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Hydrotreating Technologies as Enal
of Energy Transition in the Downstre
Industry

Dr. Marcio Wagner da Silva

I ntroduction and ConteXtydroprocessing 1TCecnhemrallogi
One of the biggest cha?%eernvglees to the crude oi l
refining i ndustry in The hwdt otdreecaatdiensy ipssr ot bes
devel opment of t echnoolfogciheesmi calpabéactobns betw
reducing t he environmengahi ci ntppaampouaoatls tdhent ai ni
derivatives while rais(ihg S,heOpereftacr.manca&ccoofr di
t hese compounds. Thecohydmopaateosi ndpe hydrotr
technologies all ow t hecamr dbdeucctailolnedofhydredesul f u
and better performanceS)der hyatiodesni at ogseanreet i on
time that make possiblbydhedeexyyemgt iodn hi §hemoyv
yields of added valuehpdobpddeasormatoinz altadtotnomvhen
barrel streams in the tiwvee isiltoebahiungte of ar
The hydroprocessing techn %I%tgtﬂ%rss'became
essential to the downsiTheamoismtducsdmmon nhyteol asat
decades &@nepeadtically hyhpodseshl éurtiozati on (wher
produce mar ket abl e crruedmovei lcohpoundsi vieisk e be
without at | east one hdyidreompzr cotcheisesp megn es,t e p . e tTco. )
achieve the goal of enksywdri mdye nmatxri onguerm aatdidoend ( r e mo
value to the processedqucirnuode naeisl,, ettttce ) r elfhiemsesr sc o
need an adequate hydroprouekei regnicsasp aaist yofi nSOXx
this refining har dwarnd,ey easmpecbal hgd,t hporsoeduc e
processing heavi er aciudeéety,oidesl,or talmel chemica
hydroprocessing catalysts are the heart of the
hydroprocessing technol ogi es and hi s
relevance is increasingly high to the refiners.
The main chemical reactions associated with the |

ed as bel ow:

RCH=CH2 ¥ RBRAXH3 (Olefins Saturation)
RSH +YHRMH + H2S (Hydrodesulfurization)
RNH2 +YRBA + NH3 (Hydrodenitrogenation)
ROH + YHRH + H20 (Hydrodeoxigenation)

where R represents a hydrocarbon.
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The hydrotreating prdbessasiisc pnroorcrreasl sl yf | ow i s
conducted in fixed bedhycdracttroaat ianngd ptrhoec emessts ( hy
applied catalysts are ydraddeniCGor)o geMiactki eoln, ( Ned) ¢ .
Mol ybdenum ( Mo) and ploogssenevEeéEWwW)ty, det ermin
commonly i n associatilyndrwgeh pgéadretm abhngressur e,
supported in alumina (Al2@3y)yst TVheyasndcit htei cont
Co/ Mo is applied in r eafcftdomtnesd.t hat need | ower
reactional severity I i ke hydrodesul furizati on
while the catalyst Ni/ M€ shy Qon{ar_lel?yt"hep” I i Pd Ok
reactions that need HPQhEW_Ze e \Ad rM!¢nyg, | ¢g@i lib
hydrodenitrogenation af®CadRrdhm@didds ¥§fhﬁ%{?6n b e
reactions are exothermic a
Hydrotreating is appliedisinng hei nfinihehi hgmpeéer at
final products | ike gasebaheyetlyeddle areackeromzmadn
or like intermediate si@ppossihkeerehenisngtechame
in refineries to prepamienifneiezde cthhairsg ersi stko nootrhnearl |
processes Il i ke Resi duesactFolrusi dhaCat gloytnitcs betw
Cracking (RFCC) or Hybderdosc rvattekrievgar(eHCIChj ect ed h
wher e t he mai n objecttempdrsattudc epf(qQqtuenth tlhienes)
catalyst applied in theosatpodcossehe reactor tem
Figure 1 shows a typical arrangement for a hydro
vessel
Sour Gas
Sour Gas
Make-up Hydrogen R‘?:::::':;““ Amine Tower
Reflux
Drum
Rieflux Sour Water
Gas Separator ::: : Unsteable Preduct
Drum
FEED et /J L\ Reseter Stripping Tower
Exchanger ; '::::";‘ ===
Fired Heater valve | | b 'ﬁ
.I!el:oillr
Pump
Hydrotreated Product
FiguiBasic Process Flow Diagram for Low Severity |H:

e configuration with a single separating vesse
drodesul furization wunits. This arrangement i s
essures the difference between water and hydr o«
ocess needs reducing contact areas, so a single



