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METHOD FOR REDUCI NG THE MERCURY CONTENT OF NATURAL GAS
CONDENSATE AND NATURAL GAS PROCESSI NG PLANT Fi el d of

wo b@shimsent i on The present invention rel ates tBCHEP2008/053490

met hod for reducing the nmercury content of natural gas
condensate and to a natural gas processing plant.
Background of the Invention Mercury is comonly
present in natural gas streans that are produced from
an underground formation through a well to surface.

The well flu I lit in verm
and odkeiseis el SERLYPHE el oo by o BoRraR! 37 b il Seas
facility. AONDENIAT AS@paravRDN GAR CRUAESEING | RLANT
nat ural gas condensate and gaseous conponents is
typlcally done in an upstream slug catcher and/or one

(o ssepstal , and the various streans
are SUbS@HQeﬁﬁéé%ﬂ%Jrh@b%@&oﬁUféiH%ésS%Baéa&gghéﬁﬂydy
treated to reach certain specifications . Renoval of
mer GRYCEPENT HRsSEFI T AnGCRF 8Bt | Yquidd sPredAs FeRfANSate
nat Wmal tgas PLOCESSIPG beobeededy frarankari ous reasons.
| f i s not repoved at the source, it would end up in
pro £ t488h as in Liquified
PetroleumeﬁhsrjLj§3qomabd1@fpfms@nnﬂamshaonraheg&gﬁsdm@ams
t he i ronnment for this. rea Vg
spec%?icaflo%%o%$%x§qﬁpﬁcgglun?%?wVarlousrg'F%@ﬁnfhrough &
dealwte i th Bnrhataral gas processing. There is a price
penal ty kar figh 4 sconceppsati ons o kr aded praduals.
Furthernore, Hg renoval is often a technical necessity
in drigeddt anfredhtea s thESPRE el | & Y BrdéwaSE rieapguction
equi et « y VL Uiy tGRNPABERAL St Lo damRea AR} aliquid
component s, gartlcularly vul nerabl e for corrosion by

Hg dpgugp&ng §Lﬁﬁgﬂﬁysate and gaseous components is

typically done in an upstream slug catcher and/or one or

more upstream separators, and the various streams are
subsequently purified, further separated and/or treated
to reach certain specifications.

Removal of mercury from gaseous and also liquid
streams from natural gas processing is needed for various
reasons. If Hg is not removed at the source, it would end
up in products from natural gas such as in Liquified
Petroleum Gas (LPG), and after combustion thereocf in the
environment. Also for this reason, Hg specifications are
applicable for various streams dealt with in natural gas
processing. There is a price penalty for high Hg
concentrations in traded products. Furthermore, Hg
removal is often a technical necessity in order to
maintain the integrity of downstream equipment. Mercury
components can damage metal components, particularly
vulnerable for corrosion by Hg are aluminium and
aluminium alloy components of processing equipment, such

as of a cracker processing natural gas condensate.
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alum nium al |l oy conponents of processing equi pnment,
such as of a cracker processing natural gas

waeomndanseat e. I n the gas treating section of natPCHEPHaS053490

processing plant typically an adsorption process is

used for nercury renoval, in particular adsorption on

an activated carbon bed. Such-approcess cannot be used

efficiently for a liquid feedstock such as condensate,

espeC| aI tyi vhenyas phalteagcsoet &4 alf nstpresedds as
choke t he adsor

be
oot s S A 2Rk OB kqreh bl Shes g usea

( NGf)or, meeroudy yraavdie pmeﬁgntl¢wﬂaﬁmadsusptlon on an
const S t al.l.i al ot
is asdgg%gggh%?%%es%%ar ghﬁgr rra?&&edas Cl%é g%?%u&yed

at orifdicitent &y ofomupl dduluap f@@qlﬁtcam Fowghapt ceadeiota tse
eXCE%%%@1%B@§ ﬁMQ{%ﬁQ%%Q%EQECC&é%%fﬁéi 1@‘5E@sé%6¥%§ﬂﬁhey
or th ke are formed. These constituents are for
exaﬁﬁﬂé—ﬁ@@ﬁﬁ e YO PEdAleRtAt e, i.e. natural gas

condensatg Ib@ﬁid Sco‘h‘di'@&ts@ﬂéi adlyo frree:%r@fedsab PAYrNatural
conpounds. ic environ such as a sour

n
oo b gD G =EGBoY antT A1° dHEGATS OF Gt R
conpounds rusuchs ase 300 mppewl Sc( pasitis, pen kil heéormby. It is
wel UL mgHPLEUE Y & P50, 0L, BL PHONTNANLLY PE £S8L 5

nmer cury sul whi Gh f or s sol | particul at es. !
Sulphwmccgnpm@kﬁﬁmkﬁﬂwfpmmpaaitbmmqﬁf1&e€@nnphcb$uﬁxdlnged
Knows, JEELRdend LoD\l s PLy DRNEUY (oM 0BL WAl 1A 1 ke
condensate often conprise a step of formng nercury

sul piicdéopaeti ctiesse fCenisewedehys a¥sorfpri 6rnapple found in
filtghat-onohbeneofe, Sueh nethess @Héidaaaeﬁéaﬂ@|@hat is

di scussed in US atent specifications Nos . 4 966 684

and Sélbsf’%é‘“éﬂf%llbsfﬁ)eﬁ Eft SEHBRTF | CHH YR Ro. T8 GG B4 C
dlSQﬂﬁﬁ&Snméhef @ﬁﬁn&hentsand extdaciaten cort hoesnd or

uﬁg?ur Cl8§8§u9’é§¥£@ﬂ%hs?Ethgg as 500

ppmw S (parts per million by weight), mercury is also or

stan amou dc

predominantly present as mercury sulphide, which forms
solid particulates. Sulphur compounds can in particular
be or include H3S.

Known methods for removal of mercury from natural
gas condensate often comprise a step of forming mercury
sulphide particles, followed by absorption or filtration
thereof. Such methods are for example discussed in US
patent specifications Nos. 4 966 684 and 6 350 372.

US patent specification No. 6 268 543 discusses
other adsorbent and extraction methods for mercury
removal, and discloses a removal method wherein
condensate is contacted with water and sludge, both of
which have been contacted in advance with crude oil.

There is a need for an improved process to remove
mercury contaminants from natural gas condensate, and for

an improved natural gas processing plant.
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condensate is contacted wth water and sl udge, both of
whi ch have been contacted in advance with crude oil

w(ah@seldsss a need for an i nproved process to reP@OI/EP2008/053490

mercury contam nants from natural gas condensate, and
for an inproved natural gas processing plant.Sunmmary
of the Invention To this end there is provided a

nmet hod for reducing the nercury content of natural gas
condremnsat e, ocomp ilsivegttiba steps of - providing a
nanof 1ltrat]on nmepbrane having a feed side and a :
por meat T8 Hats - SEDIPECE: hy PHE b rarhaSe chdaypsne
W t theheet eedy side cft tlienpenbranes anddenebtai ntagprd sing
mer gyry- et ed natural gas condensate at the
perﬁg§¥gggpge$§f t he menbrane. The invention is based

on thercnsight gaiared By rAppbi ceanbrangt havhasof feed side
i trafd anpaepbsane can be effective to block various
types of nmercury, i.e. both m croscopic/nol ecul ar

speci E9NFeCHI et T¢I rRdnFeS WIFATSAtR HisRotvedssd
ent raicked rf eréan @snwelde ;asngol i d particul ates (e.g.,

HgS), so that an effective rcury remgval fro

nat U SPTGAE PP 6L AEE TEVeHRBL ST gl el 4P°f FORensate at
nat unal pgasceondensatog, the pesisidie. Suitably, the

nanof i Itration. menbrane,is ons, of, 2 polyieric; of, g
cerami ¢ nanof i1trati oR menbrane, and in par?lcﬁiary
conprirdesaat pohysid oxand ilayetriomurenbranpareh clod saffactive

cross; kjipked, pol ysd lt%@{%eokaﬁ{@fcurme_il.@t.t gLt ype has

proven to be particularly efficient in renmving
difﬁéﬁéﬁ?prb%émQﬁeqﬁ%@§u§9?CF$%fé%éblV@éﬁ}ﬂéﬁstlQﬂﬂ§rof
the QnQup of AESLIIHCORPOALALSndd R%ERLI AklY as solid
conpletelﬁbrennved fromthe naturaléggs condensat e,

whi GREgrotpaEohsi$t% rof It afficat etfective mercury

removal from natural gas process streams, in particular
from natural gas condensate, 1s possible.

Suitably, the nanofiltration membrane is one of a
polymeric or a ceramic nanofiltration membrane, and in
particular comprises a polysiloxane layer, more in
particular a cross-linked polysiloxane layer. The latter
type has proven to be particularly efficient in removing
different types of mercury.

Preferably at least one of the group of mercury
components is essentially completely removed from the
natural gas condensate, which group consists of metallic
mercury, ionic mercury, alkyl mercury, mercury sulphide,
more preferably the entire group of components is
essentially completely removed.

When a mercury component or group of components is
essentially completely removed from a stream, such as
from the natural gas condensate, the resulting stream
typically has a mercury content of that component or

group of components of 100 ppbw (parts per billion by
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mercury, ionic nmercury, alkyl nercury, nercury
sul phi de, nore preferably the entire group of

weowponsm s i s essentially conpletely renpved. PA¥EP2088/053490

mercury conponent or group of conponents is

essentially conpletely renoved froma stream such as
fromthe natural gas condensate; the resulting stream
typically has a mercury content of that conponent or

gr oupighcgosponesy s afi t380y ppbve { pavdus opelebs) | pdreraply

b t I t abl 2 b I

Y o APy oTr oS s B Pele okt o BBPY b 1855
ppbwoet bes$er most qﬁ'efepablgroieSB ppbweoribess.complete
E d
Sserr&nlo@ llycglgr@iseo aebl )g?gﬁé?east(aéé%%l g/o ggiﬂnﬁe sdlncably

relative terns, sult
rrer(io‘lltr)le@@ﬁpﬁ)@leﬁﬂtf ot qh@ume@f:umrmmmegtu srranouwedt

pr eferabhynat i@@ﬁ%m%%dm[ %e %&eﬁéggy 9@ #@8Sthore
95 wt % nost preferab east 9 wt% At

domﬁsrterfééﬁpéhda‘bfl%aﬁé f9éeblt31 ofec of Hq?éeﬁéﬁéf ﬂt]reéﬁton
menmroagesa nmercury-enriched retentate is obtalned. In

a partlcularl advantageoas g ﬁé n%{
i |tratiofi®neénbrdie i afFanged in ﬁﬁ%n% the
sepamabﬁmmtumtiomﬁmambmandeasméfnumyqema1seeﬁ|f@téntaie is

gas pracessin plant ang er tate is_recycle
the Thrarear o chaRecqirat L s AT BelerchPEIRE e
wenbﬁa@élQEp@t%@m(memmmame N@r@mw%nQﬁﬂwp@nenmsmbiﬁne have

been bl.ecked, b&(nfé“%ﬁ%”’%ﬁﬁ@n%% 1 oS SWBYi B8 in a gas

directed into the natural gas stream The natural gas
pr oCESSERGLPY atasui Al FRe ohprises-ca l§agefyetd g the

sectirgRti Bel Hdhag) & JRECYEYaF 80DV alpsiftichm Fhi Sh€aknfBfane
exanple be a | ow tenperature separator provided with a
nerg%??réFéﬁPoT?ann STCHRYt RPEPYREN S Pehr Y2 dfitbt h

gasequskandogoneensatoe apkr eansin ntitihke wagt veadii g&sced into

pro%ﬁ%§hgguggfnéa§x% r%%m(eggveggéﬁréi gagoproce531ng plant
suitably comprises a gas treating section including a
mercury removal unit. This can for example be a low
temperature separator provided with a mercury draw-off
unit. In this way, mercury from both gaseous and
condensate streams in the natural gas processing plant
can be removed at one point.

