
as required to achieve cold flow inprovenent. Table 1 provides an
overvi ew of SynTechnol ogi es and the various processing objectives

t hat can be faced by refiners.

Table 1
SynTechnol ogy SynHDS | SynShift | SynShi ft/ SynSat
Processi ng Obj ectives
Deep HDS X X X
Density Reduction (APl Gain) Sone X X
Cet ane | ncrease Sonme X X
Pol ynucl ear Aromatic Sone X X
Reduct i on
Total Aromatics Reduction Sone Sone X
ASTM T95 Reduction (Shift) X X
Col d Fl ow | npr ovenent 4“— SynFlow —————————»

To date, we have designed and inplenented a wi de nunber of different
reactor system configurations. These have included single-stage and
t wo- st age systens with cocurrent reactors, or integrated two-stage
systens with a cocurrent first-stage reactor together with either a
cocurrent or countercurrent second-stage reactor. In such integrated
t wo- st age systens, interstage flashing/stripping has been utilized,
and its use will depend on the specific processing objectives and
requi red SynCat catal yst(s). Reactor systens have al so been desi gned
and i npl emented that have staged investnent configurations, using a
cocurrent reactor initially with the ability to nodify the system at
a future date to a two-stage configuration if required as a result
of changi ng product specifications.

In order to neet new and changi ng hydroprocessi ng objectives,
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particularly with regard to existing units, it is key to maxi m ze

t he performance of the reactor system by optim zing the hydrogen
partial pressure, and in doing so, obtain the highest hydrogen
partial pressure for a given existing system s operating pressure.
In this way, maxi num performance can be obtained fromthe right
catalyst(s) while mnimzing investment. Particularly for revanps,
reactor systens utilizing both cocurrent and countercurrent
contacting of distillate with hydrogen-rich gas have been proven as
an effective nmeans to achieving an optimum hydrogen partial pressure
profil e throughout the reactor system

Typi cal reactor configurations are depicted in Figure 1. It should
e noted that the nunber of catal yst beds in each reactor stage can
vary dependi ng on feedstock type/quality and di esel objectives.

Figure 1
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Tabl e 2 provides a general guide to applying the right reactor
system and associ ated SynTechnol ogy.

Table 2
oj ecti ves React or System SynTechnol ogi es

Deep | Deep PNA Cet ane API SynShi ft
HDS HDA | Reduction | Increase | Gain CO COCO| COCIR | SynHDS | synshift | / SynSat

X X X

X X X X X

X X X X X O X X X

X X X X X X X

CO - Cocurrent only

CO CO — Cocurrent / cocurrent with or without integrated
i nterstage stri pper

CO CTR — Cocurrent / countercurrent with integrated interstage
stripping
As previously noted, cold flow properties inprovenent via SynFl ow

t echnol ogy can al so be achieved, if required, within each of the
react or system configurations.

Sel ecting the Ri ght Catal ysts

Whet her for new units or revanps, the key to an optim zed yet
flexible no-regret solution is to be found in selecting the right
reactor configuration, operating conditions, and catal yst or

catal yst conbi nation. Various high-activity SynCat catal ysts are
avai |l abl e including CoMo, N Mb, NiWand noble netal containing.
Under st andi ng the process chem stry is inportant when selecting the
right catalyst(s) in all hydroprocessing applications no matter what
the objective, and this is no | ess true when considering ultra deep
desul furization of mddle distillates.

For ultra deep desul furization, we have put special enphasis on the
i mportance of understanding the chem stry associated with deep

desul furization. The reduction of sulfur in gas oil feedstocks,
especially cracked feedstocks such as coker gas oil and LCO
requires careful selection of catalysts and operating conditions
specifically tailored to the chem stry of achieving ultra deep

desul furization. Investigation of the various sulfur species in gas
oi | feedstocks indicates that the nore difficult to renove sulfur is
associated with the higher boiling point material and are very
refractory, being bound in aromatic conpounds. This becones an

i mportant factor when desulfurizing feeds to < 50 wppm sul fur, and

in particular to <10 ppm
“ @i




Figure 2 illustrates schematically that it is the dinethyl-

di benzot hi ophenes (DMBT's) that need to be treated in order to
achi eve very low residual sulfur levels. The steric hindrance of

t hese sul fur species and the fact that they are inherently |inked
wi th aromati cs conpounds neans that higher hydrogenation catal ysts
such as high activity SynCat catal ysts CoMb, or stacked bed

conbi nations of Ni Mo and CoMb or even Ni Mo alone are needed to treat
these sul fur species. Selection of the right SynCat catal yst(s)
depends on several factors including feedstock type, feed bl end
conponents, distillation boiling range of feedstocks, and reactor
system operating pressure, which becone very apparent when
considering the capabilities of existing units.