Sour Gas
Sour Gas

Recyele Hydrogen Condenser

Make-up Hydrogen Compressor
Reflux

Drum

Reflux Sour W’bte’r
High Pressure Drum [ Unsteable Product
FEED Reactor
Stripping Tower
Heat
Exchanger = | o
|
Low Pressure Reboiler
Pu Drum
" \T"

\rdrolrui‘hd Product

Sour Water

FiguiBag8ic Process Flow Diagram for High Severity I

Hi gher severity uni tsThel ikydrprcoaeksnguniptr ®ces s
dedicated to treating hundsrtogplrioec estsi m@gms (tLeicgnnto | o
Cycl e oi |, Coke Gas Ciydr ogten.a)t i on weaht itdcres a
objective t o remove nsiameogenm mer ofar ocnraatcikcisn g re
saturation, operates pwietshe ntt wot hee pnaariant | chigf f er e
vessels |like presentedhiydrbBtgenaé¢i g and hydrocr a
I n this case the diffeTleacehybdatowereanc kwantger pandes s
hydrocar bons propertiesondectsealdndand sdeawnhere r ec
phase separation procweistsh themplesr ahigadert Cat var
interface area s o, t woa nsde pparreast si unrge sv ebsestewese nar3eb t
applied, one nder hi gl presewsse swverétyhehydro
separation among l i quipdr oxres sgassebasg@hasagiety (
(H2, H2S, NH3 and |l ighwhhgdroaarbany) foomumgsas oi
and ot her under | ow pansshuer ec owmhveerrete et he nt o I i
separation between aqudeutsva'nelshyWirbbaInibgn val ue
phase is promoted, apart rrhthe separation
of the remaining gases/ on t streams nor
I n hydrocracklng units ar e
For | ower severity unoiitlss, t heg htte nQpyecrl aet uQiels ( LCO
applied are a%oantd 3p00e stpaus E®0O | s, et c. Some of t ho
vary between 20 to 40 berhaid Bddptooasofi hokleuwui
residence ti mes. Uni t¥dniwist h ( hC@Qlh) sdeeriuse of
operate under temp€matdupesambOandbs4@oOnt ent and t
pressures vary from 40resi 8@, bavlich gui ckly deac
_ _ in the ey rocracking proce
Li ke aforementioned, S/rd‘?%tgen ffchrtmsize"gasthese e
empl oyed i n t he hydro reat hnol ogy
devel opment , however, technology Ilcensers
i ke Axens, UOP, Exxon Mobil , Mc Der mot t ,
Lummus, Hal dor Topsoe, Al bemar |l e among
ot her s, still i nvest i n research to improve the
technology, mainly in the devel opment of new
arrangements that can minimize the hydrogen
consumption (high cost raw material) and that
apply | ower cost catalysts and more resistant
to deactivation process.



Table 1 — Hydrotreating and Hydrocracking Processes Comparison
Hydrocracking

Hydrotreating
Contaminants Removal (S, N,O, Metals, = Contaminants Removal (S,N.O, Metals,
etc.) and C-C bonds saturation etc.) ,cracking of C-C bonds and reduction
in molecular weight
Minimum Cracking High Cracking rate
High Conversion (> 50%)

Low Conversion (< 20%)
Production of Final Products —

Feed stream preparation for Conversion
Units - FCC / RFCC, Catalytic Reform, Transportation Fuels (Diesel and
kerosene) and lubricants.

Hydrocracking, etc.
Ni/Co/Mo Typical Catalysts Ni/W/Pt/Pd Typical Catalysts (Dual
Character)

hydrocr

3 shows a typical arrangement for
product s

re
cated to producing medium distilled

Make Up Hydrogen Hydrogen

First Stage Reactor

I Gas + PG

Hydrogen

FEED Separation
/‘l\ Naphta
Sour Water
Water Distillation Tm
Column

\r/ Second Stage Reactor
Fired Heater
— 1
Diesel

Hydrotreating Reactor

Hydrogen Separation \-_ _/

t———Residue

Sour Water

Water

FiguiBa8ic Process FlowsDaggrHmdfocr dwhing Unifs

According to the feed stream quality (contaminan
installation upstream of the hydrocracking react
the hydrocracking catalyst