The invention further provides a natural gas
processing plant for carrying out the process of the
invention, comprising a condensate workup section
including a nanofiltration membrane separation unit for
reducing the mercury content of natural gas condensate.
The nanofiltration membrane separation unit comprises a
nanofiltration membrane and has an inlet for natural gas
condensate at a feed side of the membrane, and outlet for
mercury-depleted condensate at a permeate side of the
membrane, an outlet for mercury-enriched retentate at the

feed side of the membrane.



The invention further provides a natural gas
processing plant for carrying out the process of the
WO pwentdsen, conpri sing a condensate wor kup secPCDRP2008/053490
including a nanof iltration nenbrane separation unit
for reducing the nercury content of natural gas
condensate. The nanof iltrations nenbrane separation
unit conprises a nanof iltration nenbrane and has an
i nl edrikar apattial i gasrcendensatengd a feed side of the

menbr ane n tl et f recury-depl et condens
at a per?nga?rgb(%f?J ?hé ﬁeﬁf)‘f%ﬁt naﬁ'lggt]fl%“t’ or fsrivea
ner ciur yroenr deh@ﬂl raetdemztlaherafeltdsr&:e‘ eed tsedecobmppdreying
nen‘%r%%h?y escr{l ption of the Draw ngs An
i‘ment _of " t invention will now be described in
mor e det Aiipuadd vﬁthSr etbeppcecald t ke aubodpadiyi g the
dr awi R@s« iWwherein Figure 1 shows schematically an
enbodi nent of the invention . Figure 2 shows
schemat i EaPPY & MBI SdECRPT@et didmBRE S ofic el ed
| nvemtdoaRnefrt goif e-1rd Showstaokpw Tenper at ure Separ at or
with nmercur drgavv-off unit; and Fi i gure 4 s
f5¢ 4

schemat i E&F UKt Rer ERBott RS OF St ﬁ%pf”ﬁ%"e?ﬁ "ot
Fi gures chrshowswsefenatitgabhy a further enbodi nent of

t he |nvept|on re the, same. eren e.n nmer al.s Are
shaows schéem ur r embo 1ment of

[ ef
used in di g?erent I gures, fﬁhlca lgf er e sane
si mthar lobpectisn. Detail ed Descrl ption of t he

I nvent i Oﬁlﬁiﬁ@r@%ds sTAdGat Oc Hi refjarthéPoé%Ml%ent of

schemati c | evel overview of a natural gas
pr oéé@sllﬁg*emh%@ 1 according to the invention. The

natural gasr-élud St€@B¥erence numerals are used in
different Figures, they refer to the same or similar
objects.

Detailed Description of the Invention

Reference i1s made to Figure 1, showing a schematic
high-level overview of a natural gas processing plant 1
according to the invention. The natural gas fluid stream
5 from a producing well (not shown) contains mercury.

An inlet separation system 7 is arranged to receive
the natural gas fluid stream 5 via inlet line 8. The
fluid stream 5 typically comprises gas, liquid
hydrocarbons and water. Liquid hydrocarbons contained in
a natural gas stream are commonly referred to as
condensate. It will be understood that the phase
constitution of the inlet stream depends on the source
and on the prevailing conditions, in particular
temperature and pressure.

The inlet system 7 is arranged to separate the fluid
stream 5 into a gas stream 10, a condensate stream 12,

and a water stream 14. The inlet system typically
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5 froma producing well (not shown) contains nercury.
An inlet separation system7 is arranged to receive

wao b@snatsew al gas fluid stream5 via inlet |inePGI/EPZh&053490

fluid stream5 typically conprises gas, liquid

hydr ocar bons and water. Liquid hydrocarbons contai ned
in a natural gas streamare commonly referred to as
condensate. It will be understood that the phase
COﬂS‘ddprMELiS@B of iMed pley shtemmn deperdsocnd dhensQUItee-

and on %1 e prevallln%ﬂf nditions, in particular
t enper &C0FE BN FETThe inlet system7 is
arrangedThe skpar ateeptrhect| ai ghstureamibgi By otam gas: the

St r%%}'? JsQrFQmCP(B‘dPA‘%%% sureamd2,,jand a; wat {1 v§ttr eam

et system'typical Fyconpri'sés an In
cat ciederandf oruires lorl Snofeet aport te4ate@gphzseen 18 can take

sepayialrRk8nt TAe-i alfa GORRLESESa A JAS p&%@é&b{‘&g Sysit@Meor
for the gas stream 10 in line 17, genérally indicated

W t If -Cef éPéﬁc‘éa%Lﬁ?éfioéﬂallSdelTh‘ér@ta]é’rt'r EaPFAGL 33t em 18

can m&epdh&ﬁﬁ{&éﬁuﬁ@m@zaaﬂoﬂq r@ﬂdeerValéh9U§ases the gas
processi units

Penvarat e Dkt S e SRS i s B g
et c.such BBNY nme@mgmagasetse@iﬂat@rsysutremlﬂm udies: ial
furth r gas% athator such as

Lovv-oi'lerrpera ure §gfpar atorsffﬁtoﬁ he IaL quira“outr'e Such
st r eamdeh saht chs sepdrdtlor cp@ban@bndetrlﬂsahe 0®m@;¢msate

condensat.e: h So sl £,.aR ¥ eamhi ned é’léﬁa!}attﬁ%ncogf?&n&?fse option

stream 14 obtal ned frominlet separation, and
opt ii6n NS 1FAlPE atied By edot £ edl 13 nelERteTr gas e%l6 glass 26

'S Qi-alined @J@Mﬂe%@mo@_f th@egagﬁstrter&aﬁqgwyw&ﬁ e .18.
In accordance with the invention, menbr ane

separati Of YNFRPE9% “GSBd M Jtrhveerbtc}ﬁ’&enéa‘fl%m%ﬁ%p
sectdcpr29ibn etder2d asr edugeit hendeioedey s aoatwhtkud n

fge L£pediment, shown, the nprbrane separation unit 28 .
embodiment shown, the membrane separation unit 28 is
arranged upstream from a condensate stabilizer section 40
for condensate. Optionally the membrane separation unit
28 may also be arranged downstream from the condensate
stabilizer section 40. The membrane unit has an inlet for
condensate feed via line 30, a nanofiltration membrane
32, an outlet for permeate 34 (mercury-depleted
condensate) to line 35 to the stabilizer section 40 and
an outlet 38 for retentate 39. In this embodiment, the
membrane unit is so arranged that the condensate feed
flows over the feed side of the membrane, and the outlet
38 for retentate is arranged at a downstream end of the
feed side. From the condensate stabilizer section
typically a further gaseous stream 44 is generated, which
can be passed via line 45 to the gas treatment unit 18.

Since the condensate stabilizer section 40 is arranged
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arranged upstream from a condensate stabilizer section
40 for condensate. Optionally the nenbrane separation

waeios/18864ray al so be arranged downstream fr om PEEEP2008/053490

condensate stabilizer section 40. The nenbrane unit

has an inlet for condensate feed via |line 30, a nanof

iltration nenbrane 32, an outlet for perneate 34

(mercury-depl eted condensate) to line 35 to the

st akidvinzeres@cti®n 42 adpaanouidiet 23§ tee et e al@cury
é%p th| enmbodi nent, the nenbrane unit is so

arr &Gt F at the condensate feed flows over the feed

si de of Theisenbriamel landos heb outdcetar38nfor t tetrentataee

Is art %gg%goﬁ‘tur%td %%%%@E}S%Q o dfe sfcgﬁ?lﬂ%e-s I, .
t he condensat e sta i'zer section typically a further
gasédUsnsthean¢&%3ﬁsn@éﬁerate@mﬁwwl@Wl@aﬁOb@Spaggedi the

Via&kkn%réétiQ%t§5%é¥$% hgeat pEle Mnid, 18. tRENCes their via
condensate stabilizer section 40 is arrangeddownstream

f r orhiffe *Rerbr BFCAY tr280et fes Jasedts e PEGF{OR -

depl et edDuklndjSanﬁ[tailOEb@bﬁfMtP@ﬁ,Siatﬂr%thQaar pangel e

menbr ane sgparatlon unj t downstr eam of ghe .

st abiT*28r °seet i o Vﬁat%%%eé%gélghﬁeﬁa Ty TN
un|my&mems7pamalmﬂytdm@e@asngremnﬂngrsemtamngas sdbree, the

Tor Gl Y obAekie, gas, SNt &y Lije A3 Js of epved Lo e

ea |n 1 on. rlng norna opera on,
nat urCahogés f@muhwgﬂneanﬂsissimemﬂnveQSQSaihih@e8ﬂd¢r of

the jinlgh SEpRRALI QNSS! §6‘ 9o - o: MBIy sdepengh ng ﬂﬂ

the natural "gas source, the Hg concentration in the
fIuﬁﬁ“@?ﬁ@aﬁﬁﬁe%dﬂmb§0§§ePéﬁﬁ%&OQOxﬁgFﬁﬁPB ard | oY exceed

and 1ig9 0l RQgNBRAY. C@&ﬁsHb@n%hﬁoﬁﬁﬁﬁrmﬁﬁxﬂgegggsng/fﬁnéhe
such as 30 50 or, 150- 250 /Nm3 . In extrene cases
t he *¢diiceAtPat #'orPtay SF@QEEh%nﬂt%%Fé% exEedBPAHVE hyg/Mmn

. (N3 meansonestdtecubi enteverss )14 nrirbembnl ete

SeparoarlltolI nsa‘%%% em h§28t [ eaEn u‘é Ss chzpalrcg#ﬁd klag‘ém(r)eeqqasb and

10, ‘Condensa 1777
50 mol% of the inlet flUld stream and typically contains
in the order of 1-500 ppbw (ug/kg) of Hg, but sometimes
even more, in extreme cases even in the ppmw range such
as up to 1 or even up to 5 ppmw. The gas 10 is sent via
line 17 to gas treating system 18, to obtain treated gas
26. Treated gas 26 is sent to downstream transport or
processing, e.g. to a pipeline, a Ligquefied Natural Gas
(LNG) plant, or a Gas-to-Ligquids (GTL) plant. Further
condensate separated from the gas stream can be combined
with the condensate 12 via line 23. The condensate
processed by the present method can have an ASTM colour
of less than 3, or less than 2, as determined with
ASTM D1500.