Figure 2

|More stringent specs ==> more involved
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Distillation/end point effects have been mapped and clearly
denonstrate the sul fur species distribution in both feed and
product. Figures 3 and 4 illustrate this by presenting feed
sul fur/boiling point relationship and product analysis after
hydrotreating. The results show that indeed all the residual sulfur

species are in the tail, predom nantly above 340°C. While this
assessnment was conducted for a specific gas oil feed, the effect can
be seen generally on various gas oil feedstocks.
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Figure 3

FEED SULPHUR DISTRIBUTION BY BOILING POINT
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Figure 4

ULTRA-LOW SULPHUR PRODUCT DISTRIBUTION BY BOILING POINT
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As noted, the renoval of DVMBT s can involve sone degree of aromatics
saturation and therefore the usual “rules” of polynuclear aromatics
(PNA) saturation apply. At sonewhat higher pressure, the degree of
PNA saturation is inproved thus aiding deep desulfurization. At

| oner space velocity the degree of PNA saturation is also inproved.
Aromatics saturation equilibriumis influenced by tenperature, and
as such increased tenperature up to the aromatics equilibrium point,
which is pressure dependent, will inprove PNA saturation and deep
desul furization, while operating at tenperatures higher then this
equilibriumw ||l reduce PNA saturation and nmake it nore difficult to
renove the DMBT s.

These factors need to be taken into consideration, which
reenphasi zes the inportance of understanding the systenms chem stry
in order to select the optinmum conbinati on of catal yst and operating
conditions for a specific feed and product |ow sul fur objective.
Only in this way can the inpact of changing diesel specifications on
a unit’s revanp be mnimzed. By exanple, when revanping from 50
wppm to 10 wppm sul fur diesel, chem cal hydrogen consunption wll
increase as a result of the comensurate increased HDA. This w |

i kely require somewhat higher treat gas rate, and naphtha (C-
180°C) produced will also increase, thus potentially requiring sone
added naphtha handling capability in the diesel product stripper
tower and vacuumdryer. All nust be taken into account in order to
properly design the revanp.

Revanp Opportunities

Dependi ng on an existing unit’s operating pressure, catalyst voluneg,
and avail abl e nmake-up hydrogen and recycle gas capabilities, the
nunber and type of revanp options will vary and be highly dependent
on the revanps objectives concerning not only diesel quality, but

al so unit capacity. Having exhausted catal yst-repl acenent-only
options, which in thensel ves can achi eve perfornmance enhancenent,

al t hough sonetines at the expense of sonmewhat reduced catal yst cycle
I ength, refiners are faced with the prospect of hydrotreater unit
revanps to neet certain diesel product specifications.

One particul ar revanp opportunity includes the use of advance
reactor internals:

. Maximzing utilization of existing reactor volune by
i npl enentati on of advanced gas/liquid distribution internals
and/or high efficiency quench internals in conbination with
optim zed catal yst bed grading.

In this regard, the use of Shell’s advanced design Hi gh

Di spersion (HD) liquid and gas distribution tray creates
highly uniformliquid distribution, which is of particular

i mportance in view of neeting nore stringent product
specifications. In HD-nozzles the gas fl ow nonentumis used
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to disperse the liquid into a mst-flow of small droplets.
Contrary to standard (conventional) distributions, the HD
nozzl e enables efficient use of the first neters of catal yst
wi thout losing activity to the need to distributive top of
bed. Significant reduction in the required WABT at constant
hydr oprocessi ng severity have been observed after
installation of such trays in existing hydroprocessing units
(up to 5°C), which is equivalent to a significant increase
inrun-length. Due to the pressure drop over the tray, the
sensitivity of the liquid distribution to tilt is m ninal

Flexibility of feed rate of these trays is high: typically
+50% -50% for the liquid as well as the gas, while the
pressure drop over the HD trays is low, typically 10-20 nbar
at full throughput. Operation under a 100%gas feed is
possible as well. In addition, for each tray the panel
geonetry is optimzed for fast entrance (e.g. no use of
bolts, optim zed panel choice in which only two panels need
to be renoved to create a man-way), easy cleaning, and
optimal catalyst loading. Their design is sinple, robust
agai nst handling during multiple shutdowns, while having the
necessary corrosion resistance. 1In addition, they feature a
re-usabl e sealing construction.

