METHOD FOR REDUCI NG THE MERCURY CONTENT OF NATURAL GAS CONDENSATE AND
NATURAL GAS PROCESSI NG PLANT Field of the Invention The present

i nventi orwoebetasseto a nmet hod for reduci ng the nercury eomEPaiososspat ur al
gas condensate and to a natural gas processing plant. Background of the

| nventi on Mercury is commonly present in natural gas streans
that are produced from an underground formation through a 5well to surface.
The well fluid is typically split intd-several |iquid and gaseous streamns

in a natural gas production facility. An Initial separation into water,
liquid natural gas condensate and gaseous caonponents is 10typically done in
an upst r eam ol ug dEPRNET™ arer Gnd e e LRt T el SR gt s CEnd the
vari ous streans are subbeyaent|ANpwWATURad, Ghar PReIE P& atedTand/ or treated
to reach certain specifications. Renoval of nercury from gaseous and al so
| iquid 15streans from natural gas processing is needed for various reasons.
If Hg is not renoMvedfatthehénseutrice it would end up in products from
natural gas such ashokbguifigd Retiel eumGas (I RGL.-and abter conbustion
thereof in the environment. Also for this reason, Hg specifications are
20appl i cabl e fBrdWEMDESestPEanEY dAlHET W PR PRt Warlurcdls §a89proeEssi ng.
There is a prigespenal thycfion1 high Hycereant pations in traded products.
Furthernore, Hg renoval is often a technical necessity in order to maintain
the integrity of-"dow arFegu-prER""Mer cury 25conponents can damage
metal conponents, partceyl asl yovwmer akbkechoricaratasiaangby Hgredanes al um ni um
and al uri ni um gl | oy, conpanent s ofo processing. sguh ATRALy 34O 25, 2
cracker processing hat ora gas condensate.” °- - g

5 well to surface.

The well fluid is typically split into several
ligquid and gaseous streams in a natural gas production
facility. An initial separation into water, liqguid
natural gas condensate and gaseous components is

10 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

15 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

20 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

25 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.



In the gas treating section of natural gas processing plant typically an
adsorption process is used for nmercury renoval, in particular adsorption on
an acti vaveadoesarnbssn bed. Such a process cannot be used PefrfEpesosnsisgo f or a

|l i quid feedstock such as condensate, especially when asphaltenic materi al
is present as they will choke the adsorption bed. In liquid
condensate, also referred to as Natural _Gas_Liquid (N&), nercury can be
present in various 10constitutions, e.g. nmetallic, ionic, alkyl mercury. It

i s assumed that thesetaceghoroeddeyidi ssekved én @lQmaa, gheni c or nol ecul ar
form although it cannot be excl uded _t hat sggrann]ecular clusters,

mi cro- dr opl et sSPOFCT e 1% Re2BF et ¥iorGiedY THe88>ROnstIt BentsSar &° 14t %exanpl e
found in 15sweedr condensatepova®r, imatouralicgasr coindensdbe bvhatni s
substantial |y {reg, of. sulphur sompounds., Lboan. acidic.epyi ropgent, such as
a sour condensate containing subst antial anounts of sulpﬁur conmpounds, such
as 500 ppmwv S ¢pardis=miéy Akl & ohidyidwdieght} pchreswealy ysi soallsosate,

20pr edom nant | ys.pr &s@nt, ascHes Sy SiHiRhkdees W ch fQi® 0L L d; e
particul ates. Sul phur compounds can in particular bé or Include Qés.

Known met hods ¥b¥! réfasealtnef aaeeRiryPf P6f- nat ural gas condensate often

conprise a step of foNALNYNES LI Ys A2SULPBLdE: partdLlees asf aht @med by .
absorption or filtration thereof. Such nmethods are faor exanple discussed in

US patent speci?? datdofs (NGE) - 4"966'884%8n8° 6P 3B 721 UT patent

speci fil@ati on Nensthi 2680543 di gcusses latchetoadsordientl ardcexy r act iion

nmet hods for negggn&xfgr%gn¥ﬁééeq£gaqk§%g_ esd§sr§¥2¥9hnneggog wherei n
condensate is tont'act &d Vi water and s que, Pot i of “whi it have been
contacted i n atdvancemmibhecnuge ©idn, althouFhetrte dar@tnbedekorudad i nproved
process (0 1 empye MRGURY,1CODI AN NANls L1 Ot DAL WAL, 1988 Bondgosalg, and for

35an I nproved natu gas processing plant.
are formed. These constituents are for example found in

15 sweet condensate, i.e. natural gas condensate that is
substantially free of sulphur compounds. In an acidic
environment, such as a sour condensate containing
substantial amounts of sulphur compounds, such as 500
ppmw S (parts per million by weight), mercury is also or

20 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

25 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

30 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

35 an improved natural gas processing plant.