Condensate 1is passed via line 30 to the membrane

separation unit 28, where it i1s contacted with the feed
side of the nanofiltration membrane 32, to obtain

mercury-depleted condensate 34 at the permeate side of
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condensate stream 12 constitutes typically between O
and 50 nol % of the inlet fluid streamand typically

w@oeosaldss4 i n the order of 1-500 ppbw (ng/ kg) oOPCHEP2008/053490

sonmetines even nore, in extreme cases even in the ppnw
range such as up to 1 or even up to 5 ppnmw. The gas 10
is sent via line 17 to gas treaging system 18, to
obtain treated gas 26. Treated gas 26 is sent to
downrsier aamt:a@@,smfd aOlifelaéﬁﬁ<€§§isIlgfeaﬁL g9.t Oh@ mercury-

fi ed Nat | NG I t,. or,
e B e e N PR T R haBrant w1
separaatrednf fOmM thegas nstrehm canl hencenbanedsdv th daseous
condsnsat e, 12 i & line. 23, . The condensat e, presessed oy .o,

t he present ne can have
t haree® peopehiesto tthen 92s, tasadetervished Wit h ASTM

D1500. Cﬁﬂgeﬂé@ﬁﬁéﬂé53éa§§eg ybading 30nb0siheration (wF)
menbrane separation unit 28, where it is contacted

wi t RYREaPeed 3t He GPTERETARNGS 13T &0 SRCHERDI e 32 24

t 0 okis@i-ReNMBERYS Vs et@/@ieetneﬁlbgém@@m@tr@e%eabr&ﬁ@s, and
perneat e si de ofthe nenbrane a retentate stream

B PP REP Lo e Ht8a. JOGhCRE 10 dent PoeSsurerdriven
condendatecsbadid i zerarsecbhoprddesd dnolbhach siabidliezednd

cond l%%%gveég £ AA380Us 3L eam 4t oblai ged, Fromthe . .q
condensat e stabilizZer section can be senf to the gas
t r edtriong reystiem U8 ouihe tirenhaamiel 32 &itd oa @@mbE@¢QKiThe

nan%epa‘r‘aﬁ:&éﬁ' rQ@ck(sM:)sm'T%gprégﬁend\kHrp R HeXREESSLOLdS in

also to I nclude so-cal reserve 0osSnosi s

y
nenﬁ%éﬁ@éllﬁén%@jﬁ@ﬁﬁpéﬁ§étyaﬁﬁ”ﬁ#ﬁ@ﬁ@@éé§eﬁgﬁﬁ?@ﬁé@CUlar

Nanafi ziel Ekat O S(rrRI-@58 Yt €- flriviem B ThA apes based
separatlon rocess in |ch?Part|cIes and di ssol ved

mol CdiTES S8t t €V HhadCalioitb s 22 & Sr 8P BRE Y fRgmSure)

passisngsthr asigh d:hierimanebritbt tatdommenhrangpodihehrough
separ. atlon nmechani sm can depend on the differences in

sol ubiT MEYPARE ditFdSivVity (dense menbr anes) or

nol ecul alfhe membrane may be of a ceramic type or a polymeric
type. Suitable nanofiltration membranes have a Molecular
Weight Cut Off (MWCO) of 2000 Da or less (Da = Dalton;
g/mol), preferably 1000 Da or less, and even more
preferred 500 Da or less. The advantage of said ceramic
type membranes is that they do not have to swell in order
to work under optimal conditions. This 1s especially
advantageous when the feed stream does not contain
substantial amounts (10 wt% or more) of aromatic
compounds. Examples of ceramic types are mesoporous
titania, mesoporous gamma-alumina, mesoporous zirconia
and mesoporous silica.

Preferably, the membrane used is hydrophobic because

the stream to be treated is a hydrocarbon stream, which
should be capable of passing through the membrane. An

additional advantage of using a hydrophobic membrane

rather than a hydrophilic one, is that using a
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si ze excl usi on (nano-porous nmenbranes). A pressure
differential over the nenbrane (trans-nenbrane

w@e@ssuised i s used as a driving force to enhanP€I/EP2008/053490

transport through the nmenbrane barrier. The nenbrane
may be of a ceramc type or a polyneric type. Suitable
nanof iltration nenbranes have @ Ml ecul ar Wi ght Cut
Of (MANCO) of 2000 Da or |less (Da = Dalton; g/nol),

pr efr@rdabbyioﬁ@@qnéaaor@rnel @ss] phdveuenatrererpoefidethg the

500 or | ess dvan%age of sal d ceram c type
r‘rﬁ(}eﬁ\%gnﬁsa?% ?ntteréﬁlgdB ROt HEA G0 swel | in order

t o wor kNondeoropt immlofcdndat i answenkiriaseissaes peoialimes

adv S e e feed_s c '

N R

conpoundsr oEX anpl @st lofratepanientngEs are Aevopot CLNOSLs

titania nBREOPOL PUSIBARRLAL Uﬁ%rﬁ@ﬁn@%%%oﬂdémﬁe[ﬁe%m a
and nesoporous silica. Preferab%%q A he menbr ane used
a

i s HydrephBei ¢ Hedulisé tHe 5PF ¢ BETEF &AL Ty g es

hydrm@ﬁ@hbanesum pefricel . shottt £ be capabl geebr passi ng
thro Efgymerrb ane. An additional advant a%e ]]pf usi % -

a h)F &ﬁﬁ P HETBTRAY F 3PReP Ot hal & HydPBPAFT
i s tupattousbogt ahydrrophobkeee nﬁaalfmasme:mtllbnpmemlefﬁnemtaere

frorgs%%sshng the merrbrane nd enterlﬂ %he per neat e.

[S] rous., e crnera arnl . average
Non- por ous nano |<%rat|on n%ﬁ%ranes re sonet
r ef eremédane Pere hel zar tvhashdensst meardir gnes . n@@mﬂces
of RERPALAYS. %ﬂé}fe u%aké%pm ANES r N Er LEVEH SRmbrane

osnosi s type nmenbranes. Non-porous nanof iltration
menbrsanésds hput e beladicst aghi ShredFasemtulbrartiet-attiien

MenbrRRescWikehr ML RIreaYs POl Husyi tditikafibkt r@ﬂiér@@ nm,
menbr anes t | cal I%%have an_aver age pore size

o oat 8t SERANT 5% AR Lo ADoK BOG LA AEY B kD 1 M.
i |t matrieopraesbiENe Sta® siSed7 With € hncatee pperFoeush 1 hey most
gen%r.%l In%.have an average

In a preferred embodiment of the present invention,
the nanofiltration membrane is a polymeric membrane. Such
polymeric membrane is preferably cross-linked to provide
the necessary nanofiltration properties. In general,
cross—-linking can be effected in several ways, for
instance by reaction with cross-1linking agents (chemical
cross-linking) and/or by irradiation. Preferably, the
membrane layer has a siloxane structure which has been
cross—-linked by means of irradiation, as is for example
described in WO-A-9627430.

Examples of suitable, presently available cross-
linked nanofiltration membranes are cross-linked silicone
rubber-based membranes, of which the cross-linked
polysiloxane membranes are a particularly useful group of
membranes. Such cross-linked polysiloxane membranes are

known in the art, for example from US-A-5102551.
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menbrane pore size which is at nost 3 nm (nanopor ous
menbr anes). Wiere such nanoporous nanof iltration

wOoreoeBnased4 i S used in accordance with the presePtT/EP2008/053490

i nvention, the average nenbrane pore size is suitably
| ess than 3 nm preferably at nost 2 nm nore
preferably at nost 1 nm nore ppeferably at nost 0.7
nm nore preferably at nost O .5 nm. In a preferred
enbodi meppiehiihe tpfee@amysnnyﬁmésamseaheoﬂa@m the
iltration nenbrane is a p mor ane,

pol ;ﬁ?é)ref‘&%lﬂ%n%?]a%e ﬁls prei‘“gglé%ﬁx §sll|lFﬂRe?jt%s bear
pr oviydeotthe neczssaimpchabof gtdéuat IRmafplrapéthes rdpeating

gen%rant,S crosszlinking can pg effected in several

I nstance by reacti on with cross-1inking
agent s (cheni cal créséRP inki1) and/or by irradiatioff)

Pref,glabl %, rthgq renbranecl ayershas & siilkexabg: ana
structure which has béen cross-1linked by neans of

i rr&fPEEPBRT %&édﬁ@%roreiaﬁ?ﬁ‘%o%@é@?ﬂ E@uPnselected from
WO ArR637430 colxamlmes oef aﬁuﬁ;absl@m@rlesepbwalkyl aryl,
avai | Iﬁcro innked nof |IJ;rat|on nmenbr anes

cr oS8 PhkaaY si I%eoﬁ*?éf Eibe?tb o Pankse %l”fo%si &hand
t he ror assahi akedl poloysi, | amanxeoﬂterﬁaiﬁ@eabayebath groups are
partl uI ar | é usef uI eglre%ueclal rrbr S. rSuch Ver

cr oss yl nke o yS| oXane ne anes aréiI RKnbwh |1 %t he

ar t ,suigpbex anpl s fraomngsS- Ao 10255 urrhgpi cal tie Ltlfﬁesent

pol yl%z'e%’é'i‘BﬁSaPéeFj GpntaL ﬁHéh@efn%mteldqugﬂﬂ/&lmé!hﬁ'—'

wherein the silicon atons drogen or a
hydrsdéﬁlxﬁﬁﬁsg@@ﬁlp?owp@ﬁéﬁﬁﬁﬁiﬂf’lfﬂelq?@@@z&t i AguEni R fmrelly .,

of tthh% ﬁo@ngyi@oieir)e -9 CRbs6RLINRd (IDhenberpelsnt Ruand; Ray
e

same or different and represent hydro}ge
or &%%FSEB?‘%W@C}%%&@E%%G fTHRCRe gPoup group
consifsthagpof v el kyHanaar akkybyr €y addalskybxagas yhemaddthes are

alka&%ss lpﬁgégrapu%bmerlkesgiysfhoxanetﬁgmgrangs R and

Examples of suitable cross-linked elastomeric
polysiloxane membranes are extensively described in
above—-mentioned US-A-5102551. Thus, suitable membranes
are composed of a polysiloxane polymer such as described
hereinbefore, having a molecular weight of 550 to
150,000, preferably 550 to 4200 (prior to cross-linking),
which i1s cross-linked with, as cross-linking agent, (i) a
polyisocyanate, or (ii) a poly(carbonyl chloride) or
(1iii) Rgq_zSi(A)4 wherein A is -OH, -NHp, -OR, or -OOCR, a
is 2, 3, or 4, and R is hydrogen, alkyl, aryl,
cycloalkyl, alkaryl, or aralkyl. Further details
regarding suitable polysiloxane membranes can be found in
US-A-5102551.

For the purpose of the present invention the
preferred nanofiltration membrane is a
polydimethylsiloxane membrane, which is preferably cross-

linked, and non-porous. Also other rubbery non-porous
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R' is an al kyl group, and nost preferably both groups
are al kyl groups, nore especially nethyl groups. Very

w@ioBabise4 pol ysi | oxanes for the purpose of thePQI/EB®NE/053490

invention are (-OH or -NH2 term nated)

pol ydi met hyl si | oxanes and pol yoctyl net hyl si | oxanes .

Thus, preferably, the polysiloxane is cross-I|inked.

