PROCESS FOR REMOVI NG POLAR COMPONENTS FROM A PROCESS STREAM TO PREVENT HEAT
LOSS Field of the Invention 100011 The present invention relates to the
renoval oWopolers4senponents froma refinery process str@amiuskev9pssos? cul ar,
the present invention relates to the renoval of polar conponents froma
refinery process stream which does ndt require the cooling of the process
streamin order to renove the conponents. The present invention relates to
a process for the renmoval of H2S and NH3 from process streans. Background
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contam nants is inportant SITRIOAWWBETOEPRENVENESHEST A/3SS ypically both sul fur
(S) and nitrogen (N) sensitive. The current processes for S and N renoval
arc |low tenperature processes. Currently, there are no high tenperature
comerci al gHeldfdhe Inventighhar ating pol ar contaminants (such as H2S and
NH3) avail able. H2S is usually renpbved by an absorption process using
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a water wash. After the renoval of the contam nants and before further

processi ng, rehecrppomessstistime dmpantgsiar, blec prefmmatrodntian wlagasdo ¢tk remoperat ur es.
This coolin nd subsequent reheating of process.sfreans, however,.results
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removi ng contam nants such as H2S and NH3 from a process stream The

hydr ocar bon rskatas 4ori peosssssior theremori} @f bbb ead Bt fomy progessstganat ur e of
approxi mately 600F. Before the stream can be processed in a reforner 14,

the streami %gg E% ;;2 IT ﬁr- re heat exchangers. The streamis cool ed
from 600F t B P(E .hg fiv tloﬁﬁ drum or vessel 12, a portion of H2S, NH3
and other |ighter conponents are renoved fromthe remaini ng heavier
conponent s i[A02heMpyoloe psocehy @eams Tineefpeoncess cadleeanmenovt pelarfed to a
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than 2 PPM | gNglstre 28 hRICBs st Sre RYAEABvoth sulfur (S) and nitrogen (N) sensitive. The
current processes for S and N removal are low temperature processes. Currently,
there are no high temperature commercial processes for separating polar contaminants
(such as H,S and NH3) available. H,S is usually removed by an absorption process
using amines, methanol, etc. NHj is usually removed from the process stream with a
water wash. After the removal of the contaminants and before further processing, the
process streams must be reheated to elevated temperatures. This cooling and
subsequent reheating of process streams, however, results in a significant heat loss

and increases the amount of energy required for processing the streams.

[0003] Fig. I illustrates a current process for removing contaminants such as H,S and
NH; from a process stream. The hydrocarbon stream passes from a hydrotreater 11 at
a temperature of approximately 600°F. Before the stream can be processed in a
reformer 14, the stream is cooled in one or more heat exchangers. The stream is
cooled from 600°F to 80°F - 100°F. In flash drum or vessel 12, a portion of H,S,
NH; and other lighter components are removed from the remaining heavier
components in the process stream. The process stream is then fed to a stripper 13 to
substantially remove the remaining portion of H,S and NH3 such that the appropriate

levels remain in the process stream (e.g., less than 2 PPM level) before the process



- 2 - streamcan pass to the reforner 14. The contam nants renoved in the
flash vessel 12 and the stripper 13 can then be fed to other processing
equi pnrentwO2o0foomofsur t her processi ng. The process streamPChatS2009/05306 of
contam nants (H2S and NH3) is then reheated to a tenperature of 950- 1000F
for processing in reformer 14. This priorzart process is inefficient
because the process stream nust be cool ed“and subsequently reheated. This
results in a significant heat | oss even with heat integration, mhere the

wi t hdrawn heat is used t e t ot ocess. streans. .100041 There |
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that heat | oss can be prevented and the overall process can be nade nore
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present inventi rovi de th for. renovi.n ar ¢ ents froma
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within the refjoesy 1sahefmle@t pMaLRGhE BRIREJsAtUAE mdsnb@s@&écﬁmmqhbnﬂwe
present invention, the process streamis fed to a first adsorber unit to