Summary of the Invention To this end there is provided a nethod for
reduci ng the nmercury content of natural gas condensate, conprising the
st eps of WO 2pesoMbsbtng a nanofiltrati on menbrane havi ng acrapdoosiogmand a

perneate side; - contacting the natural gas condensate with the feed side
of the nmenbrane; and - obtaining a nercury-depleted natural gas
condensate at 10t he perneate side of the penbrane. The invention is

based on the insight gained by Applicant that a nanofiltrati on menbrane can
be effective touRhOck oratheusniypesorof nercury, i.e. both

m croscopi ¢/ nol ecul ar speci e e.g. netalli ionic, 15 alkyl) in

di ssol ved or entrai%e&%(?rﬁ?%sé%é% le?sp§8w§é%aar 15t Zgr(]é%/%%?lq—‘bS), S0
that an effective mercuryy cpenevalof memumal ugas gasiqursecesscstpeasig i N
particular from natural gas condensate, is possible. Suitably, the
nanofiltration nenbrane is one of a 20polyneric or a ceram c nanofiltration
menbr ane, and treparidicgl ar neoeprltses ignpokykirdox dree’dnayer feadreida
particular a cyoss;ldhkedcpolysi] oxane layer. The latter type has proven to
be particularly efficient in renoving different types of nercury.

25Pref erably at $¥HACtoRE bfet he-ridu P a6t Cﬁﬁ%lﬂﬁ%/t%dﬁﬁélnéﬁﬁsf?%gessenti ally
conpl etely renpved J emet hempatis alar@gas condensate, which group consists of

metallic nercury, ionic mer cury, al kyl. mercury, mercury sul phide, nore
preferably the RIT e GPotp O ot 8~ Suetsdintt KPPG° ROt etel y

r enoved.o tMhere ranc®ECHE §le cOnNporentembrageoup of conponents i s
essentially conpl et Iey irnt\afrergvggnfir om.a st rgaﬂﬂle sluncshl as fg(i)rrpe e natural gas
condensate, the resulting s%reams‘typl cal Py as a cwgy content of that

conmponent or 35grlouref tberpanem st ioft rh0@oppbaniipEre sapebebeifeanisy - 4 -
veight) or | eSS, Sldalhy;hs 28, ARDW Ok kessy PY &l efgply of S ppbw or | ess,

nore preferably of 2 ppbw or | ess, nost preferably of 1 ppbw or Iess.
Essential | y cohpteascorérpialeeatralsfeBesdéri dedistimlridlcat ifvei¢er ns,

sui t ablyy alkyl) in dissolved or entrained form as well as solid
particulates (e.g., HgS), so that an effective mercury
removal from natural gas process streams, in particular
from natural gas condensate, 1s possible.

Suitably, the nanofiltration membrane is one of a

20 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.

25 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

30 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

35 group of components of 100 ppbw (parts per billion by



5at |l east 80 w % of the nmercury conponent or group of conponents is
renoved, preferably at least 90 wt% nore preferably at |east 95 w % nost
pr ef er ablwoabodaestt 99 wt % At a downstream end of the tregmkpPdodeszabot he
10nanofiltration menbrane a mercury-enriched retentate is obtained. In a
particul arly advant ageous enbodi nent the nanofiltration nmenbrane is
arranged in a nenbrane separation unit of ya_condensate workup section in a
gas processing plant, and the retentate is recycled to the 15inlet of a
gas/ i quid sepasafiat) upsteeam ofitddie ymerbrangpisepsr aldsen dhkter NeIcury

conponent s t hat e been bl ocked by the nenpbrane can_ in this way be
et Tt o he Mot o hSS U ie RAL L S & P BEoLSrhe ol ant