The cross-linking may be effected through a reactive

ter mﬁda@lran@b{ ©dn -NH2: sgQuUPn Ofie hdrea 10Oy Bk O¥ aREbranes can
Preferre? SI|O§%%E neggranes are cross-1link %_ p
el astonEr e pots 195X anE “nefbt dhes "ExAmpPEs bfP taver ©
Sui tcalkl eotyoss-di nkedmdliast boeroft gudlyyeirkpxafievhich at
menbr S e Lvel [ [ 0 e

e A e Tooal o T e ¥ BT oy e 0 E oAb By e
of @adoyshe oxerea tpaldy rempsuehuizss dte@crutb@dtemperature at
her gjnbef ere, 2 baviing R matecyl ar Weidhtcof vap0at @ ner

150, 000, preferably 550 to 4200 (prior to

cr oSEIPNRE ngY S oML Yi SUEFBRES |HGkEPrRivehegRranes are
Cr|09531'e| isalgbagl@@es’upergh)asayp@éwr@é}%amt gx?%sléidf) fich a
poly (car oride a Si a

wher BT A% s SdﬁgL mét gbi f nCd-is 2, 3, or

4 andTE@iSaﬁgmﬂknyatloalhymbr&mgﬂ;s cy@hoakkylsupported on

al kagyl o aralhyls, Furbher detai)s, reoprding. oo
sui ta onS|onane menbranes ¢ & °f BURd

Us- m—e@ﬂsfzssst mégrartifte lpgtpesetiof Smetapprlersehhw NY8rHL on
thepQﬁ%Egrgﬁgs{¥HEg ﬂ &%EaEgoﬂa&§q9¥%p%oE§u§ material of

pol ydi net hyl si | oxane nmenbrane, which i's preferably
cr 0381iCAkE8E RPIEE NAIRS0RBUSY %D OtdfedrpabBeryhan 5 nm.

non M&O%HB SNBS Gancheaused, ddn agaqa@&@b@rw@bery
menbr anes can be deflned as nmenbranes havin

non 56PEaE Fop°T AT BT 8HE POt et 8P 1alcd ??ﬁﬂ%%%¥ used
of palrymecsof of tmhiich at Leasif one-palynesubasad gl ass

transi)tion temp letrrat e ‘?’%Utf%ec&‘{%é he bttt 3{3 2 1q
t emperatdrey e 't éfper At TS he” actual

sepaﬂnﬂwldnb&ak@Sfxﬁxnna t¥epraw1m¢uﬂhe necessary mechanical
strength. In addition, this substrate may in return be
supported on a further porous support to provide the
required mechanical strength. Typically, the thickness of
the base layer is of from 100 to 250 upm, more suitably of
from 20 to 150 pm. Where the nancfiltration membrane is
combined with such base layer, the membrane suitably has
a thickness of from 0.1 to 15 um, preferably of from 0.5
to 5 um.

The combination of a thin top membrane layer and a
thick porous support layer is often referred to as
composite membranes or thin film composites. The membrane
is suitably so arranged that the permeate flows first
through the membrane top layer and then through the base
layer, so that the pressure difference over the membrane
pushes the top layer onto the base layer. Suitable porous

materials for the base layer having an average pore size
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group of potentially suitable non-porous nenbranes are
the so call ed superglassy polyners. An exanple of such

w@2evatiessal is poly (trimethylsilylpropyne) . ACEEPEN®653490

iltration nmenbrane is typically supported on at | east
one porous substrate |layer to provide the necessary
nmechani cal strength. Suitably, 1this ot her porous
substrate | ayer is made of a porous nmaterial of which
t he peresrhanen an my,eragepsi zeagreairarrtihan, Spem- Such
ot her rous materjal may. b m.cr. rous, nesqQparous
or NP ORONEUS riat6rral DUR (i 158 tHOR Al | 30 USET A grene
m cradff lubtiati amd grolyl (tteateftvatdomy lsneh, asoppdnamide.
(acryl,onit.r] B i f th | a
shoﬁ&gggggg%@%ﬁrelnlt%t ggpgogggj;at etpﬁ%&fgggggy AFreferred
mechrambdabt 5o emgdr.ding addibe aryetdhits ioubst ket el Jray

i n rehurn:Re: SPPPOrdL6.c90,81 § WL NEr, NRLOYS ) SURROItatiQn
provi dé the required nechanical strength. Typicall

t he thi ERABIRIDICHMOSBASeMPEYEI GS "B CFr 671 109 1%%?%51@ the

nmm ,pfﬂ@@F@ssgtt@bé )@rrr%fseﬁqrto_ﬂhagmf:rié?rﬂﬁ%aﬁﬁmfﬁrvﬁﬁﬁﬁ%lt&%e
nano Il.tratLon ne ran IS conbl ned Wt SucC ase |

| ay P RETERER A LG PABRYS R ' TG KAe SR OR ™S HgHLng
0.1 it ja_5iﬁn1paprceff_erc@bliy1 Rhefhionder Gerbany .aﬁE_hérom
comij natiop of a thin top penbrane |ayer and g thick
por ous sBpport ‘?ayerp i'd often referred £ as corrposﬁe
menfrefdsoon, tetmddlamdsonposi tes. The nmenbrane i s

SUitab|¥h§on§ﬁI§HEHﬂ% %Qakaﬁgﬁif%¥53¥@%em%h8¥§néiﬁ%%“§lso be

through the nenbrane top layer and then through
baseéSedy 8 thggt thatushe apFesadvrle difs éieneeél overuidee stood

menhrane ipuUshes 4 hesdcopnkayet ciond s tdre thasgehiyfie should
Sui t abl e d;:%or ous materials for the base | ayer havi ng an

averAgeUpor el el zegt dat@r LERAN"B° Ath e &ré SpofyPLied-
(acryierintsk| @rgatquolyran( ani deinddelheh DeOReqgpdiad.
(ether.i m.de)lOt oﬁlfyewr%l i-denedi f | uoride and

Pol y . :
(tetrar IGordetAyiene) ™, “pol'yarkm de > cconomtes -viewpolint,

as such thick membrane will significantly limit the
throughput of the membrane, thereby decreasing the amount
of purified product which can be recovered per unit of
time and membrane area.

In case a non-porous or dense membrane is used,
transmission of the permeate is assumed to take place via
the solution-diffusion mechanism. The condensate to be
permeated dissolves in the membrane matrix and diffuses
through the thin selective membrane layer, after which it
desorbs at the permeate side. The main driving force for
permeation is hydrostatic pressure. Examples of such
membranes are reverse osmosis type membranes. In case a
nanoporous membrane is used in the present invention, it
is believed that separation takes place both on the basis
of the above-mentioned solution-diffusion mechanism and
on the basis of molecular size differences. In the latter

case, there is no gquestion of dissolution of the permeate
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Poly (acrylonitrile) is especially preferred. A
preferred conbi nati on according to the present

w0 pooentdsen is a poly (dimethyl siloxane )-pol yPCT/EP2008/053490

(acrylonitrile ) conmbination . Suitable conposite

menbr anes whi ch can be used in the process of the
present invention, can for exanple be obtained from

GMI' Menbr ant echni k GrbH (a conpany having its

prinGi pak @bhbeend mnaRImb;nbat defm y Gar ﬁf&@yl)spaﬁﬂ ffmmngh the

Sol S haV| ng its nC|
. AEBFRGOF n AT FanHe] 2 The i ePoqSear L arge Fuston
I|tm&hMGanBnb$amﬁuannahgo e iseg Mietvhdutoabe important

SUDSHLA! nbaySho. A ot PELL Bg-pingler shoad) Lhat,dn

such a ca I ckness 0 rane S
suf fdagitentneot wie Hst asdovhe @r@@sﬁh@e@e@bpﬁn@dfeeﬂd but,

thi eknesscateat ey than 1A-mmufBhdfien e heguis et rreea

This is not preferred from a process econom Ccs
Vi eWFornt e asoRuEH 1Rtk The P affdi4q [CLsEgRi PYemtl v

| i mitnviehe 1 bAr oughts Rhat Baamm%,n@/hgbepynoxane
decrea |ng t he_anount fng glfl ed (it whi ch can
recREPEG BEr L (SRS A 5 e *8F8Rs) rﬁer%ba@éles'
a nmep@apasl@roidesrmel pepbeanetisl usedoliraosSSiaamral
of the Rer agaetels A ergeghgg tarkceu Ia%(re(1 wgnthe

sol Wi“on-diftusion rechani sm gn&enga{le 1fo be

per neat éd dissofagss qfnuﬁhegmmﬁbfmr@uwatﬂemhram@s as

di ffuses Lhroygh, 4 hf‘set %'f%%!;ﬁ&ﬁ&)’se rr!é%’%ﬁ@? 1§y@{at there

after which i1t desorbs at the perneate sid he mai n
dri ViSn§of BreedieF giervtat thsl%e%ﬂﬁdrtél@ftaiﬂh@rﬁrje%srlﬂ e.

Examses nofl i spchr e ranes aat eod @HEISE 18 ARSH Sb YIRS ger
menbranes. I n case a nanoporous nenbrane is used in

t he W@%ﬁ?slﬁﬁ%?ﬁeidoﬁ“ it BOBRt i eVBd CRALIsBPRHE itdh
t akes rplhacraehipt i) thRe abasssiofod hellahove mentdaned

sol upian-dif T usi on, mechani smg n}?d]h ’ﬁ”‘e ReLeefe, it is

nol ecular srze° di f¥erences: Herer '
preferred for the purpose of the present invention to use
a non-porous or dense membrane. However, it i1s emphasised
that nanoporous membranes could also be used in the
process of the present invention as a nancfiltration
membrane.

The permeate obtained with the present process has
been upgraded in the sense that its mercury contamination
level has been lowered. Consequently the permeate has
obtained a higher value compared to the original product.
The retentate, which contains an increased proportion of
mercury components as compared to the original
condensate, has a value depending on the mercury
concentration and the perceived end use. The retentate
value may be lower than or similar to the value of the
original feed.

The present invention can be applied in parallel-

operated (groups of) membrane separators comprising a
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case, there is no question of dissolution of the
perneatein the nenbrane matrix but only of transport

wo boosagise4 he nmenbrane via its nanopores . Wher BCHEER1008/053490

sol ution-diffusion mechanismis functioning, it is
believed to be inportant that the nenbrane materia
does not dissolve the contam-mant _to be renpved from
the nenbrane feed but, preferentially, only the

conpamgnt tsbgér@@s@rt athe,f peedi §4 om theocaontan Nadifprising
In the course of the pr sent |nvent|§n it was foun%

t hat™"&s p&cl'at 7 y° P8l YLt P ox e et anes? >t of %&%%lt ©
polyxﬁemnethy©S|AGXama)snpabaanss;uame1eapab@ea$ﬁj&u¢hed

preferenti S 0 tural gas condensat e,
ratﬁg} ?ha%gﬁgé &%! tqgnngﬁ . An advant age of using

non- por owéenr@@rml:m@s sa@ae@hp@m edtiltlo behpensermedd in a

NanQRAMLUS - MO ANes, %n&@atwﬁf%ﬂf%dﬁ%r@%e9|HQ&'@@lnore
effect. This neans that there is no possibility of the

menteANE BB CBRT G DI GERBALBY ParYertardreBarese bl tigyed

in tt%l@@:m§ egﬁessmull@ ha@p@me |nﬁbn@ﬁ%@'éslgelﬂ@§ﬂﬁ%ed in
as a result

oGS afe A S SO RS Therth dodaleps e oF a1l
forvkhﬁdpupp@se aﬁdtﬂmampresenlowrﬁmﬂﬁesoanHOtuBmﬂ&r

non- odugug 0 é¥¥%dl%“%%§e COKPMQﬁ%&EODF S %Pﬁfally
enphasi sed’t nanopor ous nmenbrahes coufd” e
usedmwmdthedppb@@sgnm%fth@epr%ﬁxﬁﬁlhan@nndons3@0%t

nan%ﬁefe&?@&'&%bﬂ“aﬂaé%@% meﬂb@aﬂ?ﬂﬂ?%&%d0b§ﬁé§@x%éMﬂﬁ%ne

t he present process has been upgraded in the sense
t hatiddpd eferefirye dotiamitnaPi e | Evidileagcbeen 3Fovisred.