For reactors requiring the use of nultiple catalyst beds and
appropriate quenching to optimze WABT and control SOR to
EOR tenperature profiles, the use of Shell’'s latest ultra
flat quench (UFQ interbed internals achieve better thernma
uniformty at the interbed m xing zones. UFQ performance is
guench | oad i ndependent and requires m ni numreactor volune
due to its unique design

Use of such advanced internals reduces the reactor space
required thus allowing for nore catalyst to be placed in a
given reactor volune. This is a major benefit for both new
and revanped reactors.

O her revanp opportunities include various reactor system
nodi fi cati ons:

Install additional catalyst volunme (see Figure 5) by adding
a new reactor either in parallel or in series with the

exi sting reactor. The choice of which approach is best wll
depend on several factors, including existing high pressure
| oop hydraulics (avail able pressure drop), upstreamfeed
heat er design/tube |ayout, feed preheat exchanger train
configuration, unit |ayout and equi pnent | ocation/pl acenent
and pi pi ng issues.

Install additional catalyst volume by converting the
exi sting reactor systemto an integrated cocurrent/cocurrent
two stage reactor systemw th interstage stripper (see

8 O



Fi gure 6).

Install additional catalyst volume by converting the

exi sting reactor systemto an integrated cocurrent /
countercurrent reactor systemw th interstage stripper (see
Fi gure 7).

Leave the existing reactor systemlargely unnodified and add
a new integrated cocurrent / countercurrent reactor system
with interstage stripper and dedi cated new treat-gas system
(see Figure 8). In this case, since the new reactor system
is an add-on, the installation of the two reactor stages
coul d be phased, installing only the cocurrent reactor
initially to meet the necessary objectives, and installing
the stripper and countercurrent reactor at a |ater date

i f/when diesel product specifications change thus requiring
addi ti onal hydroprocessing. By tying into the existing
unit’s reactor effluent system the existing reactor section
and new add-on reactor systemcan both utilize the existing
| ow pressure product recovery section.
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Figure 5
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Figure 7
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Fi gure 8
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The decision as to which revanp approach to take can only be decided
after a careful evaluation of many issues including revanp
conplexity, constructability/dowm tinme, total installed cost of
revanp, catalyst cost, operating cost and operating ease. The need
to meet changing specifications and the tinme frane between diesel
speci fication changes nust al so be considered. In addition to

speci fication changes, the need for capacity increase, either now or
in the future, and/or different feedstocks fromthat which is
currently processed nust be factored into the deci sion.

I n eval uating the revanp approach for any unit, the current “as
installed” reactor systemlimtations and constraints nust be taken
into account. These incl ude:

- Avail abl e catal yst vol une

- Nunber of catal yst beds and interbed quench

- Maxi num saf e operating pressure

- Maxi num avai | abl e make-up hydr ogen

- Maxi mum avail able circul ated treat gas

- Avail abl e reactor system pressure drop

- System or equipnent-specific bottlenecks or other hydraulic
constraints.

Consi deration is also given to any need to operate the unit in a
bl ocked operating node for the purpose of processing various feeds
to make different product grades.

Add- On versus Pull -Apart Revanp Options

Recent revanp studi es and designs have given rise to consideration
of what m ght be best referred to as the “add-on” revanp approach as
descri bed above and illustrated in Figure 8. This particul ar
approach can facilitate a unit revanp, especially if the existing
unit’s reactor system has specific constraints and/or is limted by
its avail abl e maxi num operating pressure. In such cases, the add-on
systemis designed for a sonmewhat hi gher operating pressure
consistent wwth optim zing the catalysts to the product goals.