At mospheric Resi due i Dlelsau |l dweantzwmali odheval uat i on o}

An Especial Case oi | can suffer due to he
With the start of r%/naﬁe d S/ %nr—n}to h gf\&ces'
regul ati on over the uallt))' a3 R eters
marine fuel oil ( BUNKE®N ¢ ebmet hreefti emehrso laongdi e s 1
crude oil producers stwildelgyuecsotnisoind ewheadt i wi Itlhebed
t he mar k et behavior ifrmcet hée o | M®e 2nMe2wW scenar
regul ation. The I MO 20686 ulrpehguwriirzeast i @ n d ecefp at mos
reduction in the sul furi meongt amt adfl owheotmaonheg t
fuel oil from the currehe 3 new %riemgurmadgs otno MU0
% i n mass, | eadi ng t o iampnreocveesnseintty @ff ¢ Iha&ngoetsher
in the production procreelsi aobfi Itihiys aodfert hat idwevnatt
hi gher control of sullifue FEC€&ntoaenthydmocrheking.
processed crude sl ate Fj/guhe redf,i netrlse at mosphe
To refiners wi t h ade(%ﬁ%n{?n hbgo:‘t:jtionar Lpdaéhre bo;ltsotml
processing capacity, 2 Ry ulation tend
to @obe a great threat and can represent a
good opportunity t o rai se t he profitability,
considering the competitive advantage which
the high complexity refining hardware gives to
these refiners
Air-Coaler Gas
Pump Crude Ol
——— Sour Water
Crude Oil |
| Pump Naghtha
Products or Pumparound . cRuDEGL
Keresene
Desalters z [~
z §
H k]
o : 2
3 3
% —;; Light Diesel
s 3
8
Atmaespheric Gasoil (Heawy Diesel)
Pume CRUISEOII.
Atmospheric Residue
Pump
Figuigypical Process Arrangement of Atmospheric |Cr
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e heteroat oms |l i ke Beslibfer Janutar ggerf, 20Rd, t
al s tend to concenmaraitree ifruet hei he@BUNRKER) [
ctions of t he crudtheoidi,l uthen adadfmosa@dheuicr es
idue drags a major phartamf ftrloen cvoanctuaum néing tsi | |
sent i n t he crude debabphaQonesdi deil ng(toherefin
rent quality andol venvi rdbemamemhallt i ng uni t
ui rements over the sdeemept wvehbh, | ipplstter i ®rr e a
atments are requiredycaliemi ﬁ)'gl)toaneldugca% t diel s,
tami nants content Hingauirnel y5. sul f ur and
rogen) in the derivatives.
Vacuum Residue
Deasphalted Oil Marine Bunlker
Fuel Pool
Diluents (LCO, Gas |
Oils ) |
Figui®dMabi ne Fuel Oil (BUNKER) Production Process
I MO 2020 makes n Begonar y ha shbuetftuerr r emoval,

trol of the sulfur attomosemeér iicn t dei dsuter e &dmsir o
|l ied as diluents inubhht DPBUNKBRepr dduwc tpiaornt,i al
refiners with high nbiottrtoogne nb aarnrde | r ecsoindvuearls i @anr b
acity the control otat hAeysiu¢c fuydrcogne matti o m e
uum resi due t hrough t he at mospheric

i due applying h yAmomdge s @ h e h uarvi azialt a bolne at mos
i mizes the necessitlyydrfodterseud tpnmeunrti zaft i onherech
eams as wel | as cagouobeoi dhet heRCD%¥ePnoofocrBbnir
| est streams |l i ke deeekbpeddby etUOH u€@d mpaasny,
uents in the BUNKERpré""thyctAixoenns Company, t he

u Uri z RH LD""by Srh éé Com nyY, —and
hhydrOdesr(-:!spihdure agéﬁ?ﬁgﬂl ad%(i) gf%'lallzed
I

S w”w
o T

ric
ogic

> O

chall enges compared with
hydrotreating proEegareappl ipgesemnmt ftimeal basi
i vati ves i ke di edsiealgr aannd f ogas alhiene ,/RCD Ui
sidering t he high tceoanhmomli @yntisy dOPt €rotmpany .
nly metal s, and the residual carbon due to
high concentration of resins and
haltenes in the feedstream.
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Fixed Bed Reaclors
—

Residue —l

Fecd Feed

" Filters Hot
Separalor
H2 g
Makeup

: I l_g_‘ Fractionator

H2 ] Gas
' e
Purge —> Naphtha
To Fuel Gas
— Distillate
Cold
Sct?b%ar Separator -; o Hot
0.
Flash Flash N Hydrotreated

Residue

Figui®doO® RCD Uni®Whttmmns mlger i ¢ Resi due Hydrodesul phurijza
Company Website, 2019)