sui tably conprises pregasabieadi ng geot ioonlensl Utk segnta a20gerompyetrenoval
unit. This can %rﬁ)cgva X%@FELS%?:SS& 'c?e"htn%%p%a%'{%f\gégt 134Qr  Bf, oVl wWth a

mercury draw of T uni way, mercury from gaseous an
condensat e stre&ansedat tBhewhat of alhgagrprovessimgitamtr ganubeof enoved at

one point. 25Thginventi e fupthelr, povldes a patuwale gas,psocessi ng plant
for carrying out the process of the’invention, conprising a condensate

wor kup sect i onPFicdafdilng2a hamdt i1 rats oACREnBF &l 3dpafat L8ASunit for
reduci ng the negcrey, content of natural gas condensate. 30The
nanofiltration nmenbrane separation unit conprises a nanotjltration nmenbrane
and has an inlet fdit r’?afjﬁ}“’g?t@%%m CONdENsalE hEeA FEd °Si 8%of the menbr ane,
and outiloet f ornamsTiurtradephehedocordensatrevay-enpermeatretshdecofid he

menbr ane, an oglt%tl et for Mer cur y- enri cﬁed r.etent at e at m'io%ﬁ 35t eed side of

dine In a particylar dvantdgeous e iment the
t he nenbr ane. Fief descrlp]?lon of the Oraw ng n enbodi ment of

the invention witdtinowabecdesenbiyet: iis Aorended all samgmpireher ef erence to
the acconpany'5@bé¥§%@o%g%ni@h§f6§rbondensate workup section in a gas

processing plant, and the retentate is recycled to the

15 inlet of a gas/liquid separator upstream of the membrane
separation unit. Mercury components that have been
blocked by the membrane can in this way be directed into
the natural gas stream. The natural gas processing plant
suitably comprises a gas treating section including a

20 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.

25 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.

30 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

35 feed side of the membrane.



5Figure 1 shows schematically an enbodi nent of the invention. Fi gure
2 shows schematically a nore detail ed enbodi nent of the invention;

Fi gure 3 wbaowss/déedsew Tenper at ure Separator w th 10ner curgTdrawsosi4onuni t ;
and Figure 4 shows schematically a further enbodi nrent of the

i nvention. Figure 5 shows schematically a further enbodi nent of the

i nvention. 15Were the sane reference nungrals are used in different
Figures, they refer to the sane or simlar objects. Detailed Description of
the Invention sReference ibsisnder tihFipguiends show ng a schematic

20hi gh-1 evel overview o .natural gas .processing plant according to the
i nvention. The nat Lﬁﬂaﬁméagl?“%‘f oogsttgfaﬁggewb?ﬁl a”glplflo&ﬁé’i %8 @%ﬁ“@? shown)
cont ai ns mercuty.more detAnli ah@twisepardeironcsyss erhel dcsoappangegd to receive
the natural gas _fluid s via inlet line 8 The 25fluid stream5
typically corrp?i?gtswelsrl éstwthfg?g:lugd hydr ocar bons and water. Liquid hydrocarbons
contai néd in a nat dralurgas shewamdraaconpbhl yar efdrodaedend as Tondensat e.
It will be undegsteod, that the phase constitution of the inlet stream
depends on the source 30and on the prevailing conditions, in particular
tenperature and préssiiFre. 2 shows Aiquglrarasygt@mMor g seaPrdfiged to separate

the fluid stream&im@ argasesifwapild, a condensate stream 12, and a

wat er stream 14. The inl eg sgst em typical l Y. 2 - ,
Figure shows a Low Température Separator with

10 mercury draw-off unit; and
Figure 4 shows schematically a further embodiment of
the invention.
Figure 5 shows schematically a further embodiment of
the invention.
15 Where the same reference 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
20 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
25 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
30 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



conprises an inlet slug catcher and/or one or nore two-or three-phase
separators. The plant conprises a gas treating systemfor the gas stream 10
in line wogemasshl y i ndi cated with 5reference nuneral PCE/EPTIVS/06HS0
treating system 18 can take different forns and include various processing
units for e.g. acid gas renoval, dehydration, contam nants adsorption,