renove cont dahasiadt Thivresuisinagigifidant heat inss even with beat éntegrademmwierrether ocess
streamis pr.o ﬁﬁﬁgggh&%gp&%ﬁgyﬁavpﬁﬁ¥gﬁgﬁalBg&ﬂynlt to renove sul fur

cont ai ni ng contam nan ni'’ng ‘cont am nants may i ncl ude
H2S. The process streamis processed in the first adsorber unit at
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the hydrotreater. The process strea ocessF%&g% hin the first adsorber
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process stream and produce a netal sulfide,” a desulfurized process stream

and wat er. THffcinmtal sul fi de nay be exposed to a stream of oxygen to
regenerate at |east one of a netal oxide and a m xed netal oxide. The

desul furize rocess tﬁean%and wat er may be exposed to at |east one of the
regenerateds#§¥%£¥&¥ﬁ%—3¥gL¥gbenerated m xed nmetal oxide to renove
noi sture fromthe desul furized process stream The desul furized

[0005] It is an aspect of the present invention to provide a method for removing polar

components from a process stream in a refinery process. The process stream is
processed within the refinery at an elevated temperature. In accordance with the
present invention, the process stream is fed to a first adsorber unit to remove
contaminants containing sulfur from the process stream. The process stream is
processed within the first adsorber unit to remove sulfur containing contaminants.

The sulfur containing contaminants may include H,S. The process stream is
processed in the first adsorber unit at substantially the same elevated temperature as
the process stream exiting the hydrotreater. The process stream is processed within
the first adsorber unit by exposing the process stream to at least one of a metal oxide
and a mixed metal oxide to remove the sulfur containing contaminants from the
process stream and produce a metal sulfide, a desulfurized process stream and water.
The metal sulfide may be exposed to a stream of oxygen to regenerate at least one of a
metal oxide and a mixed metal oxide. The desulfurized process stream and water may
be exposed to at least one of the regenerated metal oxide and regenerated mixed metal
oxide to remove moisture from the desulfurized process stream. The desulfurized
process stream is then fed through a second adsorber unit to remove contaminants

containing nitrogen from the process stream. The nitrogen containing contaminants



process streamis then fed through a second adsorber unit to renove
contam nants containing nitrogen fromthe process stream The nitrogen
cont ai ni nyocorwmamisnants - 3 - may i nclude NH3. The pro®eTAISIIAAIVT S
processed within the second adsorber unit to renpve nitrogen containing
contam nants, where the process streamis_processed at substantially the
sane el evated tenperature as the stream eRit i ng the hydrotreater. The
process streamis processed within the second adsorber unit by exposing the
process streamto at ast one of a nolecul ar si.eve and zeolites to renove
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0007] The i ti il b i bed ' ti ith th
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el ements andeypBAEHM metal oxide and a mixed metal oxide, wherein the process stream being

exposed to the at least one of a metal oxide and a mixed metal oxide to remove the
sulfur containing contaminants from the process stream and produce a metal sulfide
and a desulfurized process stream. The system also includes a second adsorber unit to
remove contaminants containing nitrogen from the high temperature process stream.
The second adsorber unit removes the nitrogen containing contaminants at
temperature substantially the same as the elevated process temperature. The second
adsorber unit containing at least one of a molecular sieve and zeolites to remove

nitrogen containing contaminants from the process stream.

Brief Description of the Drawings

[0007] The invention will now be described in conjunction with the accompanying

drawings in which like reference numerals describe like elements and wherein:

[0008] Fig. 1 is a flow diagram illustrating a conventional process for the removing

contaminants such as H,S and NH3 from a process stream;

[0009] Fig. 2 is a flow diagram illustrating a process for the removing contaminants

from a process stream in accordance with an embodiment of the present invention;



100081 Fig. 1 is a flowdiagramillustrating a conventional process for the
renovi ng contam nants such as H2S and NH3 from a process stream 100091

Fig. 2 isweaz2hloomwgitagramillustrating a process for thePCEMS000H33067

contam nants froma process streamin accordance with an enbodi ment of the
present invention; - 4 - 10010j Fig. 3 ia a detailed flow diagramof the
process for renoving sul fur containing contam nants fromthe process stream
i n accordance with an enbodi ment of the present invention; and 100111 Fig.