The role of t he at mosprhthesr i @o nbyidmraotdiecsru | @b UMD - i s
zation unit in the refBaoéeriyegotes bheyydornodd easl ul | opwhi unrgi
the production of | owwbul €urt heudli / Mbl ,comhi rha tgih
compl exity refineries ftore hbhwdtodesni applgieamadt iasn
feedstock treat ment stseaptutraati:onveleaconormsnlts

as FCC/ RFCC, hydrocrackln d

coking. The reduction Slgu (pzﬁéct}érpaaqrﬁoas fhoerart'%cnt Cehs
and resi dual car bon prno ortse|dn h
atmospheric residue hy§98& upo/Rulr J‘g eurﬁ ap
significantly ralses he ?Im?OPS% : %% Céé
produced by down str tn S o nd g\giv%'lﬂl) e
rai ses the catal ggjg Ej:en%)f deept 0%%
processes i ke FCC al\p{] J)dé(r ta(g% ,{ﬂjﬁer hydr
contrlbutlngtoreduceﬁ%nsbrla)}l gtélytlc
The process condi ti ons e ntoevned mébalbse amsoecalled
severe i n t he case oft oatpmoostpehcetr i tch er ecsad tdailey st s
hydroprocessing. Threeact ofresedsathodc k i mpr ove t h
characteristics | ead tIoif&cysﬁ:kong tendency of
coke deposition over he cat S

hi gher hydrogen partia|5u§rr é) rr]ﬁeé( (goui\t/ir :
t o fixed bed reactorspsa huerlzafa %lh ar
temperatures (380 to 4g§m§ ed with hydrotreatln
The hydrotreating proctesproxfesaitmpspheri k!l at es
resi due i s nor mal |l vy cbhadbthaidd. i Mhdi medt biedt ens
reactors and the most pmpdeoysed ceadaltysta aereessi
Cobal't (Co), Ni ckel (NuepnhcMohybdgatemyg Mof) , cat al
and Tungsten (W), normadid ogg eirmpmarkastoecsi adndnmor e
bet ween them and suppphased soevpear adliomi sy st ems (
(Al 203) .
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The Challenges of Renewables Prdcessing in Hydrot

The Hydrogen Matter

Despite the advantages of environment al footprin
renewabl es processing presents some technological
chemical mechani sm for the processing of vegetabl
Decarboxylation
co,
o I o=<R‘ 2 > "
\_/R1= R2 n'cn
S0 (o) >= 0 Propane — —
o) >0 / _ | Carboxylic o MCy
(K " i - nC
. /‘ \o/ /“ fatty acids 77 \ a
O H, 0% H, H, CO +H,0
g R, >n'C1s
Olefin bond Aliphatic n-Cyq
saturation chain removal
Figui€heémi cal Mechani sm of the Renewabl e Feedstr
(Article by ExxonMobil Company, 2011)
The renewable streams have a great number of un:
which | ead to high heat release rates and high
necessity of higher capacity of heat removal fror
t o t he catal yst s. The mai n chemical reactions
hydrotreating process can be represented as bel ow

RCH=CH2 % RBRAXH3 (Olefins Saturation)
ROH + YHRRH + H20 (Hydrodeoxigenation)

Where R represents hydrocarbons.

These characteristics |l ead to the necessity of hi
as well as quenching systems of hydrotreating r
reduction of processing capacity to &bsiompbortthaentr
consider a viability analysis related to the wuse
hi gher necessity of hydrogen generation implies i
reforming process that is the most applied proces
CH4 + H20 = CO + 3H2 {(ES'tdeoa rh eRarficcr) mi ng Reacti o