The nore typical “pull-apart” revanp approaches, as illustrated in
Figures 5, 6 and 7, can be and have been desi gned and i npl enent ed
but must logically fit within all necessary considerations. An
overvi ew of “pull-apart” versus “add-on” revanp approaches, their

i ssues and considerations is illustrated in Table 3.
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Tabl e 3

Revanp Type
Pul | - Apart Add- On

. Existing reactor system capability

- Pressure insufficient X
- Pressure sufficient X
- Existing reactor limting X
- Existing reactor not limting X
- O her capacity/hydraulic X

constraints limtations

« Constructability
- Avail able plot space within unit X

- Avail able plot space adjacent to X
existing unit (within
reasonabl e di stance)

- Existing unit equi pnent/piping X
accessi ble for revanping

- Existing unit equi pnent/piping X
has limted accessibility

Wth the “add-on” revanp approach, the kinetics of the entire unit
can be optim zed so as to maxi m ze the performance of the existing
reactor within its given constraints, then setting the kinetic

requi renents of the new add-on systens reactor(s) to neet the
overal |l diesel product quality objectives. At this point, selection
of the right catalysts and conbi nation of catalysts is key to

optim zing the revanp by carefully tailoring the performance of each
reactor. Furthernore, should the revanp require an increase in
capacity in addition to the need to produce better quality diesel,
the feed to the unit can be split so that the anobunt which can be
handl ed by the existing reactor goes to the existing reactor system
while the remaining feed is conbined with the effluent (treated
material) fromthe existing reactor systemand fed to the new,
appropriately sized, add-on reactor system The ability to split the
feed in this manner al so provides the opportunity with feed bl ends,
consi sting of straight run and cracked feedstocks, to be selective
about which feedstock or blend is sent to the existing reactor
system and which is processed in the add-on reactor system

14 asm



Revamp and Debottl enecki ng Exanpl es

The foll ow ng describes revanp cases using SynTechnol ogy; one an
add-on revanp and the others pull apart. Al of the revanps

i ncl uded stepw se (phased) investnent to neet the challenge of
changi ng di esel specifications.

Exanple 1

In this first exanple, the refiner required a revanp of their
existing HDS unit in order to process a blend of various straight
run feeds and cracked feedstocks, while producing better quality

di esel product. The unit had been revanped previously by the refiner
to include a dewaxing step. Their objectives and needs were to

m nimze changes to the existing unit, construct the revanp while
the existing unit operates, mnimze dow tinme for tie-ins and
design a revanp that could be inplenented either in steps (phases)
or all at once, depending on diesel product specification needs.

In this case, an “add-on” approach was sel ected, sonewhat anal ogous
to that which is illustrated by Figure 8 The revanp woul d consi st
of the follow ng el ements which can be acconplished in a | ogical
phased approach:

Phase |

. Change the existing reactor catalyst to a nore active SynCat
catalyst, resulting in additional hydrogenation of the feed
blend within the constraints of the existing reactor system
and

« Add-on of a second cocurrent reactor conplenenting the
exi sting reactor to provide the necessary performance
required for either an internediate quality product or to
provide suitable treated feed quality to the countercurrent
reactor for additional hydrogenation;

Phase |1

. Add-on of an interstage stripper and a second stage
countercurrent reactor for deep hydrogenati on.

Table 4 summarizes the feed blend to the existing reactor system and

the diesel quality to be produced by the revanped unit for each of
t he phases/operating cases.
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Tabl e 4

Phase | Phase |1 Phase 1|1
Qperation A | OQperation B | Operation C
Feed Feed Di esel Di esel Di esel
Bl end” | Bl end?® Pr oduct Pr oduct Pr oduct
APl Gavity 31.9 30.3 36.4 38.6 41.1
Sp. G. @ 0.8631 | 0.8746 0. 843 0.832 0. 820
15.6°C
Sul fur, wt% 0. 964 1.01 (<30) (<20) (<10)
(wppm)
Ni trogen, wppm 422 442 <10 <10 <5
Brom ne no. 9.4 8.3
gr/100gr
Cet ane i ndex 39.5 47 55.5 57 59
Aromatics, w%
Monos 24. 3 24.9
Pol ys 15.0 16. 7 11 6 1
Tot al 39.3 41.6
Distillation 370 352 347 340
D86 T95, °C
(1) Feed bl end includes approximtely 10 w % cracked napht ha

mat eri al .
(2) Feed blend properties without cracked naphtha naterial.