desul phurization etc. In many cases the_ggs_treating systemincludes a
further gas/liquid separator, 10such as a Low Tenperature Separator (LTS),
the liquid outtehp:Stdeeammol nwbt cdr separaher bSd o Yidensahere Steh-
condensate is suitabl onbined with the condensate stream 14 obtai ned from
inl et separ ati%ﬂ,t%‘?c?x?ﬁi%eofﬁ?%ﬂariosr%'ndi cated by dotted line 23. Treated
gas 26 is 150bt ai nethedpwast r eampofsetshe gas treatimg sypstentds8. the I'n
accordance wt he i nvent,i on, r rati i.t_ 28 is used in the
condensat e wor %%o Sgcerce{g%orllbzgniln%ﬁﬁ {%%%regggg%a][ Ogl%r?g%gu‘?’;l/g}éontent. In the
enbodi ment showpfendreenanbeane sepditet iden Lheat 28y isys2@ar Langed wakst r eam

froma condensai £ stahi |fio%§5 $8&Li.aN AR 96D &inGPhhppal f 3 the

menbrane separation unit 28 may al so be arranged downstréam fromthe
condensat e st abi¥i 219 88€i bANAR L THE WERBE afler UFIttHaS28RSI nl et for

condensat e feeghydddidne d0sudpmanofddithatten mMemyANea2ed32cnangputlet for
perneate 34 (mercury-depl et ed, condensat eé to line /’35, to the stabilizer
section 40 and 57 0Utd &Y 538™f oF ST EtENtat 87 38T | 2 i ST b 6P BN O 1t he
menbr an® unit sscisaarr angetdethatatihe cepdeasat e(fend fthewsigves the feed

si de of the rrenbrlaetrﬁ,est?nd tg§ M%Jltlet 3038 for.retenta.O[te i arg&&ged at a

Ou rea separator 1,8 4d condens - .
downst r eam end otf e6d Srde Fromthe ondensat e Stabi T zer Ssection

typically a furthémggaseonsssir@am 4£pnibgngener @t edie weincdhneare be passed via
line 45 to thesgas, rl%abg‘éaﬁné'&"Er&ﬁ-in@efﬁ,c@eﬁ&@ cndensat epstabiddzer
section 40 is arranged downstreamfromthe renbr ané uni t 28, the gas is
mer cury depl et &%, 1indicatep; by sdepisbrdincy 2possidreed gagr range t he nenbrane

separ atjison Uniéb@e&rﬂé_a’\@%%@@%&ﬁ diherst abkl Ef-e%tﬁﬁftsjy%@em _58|.f in this case
a nercury renoval unit fornms part of the gas treating section 18, the

nmercury in the gas SeRCCPFEeNTne’ 48 =9 eABTRU ¢ théegRs2Ffeat i ng secti on.
During nornal epesaidion vaibateirad gas fihutde condensate workup

section 29 in order to reduce the mercury content. In the
embodiment shown, the membrane separation unit 28 is

20 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

25 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

30 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



stream5 is received via line 8 in the inlet separation 10system 7. Mainly
dependi ng on the natural gas source, the Hg concentration in the fluid
stream 5 wenodsa 164l ow as 10 ng/ NmB8 or |lower, and i s i NPORMP2@BHEHI9 N t he
order of 10-300 ng/ N8B, such as 30-50 or 150-250 ag/NnB. In extrene cases
t he concentration can reach and even exceed 151000 ag/ Nm8. (NnB neans
normal cubic neters.) In the inlet separati on systemthe stream5 is
separated into gas 10, condensate 12 and water 14 streans. The condensate

stream 12 consiéwibtesdhypireal tye betinpencOuand 59, ek theméntety fluid
stream and typlé@nér/ﬁﬂ?ont ains 20 in the order of 1-500 ppbw (ag/ kg) of Hg,
but soneti nes in extrenme cases even in the ppnw range such as up
to 1 or even up to & ppmaptTheaas pbBsiplsend a/ﬁraari@jenehaﬂmer@blgasetreati ng

system 18, tozgggéftar]clal}le%%?g 98 c%ozvﬁqstre%%t §d gas %Gab'ﬁ Ré tP&"‘“St ream

transport or el I'ne, ural
(LNG ploant, off alfGai§thSOCE§qu<ﬁ dEer(C@IEIY) rerﬂamﬂl @mﬂt W@‘rmondehs@f etl“seepar at ed

fromthe gas S<5£§369e%%%%es89£’?&9€1% Wit FaQ?c&&ﬂdf‘rﬂ%tee 12 vig lyne 23. The
condensat e processed by the present nmethod can ‘have an STM col our 30o0f

|l ess than 3, ofi1es® tharePovasd HeternidRédt Rt BERADESO0.