4 is a detailed fl.ow diagramof the process for renoving nifrogen. .
cont ai ni ng d8H'% igahibd o%r%ﬁ#?lﬂ@v_ %ﬁ%}%@s%f t_@q PTOSHH o TRROYTEAHL T Ainfanign
enbodi ment QbntfiinAfiEREMhé HYRBETsRBam BRER0lRH DR fR hh BHL8inRh: 5 @ker red

Enbodi nent s ' '
present invention; and

[0011] Fig. 4 is a detailed flow diagram of the process for removing nitrogen
containing contaminants from the process stream in accordance with an embodiment

of the present invention.

Detailed Description of Preferred Embodiments

[0012] The present invention will now be described in greater detail in connection
with the figures. The process according to an aspect of the present invention is
illustrated in Fig. 2. The hydrocarbon stream passes through a hydrotreater 11 at a
temperature of approximately 600 °F. Following the hydrotreater 11, the process
stream can proceed through a sulfur adsorber unit 20 to remove sulfur containing
contaminants (e.g., H»S) and a nitrogen adsorber unit 30 to remove nitrogen
containing contaminants (¢.g., NHs). Unlike conventional processes, the process
stream can be processed through the absorber unit 20 and unit adsorber 30 without
cooling. The process stream, which is substantially free of contaminants can then be
fed to the reformer 14 where the process stream is further processed at an elevated
temperature 950°F — 1000°F. The present invention provides a significant advantage
over conventional processes because it is more energy efficient because there is no

need to cool the process stream.

[0013] The process for the removal of sulfur containing contaminants and water will
now be described in greater detail in connection with Fig. 2. The process stream is
fed through an S adsorber unit 20 containing a metal oxide adsorber and/or a mixed
metal oxide adsorber. The S adsorber unit 20 preferably removes H,S from the
process stream. In accordance with the present invention, the metal oxide adsorber
for adsorbing H,S may be an oxide of Zn, Fe, Cu, Mn, Mo, Co and/or V. The present
invention is not intended to be limited to solely to these metal oxides; rather, other
oxides are considered to within the scope of the present invention provided such

oxides function to adsorb H,S. In accordance with the present invention, the mixed



10012] The present invention will now be described in greater detail in
connection with the figures. The process according to an aspect of the
present iwoentowoamsiss illustrated in Fig. 2. The hydr ocaPb®russimasinpasses
through a hydrotreater 11 at a tenperature of approximately 600 'F.

Foll owi ng the hydrotreater | | , the process stream can proceed through a
sul fur adsorber unit 20 to renove sul fur Containing contam nants (e.g.,
H2S) and a nitrogen adsorber unit 30 to renove nitrogen containing

contam nants (e, g.. . Unlike co nti onal .processes, the process stream
can be procégéé&%&liﬁ%g%?ef aQ&ngﬁgaﬁlﬁYth{EﬁgﬁmQ-e-aageﬁlbl@ﬁﬂ%*bé i t hout
cooling. Thez s QGEBS 0SS, heMBtitdlicciel § cSMBThA bAYAY ahd §8095r gONt am nant s
can then be fed to the reformer 14 where the process streamis further

processed atcombimitionaf evicfempmsreat (n@.. 9bOFrresch0FFEntioRhie npt wgwded forbeent i on

provi des a significant adyvantage, ov caonventional processes because it is
more enor gy BPRAPSR L BARe SRR PER oSN FbYT PR e BERRATI TS r eam
100131 The phasiessd towithihahé soopy¥ aF tHefprésehi MierR AR AHADsueR BL RIS AMdtisn and
water will now be described in greater detail in connection with Fig. 2