Consee&u@mtel Yt Bei RS NRakachascopdial ned cachi gher val ue
mpared to.the original product . The retentate,

wh|@W9&8ﬁF59ﬂ%'a% redsed proporiHon ¢f SMecchr - -
conpenents ]asg@@mpﬁrajlm t heasigy nal spapdensatendhas

a value depend“ﬂg;onk%ge nE£curé%amp cenbgaklgpoﬁﬁthhe

percelvegsend use. e rePen?at
US-A-5093002, US-A-5275726, US-A-5458774 and

US-A-5150118.

Stage cut is defined as the weight percentage of the
original feed that passes through the membrane and is
recovered as permeate. By adjusting the stage cut, it is
possible to vary the concentration of a contaminant in
the permeate, as well as the concentration of the
contaminant in the retentate. The higher the stage cut,
the higher the contaminant concentration in the
retentate.

In the present invention, the stage cut can vary
within broad limits: 10 to 99% by weight, suitably 20 to
95% by weight, in particular 30 to 90% by weight, more in
particular 30-70% by weight. The stage cut is selected
such that a mercury concentration in permeate and/or
retentate is achieved which is below a certain desirable

maximum.
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value may be lower than or simlar to the value of the
original feed. The present invention can be applied in

w@2nalilaboper at ed (groups of ) menbrane separ at BEBHEP2008/053490

conprising asingle separation step, or also in

enbodi nents conprising two or nore sequentia
separation steps, wherein the netentate of a first
separation step is used as the feed for a second

separ at irag @é@predm&a@anbﬁan@arswrs@tu oK %H]lﬂﬂﬁ for a

rf d t
C oS 58S PBREC AL o reE aha il ed e ERARBIERNREne
SUI tpa;’@lseulfredam@sorartelet ypedafFlyw expressedti nphow thelies
Tyiane EScPesLiianed in such A dmddie, Brarpl
es et I

these modu e spira woun ate an Sr_ama,
hol Iﬂmmbﬁabﬁesr@wquIsarltﬁoml@sqrelart@ffeﬂea epdiulcer of

Conft'h%%é%@%e ang- cin’ ahbyn¥eundhand pl aherapg-4 rame.
Spirally wound is nost preferred when a dense menbrane

i s USEdeTTRESES ndtbr A%€ CRBHNP €%° dr'ee WEICPKnBR: b thEh

sEki Iﬂllegcﬂle@ee@@@? asutf Qf’(ayeléaﬁ”@' Be desitirdvieed b'yndecreasmg the
ncycl op la O enlca n neerln
TR 2008 o et i 2 g o (e 0L B P gl

Exanipir@agnf tspimatdnansound rmdul es are described in
for exa US- A- 5102551, US- A-5093002, U 27572
s A BRB37 74 G S, ATETROTTS, Stagerat T sk Hat aquo”

as tthe wemgh@n@eemsag@ of vheuee ifgiumali sf eepli¢dlaty in the
pas%%%g%h69UEPo$h@tﬂﬁﬂ%b@neséq%hﬂfyﬁﬁ%EN@b@d &334 more

per neate. By ustln%t hée_stage cut, it Is possible
to \;sa»rlyatoﬁé %Q)n%%rﬁqoa i/ NGt ahee;ofrﬂtvamtﬁaﬁvghnt%énembrane

perm%®t@lS@Sbéwéipﬁﬁ%§é@ea§0M§§§tfﬁﬂﬁ on @hithBle mass flux
contami nant in the retentate, |Zgher t he stage

cut " HE ﬁFgﬁ%?W?qﬂa%99nﬁﬁﬂ1ﬁ%%9 % eAEFAE PR ???%tﬂ?r

ret entyat ereferably, the flux through the membrane is
constant in time. Further, the inlet stream is contacted
with the membrane at a trans-membrane pressure (pressure
difference), which is typically in the range of from 1 to
60 bar, suitably 3 to 35 bar, and more suitably 3 to 30
bar, in particular 5 to 25 bar, more in particular 15-
25 bar (1 bar = 102 Pa). At such trans-membrane pressure
the above permeate fluxes can be achieved. The
permeability of the membrane is typically in the range of
from 1 to 100, suitably 2 to 50, and more suitably 3 to
10 1/h/m?/bar.

The membrane separation is suitably carried out at
ambient temperature unless there is a deposition of heavy
paraffins that requires heating. In this case, separation
may be suitably carried out at a temperature up to
100 °C, in particular 10 to 100 °C, and suitably in the
range of 15-85 °C. From an operational point of view it
can be preferred to operate at ambient temperature. In

the case of the presence of significant amounts of
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In the present invention, the stage cut can vary
wWthin broad limts: 10 to 99% by wei ght, suitably 20

W 20095%8hy wei ght, in particular 30 to 90% by MeT/BP1008/053490

nore in particular 30-70% by wei ght. The stage cut is
sel ected such that a nercury concentration in perneate
and/or retentate is achi eved wWiikch is below a certain
desi rabl e maxi num The desired stage cut can be set by
Var)ﬁa&@ifﬁﬁé an gineeredpeeneabe ) i ycrofast he menbs a@Le,mdrla;e in
tran ane_pressure and/or the feed flow
f|r§Pr56F|gﬁr AR H@Fe'f%ﬁGEFiﬁﬂﬂu?~f88@eVT%ﬁwelevated
i ncreeapkengttithes txmmnbeawee@rb"same oesal tanile a
gre ter

r%ﬁg&kgﬁd9éﬁé%g ore FPSVQﬁESﬁQK:g%Q QHQH 5?%j@ higher
Accmaenaﬁéltl@ t hlecls ezomd zept i on, tksma:rhérdmrgh@r sm‘%\w clpuch

may p%le%gp%a@%% evad by sdacr easi ngLhefegdfbaws ang
whi I'st maintaining a certain pernmeate fl ow?hrou h the

mentiedNel LR @ hel'pr e "PnveEdt i Gitd tfHélXp@VﬁJéa‘%}ée fapprane
t hr aughrther ABIPNaee%PL eS8tk ag) 0PIkt hept Sne area
typl callé in the range of from4 to 1000, suitably 5

Bd more suitably 10 to 200 I/h/m . The flux
thr ough Phefaembnangecmaynat soe bsaep@)mrcessedsaﬁefmwned as a

fLUo R aHbLabl s s [Lux, [ange, is, belvean 400 and
4OO(FOk /'m ane area per day. F}refpera Y, The 11 ux

thr @@gﬂn?rahe drerrbrare fire s0onSt AMLE drPrichTBnCRUTe hertaitrhe
i nl %er%hn%aﬁéﬁfet?&ﬁtp%(ih%gté‘" th, 1ihe, smenbr apgqat g

trans- menbrane pressure (pressure dlfference§ whi ch
i s MASCEARPF FPIRMES @n§ecofeF ¢ o /1 “tldlﬁooléal?ass the

SU'ﬁﬁﬁﬂdfaaet0T§§ Rafentand pore @%“dﬁﬂ@ﬁﬁr%e@ofgghlﬁﬂé unit.
in partlcul ar 5 to 25 bar, nore in particular 15-

bar °f Bars rﬂ’blcpﬁetweﬁf §EEIHG??%r?§dn§ﬁ6FBE@t%rJe%sqfrté’ee“
t he 1above 2pesnead el fdruxeseccatebes aghi evedrrdherably the

perqgabllIt¥ogit£§§(ﬂ?n%ra?eeésagXBKF%%EXH%Qtéh&ML?Q&ethe
membrane are such that a turbulent flow regime exists.

A turbulent flow regime will facilitate that the
mercury components, and other contaminants such as e.g.
asphaltenes, remain in the retentate or is re-dissolved
from the membrane into the retentate. Preferably the
local velocities may be increased deliberately by for
example vibration or rotation of the membrane. Examples
of such processes are described in EP-A-1424124 and
US-A-5725767.

The retentate which still is largely condensate with
increased mercury concentration may suitably be recycled
to the membrane separation step and mixed with fresh
feedstock to the membrane separation unit. However, when
recycling retentate, part of the retentate will have to
be discharged such as to avoid build up of the mercury
components that are to be separated from the condensate.

The average cross-flow velocity of the feed over the feed
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from1l to 100, suitably 2 to 50, and nore suitably 3
to 10 I/h/m 2 /bar. The nenbrane separation is

w@ioBabdsys carri ed out at anbi ent tenperature uPCEEB2008/053490

there is a deposition of heavy paraffins that requires
heating. In this case, separation may be suitably
carried out at a tenperature _upsto 100 OC, in
particular 10 to 100 OC, and suitably in the range of
15- 85 RCor Fhomabeper aki pRafe paint iof tmbemﬂ@eaﬁnf&@m
prefe 0 erate at anbjent te ratur In th
cas %Phé %Pgséﬁfceefe&abi?ghr?l%oarﬁ aﬁgﬁnt ghe Frost £low
of paraalf bensdinstdre pomdensateat suchs asiiatblewbdstorof the
m)r t % or r ra

oreEr BE ey bt od  dnabrapar b itk 0B Hugn ange
65 0C cansbeapref m@lﬂngot@%rrqwrﬁ@é@emthln the same

pr e%ﬂr@c‘é@%' of: ohayf A N ghet P afdd i GSUEho.AS Maxes)
on menbrane surface. Such” precipitation woul d

hi nd@tlpﬁélbérﬁ‘é%i?the&n SEPEERLE ANt Fesdlt "IHCA Faifk the

declddtentihe deed filpx evphriheoieiiang Lse@r&f efablipeq
betv%een 100 and 4000 kg/m nmenbrane area per day.