CO + H20 = C0O2 + H2-Exother(nmdiha)ft Reacti on
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This fact |l eads some technology l|licensors to dedi
hydrogen production on | arge scale in a more sust
can offer promising advantages:
T Natur al Gas Steam Refor mi hlge wdi drhboCardamt uCaep t tue a
cost can be Iimiting factor among refiners,;
T Natur al Gas Steam Ref orTnnien gmaai pnp | dyii fnfgi cbuilotg aisn t |
reliable source of biogas as well as their cost.
1T Reverse water gas shiftiQreecdfi otnhdg CO®s t= &it2t r+a cCtO
mainly to produce renewable syngas,;
T El ectridhesitechnol ogy is one of the more promi si
Refiners and technology developers are |l ooking
industrial scale with | ower CO2 emissions and so
competitive in the future, as presented in Figure
Grey Hydrogen Blue Hydrogen Green Hydrogen
Fossil fuels Fossil fuels Biomass  Renewable
energy
Themo-
: o, [—
chem:ca} capture Water
conversion Biomass J
g
Coal Coal processes Electrolysis
gasification/SMR gasification/SMR Gasification
» Hydrogen « : J
Solid hydrogen Liquid hydrogen Gaseous hydrogen
Transport (chemical storage) at-253°C
& storage '
»H,«
Transportation (Pipeline, Truck/rail, Ship)
As chemical As fuel
Ammonia/ Refinery Iron/ Power/ Heating for Transport
fertiliser steel/mining energy storage/ buildings (heavy motor
power and industry vehicles,
integration ships, planes)
Figuiely8rogen Lifecycle and Potential Applications
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Despite t he advant agds exfpostehde almawe,n t he hydr
production routes of hiydsragkey mheyemreosteéefinem
devel opment and poor artetlryacdn v€attal ytthiec nResftor mi r
part of the refiners, hywdndgemupredtucedenar itohitsh
refiners to |l ook for mompoxd f iacireenlte vamdr agd rotn s o
aiming to optimize thenehywbmrkgehedbamiamge athhei mpo
refining har dwar e as sweallrilce asf ahpypdiryog €®2 I n som
capture technol ogies (tththee ddnniaen dr obuyt ep et rionc htehmii < a
sense an attractive arhdaiem naél geanicse tod apel xat e
technol ogi es capabl e tt v e r erceofviemiynghyldaodwar e i s
from ref-gasey ahnd appleynecanitom! agai nst t he pr
strategies capable to amiomiamiizes .t e gbhydr ®@g emr esen
|l osses to flare systemhydrogen network in a crud
high hydroprocessing capac:
Steam ® Primary H, Producer Catalvii m Reforms Naphtha to Reformate for
Methane (99.9% Purity) atalytic Gasoline Blending
Rk m High P Steam Byproduct Reformer m H, Byproduct (75% Purity), can be
purified with PSA (99.9%) or AGR
(97%)
360 psig CCR - 50 psig (3 bar)
(25 bar) SCR - 220-430 psig (15-30 bar)
eessssssssssssss H2 HEADER
2000 psig
(140 bar)
Hvd k 220 - 725 psig Diesel 90+% Purity
rocracker .
Y (15-50 bar) HydrO"eoter Reformer Vent
(70-90% Purity)
Vent (60-85% Purity)
. Naphtha
PSA 99.9% Purity Kero Hydrotreater Membrane
Hydrotreater
Vent Vent
(65-80% Purity) (65-80% Purity)
FUEL SYSTEM
Figui&gxample of Hydrogen Network to a Crude Oill R €
In refineries with bottlenecked hydrogen generat |
units is fundamental to ensure compliance with tF
becoming a fundament al enabler to profitable and
Nowada&s hott uncommon to find refiners operating
objective to hydrogen generati on, especially to |
gasoline pool
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Hydroprocessing Cataly@tassalysts applied in hydro
_ can amor phous (al un
The hydrotreating Catsa||l)é|$cha$n| nanNe aM®@r Maysdal |l ine
composed of metal sul fhigd&s piff yGlcQYyR Yl " CcWaract e
and Mo) or/and Group V¢jdidckiNhgandae®) oradr r¢iend tn
by an oxi de l i ke a'hwrﬁl'rrbagenazeooln'tf—’inorthe me t
si lalcuami na. The OS§i muemRhey@adl y. The active
combinations i n tradth|§n Irocaggrcatreeqqtolrr]&uy
processes are Co/Mo (CRbabmbMAhYPBAN WM nobl e
Ni / Mo (Nickel/ Mol ybdepgm), and Ni / W
(Nickel/ Tungsten). The Co/ Mo combination is
nor mal |y applied to IlGhyhreecetssalrfyurti @ athiawre a S
reactions once presentbet wsasn adthievi tgat &aby $itar daenrd
reactions as hydrodbechauegendthieon cracking re
aromati cs saturation, exot hehense amdeshet hheydr oge
catal yst selected i sarbasadotber MmNt/ Mseo the re
combination while the NhHWr c dti aglhy sptasr tiisalaphpy drealg e
to deep hydroprocessingherbobempeerat wherkesthentr ol
mai n objective i s amematsis@as y shburcdnwear.t t he
Nor mal | vy, t he hydropr ®despsitreg t heactbasaatreer i st i
filled with a combinagl obhalof pthesses catsal extos$ he
ai mi ng t o opti mi ze t heacpteirofnor ma& mpe r aatnudr e cont
operating costs. mad e through col d hydr o
bet ween the catalytic beds
Some promoters can be added t o t he
hydrotreating catalysts ai mi ng t o i mprove
performance in specific cases. Phosphorous i s
added to the Ni/ Mo catalysts with the objective
to i mprove the hydrodenitrogenati on activity
and the Fluor is applied to improve the catalyst
performance in cracking reactions through the
hi gher acidity in the <carrier, t his i s a great
advantage in mild hydrocracking processes
To hydrocracking units, the catalyst activity 1is
desired conversion, which is defined by Equation

Conversion ((F#%)acst iJonl with Above TBP in the Produc:
Feed))] x 100 (1)