The process teefwabi.8. Themetn onighs an Rixed sentdenidenidescribed berewissnvg a et al
oxi de adsor . 1 tal. oxide. rher.a the.: d er unit 20
preferably ﬁgdéf%%d;%{ %%fﬁd;ﬂé%%g k?gg 5?%10%%3% gegltaﬁge{%ﬁ]ag%Az%c\ggl}lgé%c%&é\nlpt h the
present i nveidsorde; udit®. met al oxi de adsorber for adsorbing H2S nay be an
oxi de of Zn, Fe, Cu, Mh, Mo, Co and/or V. The present invention is not
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intended to be limted to solely to thes tal oxides;, rather,
oxi des are daN ﬂﬁefaﬂ?‘ﬁm\%icgﬁmﬁak Wéc%]éﬁ%et}ﬁacte%ﬂb?g?@ﬁiﬁoﬁ%%‘éﬁﬁ%n provi ded
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i nvention, the m xe - nmetal” oxide adsorber for adsorbing H2S may be a
zinc ferriteéeldw:e., a conbination of ZnO and Fe203), a zinc titanite (i.e.,
a conbi nati on of ZnO and h02) or a conbination of zinc ferrites and Ti 02.

The present inveryi is. not ,nt dt ifmted to solely to these

m xed nmetal oxid su;lg&gtoﬁeh oM@efﬁdﬁ?xE’d%tgra 2d(;)nxi des arc considered to
within the scope of the present invention provided such oxides function to
adsorb H2S. The meajgaheratiordesvsrd 31 xed Metab0oxi des descri bed herein can be
| ocated on a mxed matrix or a carrier material such as Al 203 within the
sul fur adsorber unit 20. 100141 The foll owi ng chem cal reactions take place
wi thin the adsor b¥PeGAYEeIescaBAfaftRi ng H2S renmoval using metal oxides or
m xed nmetal oxides are summari zed bel ow. Sul fidation: MO+ H2S -> M5 + H20

[0015] The process performed by the adsorber unit 20 is illustrated in greater detail in
Fig. 3. This process controls both H,S and moisture in the process stream. In Fig. 3,
a zinc based adsorbent is provided to illustrate the process, but the present invention is
not intended to be limited solely to the use of zinc. The process stream is fed from the
hydrotreater 11 to the sulfur adsorber unit 20 at substantially the same temperature as
the temperature of process stream as it exits the hydrotreater 11. The process stream
or feed is exposed to the metal oxide or mixed metal oxide (e.g., ZnO as illustrated in
Fig. 3) at 21 where the H,S is converted to a metal sulfide (e.g., ZnS as illustrated in
Fig. 3) and water. In this sulfidation reaction, one of the reaction products is H,O.
The desulfurized product and water are removed from the stream and fed to metal
oxide at 23, discussed below. There is a limit on moisture concentration in the
process stream that may be fed to the reformer 14 because higher moisture
concentrations are detrimental to reforming process. Accordingly, it is desirable to

remove the H,O from the process stream.



Regeneration: M5 + 02 -> MO + SO2 Where Mrepresents a netal. 100151 The

process perfornmed by the adsorber unit 20 is illustrated in greater detail
in Fig. 3vOoThimiptsacess controls both H2S and noi st ure POTIUSR00PNE3D6T S
stream In Fig. 3, a zinc based adsorbent is provided to illustrate the

process, but the present invention is not .intended to be limted solely to
the use of zinc. The process streamis f&dfromthe hydrotreater 11 to the
sul fur adsorber unit 20 at substantially the sane tenperature as the
tenperature of process streamas it exi the hydrotreater_ | | . The
process stre[Ql%6grA&1 A 18 Fé& o_ﬁ@dn?tﬁl SP#@&%F%HOS%&O at aﬁjz%gﬂcq:i’é@%l?h%xi de
(e.g., ZnO afiethl dubidd BlGRethMxiddiec.¢3)Z 217 Vhei shiter dHd=idbs Tﬁ@P%@éﬂc%d to a
metal sulfide (e.g., ZnS as illustrated in Fig. 3) and water. In this
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product and water e renmoved framthe stre and fed to metal oxide at 23,
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stream t hat gRyvieftRGulfar.t Tk MefaP6MBE isliftePOGRVEPOMhIRRIa ®InSdiking the
concentrations are detrinmental to reform ng process. Accordingly, it is
desirabl e t clepdfisized prslupbadiwden at Bé to FieesInestuesfipm the process §aBE As shown
in Fig. 3, t |.fi I t I i 22 . rt,. the
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presence of rexyedenrdnagenalfat @smttheprioedsalstreath 8¢ r&orniathe ntixtwanfopase aused f or
subsequent sul fur _renmoval. The sul fur dioxide SO2 may then be fed to a