Since the unit

revanp was designed for

add- on new cocurrent

(Phase Il -
could install

Operation O,

upgr adi ng of the feed bl end,
bl end dependi ng on hydrogen availability. The add-on cocurrent /

count ercurrent

reactor configuration allows for the partial
bypassi ng of the countercurrent

reactor

reactor

(Phase Il -

phased i npl enent ati on,
reactor could be installed first (Phase | -
Operation A) and the new countercurrent
as required. Alternatively,
the entire revanp add-on now and provide maxi num

or a tailored upgrading of the feed

t he

installed | ater
the refiner

Table 5 shows the relative operating pressures |evels and type of
catal ysts applied for the revanp. The specific conbination of non-

nobl e net al
cocurrent

SynCat catalysts utilized in the existing and new
reactors constitutes what we refer to as SynShift,

whi ch

or total
Qperation B).

provi des selective ring opening to facilitate deep heteroatom (S, N)

reduction, some aromatics saturation, density reduction, and
distillation shift (i.e., T95 reduction). The noble netal containing
SynCat catal yst used in the new SynSat countercurrent reactor

provi des aromatics saturation and additional density reduction. The
application of the noble netal containing catalyst is optimzed
relative to the product objectives and the non noble netal SynCat

_ ( reactors.
i ncl udi ng overall

catal ysts in the cocurrent
i nvest nent

In this way, the revanp
cost of catalyst, can be mnim zed.
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Table 5

Phase | Phase 1|
Add- On Reactor System
Exi sting New New
Cocurrent Cocurr ent Count er cur r ent
React or React or React or
Pressure Base Base x 1.4 Base x 1.3
Cat al yst Non- nobl e Non- nobl e nobl e Metal
base net al base net al Cont ai ni ng
Technol ogy SynShi ft SynSat
e Selective R ng Opening
e Deep HDS/ HDN
e Deep HDA
Primary Goal e Sone HDA _
e Density
e Density Reduction Reducti on
e Distillation Shift
(T95 Reducti on)
Exanple 2

In this second exanple, the refiner required a revanp of their
existing HDS unit in order to process a blend of straight run and
cracked feeds to provide better quality diesel product while
debott |l enecking the existing unit to increase capacity by twenty
percent. The unit had been previously debottl enecked and was
hydraulically constrained in addition to not havi ng enough avail abl e
reactor volunme to achieve the product quality goals. Like many ot her
refiners, the existing unit was al ready bei ng pushed kinetically via
new cat al yst and operations at higher tenperature, resulting in
shortening cycl e | ength.
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In this case, a pull apart approach was proposed sonewhat anal ogous
to that which is illustrated by Figure 7 except that due to the
severe hydraulic and kinetic constraints, the existing reactor,
being too small, would be utilized as a new hot separator, with new
reactors being added (stepw se/staged) for both the cocurrent first
stage and countercurrent second stage.

The revanp woul d consist of the follow ng phases.
Phase |

e Replace the existing small reactor with a new cocurrent
reactor suitably sized for the required hydroprocessing
obj ecti ves;

e Uilize the existing reactor as a hot separator (the
existing unit only had a cold separator) in order to flash
the reactor effluent thereby providing additional heat
recovery opportunities for feed oil and recycle gas
preheati ng;

Phase |1

e Add an interstage stripper and a second stage countercurrent
reactor for deep hydrogenation, if/when required as a future
revanp step

By revanping the unit as noted above, the foll ow ng objectives could
be achi eved:

e Feed/effluent preheat and fired heater were hydraulically
debottl| enecked to accommodat e the hi gher capacity;

e Fired heater duty was reduced at current capacity and
mai ntained within the as installed heaters’ capabilities at
revanp conditions;

e Required pressure drop throughout the reactor system | oop
was mai ntained within the capabilities of existing
conpressors and feed punps;

e Revanp design allowed for the stepwi se (staged) installation
of the new reactors and associ ated nodifications.

Table 6 sunmarizes the feed blend to the unit and the diesel quality
to be produced by the revanped unit for each phase of the revanp.
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Tabl e 6

Phase | Phase 11
HDS HDS/ HDA
Feed Bl end Revanp Revanp
APl Gavity 34.0 36.9 41. 4
Sp. G. @b5.6°C 0. 8550 0. 8401 0. 8184
Sul fur, wt% (wopm 0.9 (<50) (<10)
Ni trogen, wppm 200 <10 <5
Brom ne No. gr/100 gr 3.2
Cet ane Nunber 50.5 53.7 57.6
Aromatics, wt%
Monos 17.8
Pol ys 14. 2 11 1
Tot al 32.0 10
Distillation D86 T95, °C 354 352 <345

Tabl e 7 shows how the specific non-noble netal
utilized in this case, would be changed from Phase |
The SynCat catal yst used for
tailored for ultra deep HDS via SynHDS, while for

revanps.

nobl e net al

SynShift while a noble netal

the SynSat countercurrent

reactor.