Condensate is passefhVing hbpgaBhbya dcthenmerbrane Sepakatignqunit 28, where
it is contacted with the f eed, si de of _the nanoflltratlon menbrane 32, to

obt ai n 35mer cu? y=Bplet'€d EORUETSat'd 3474t °t he Pt nédtce §?8@r%tflon 8 - the
nmenbr an®, and aysweinent. aMelstLye@aspe’iﬁim'ljhenrrEhewna/tlﬂ@pJ e_ﬁaedsﬁﬁfld@,nStaiee IS
sent to condengate stagl Lizer sectl or}l 0y Sgrobtaé n st%bl Li zed condensate

congce at in e can
48. A gaseous s¥ r'edam Sbtarned fromthe dohdensat abiTi zef Section

5can be sent tbOtrhze’PgeT’s otr eavéng Iybtiemil8many cascEhenmehbrangeB322fi s a
so-cal | ed nanorfiddq alyans( NE)remrane, }9’9' ¢ho exqy €350 1 shal so to

i ncl ude so-called reserve osnosis type nenbranes, dense nenbranes, and
nanopor ous mendEAIREE Raref Fh‘lir%f%ri%ﬁfltlr@taoﬁre%%u?eea—@r iopen e TOmeRBtaate- based

separ atiison procgss 1idybi, chupartd &l esc0and1dbssod ved sl gcuheshsmal | er than
about 2 nm are rejected from passing through the nanofiltrati on nenbrane.

The separ at i on MEChaITPSAPEART dBpErd ot ﬁérﬁ?@f%rjesnéc-%’alrﬁt%l thitity and
diffusivity (dgase oyerbdhases)torimdeCwbabr 14 streams. The

condensate stream 12 constitutes typically between 0 and
50 mol% of the inlet fluid stream and typically contains
20 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
25 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
30 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

35 mercury-depleted condensate 34 at the permeate side of



15si ze excl usion (nano-porous nmenbranes). A pressure differential over the
menbrane (trans-nmenbrane pressure) is used as a driving force to enhance

t ranspor twohoeugbssthe nmenbrane barrier. The nmenbrane mapChEPedosASIHGE ani C
type or a polymeric 20type. Suitable nanofiltration nmenbranes have a

Mol ecul ar Weight Cut Of (MACO of 2000 Da or |less (Da = Dalton; g/nol),
preferably 1000 Da or |ess, and even noregpreferred 500 Da or |ess. The
advant age of said ceram c type nmenbranes is that they do not have to swell
in order 25t0 W kndiidencOphhded wanditti-enstrdih s39.s T@speeikahty-

advant ageous when the teeg stream does not contain substgn ial amounts (10
Wt % or nore) o?eéhﬁﬁﬁﬂi99n Ghpotnds® BRanpPe§ 0t tE it 2 &%éée%re

Mesopor ous ti t ek @, onTeEdepopoulst ganme-adliuniznd, comdoparteusszi hcoaseB30and

mesopor ous sil] ref b t e us I.S . hydr ohi c
because the st%%%%?%é4bggggé§%%dh¥¥15 %yg$g§%$ %%3§§%%5§fzéﬁicﬁg§ﬁghld be
capabl e 5of passdmgra leotighot hlee nearbrtaeet 1A adeli¢n drfal advant age of using a

hydrophobi ¢ menbr ang,3Reabhghe than A hydroephidd ¢, 0ne.rihs Lhab, using a
hydr ophobi ¢ nenbrane wi Il prevent water from passing the nenbrane and

entering the perRa e, WhiChNeFRIFBTVWS rénetFPtratiion URenbPafesi ¢t e

somet i mes ref erged-£0 dshokhe %%;Be afer@ense s Meabs o egnE%aep| esnof

5non- porous nanofiltration nenbranes are reverse osnosis t pe menbr anes.
Non- por ous nandttIRF &S0 ACHBRDT Ghes KRddtt 4™ Be ¢ st r‘?géﬁ%ﬁéé Fromven

ul trafiict rati onenrdircames cdhs chasd e cal wayse por ousvhildh patchtras i amn

menbranes typically have an average .pore, size_of greater than.5 nm 10up to
about 800 nm WHEFL ManBPITErATT o Homr SAES AVe Tded WY et 21 S Hor ous,
t hey gener al | yfhavessiagerhgeumetircanenpdr ét sdizeowhicolrreseat Tipst 3 nm