O aus pl ant lo Subhgietraoistyes is gerpered ferm thegrraeass sfrcamppeasip gl adygisely i s t hen
exposed to t: I, R i o] : r at 23
to renove ITDlI ?ﬁtﬁggﬁe?%%ﬁ? géagﬂrloc %ﬁggggﬁ%£ﬂ§%hgﬁ%ﬁ§pﬁgg§s§erted to
a m xture ofpedio@nedoh tHo ¢BdyiRr 20kviic be pajorhiednat b eenieustect tha is erbstaatisllyl f ur
fromthe pro&ess stream bI%/ returgtiéersllgr t he m'xtt}re. for uzﬁ at 231. fficient
moi sture i s PeMVEH P SIACHIUTSOS Cesliossss 84FAM 240l ot d el npact
the reform ngotlaghi@ncPal Figr s AQ¥orb&e 0 @fIREIE molthe LERR BRI SARRAREESS
performed in the adsorber 20 can be perforned at a tenpefature that is
subst ant i al Irggenemtionned schytitation efipac adsorensf Théprepend desstien, heanvéremvi ng t he

hydrotreater_ 11. Th ogess,illustrated in Fig. 3 for.adsorber tilizes
2 rovi ng. bed Lt bfmRGals RV pEoSH ablesabos at FLADSPEITERAGR O e
adsor bent . }Ja@cegge‘ﬁﬂmpeirﬂ,y@sahgﬂg alfiQheyed, IS not intended to be limted to
a noving bed arrangenent; rather, it is contenplated the process can be

performed using a fixed bed. 10017]. The dry. praocess stream which
subst ant i al I10¥7} eeheghy pracessrsticams o CHéHl@%a%ﬁmeéﬁf B fys coptaBE-A St IB2Y enpve
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t he desul furize ocess streamis nitrogen adsor
further proabsgicegnt inMeativeniped@atifuzedfprodess greaneis Sedstoreadnvg ddsordbat 8 s t he
adsor ber 30 fl s.substanti al | ﬁ t he sane asf 1tlhe t enperature of tfge Er ocess
Stream | cavitAG e HyaToREC RS e Hred T hepges™ S it eBes Bepkortiid by
the adsor ber3ougiipsahrithy theRQitcAS iRaSEpLARF: bthg pRALE! sudehaldvidgineonnect i on
Wi ig. 4.

hydrotreater 11 (i.e., 600°C). The process performed by the adsorber unit 30 will now

be described in greater detail in connection with Fig. 4.

[0018] The desulfurized process stream is passed through molecular sieves or zeolites
at 31 to remove nitrogen contaminants (i.e., NHz) from process stream. The
ammonium free process stream may then be fed to the reformer 14 for further
processing of the process stream. The zeolite may then be exposed to dry air at 32 for
purposes of regenerating the zeolite so that it may be reused to remove additional
nitrogen containing contaminants from the process stream. The removal of the
nitrogen containing contaminants is accomplished at high temperature (i.e., roughly

the same temperature of the process stream as it exits the hydrotreater 11).