Where TBP is True Boiling Point, which represents
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Deactivation of Hydroprocessing Catalysts

The main deactivation mechani sms of hydroprocessi
1T Met al d eipReed iattieadn t o feedstock characterists and
T Active phase siRdleatiendd tpa oxcwers temperature and r

T Coking deipReslidatieoch t o the processing conditions
operating issues. I't is considered the only rev

The metals depositionThe taebontyvatfifectieyd Dydi um
Ni , vV, Pb, As , Si, Fa,heansdi | N@.on Ni(ckie)l mrmalc e s s,
Vanadium can be presenpr oicse stseeasv itehre ffreaecd i omrst a mi
of crude oi l and plugi $he gre atl ycso sc egrom eonacned t h
act as coke precursorssotiicanch EPPModamd Arhseenmeut r :
(As) can react with tHenatitowe @fhastehse (mgtdalocr a
sul fides) l eading t o lseiandtienrgi nd o praocedsrsastaind re
consequently reductionc orfv eacstiiovne ([Elpaisag i aned ) .
Pb is find in naphtha fractions and Arsenic
can be found in all pe@?'él@gmdiepééﬂtbl"}’@ is relat

of hwi egi hg h t mol ecul es (heav
Contamination by silicaomd oasphal nemena) | prdaent i
to the injection of s|'IThecomohaseddepcoosmlpt0|uonnd5|sn al
t he crude oi | extradtihygndr ogteem t i aomd, in cracki
downstream processes Ipiok g mOei agedomMokeagti on of
uni ts wher e af @oamippdg i ademtheacti vati on occurs th
The silicon acts reducofmgcabhel garé§aperasedl actin
plugging the catalyst fpoom,t heatdiydgotarhosetver eéh
activity reduction. presented in Figure 10

Fluid Flow

Catalyst Pore

Catalyst Carrier
Catalyst Carrier

Active Sites
Active Site

Fluid Flow

Fi gurieRelact ant s and Products Flows in a Generic Porfo
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The coking deposition BHheso arcedwdeaey tdfe aotdirwd r ec
surface area and i S monmablked ftonrloowmgehd tihy t empe
met al s deactivation,reacmaidebyred towontami nant
hydroprocessing units sudefduirc)at eedn ttohetrpmatbdoduct,
bottom barrel streams.temperature being | imited
) ) l'imits of the materi al app
The Coking depositionyahp éog,gggorjrsocpeosssltnlgveulnyt_
affected by temperatur e negatively
affected by hydrogen pTaHalmbstprdxslsmvmetebcyhntohlosgy
reason, hydroprocessingyduowiptr ® casediicgateat atloyst s
process heavier feeds Adpbeernmaatrelse, un Eexrx omiMgoh et | U (
pressures with the maiRrefbbjBgtiVechmoIporgoite%ct ( AF
the catalysts that areCries@oinemnbl eChlewrgmealtumprud
of operating costs of &ahe BSkéihe€satalysts Compan)
I n severe hydrocracking uni t s, an i nhibition
effect of the NH3 over the catalysts can be
observed due to the acid function neutraliza-
tion, in these cases this issue is minimized
through the gas separation between the reac-
tion stages, as presented in Figure 11.
Make Up Hydrogen Hydrogen
First Stage Reactor
Gas + LPG
Hydrotreating Reactor Hvdmglen ¢ "-
FEED Separation —
B Naphta
Sour Water
Water Distillation Kerosene
Column
- Second Stage Reactor
Fired Heater
3
Diesel
ydrogen ration
Gas Separation rvrs sepai' ' _\l \"'""/

1—‘:)‘ ———— Residue
Sour Water

Water

Recycle

FigurieTylpli cal Arrangement for Two Stage HydrocpfF a
I ntermedi ate Gas Separation




How to Contr ol the Pressure Drop in Fixed Bed Hyd
The main causes of hi gh pressure drop in hydr o
di stributors and trays, particulates which are
species |like olefins and asphaltenes, and the <co
pressur e, i nadequate distribution, or hot points
participation of renewable raw materi al in hydrot
to the higher heat rel ease, concentration of c hei
number .
Among the available strategies to mitigate the p
react®rpossitble to quote:
T Filtration oifT htihse sftereadtsetgoycki s especially i mport
units due to the presence of coke particul ates;

T Antifouling dosage inifThe mapdmomwrbg eaeddivieg hemiet

corrosive process, avoiding the drag of corrosi
1 SacrificialThCat asltyrsaatsegy i s applied mainly in
processing bottoms bappklecdctaehimgh Iipbobrosity <cat
retaining particulates and contaminants in the

f Grading iICahealgrsading is applied to retain the <c
bed through t he-ascpplviec artaitoerr ioafl .non

The size and shape of the catalyst particles ha
hydroprocessing reactor as well as the catalyst |
aiming to improve the characteristics of tMe cat
catalyst shape which, among other characteristics
bed I n dense | oad, one of the <critical par amet e
cracking during the |l oad, raising the fines produ
During the startup of & hiemphgrdtrarmptr otce san algy aienitthse i
avoid great quantity of liquid in the catalyst be
vaporize abruptly during the final steps of the
pressure drop.