(nanoporous meabranes)y YBer.en, sueh 1a0ARANUS, NANDTLLaL,00, negbr ane i s

used in accordance wth the present I nvention, the 1lbaverage nenbrane pore
size is suitabf9liEds tyhand3dnhd uprefter dBPYsat MegtarE snnP L nbe &S priefrer abl y
at nostisl1 nm apre fuefenahl ynatomstoul. helBram®y e i @fesably at nmost 0.5
nm differential over the membrane (trans-membrane pressure)
is used as a driving force to enhance transport through
the membrane barrier.
The membrane may be of a ceramic type or a polymeric
20 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
25 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
30 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

35 rather than a hydrophilic one, is that using a



In a preferred enbodi ment of the present invention, 20the nanofiltration
menbrane i s a polyneric nenbrane. Such polyneric nmenbrane is preferably
cross- 1| i mMkeaoasoiipseavi de t he necessary nanofiltration pr@pemre@s/053400
general, cross-linking can be effected in several ways, for instance by
reaction with cross-linking agents (chem cal 25cross-I|inking) and/ or by
irradiation. Preferably, the nenbrane | ayer_has a sil oxane structure which
has been cross-linked by nmeans of irradiation, as is for exanple described
in WO A- 9627430yakomaimplies nehosathd ahblie, ppeesently-avaidoabbesei®gscnha301 i nked
nanofiltration nbranes are crpss-1linked silicone rubber-based nenbranes,

of which the cPUSEANNKREE OGSO e PRefbrafes are a particul arly usef ul

group of menbranesionSgolooksossrdikedtpohysehioxare nerbsanesimee known in

the art, for ex e from US: A-5102551. icall h ol ysi | oxanes
used contain tﬂ%ﬁggﬁﬁéggnéyu%ﬁ% %%g-ﬁi—?e&ﬁgr%?%yfIgggiﬁﬁgﬁﬁ?% d%% bear
hydr oge® or a hywrioocarisonagpduptrPriefremghbyathe aepeatvengeunstssiare of the

formula (1) 5 §£RnddRrhn®s( ! hoheseiy Ragbei R r i be e saure or

different and represent hydrogen or a hydrocarbon group selected fromthe
group consi sti Ao AKkPrStararksied dyehoal kyft HriAtloandeaPkarss .
Preferably, atyheastareneiohytheoghoups1Rrandl 40K 1 drs m@mpakkys group, and
nost preferabI%Yboth %;ou s are al kyl %roups, nor e especiallg net@yl
groups. Very suYRHBeYporysi FoxaHes POt fie®piit ps & 6F 'ehe " prieserit

i nventilan are {p G aboutdBR20t e mutatred hapok ydt ned iy sichbxanes and

polyoctylnethylgg oxanes. Thus r ef er abl 15%Pe égkysilgxane i S

: whic re Porous %e hera an_average .
cross-1inked. The cross-ﬁlnk?ng ndytbeye ecte %hrough a“teatiive termnal

-OH or - NH2 groeqpomcine erpobyse |wxarie 1sPref epsed pol ysiehoraneusenbr anes are
cross-linked el asf0lfRSd)C RQEQ[?'é@%@@%%n%g@ﬁggeﬁan@(iﬁ@la@ﬁogfmé“k;n; e
ysilo vel y descri bed

cross-|linked elastoneric 20po Xxane menbranes are extensi
i n above- nent i BhetPUS1A- 5E025BANCTHUS §$hPt BbfeehenBbrvanés oar et eonposed of a

pol ysi liexane polyrefe suahrase descd ided herehnbefof echavhag @ #B) ecul ar
wel ght of 550 to 150,000, Prelerably 332,19, 4200 (RI1.Qr (L9 cfoss- 11 nking).
more preferably at most 0.7 nm, more preferably at most
0.5 nm.
In a preferred embodiment of the present invention,

20 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

25 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-

30 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.