Pr ef'éaBl §E R nistsarte °8ephafBtion is perforned as a
cont i nuoBEsrprecesssweerebn fe@dclzmqoa@aed overtide

merrbr%ne dge fo Aressure. ffer]fecnce such to obtdai n a

mer cury- epFe?e perhr%a 85 phrtd efee(cjlomf1

r et emtaveatdonpfusingy tshepnertarsgtapitatenosy paé%o tiee
nenQﬁ%%%ar&Q& {ﬁtﬁﬂiék%l%%£§ bﬁmﬁi%ﬁbﬂlg@dliﬁg the

unit. The mass ratio between permeate and retentate is
bet V@@@ﬁnlagﬁﬁuiww et apnyobet e 5 thAdrapentate is

Pr efsefcalbwaﬁhﬁth%?sa'so\/f@' oeitbess of dihechie dm@EeM‘sei in
retentate side of the menbrane are such t

t ur BRCERET T POW ¢ BYi e FERPSt BaV NG Jr‘btfl%ﬁ?eﬂ BW‘T’tediWFe
Wi | Irdfraaicbit alb@fdﬂ’eatsutcheuﬁer (:Itlle yfmmn@ﬂbsesﬁmlg ot her

contam n C | tenes, t he
ret ent at gﬂéﬁouéh re- Cémggg v%%l proces 15 pEL L dp th

achievable, in some instances it may be desirable to
clean the membrane at certain intervals for optimum
performance. For example it may be advantageous to
regularly flush the membranes at their retentate side
with a solvent. A suitable solvent may be the permeate
itself. Such flushing operations are common in membrane
process operations and are referred to as conventional
cleaning in place (CIP) operations. In such operations a
membrane unit may be cleaned while other parallel
oriented membrane units continue to perform the desired
separation process and operate without flushing. Other
methods to remove fouling from the feed side of the
membrane are for example the temporary lowering of the
trans-membrane pressure, such as by lowering the pressure
at the feed side or by closing the outlet from the
permeate side so that the trans-membrane pressure is

significantly lowered. Such methods are described in



10

15

20

25

30

35

fromthe nenbrane into the retentate. Preferably the
| ocal velocities may be increased deliberately by for

wex@splaed/i brati on or rotation of the nenbranePCT/EP2008/053490

Exanpl es of such processes are described in

EP- A- 1424124 and US- A-5725767. The retentate which

still is largely condensate w tilg increased nercury

concentration nmay suitably be recycled to the nmenbrane

separrﬂ;teiraatgble@l ait gricxedpwt t e fareshifreedsbockat it he
[ane separ e} it. recycling

ret % ﬁgrf%}oqﬁ%‘% ?Qggﬁis\g%/@’%q\%}%ﬁg\m to be

d|schargedeU@MXagft@oavmhdebu$IRﬂguJeoQ thewimey cumpre

rqﬁgy%nﬁédt éﬁﬁ%dﬁotRSnSFPgﬁfg %nkﬁggt 51 ,according
om;veloc

ondensat e € average Cross of the
feecIOO\t@re theefiteedsi dékef rﬁﬁ@rwﬁorram@rlaésméfm ablgpre 1

in ta'l% ﬁ%@geté’fdéiﬁj;ﬂa@elth@ Safd Sor %&%ﬁ%@bwj&c& tQnd in
1.5 ms. The cross-Tlow can be adj usted

recitddl aFPAEY & ST Pe 1 paledadfte Heer éltléﬁtléfjeort‘ d"tthe

i nl e.’telf@ﬁfehlﬂﬁ E T AN aepaﬁﬁth@mdwotwmlgnﬁbe@ﬂlpffocus the
recyc the r ate wthin the sane process
s R b o ekt Cu ala TE Rl BESR eididee 1.
further $Ep&f@1@t0f5€$ia@ﬁl:lbﬂ whé tedin case thewnetetd atse a

of 3, flbrl%gtsg[?ar@ta{ on st ep ﬁeys s th§hf eed fore a0t

secon separatl on Steug ﬁ |ns ead (0] r CycCl 1 ng
(parstepefrptphet ? et Bret @tlelgopatglmme':rs plowhyphgvided i @re—

Sec%%a%glg)ﬁth@{@'éa)é f6l5r593rp§éc?d%ma'i‘1%l§eﬁ§&&§ée may

al so be disch ar%gdlnlts entirety. This is nost
li kéJQWPQé@QTa? a%y G@Wepéeﬂﬁ@l%?ﬁdds|ltl|q@ﬁdoFOfﬂH>@lentS are

ret eRig@at g kse Stiched Rats skt shasr soe ssalrugmaghacstdiddi@ate
mat eri al |n anot her process, vvlthout havi ngFto further

tredt’ t HETFBL ENtHt% %&Pé?@uéuﬁW%@é ngSf GPEfEred, which
pr oceseong) streAhrﬁ hough @opbnhéduoiis @fa@CGSStd) Sform

gggrggggg ?Qq I%yab%%herncéﬁ%“%ura%g%%%egfIgn 19&&%3
separation system are also possible, such as a two- or
three-phase separating slug catcher combined with one or
more 2- or three-phase separators.

The gas treating system 18 of this embodiment
includes an Acid Gas Removal Unit (AGRU) 71, a Glycol
Dryer Unit (GDU) 74, and a Low Temperature Separator
(LTS) 78, and are all known in the art. The AGRS 71 may
not be present in case of a sweet gas. The glycol dryer
74 receives low-acid gas from line 80 and removes traces
of water from the gas stream. The LTS 78 serves for
dewpointing of the dry gas received from line 82 and
removal of glycol, and a further condensate stream 1is
obtained.

A particular advantageous embodiment of a LTS will
now be discussed with reference to Figure 3. The LTS 78
comprises a gravity settling tank 90 having an inlet 92

for receiving the gas from line 82, and outlets for gas
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clean the nenbrane at certain intervals for optinum
performance . For exanple it may be advantageous to

wo egaliashy flush the nmenbranes at their retent B BFERI00€053490

with a solvent. A suitable solvent may be the perneate

itself. Such flushing operations are common in

menbr ane process operations andsare referred to as

conventional cleaning in place (CIP) operations. In

sucrmgopebaaia@mtea mmﬁa@eyu@it9mr@ag@hea¢ae@ry\ﬁ1idf&
pbrane units continue

ot h | t
per fefrollprjngtr A %Je@? 0 egqnt zlﬁéggﬁ;ohn prisc et§§lka§§ %B%?%ttgq
Wi t hwpeﬁ:ltushl wiga s haee pethods 40 arempweifpubengl frcomThe

the J.oedside of Lhe Tembiane.are fon exaophe (8, can

ary omerlng ane pressure
sucHvashby FowerisrRs tah@epr:essml@vatoftfh@nfi‘eeéloéuTd@l@m an

by clasingothee outl gt Joram thecperieat e skde-$91 hale
the trans-menbrane pressure is significantly | owered.

SucHaethodsiar e S & BEE PRERtErhattilehar Pat emty and
appldceati-onsombdtepubhiicat g@ﬂtwm s;ov}@easég)@@sm raRd

WO 2004/ 092308. erenc ow nade to Figure 2
shoWTi§g"aY not 8" o%ﬁgﬁné& %odﬁﬁ%‘ht Yran SBGur €'Y of %
pl aniftet apeosdidg flar trleekspventilon. dr keeneference 3

nurrere%lrs as in F| re 1 are sledl}oC deS| gnat er,t hmeersc%%

or i Car 0%] ecl% nthis regar d°r &f érence 1's
nade?omorlhet@ll@@mﬁssa@mmwltahedettcer%nme—ftta@nFiLnge 1106, innthe

the fall owhng- v, Wld shagysthe, di %‘h‘és%h@ﬂeﬁ’floz% that is

di fferences and ‘extensions from Fi gure . The i1nlet
separart6hedy’se emStarsiPdRéwn here as a corrbl nation of

a sl ug cahehgsr 8Qanrdnachhrgerphase tinl gbss,@@afﬁtor
63. The sl ug catcher as shown frow des grese aration

ni TERSTEBIANEY HASTRARL PY T EEoRPBRENT S Gt 1oV

whi Q‘Jé;ﬂ@l'eEdeﬁr@asEﬁﬂakdtioqui dypommmntc@eaaelﬁ@dtm@ steﬁiﬁrator

three-p or, 63fromvvh|ch C nsate_

wat e?c Eaanaga gase‘out%1 st'rean 69 9's% %tra?nerc]i m frhe
order of 10-15 pg/Nm

Returning now to the discussion of Figure 2,
condensate obtained from the LTS 78 is sent via line 23
to the condensate workup section 29.

The pressure in line 30 is typically large enough to
provide the trans-membrane pressure needed for the
membrane separation, so that no compression upstream of
the membrane separation unit is needed. The trans-
membrane pressure can be controlled by a back-pressure
valve 85. The pressure in line 35 will typically be above
atmospheric, such as between 5 and 30 bar, and the
membrane unit has to be designed for such downstream and
the corresponding upstream pressures.

Since in this embodiment non-stabilized condensate
is passed through the membrane separation unit 28, some
flashing possibly occurs at the transition to the lower

pressure at the permeate side, so that gas can be formed
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gaseous stream 69 is conbined with gas 65 to form
stream 10. Clearly, other configurations of an inlet

w@epanaisson system are al so possi bl e, such as BCT/HP2009053490

t hr ee- phase separating slug catcher conbined with one

or nore 2- or three-phase separators. The gas treating
system 18 of this enbodi nent i ngl udes an Acid Gas

Renoval Unit (AGRU) 71, a dycol Dryer Unit (CGDU) 74,
and ia pbewtTeaper attir@cSepanabts {i1dES) ré8, tantd asesa@al lit
known irg tha}éart. The AGRS 71 may not ge Ergsent in
cas€BF OF SRETYHLUSTIRE gF §edve ot i 749r el e R Ator in
| owldgied 3gasr faomi iupst80aandartenmvedet cacesnedtanat er
from.t S T L e

R T i L L o
gl yeald, Candeagfu@q mnbgmdews*alt estgtaaga i soobt e hed fAcl

par tjcul ap §9&!@%@€b¢%§11%’99d'E‘F?J‘tmeQrfbr%nleT§ef£\&Htl%Wumt
be di scussed with reference to Figure 3 . The

corrp°1’81 g8y e ghasatss %WPﬁFﬁ@arfla?ﬁ@f@GhﬁaWH@e%%ﬁti%l et

92 fsqrabriggg'éym@ggihﬁ] gas fromline 82, and outl ets for
gas26, Hdensate 23 .and ycol . 95 arrﬁg Ed to

O L A B A Y S a o Bt A O S antate
t he %espect Lyer@ﬁtawzs fape phesmﬁojamtemgbavmérybrane

settldng. . The glycol, Gan be. recyvoled Lo Lhe glyedl, o
uni t he' tank further conprises a ne cur dravv-
uni trer@tlhdvihg @re iimlet $6Bawaticd ewspeinnt . |?hStf‘rTe>wn in

tank; pref er aPé&’erH%ﬁ:e' QWESHe p@érﬁﬁme@%ﬂcﬁ Lhs f‘rpfecé fs't‘}eam

wei ght”, mercury and mercury conponents w || settle and
Conc,téhttlhﬁt BN PR e Sfe BERPY 2 BPavk Of FPUnicEvif12l $fherf

af t Qrecsg@medt t@eupse;rg;amat;tfeth@pﬁ@ ionrcher weeksy allowing
or even or 3 year iin the range

of | EIE B RELA B yeh i noaREur y? o ¢ haues sSiaittion

accuwndeatned toria aerdnairnpkevess 196G dam,t barundt Il mercury

the%x%&%nggggmcgggeﬁ@f%t%ge Ouéﬁgtre(g%tgggtwlfl be sent
with the gas stream 10 to the gas treating system 18,
where mercury is removed from the gas stream to
specifications in the LTS 78. During normal operation
under constant process conditions an equilibrium mercury
concentration is expected to form in the condensate
workup section between the inlet separator 63 and the
feed side of the membrane separation unit 28. In this
way, all mercury components can be removed at one point
in the gas processing plant 51, LTS 78. Another advantage
of the plant 51 is that due to the arrangement of the
membrane separation unit 28 upstream of the condensate
stabilizer section 40, the feed to the condensate
stabilizer section is mercury-free, so that the
stabilizer section is prevented from corrosion due to
mercury contaminants.