As aforementioned, controlling the catalyst || ifec
strategies adopted in the | ast years is the wuse
protect the catalysts, ensuring |l onger and most p
The main objective of the guard bed is to protect

T Particulates from the feedstock that can be dr
corrosion products that are capable to produce

T Heavier hydrocarbons capable to | ead of <coking
T Chemical unstable hydrocarbons capable to produ
T Metals and catalysts poisons |ike Ni, V, Fe, Si
As aforementioned, due to the higher concentrati
common in hydroprocessing units dedicated to pr o«
Normally is applied a grading strategy in the cat
di ameter and activity to the <catalysts, keeping
contaminants acting as a filter, protecting then
Figure 12 presents an example of hydroprotessin
technology by Al bemarl e Company.

e HDM and olefins saturation
Guard | « High void fraction
e Wide pore NiMo catalyst works well

¢ HDS and some PNA removal

Zone 1 ¢ CoMo or NiMo catalyst works well

¢ Hydrogenation limited by organic nitrogen inhibition
¢ High HDN activity desired
Zone 2| , Medium to high pressure: NiMo preferred
e Low to medium pressure: CoMo preferred
¢ Enlarge Zone 3 with higher denitrogenation catalysts

¢ Nitrogen-free zone
Zone 3| . Uninhibited hydrogenation activity
¢ Use catalysts with maximum hydrogenation for volume swell

FigurieExla2mpl e of Hydroprocessing Catalyts Grading (L

In Figure 12, the guard bed wil!/ be responsi bl e
met al s) to the next catal yst sections as well

particul ates concentration, keeping the activity
uni t .

Among the most known catalyst protection technolo
Cat TMapchnol ogy developed by Crystaphase Company
bed acting as a filter to particulate materials
catalyst bed.
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For uni ts dedicated tToh et r eiam c rbecatstionng b arreledvanc
streams, t he hydr opr ocheysdsrionpgr oc aetsali yngt nteeecdhsn ol o g
present high activity domwdhsbeeanmnsiisntdaurstt rtyo rtehgeu i
high contaminants contaententisan f urr,omninefoigreer,i es
and silicon), s ome compoafniteasbh| @avaend beend i abl e 0
dedicated hi s ef fortsunti ¢ s.deVkdé oguacalt ableydtsi ct e c h
systems capabl e to i mptoreémat rtchleesseto all ow t h
requirements, as e x agmopal le,s aef prtehseesnet e d i n Fi
technol ogi es we can™ guwcthenolt bbgi eSTAREnN i mprove
system by Advanced Refmanneg Tewccehnopegiaés onal (.
( ART) Company, ™ tshyest ddlWdT¥processing units.
developed by UOP ComMpany, t he SENTRY
catalysts by Criterion Catalysts Company, and
the-4BKRO Sil i™lbyw Haladdor Topsoe
Company. Figure 13 presents a comparative
study developed by Haldor Topsoe Company
related to the i mprovement of the cycle | ength
of a napht ha hydrotreating uni t applying
grading particles to control the contaminants
content over the main catalyst.
Pressure drop development over time in a naphtha hydrotreater
® Cycle with Topsoe's grading @ Cycle without grading
2.0

= 28
16—

=21
Z —ldg

-7
0.4 —
0.0 T T T T T o

1] 50 100 150 200 250 300
Run days
FigurieCylc3l e Length I mprovement in a Naphtha Hydrotrjes
(Hal dor Topsoe Company, 2020)




TrayHea

Tower Inter

rt

Design

TrayHeart is a professional software that performs hydraulic calculations for all types of tower
trays, random and structured packings and liquid distributors. The development of TrayHeart

started in 1998 and was continued jointly by universities, companies of the chemical industry
and tower internals suppliers. TrayHeart ...