19

Phase |

SynCat catal ysts,

to Phase ||

is specifically

Phase 11
SynCats used in the cocurrent first stage constitutes
cont ai ni ng SynCat cat al yst

t he non-

is used in
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Table 7

Phase | HDS Revanp Phase Il HDS/ HDA Revanp
New Cocurrent Cocurrent New
React or React or Count er cur r ent
React or
Pressure Base * Base * Base *
Cat al yst Non- Nobl e Non- Nobl e Nobl e Met al
Base Metal Base Metal contal ni ng
Technol ogy SynHDS SynShi ft SynSat
Egirafy e Deep HDS Sel ective e Deep HDA
a e Sone Density Ring Qening |, pensity
Reducti on Deep HDS/ HDN Reducti on
e Sone Cetane Some HDA
| ncrease e Density
Reducti on
e T95 Shift
e Cetane
| ncr ease
* Revanp achievable within the existing units pressure |imtation.

For revanp Exanples 1 and 2, there were specific advantages for the
use of a countercurrent reactor in revanping the existing HDS units
particularly in view of the 10 w.%total aromatics specification
for Phase Il. The advantages included the foll ow ng:

. Use of the cocurrent / countercurrent reactor systemin
conjunction with the right SynCat catal yst conbination
provi des inproved hydrogenation performance at the avail able
pressures and tenperatures through the increased hydrogen
partial pressure afforded by the countercurrent reactor.

« Unlike cocurrent only reactor systens which rely on
hydrogen-rich treat gas to the reactor inlet and interbed
qguench (where required) to achieve and maintain the desired
m ni mum hydrogen partial pressure, the countercurrent
reactor provides the opportunity to introduce hydrogen-rich
gas directly into the reactor in such a way so as to
maxi m ze the benefit fromits higher H purity/content.
Hydrogen-rich gas is added countercurrent to the downfl ow ng
[iquid, thereby further enhancing the increase in H partial
pressure achieved in the countercurrent catalyst bed. The
hydrogen-rich gas can be circul ated treat gas, nmake-up
hydrogen or a mi xture of both, depending on the
hydr opr ocessi ng needs and opti num hydrogen utilization
wWithin the unit.

« For such revanps in particular,
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conpression was limted, the use of hydrogen-rich make-up
gas in the countercurrent reactor instead of additional
circulated treat and quench gas (such as woul d be required
with a cocurrent reactor) provided debottl| enecki ng and
better hydrogen utilization opportunities and | ower revanp
i nvest nment .

« The upfl ow ng hydrogen and |ight ends generated by the
reactions taking place continuously assist in the strip-out
of HS and NH, fromthe downflow ng reactant liquid in the
countercurrent reactor. Even through a packed stripping
section (or separate stripper) is utilized specifically for
this purpose as part of the reactor system the fact that
t he upflow of gas through the countercurrent catal yst bed
assists with this strip-out is of inportance fromthe
st andpoi nt of obtai ning maxi nrum catal yst activity and life.

The above noted advantages contributed to reduci ng the anmount of
catalyst required for a specific objective, and are applicable to
pul | -apart and add-on revanps, as well as new units.

Exanple 3

For the third exanple, the refiner required a staged revanp of their
existing unit in order to produce diesel neeting changing
specifications, in conjunction with a unit debottlenecking. 1In this
case, the refiner’s objectives called for <10 wppm sul fur as a first
revanp phase, followed by <10 wppm sul fur and 1 wt. % pol ynucl ear
aromatics as a second revanp phase. For the second revanp phase,
there were al so ASTM T95 and density reduction requirenents and
cetane inprovenent. Table 8 summarizes the feed blend to the unit
and the diesel quality produced by the revanped unit for each phase
of the revanp.
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Tabl e 8

Feed Phase | Phase 1|
Bl end HDS Revanp HDS/ HDA Revanp
APl Gravity 33.4 36.0 38.0
Sp. G. @15.6°C 0. 8580 0. 845 <0. 835
Sul fur, W. % (wpm 1.04 <10 <10
Ni t rogen 207 <10 <5
Brom ne No. gr/100 gr 3.7
Cet ane Number (| ndex) 49. 2 52 (56.5)
Aromatics, W.%
Monos 18.6
Pol ys 14.1
Tot al 32.7 11 1
Distillation D86 T95°C 376 345