25whi ch is cross-linked with, as cross-linking agent, (i) a polyisocyanate,
or (ii) a poly(carbonyl chloride) or (iii) R42aSi (A)a wherein Ais -CH,
-NH2, - ORVOanos/A6R, a is 2, 3, or 4, and R i s hydrogenpCalrrgéos/ osz4gé
cycl oal kyl, al karyl, or aralkyl. Further details 30regardi ng suitable

pol ysi | oxane nmenbranes can be found in US-A-5102551. For the purpose of
the present invention the preferred nanofidtration nenbrane is a

pol ydi met hyl si | oxane nmenbrane, which is preferably cross- 35linked, and

non-porous. Al so ofRarcanubbetye nRaAnGUsnBENMsa&nesgannbendsed. | n
general , rubber%pnﬁnbranes cap, be defined as nenpranes having%a non- por ous

top |ayer of on@{oIVIFer oF a>tonbi AASFEA of Ppof e a5PGhPRH at | east
one pol yner hasydr glaasort rahgdt oo deenpepabur erawddaiBlyelcow téaeecaperati ng

t enper at ur e, i.§Et§ig%et%gp$£%2$%%Fﬁkﬁquch t he actual separation takes

pl ace. Yet anot her group o al I'y "sui t abl e non- porous nenbranes are
the so dall ed supergl assy polyaelrs.(RAhN-exanpl e of such a materikal is

pol y(trimet hyl sid.ylipr epyne) r 10Ihe,nanef Lipati opy /ealnane s typically
supported on at |east one porous substrate |ayer to provide the necessary

mechani cal st reeRfi9EerSuPYabPYS tTh S SYREPCPBPOUSIEUBSSCALELFAYETOT s nade of
a porous materi@d HouwphicohstbeiRpreas Nave, anravefrgesizalgyeataryithan 5
nm 15Such other porous naterial may be a nicrqporous, nesogorous or

macr opor ous matet i XAt chTT &I Piotal’l v tus&8asSF ot i %r &l EF 8RB 6t
ultrafilctrati on! such askpol ytacs,ylaomi toskeprefdealiiii eknassrofipd herdase

| ayer shoul d be sqfficient %grgrgy&g%aﬁqe necessary nechgg%cal 20st rengt h.

I n addition, th's s St PAt e nay | feturn be s%pﬁ%f?%ﬁ'on a’further por ous
support to provideltlse poegaitedamecHam cak stremgg et Typi cakbyntt he

thickness of the hase.] aver (g, of, Lhom 100,40, 250 R MRLe fyiLably of from

20 to 150 pm Were the nanofiltrati o nenbrane is onbined with such
base | ayer, thelhefitanénduPpatPyt Has tavEL Rl éR¥EsRS of TsenPocictaP s pm

preferably of fromd.3itexanPms The conhhpall omofc dshiiink 0py epr ane
| ayer and a thick porous support |ayer is often referred to as 30conposite
nermbr anes or tAF P99 Corposites M thERbFGHRINAL ~OH or ~NHy group

of the polysiloxane. Preferred polysiloxane membranes are
cross—linked elastomeric polysiloxane membranes.
Examples of suitable cross-linked elastomeric
20 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),
25 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
30 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-

35 linked, and non-porous. Also other rubbery non-porous



is suitably so arranged that the perneate flows first through the nmenbrane
top | ayer and then through the base |l ayer, so that the pressure difference
over the woertwsanesspushes the top | ayer onto the base | aper/EpSuwsiadabe por ous
35materials for the base |ayer having an average pore size - 12 - greater
than 5 nm are poly(acrylonitrile), poly(amdeimde) + Ti Q2,

pol y(etherim de), polyvinylidenedifluoridg and pol y(tetrafl uoroethyl ene),
pol yaram de. Poly(acrylonitrile) is especially preferred. A preferred
5clorr?h_nati (r)]nl a@f@ﬁr@ h@lnt be @ieiﬁﬁ.emn ig:@m)éﬂbiﬁgr_m@o@y membraness can |

pol y(di met hyl sj | oxane) - pol y(acrylonitrile) conbination. ui t e
oo Lo oV VIR S S B (e A "Phe ProGees B PRe Bl ebe

invention, cancferpeExawpl erbe obtiaimedohr om GMIyierdyr andt ebhoh katGrbH (a
company havi ng, 1011 s, pringipal offic 1!a@sR‘8§%$£let'ido%”1t %’gr BpY). and |f rom
y n pal o &p Fdoor n,