[0018] The desul furized process streamis passed through nol ecul ar sieves
or zeohtes at 31 to renpbve nitrogen contamnants (i.e., NH3) from process
stream TWeO 2amvapisum free process stream may then be fe@Craseés/osmbor ner 14
for further processing of the process stream The zeolite may then be
exposed to dry air at 32 for purposes of ?egenerati ng the zeolite so that

it may be reused to renove additional niffogen containing contam nants from
the process stream The renoval of the nitrogen containing contam nants is

acconplished at high t er rqu t he ajms rature of the
process strdith’ 332[ g"f &‘Hzg \i‘e&lﬁyéﬁ?ﬁtﬁ%"é’f@?g fé%/remo"ago ui’%’(’)g‘gﬁe nifrpgen
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cont ai ni ng contam hants can be acconplished w thout the need of cool ing and

t hen reheat imlpatihg tl]@rpmws stetane altwill be wpparerdgo dppasleh\@d ingh¢ hip geat siiidused i n

departi ng {1 PR Re ALt CH el B e pakp FlPig ort el o ' dhiea

that the prgseRht inkMRdh ahus aVRistchdtd thRdhd pregdnt aRgn@ditlcoidts tag i ons of the
apparatus and net hods herein, provided they cone within the scope of the

appended c| anesifiegitpns ped yaredgionyef Gaesparatugandomaghpgs herein, provided they come

within the scope of the appended claims and their equivalents.



1. A nethod for renoving polar conponents froma process streamin a
refinery process, conprising: processing a process streamat an

el evated tenperature; feeding the process streamto a first
adsorber unit and processing the process streamin the first adsorber
unit to renove contan nants cont ai ni ng | fur fromthe process stream

by exposing the process stream at substantially the sane el evated
tenperature to at | east one of a netal oxide and a m xed netal oxide
to producecaAam®isl sulfide and a desul furized process stream
exposing the netal sulfide in the first adsorber unit to a stream of
oxygen to regenerate the at |east one of a netal oxide and a m xed

nmet al oxi de; i : I i c r t
| east one ?égenéTg?gﬁ@ﬁéiggmﬁﬁﬁ%gggﬁégﬁggﬁﬁgr2%g3§§§§§% ﬁeta 95§P§é££y
in the firptocerdsomipeisinghit to renove noisture fromthe desul furized

process stream . feeding.the proces treamto a second adsor ber
unit and procesgPﬁamPﬁgpﬁFﬁ%%@?“&?E@h eYﬁ?fﬁgm?g%%%d adsorber unit at
substantial |y tfhediagie pbevasirdnt © HTRtdiBertu@it Q0 PYR cHaTpt BEHREs Stream
containing, nitrogen fromthe process stream 2. The nethod accordi ng

to clai m 10 RRELRARPE LBE &7 HENVREOPRHERES coripwis W ih{ramthe Poeess geam
adsor ber upy kxGRMY the PRocess stream at substantially the same elevated temperature to at least

one of a metal oxide and a mixed metal oxide to produce a metal sulfide and a desulfurized
process stream,

exposing the metal sulfide in the first adsorber unit to a stream of oxygen to
regenerate the at least one of a metal oxide and a mixed metal oxide;

exposing the desulfurized process stream to the at least one regenerated metal oxide
and regenerated mixed metal oxide in the first adsorber unit to remove moisture from the
desulfurized process stream;

feeding the process stream to a second adsorber unit and processing the process
stream in the second adsorber unit at substantially the same elevated temperature to remove

contaminants containing nitrogen from the process stream.

2. The method according to claim 1, wherein processing the process stream within the
second adsorber unit comprises:
exposing the process stream to at least one of a molecular sieve or a zeolite to remove

nitrogen containing contaminants from the process stream.

3. The method according to claim 5, wherein processing the process stream within the
second adsorber unit comprises regenerating the at least one of the molecular sieve or

zeolite.

4, The method according to claim 1, wherein the sulfur containing contaminants

include H,S.



exposing the process streamto at | east one of a nolecular sieve or a
zeolite to renove nitrogen containing contam nants fromthe process
stream 3. The nethod according to claimb5, wherein processing the
process streamw thin the second adsorber unit conprises regenerating
the at |east one of the nolecular sieve_or zeolite. 4. The nethod
according to claim1, wherein the sulfdP'containing cont am nant s
include H2S. -9- 5. The nethod according to claim 1, wherein the

ni trogen cont ai Nhewgeodhadtdidoscldifcl, wderediB8e nitrogen containing contaminants

include NHa.