Reference is now made to Figure 4, showing a further

embodiment of a gas plant 201 in accordance with the



10

15

20

25

30

35

connected to a standpi pe. The nmercury concentration in
the gas 26 is predom nantly determ ned by the

wWo egvpria@bure in the | ow tenperature separator PCTI/EP2008/053490

Typically, operating the separator at -20 degrees C,
the nmercury concentration is in the order of 10-15

nmg/ Nm . Returning now to the _dipscussi on of Figure 2 ,
condensate obtained fromthe LTS 78 is sent via |line

23 tpﬁetslé@tCQﬂd@rmtSﬁirﬁ m@kmalﬁe@iﬁﬂﬁe&%e Thenpressur e
inline 30 ist |y Iarge enoygh t rovi de the

tF 2t REABr b e® B i TnoBdERE T chiH 6 SHEREE st L1
separeabireng sepaﬂﬁnlqmou@mnpﬁ%s&mdntk&psbmdansateti&abilizer

ety ANSeRr 21 1AL Wbk b neadad pThe LLans, oty ane

pressure can be controlle pressure valve
85. iTherphessgede Um tqg ﬁ@63500m¢¢sQQHMS@abhylb@ra&ﬁﬁﬂ;on 40

at mspherbay §@Phx§§k%eE@§§Pdéd@ﬂ9c%%v%%%aoﬁ@ﬁ %
menbrane unit has to be désigned for such downstream

and ARE SE 6 Pespbith n&hﬁpéﬁﬁ%am pPrigs SPNEs NS aF fice 4 Lizer
t hi scenbedi mentomanrst abi-bi.zed sondensat enksgpassed to

through the nenbrane separ at 8, . sone_fl]ashing
p0sSTB §o8CEURe MY CHe T P iAot L Tord G PhENToRFoL Lz ed

pre&smr@nahtéhfnpemnfame shdens s drhatt gas eembiﬂﬂzer

for%%%'tqfaf%a%' cul a1, ,at, Lhe perreate :I_Sl’ll sthat
reason I can be adVanta eous to arr ange a gas %IQUId
separvatiorlin & n@%@roatmgsaheupstmmupartI@fomfer to

condgnsake §E@bﬂ,ﬁa{r?se e%%?%h@n% é:?s%r%eﬁ’l%ééﬁdt& NeI&ife the

is mercury-free and can e.g e conbined wth stream
45, memPgsed agPFiaigasinifnZanot HEMPEREE8F nAE S Stife PUmP

menroane sSgpat aidon dkick 28apRY: ey leeatadsdownstaeamo
fromthe condensate stabilizer section 40. The

mer Ciy PFRBRAAR o e donPRane Y Iq?uﬁ%9“ﬁéﬂ8ﬁ?%1%9%ﬁ?i“g
t hatwiils besuyeduf ramricheraanofepddatdaionon menbr ane

Mercury-depleted permeate from the membrane
separation unit is discharged wvia line 212. Mercury-
enriched retentate can be sent back to the inlet
separator as shown and discussed with reference to
Figure 2. Figure 4 shows another option, namely recycling
the retentate via line 215 to the condensate stabilizer
section. This can be an interesting option when the
condensate stabilizer section contains a sufficiently
large settling tank, in which mercury components can
concentrate at the bottom, so that they can be removed
using a mercury removal unit of the tank, e.g. similar to
the one discussed with reference to Figure 3.

It is well known to prepare lower olefins by means
of a steam cracking process from a contaminated feedstock
as described in WO-A-9927036. The naphtha crackers and
ethylene crackers used in the steam cracking process
require relatively low mercury content in order to

function properly. Therefore the mercury-depleted natural
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separation unit 28 is sent in this exanple upstream
and recycled via the inlet separation system7 . A's

W@ bwsnidss Fi gure 2 , retentate can be conbi nedP@i/EP200$1€53490

inlet streamto the three-phase separator 63, but

could al so be recycled to upstream of the slug catcher

60. By allowing the retentate t@ undergo a further

gas/liquid separation together with another process

st I al¥) c@ﬁﬁén@eﬁté hﬁ)tﬂi&ﬁl@dr Y1 & OO eise n€ 0 NG eah  Bire Ghayn be
he retentate bes th as stream

the YIS LPEatT oy Sy SeanTs, ThRG e Herury ol o PR ore -

fromthe IgaSorSdé r@ﬂmdtlmespecof i e irorsenn theehli®nA8.

Dur |20 R0LHEL QRSO 6R,UROCL, SEARLANL, LRSS vequce the

condi tions an equi m mer c concentration
exp@@ﬂ@@rV006@¢@w1mﬁiﬁ@eceﬁd@ﬁ@atehwmm@mgeéeﬁwmmmhe

bet ypan-the Lol etasepanator B3 and.t he teed:side of.

t he menbrane separation unit 28. hi s vva%/
mer R UEBnpoMeTt's Qfaﬁhﬁemﬁéﬁ%%dj%leéﬁé p8 Wfa}r rgétshe

?ﬁs c@{n@l@?§§i:@9m£§t a;n% f@l,ththng&cw@iyh%sataya?ﬁgta%@ n@frcury
e a e (0] enen o] e
oS BarOR D Sl 99 hpet Fih HeOF X Re QoA at e

st abidtiuzen @&S:td:@melir&atbhebfeﬁded att haecpondeasiat eside of

stabcllzer section .i.S _nercur dﬁget%r SQ tlg%t t he

brane.i1s then roce udard bed
stabili zer ‘section is p even fron1 OrrOSI% d%eei

mar ity ioont amdrarita.e Refer entertilsmowdmade teor Rigur e
, Show,ng §u&W§ heinserhads nens Qflt%bggsbe'@%d%%l L

accor dance with thepresent invention e main
di f fleeeReecihi tor tweén@éaﬁh@nmar@%qutgml@gs PECeTRRT MRS Y

sequenee Btat e neibrang1separaddPmuni Fu28nhandudia to
condensate stabilizer section 40 in the condensate

wor KEBOYEcETBn 256 S T AEEFERangEE? Yt §athepassed
condensate sh@hhémmesrnese@paﬁatﬁ&td}ﬁtpl ant 201 can be

regarded_as_conve al gas processi plan The
feed to the © c%naeenngs’a;%g1 s g ?P%egfuard Bea shown'as an
element in the embodlment from Figure 1; however, a

mercury guard bed element could also be added to the
embodiments from Figures 2 and 4 incorporated downstream
of the membrane separation unit. The mercury guard bed
may comprise any absorbent material which captures
mercury including but not limited to alumina or active
carbon, impregnated with KI3 , or a metal sulphide such
as CuS, 7ZnS or a mixture thereof.
Examples

Membrane separation tests were carried out for three
ligquid condensates from different sources (sample
designations S, N, and D). The membrane separation unit
that was used in these tests was built from glass in
order to prevent mercury adsorption on metal, which could
otherwise have disturbed the mass balance in the tests.
It will be understood that in general a suitable membrane

separation unit can contain metal parts. The membrane
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section 40 contains nmercury, and so do the gas sent to
the gas treating unit via line 45 and the stabilized

weondanset e in |ine 203. Downstream of the stabiT/EPZO08/053490

section the stabilized condensate in line 203 is
typically at |ow or atnospheric pressure. In order to
provi de the trans-nenbrane pressure needed to operate
t he nenbrane separation unit 28, a conpressor pressure
pume%)@@aitSoﬁ)r@r\/itﬂG\das Procedsd abidH 2ed condénsater ias

fed t rane sepa tion Lgni fi cant
£} oG o OB i PR - henbr ot GBSsr hor b S zentcun
Nbrcmmw depke$®ﬂxpennmaueuteonaWing|nambpamecspmﬁuqﬂﬁume in
uni t ar ged y

etéﬁf%?g %gﬁ be séﬁ?gb Egt &%Re |nﬁ%% §g£g$%§6rfgom'GMT
showwm@ﬁdnéﬁeemeseﬂﬂmitﬁ-pemereyuhﬁwu@gFﬂgarerQDClple

Fi gtarfel%esBewﬁh@ﬂpﬂa%renopbb%anyﬂﬁ%é FEEYELhOG AR ised a
retentate via line 215 t he condensate stabilizer

secﬂF@h;aTHFso%dﬁxﬁ§‘éﬁ“Fﬁ?e?%%i@%%?Qﬂ&@ﬁéﬁoﬁh%% tHeIS) and
Fon@e@@@befelﬁ@iiay&r o&e%PQEyMl&Jm?tr&l§Uf(f’N¢i ently
arge settlin n iC cu ope can
concent r af'e® %%ﬁﬁﬁgtﬁﬁtFSﬁfSSOC?qéﬁ ﬁ%ﬁ@ ”gn9%€ $ EnovEar et
usrngmasnEhcurthennmabndnmEmnﬁaﬁmexﬂankIhe g1u$rn1lar
to f&[‘es%ﬂ%ed'écr‘#stsl%de Vg'ntdhls'é\jéer%f Cearteoggl gl &, 9y le 1.
i's 0 prepare r o y means 0
stedﬁmnﬁaekrﬂgl®woeesgaﬁreﬁﬁaO@bﬁﬂammmaeed temﬁﬁmaﬂﬂce-
as_d3aChL0edyL MR Ard922036, 5 The NARNLER 6f ackersys .
and et hyl ene crackers used in the steam cracking
process require relatively |low nercury content in
ordersphe fiunction properly. Therefore the

mer.cury- dpnlpfpd nnfurnlnne condensate obtained via

t he present i nvention nﬁy be suitably used as dtacket
f egdstieck 1N such|appligations. Tnisonme enbodiayents of
t he ese % venti ons additi onal nethods|nmay be
enrl@?% ? 2F{fther reduce the

pressure (bar) 11,5 12 11,5

run time (hr) 2,8 6,9 7,5

stage cut (%) 23 74 92

total mercury 2000 430 1800

concentration

feed (ng/l)

total mercury < 25 26 <25

concentration

permeate

(ng/1)

total mercury 2200 1200 10000

concentration

retentate

(ng/1)

The table also shows the mercury concentration that

was measured for the feed, permeate and retentate in each
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mercury content of the perneate discharged fromthe
menbr ane separation unit. A s shown in Figure 5, the

woregostegecont ent of the mercury-depl et ed nat ureCT/BPE08/053490

condensate may be further reduced by installing a
mercury guard bed 300 after line 212. The

nmer cury-depl eted natural gas -condensate obtai ned at
the perneate side of the menbrane is then processed
t hr augh .t her guay didednabtai on awLoORELRS akenyi tir doean
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; however, a mercury guard bed el ement could al so
addeditg ﬁhél%%%dbﬁﬁéﬁﬁ§mﬁFoﬁ?$@2ﬁﬁ%&? ¥15RdUY lamp. The
i nCQ[’(eFin_il_J%S/eid_s d@éMlﬁderoBangﬂf staﬁnmréafl@&gdge@arraéﬁmy
unit . e rcu ar conpri se any
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but not Fhal tedidieaaleusi nas os amhiwendahbane, so is
|npre nate with Kl aor a netal, sul phide.such as
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designations S, mbrane separation
unlﬂmﬁﬁﬁmlﬁﬁgth%éﬁ*ﬁﬁnﬁhé§emﬁﬁﬁﬁ%#QM%§DBGIﬁPEWTcﬁﬁ%ﬂ%%%

in Qro@%rthbe @wfvesmm%nwnym@ﬂ@w}pt IToR QRcBBt dbndoMyGh s
coul.d ot herwi se have disturb mass bal ance in the

t est’§Ve £ ﬁFPfl%%(U%d@Psgagdk?fﬁﬂ i1 gén8Paliyd point

sui trabloe ﬁEnBBamﬁ)Sﬁﬁﬂ%atCQn unit can contain netal

parts. The Iemblanesepanalion unid, ues.0r o¥hded Wdh o
hours 1nto a membrane cell comprising a top layer of
cross—-linked PolyDiMethylSiloxane (PDMS) and a supporting
layer of a PolyAcryloNitrile (PAN) at 3 m’/hour. The
total mercury concentration of the feed was approximately
3000 ppb (parts per billion by weight). Table 2 displays

the other process data for this experiment.