is based on multiple calculation models and large databases of packings,

float valves, fixed valves, bubble caps, and liquid distributor templates

is a supplier-independent tool. There are no preferred product
placements or promoted designs

considers static dimensions, manways and fastenings
offers an interactive 3D-view for all designs

can be used for single stage, profile and data validation calculations

has a unique, logical and multi-lingual user interface,
with multiple input and output options

applies hundreds of online queries to check the feasibility
and limits of the calculated designs

is a well introduced software many companies have relied on
for more than 20 years

has extensive documentation and : :
is licensed on annual basis For more information:

www.welchem.com
service@welchem.com
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Processing Extra HeavnyCrmdhes reason, according
phaltenes and metals 1in
The Deep Hydrocracklngaﬁglu ddPPgt ed more versatil
. degq
Refiners processi ngealv |n% ternasure an a
(or high sul fur) crude@s% aace&r(\5 agfre:ft gﬂé\leléhélg
to meet the | MO 2020 pshceypiols eidS ahBebalveye MrhiXdrea o |
di fficult to comply wjitthp thh,eghnq;v@gntrglg“uﬂ]@ﬁtlgnco
through carbon rejectipdeptechhnPbrgi 68 te@hhbl 8gi
case, the hydrogen addjgty odwuat|e, thynorlé)@merserﬁlernets
fundament al oi |l . Hydrocracklng technol
The hydroprocessing 3 hllg duanver‘T‘rlons‘s0 he'rgahtelr‘
presents addi ional |§ Ei,ljl Q egn nlﬁlb el?t ]
co_mpared wi t h he treati’ng er streant1
mainly due to he highgpec H“)loa cnraaﬂdksl anO”ter”otcess
and residual carbon (BGERMuGE4® gﬂdwﬂtae¢§ﬁe
high concentration of jeéesh nteﬁgorbqaq%p@% tt ehmas v
in the bottom arrel sdggamses §d9did ep dtdwsS P WH5
a schematic agram ppéce§§e serveesr'lquy droc
upgrading technol ogi esprgprchelsise dy qlcéq;(@redl\,réglg 0
the metals and asphalg¢gpesarcy nitreqigy giah bhﬁs t o
feed stream converted into |ight and
Hi gher metals and asph%'ltthenhe'sghconatlent aldeddEdt'o
a gqguick deactivation of the catalysts through
high coke deposition rat e, catalytic matri X
degradati on by met al s I i ke ni ckel and
vanadium or even by the plugging of catal yst
pores produced by the adsorption of met al s
and high molecul ar wei ght mol ecules in the
catalyst surface
40
=
S~ N
B 30 slurry
o
L
2 90 ebullated bed
L
—
< .
=S fixed bed
as]
resid FCC
0 | | T T
1 10 100 1,000 10,000
metals (ppm)
FigurieRelsdi due Upgrading Technol ogies According to
(Encycl opedia of Hydrocarbons, 2006)
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Despite the high performance, the fixed bed hydrc
effective to treat ress-hdaey fdoem heavyheardhorKkt roe
Technol ogies that use ebull ated bed reactors and
campaign period and higher conversion rates, amor
H-Oi | and™Heecahbl ogi es devel oped byrFi Axegs PCompgas
Chevitommus, and™phecdgsomy Shel]l Gl obal Sol uti on:
temperatures above 450 AC and pressures to 250 b.
di agram fomMMpg b€ess uni t , devel oped by Chevron
H-OiMprocess by Axens Company is presented in Figu

Hydrogen Make-up

Gas Cooling .

Purification & HDT Naphtha

Compression
EURO V Diesel
Vacuum
Residue
uco
LC-FINING Reactors Heavy Oil Product Clean Product
Fractionation Separation Fractionation

FiguriePrlodbcess FIl ow DiFd gqri™ige dfhomolLoaCgy by CLG Compan)
Catalysts applied in hydrocracking pr eadeusrsiensa)c aam
crystalline (zeolites) and have bifunctional char
sites) and hydrogenation (in the metals sites) ocC
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Heater

Inter Stage
Separator

HP-HT
Separator

HP-LT
Separator
Cooler mm

MP-LT
Separator

MP-HT
Separator

Naphtha

Atmospheric
&

Vacuum

H-Qil®
Reactors

FiguriePrloec es s

Fractionation

Fresh
Catalyst

FIl ow DOiddgrr @m efsar

by Axens Company




provement in relation

ve conversions higher than 95
rocess ( Hy-Oir ocir-ldjckti mgne at ment ) ,
mbi cracking Prcomemes ci{ ¥CCxed by
Slurry Technology) developed by
oped by UOP Company. Figure 17
ol ogy by KBR Company.

to ebull ated bed
%. t
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t echi
I n his ¢
deveilt eped, |

KBRpCompany,

Mt elcihaaro | otgayt

presents a b

FigurieBals7Zi c Process
KBR Company

Arr ahgleurernt Hydr odCrCac ki ng Dbly

(KBR Company,

2019)