In this revanp, a pull-apart approach was desi gned somewhat

anal ogous to that which is illustrated by Figure 5 whereby a second
cocurrent reactor was added in series for Phase Il. Table 9
illustrates how the specific non-noble netal SynCat catal ysts,
utilized in this case, would be changed from Phase | to Phase |
revanps. Like Exanple 2, the SynCat catal yst used for Phase | is
specifically tailored for ultra deep HDS via SynHDS. However, for
Phase Il the non-noble netal SynCat catal ysts utilized in the
cocurrent first stage reactor constitutes SynShift. |In this case
for Phase Il, non-noble netal SynCat catalyst is used in the
cocurrent second stage reactor. The basic difference between revanp
Exanples 2 and 3 is in the difference in Phase Il revanp diesel
specifications, with Exanple 2 requiring deep HDA to achieve 10 w. %
total aromatics, while Exanple 3 requires 1 wt. % pol ynucl ear
aromati cs specification, thereby requiring |l ess overall HDA then in
Exanple 2. Both revanp exanples utilize SynShift in the first stage
reactor to achieve the desired cetane inprovenent, and T95
reduction. However, in this Exanple 3, the required | evel of HDA
can be econom cally achieved without the use of a countercurrent
reactor and interstage stripper.
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Table 9

Phase | HDS Phase Il HDS/ HDA
Revanp Revanp
New
Cocurrent Cocurrent Cocurrent
React or React or React or
Pressure Base * Base * Base *
Cat al yst Non- Nobl e Non- Nobl e Non- Nobl e
Base Met al Base Met al Base Met al
Technol ogy SynHDS SynShi ft SynSat
Primary Goal |« Deep HDS e Selective R ng  Pol ynucl ear
e Sone Density Openi ng Aromatics
Reducti on e Deep HDS/ HDN Reducti on
* Sonme Cetane e Sonme HDA « Sone
I ncrease e Density Addi ti ona
Reducti on HDA
e T95 Shift e Density
e Cetane Increase Reducti on

*Revanp achievable within the existing units pressure linmtation.

Concl usi on

Through the application of the right conbination of high activity
SynCat catal ysts, reactor system arrangenent and advanced reactor
internals, various revanp options are available to refiners fromthe
SynAl | i ance. Advant ages i ncl ude:

. Advance reactor internals can provide inproved catal yst
utilization, extend cycle length, and increase SOR EOR
operating tenperature wi ndow, while requiring |ess reactor
vol une.

. Hydrogenation efficiency can be inproved at a given
operating pressure;

. Lower pressure hydrotreater can achi eve nore severe
hydr opr ocessi ng goal s;

« Improved hydrogen utilization within the unit maxim zes H,
partial pressure;

. Opportunities exist for revanping | ower pressure
hydrotreaters to process poorer quality feedstocks, inprove
di esel quality, and increase capacity, if required;

. Flexible reactor systemconfiguration is able to produce
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di fferent diesel product qualities;
« Various pull-apart and add-on revanp options are possi bl e;

« Add-on revanp provides a | ogical approach to revanping
bottl enecked hydrotreaters that have physical |ayout and/or
constructability constraints;

« Possibility to incorporate a "no regret" future revanp
strategy to achi eve ot her hydroprocessing goals via a
| ogi cal cost-effective revanp should it beconme necessary due
to di esel specification changes;

« Opportunities exist for mnimzing revanp i nvestnent;

. Revanps can be logically inplenmented in stages, thereby
phasi ng the investnent.
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For nore information on revanpi ng hydrotreaters or new hydrotreater
appl i cations, please contact:

Gary L. Ham I ton

ABB Lummus d obal Inc.
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Bl oonfield, NJ 07003 USA

Phone: 973-893-2603

Fax: 973-893- 2001

E- Mai | : Gary. L. Ham | t on@is. abb. com
O

E. Lee G anniss

Criterion Catal yst Conmpany L.P
Two G eenspoint Pl aza

Suite 1000

16875 Nort hchase Drive

Houst on, Texas 77060 USA

Phone: 281-876-6071

Fax: 281-874- 2641

E- Mai | : Lee_G anni ss@riterioncatal ysts.com
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Okke de Boks

Shell International G| Products B.V.
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Badhui sweg 3
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1030 BN Anst er dam
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