Table 2

Recycle flow 30 m”/hour
Feed pressure 10 bar
Recovery 30%
Temperature 25°C
Resulting permeate flow 1 nm’/m*/day

For this test, the resulting mercury analysis

resulted in a condensate with 0.5 ppb mercury.



PDMS/ PAN nmenbr ane as obtai ned from GKSS
For schungszentrum GrbH (a research institute having
w0 e@sprdsnci pal of fice in Geesthacht, Gernmany) PCERP2008/053490
commercially available from GMI' Menbrant echni k GrbH (a
conmpany having its principle office in Rheinfelden,
Cermany) . The nenbrane conprdi sed-a top | ayer of
cross-1linked Pol yDi Met hyl Si | oxane (PDMS) and a
supporti ng tayese ofcc Pal yACryioN t hidreutPAN)Ls .eddentially
each of the tests, condensate was fed for severa
hour€PAE6S the” UEAEend ﬁéﬁb?%ﬂ%eacteﬁ 1 IPPhESEFUNE e Was
pr essuriehedunn tmerecuaryd st age cut are given in Table 1
The separation was carried out at ambient
tenperature. The mass bal ance in each case was between
95 and 97% Table 1 The table al so shows the nercury
concentration that was neasured for the feed, perneate
and retentate in eachtest. Mercury determ nation was
done using European Standard Method for nmercury in
iquids EN 1483-1997 Water quality - Determ nation of
mercury. In the nethod a hot destruction at 95 degrees
Celsius is perfornmed in an acid environnent (H2SO4,
HNOG3) with potassi um per nanganate and potassi um
per oxodi sul phate . Mercury detection is done using a
flame | ess atom c absorption with UV | anp. The mercury
is reduced with stannumchloride to nmercury vapour and
measured at 253.7 nm The condensate S was a sour
condensate, so is expected to contain nercury at | east
partially in the formof nmercury sul phide. The
condensates N and D were sweet condensates, and
mercury in these is expected to be predom nantly
present in nmetallic/ionic form perhaps together with
some al kyl mercury. The sweet condensates have a
density of 720-770 kg/dnt and a boiling point range of
35- 350 degree C .
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I n anot her exanple, condensate was fed for severa
hours into a nenbrane cell conprising a top |ayer of

waere@saidssnked Pol yDi Met hyl Si | oxane (PDVS) and BCT/EP2008/053490

supporting | ayer of a PolyAcryloNitrile (PAN) at 3
nvvhour. The total nercury concentration of the feed
was approxi mately 3000 ppb (panrts—per billion by

wei ght) . Table 2 displays the other process data for
this experiment. Table 2 For this test, the resulting

mercury analysis resulted in E gondensate with 0.5 ppb
mercury. A s can be seen i , Mercury was
essentially conpletely renoved in the permeate. The

ret elnt %f e PR3 ef'cgﬂ %%%01ngn§£&%é/rc% é/n/éok Mn,s g‘f aria%ural

met hod reducin rcury cont nat ur
condﬁﬁsap@de@@@@$dsxm@mﬂﬁengt@@% gfeps provi di ng a

nanaf del,that hons eriane haybAogndnd8ed $Lb9engdnd feed side
perneate side; - contacting the natural gas condensate

wi t Fché PeERC&FeSisieit he nenbrane: and - obtaining a

mer CUrc)bn@@@t@ﬁ@dtmaatriért@raga@a@Oélﬁ&fb?%taﬁeahitﬂethe feed
per ne teﬁ%lde of the nenbr 2 . The nethod

acc b I BT PRR S 'WhRE eln the nanof iltration
menbr ane ali 81iogea afe i pg-yapl e Cedrmar wrarlanhe tamddnsate at

iltr tlogrﬁe L ane, cﬂdthn Hg&%écular is a polyneric

nano tration menbrane conprising a polysil oxane
| ayét., T@@r@eth0®annxcwuag aocebsisn |l nkbgrpohysi¢ oxane

! ayer{ano%llt?%l&??trﬁb‘?ﬂaré%oﬁg' B9 L Ca! YoMhePlcZor a

whereln at | east one of the group of nercury
CONPGTERtS NaneSsEmataony neshpiet eland dnovedtiFormt He a

nat Lﬁcﬁlymg@§c0@@ﬁ@ﬂh&a$&,t 1R §BmgF DU c%@@%llgaﬁg of
metallic nmercury, ionic nercu;g al k nercurg
mer W%&Pﬁﬁ?%lelaﬁi% pdFtFell'are aﬁ fhgross-linked

polysiloxane layer.

3. The method according to claim 1 or 2, wherein at least
one of the group of mercury components i1s essentially
completely removed from the natural gas condensate, which
group consists of metallic mercury, ionic mercury, alkyl
mercury, mercury sulphide, in particular wherein the
entire group of components is essentially completely
removed.

4, The method according to any one of claims 1-3, wherein
a mercury-enriched retentate is obtained at the feed side
of the nanofiltration membrane, wherein the
nanofiltration membrane is arranged in a membrane
separation unit of a condensate workup section in a gas
processing plant, and wherein the retentate is recycled
to the inlet of a gas/liquid separator upstream of the
membrane separation unit.

5. The method according to any one of claims 1-3 further
comprising using the condensate as feedstock for a

steaming cracking process in lower olefin manufacturing.
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entire group of conponents is essentially conpletely
renoved. 4 . The nethod according to any one of clains

wa2@g/1vd8es ei n a nercury-enriched retentate i s PUI/APIVEEI053490

at the feed side of the nanof iltration nenbrane,
wherein the nanof iltration nenbrane is arranged in a
menbr ane separation unit of a ¢gndensate workup

section in a gas processing plant, and wherein the

ret ent ahe hsthegydeddiogt be afy eindforacgashti ot durther
separ at or. ugstrean1of thghnenbrane_§ep%r%tion unig: 5
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for anj cking pr SS_ | r '
nanﬁgégkgrP%gg%g&gfﬁégngghgggdigggﬁ%%gﬁfoggﬁél%ﬁ% of

cl aigmdengafarvher &dwprtinskngeprorbssirggryheontent.

ner cur yrdepbeted Natdiahoas copdensatechbBroygh & n the
mercury guard bed | ocated downstream of the perneate

si d&"S6FUE He THBRbrAite IBPEBEEF nPh TUEERSET BAWFE H g which

f ur theitureduged- By Gy ceent efdm the gtd@pMBbAOLsting of
accordlngﬁto claim®6 fu%}her wherein the Hercur ua

bed Topris8s An-alissrbent’ nilberd i hhi"ch capt (e a2as

mer cunyphsekect ed fromthe group consisting of alum na

or active carbon | r.egnated th KIL.3 or. netal. .
QU1 561 ghE SEERSR JIROSINEEeD: M Lt Lol Bling wsing
conprhissicrgdassage tthiehcendenshee widureal frgrthey ¢atheredas

Mer Gy s¢ORkent, as Jeedsthgck Lo & %%%@s@gkﬁr > 'rnl%lefin

process in lower olefin manufacturing. 9 . nat ur a
gas "HeEessPRYNP! ant conpri sing a condensate wor kup

sectd on hAehugi sﬁpﬁ@@@%sﬁh@rfgéﬂﬁ1d@%@@&@ﬂﬁg a condensate
separation unit or reducing the mercury cont ent of

nat UFPA1<"gas ccohdfenddt&d12g. & Tha" Halt dr &t gas " proc¥ssi ng

pl andepaea@t dhngnito frair@ducing the mercury content of
natural gas condensate.
10. The natural gas processing plant according to claim
9, wherein the nanofiltration membrane is one of a
polymeric or a ceramic membrane, and in particular is a
polymeric nanofiltration membrane comprising a
polysiloxane layer, more in particular a cross-linked
polysiloxane layer.
11. The natural gas processing plant according to claim 9
or 10, further comprising a gas/liquid separator upstream
from the membrane separation unit, wherein the
nanofiltration membrane separation unit has an inlet for
natural gas condensate at a feed side of the membrane,
and outlet for mercury-depleted condensate at a permeate
side of the membrane, an outlet for mercury-enriched
retentate at the feed side of the membrane, and wherein
the outlet for mercury-enriched retentate is in fluid
communication with an inlet of the upstream gas/ligquid

separator.
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9 , wherein the nanof iltration nenbrane is one of a
polyneric or a ceramic nenbrane, and in particular is

w@2@eliyeses i ¢ nanof iltration menbrane conpri siPQI/EP2008/053490

pol ysi | oxane | ayer, nore in particular a cross-Ilinked
pol ysi | oxane |l ayer. 11. The natural gas processing

pl ant according to claim9 or- 2@, _-further conprising a
gas/liquid separator upstreamfromthe nenbrane

separat irea uat@raste'pmotbgsﬂwqﬂaﬂtt @at:b@alﬂ@rw anein
separation unit has inlet for natura

conddns 508t HEE o Bd e moPet e eriranes CEhy BiTeras
f or tmeacuny- dept ot MQGQGSHSMQI@H&& reerreat enst deirof

t he r n r I . t. at

ot he recacsi o B berahPE LR BhET e Al 8
out Imetr clagy ﬁ@@@t@@ﬁeﬂnﬁched retentate is in fluid

conmuni 6@k QQtM\th AL 'p@'o%%s@ﬁné r}@lé%ﬁ“a%%@%%é/ﬂd Uy one
separator.12. The natural gas processing pla

accdﬁb@ﬁ@lﬁé %T%ﬁrﬁQEEheFuPPﬁE¥l%Hﬁbﬁi§Pﬁﬁuéyg%%ard bed
treatddagesysbemt MHnCh rgaset Agad i NG Srsbanmbact ades a
mercury renoval unit, in particular a | ow tenperature
separAFSAtpPBVIHET with a mercury drawoff unit . 13.

The]ﬂBtUhalngﬂﬁr@]&ﬁﬂS@mbgepbﬁm@}ﬁﬁﬁmrdbngrﬁbn@ﬂy)Qﬂalm
-12 further conp a, Jrercury uard b

%I3a [EB ein. the mertur g.llfgl n co rlse abso %ent
Ioca d 8ownstrean1oft%ﬁe nanof tration ne
sepaﬁaﬁwgﬁluwhtchlﬂnﬁihesnaEu¢@ﬁyg%@fﬁﬁ@deésomqﬂpi&ﬁwup
accordisngt g, cl Al é‘ﬂ&ﬁn‘é@%&%@tw@ d&%rb%%f Y @HaLdaed i e
conpri ses an absorbent material which captures nmercury
sel égtedr f¢ giitHe SgiBbpdeonsi sting of al umina or

active carbon inpregnated with KI3 or a netal sul phide