Sol sep B. V. (a conpany having 1ts princi ice 1n
Net her | @ands) . below THe noarpbiouistOwreranotel ttati chemgrblanetwey &l so be

used vvithouj[ 3, Sihstiat %cltﬁé{@rseﬂ%&taﬂitonmtékegep%f %Qognéél!i@@t in such a
case the thickness of the nenbrane should be sufficient to wthstand the

pressures appl P& Rt ReERABSZL b edtidrr Pl RaRCI P PR Yray S REANHE FERUI r ed.
This is not preferdedinem aupsOcrss eGONORLES. VieWiRite 88 sueh 4 hi ck
menbrane will significantly Iimt the 20throughput of the nmenbrane, thereby
decr easi ng t he® ’gﬁﬂfﬁl of Béwf?@d“%&tfétly\]i\mg ¥ be recovered per unit
of timaoand nenbr ane ameariltrLasen achbRapor D8ISCQFi ddansge suppdrane drs used,

transm ssi on of thespcermeate is assuned.to.take place vi.a g t he
at lea One. Supbstrate la O provide e

sol uti on-di ff uSt on Teckani 8t °The €ondénsaté’to be permeat ed di ssol ves in
t he nenbrane matedscaaydmgchiuses! tdireughiht heut tilnl seltédsi veheenbr ane | ayer,

after which it,desorhs,at. Lhe P%é@%tsem%hgeof@ep%r@ doixing, force for

permeation is hydrostatic pressure. Exanples of such 30nenbranes are
reverse osnosi¥li§pdhrerbrane’dave mcayergde size greater than 5 nm.

15 Such other porous material may be a microporous,
mesoporous or macroporous material which is normally used
for microfiltration or ultrafiltration, such as
poly(acrylonitrile). The thickness of the base layer
should be sufficient to provide the necessary mechanical

20 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 um, more suitably of
from 20 to 150 um. Where the nanofiltration membrane is

25 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

30 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

35 materials for the base layer having an average pore size



nanopor ous nenbrane is used in the present invention, it is believed that
separation takes place both on the basis of the above-nentioned

sol ut i on-wpf2bessitess4nmechani sm and on t he basi s of nol eculPar/EP2@8/053490
differences. In the |latter 35case, there is no question of dissolution of
the perneate - 13 - in the nenbrane matrix but only of transport through
the nmenbrane via its nanopores. Were suctp sol ution-diffusion nechanismis
functioning, it is believed to be Inportant that the nmenbrane material does
not dissol ve the-heontcagihnaninf cahe garavedyfsomtihe ) nepbrane feed but,

referentiall e conponent that has to he freed fro t he
gontanlnant yﬁ ﬁ%¥€BEF§e 0 ?%epﬁﬁgégﬁ?e¥HW§ﬁiloﬁoﬁ¥vh%% F6UIRT t hat
especially poI@sfluDﬁmd@ Hedbpahps;eﬁnaf1emanpteyp@ky(d@@&&hyhmid@xane)
menbr anes, | refer | | ytio f ral gas
a%ﬁ%fé%ﬁ&l%n?tr%?&b Q; %e% gh?y éﬁﬂj&ﬁbaﬁt reP }E${ 9

condensat e, mer cur conp ge of using
non- por éus newbmdwe§¢&§nc@ﬁpax@uxldxtN@euﬁeeaénmaﬂoﬁﬁﬁéag fenbranes i s that

there is no plygol naekhesti i Jhis: MBas GBatiShere i RerisRosalpl ity of

t he nenbrane beconln% ocked by l'arger nolecul es plugged in the pores.
This coul d happen ' G6F6uSORRMDY Eh&SMPASNGS rEstAt G WRi BRe?tih Shfore

difficult to regenerate anstgbbesdd Whvehheref ofn ddr icxaRpebersed for the
pur pose of the gresent | nvention to use 20a no %ﬁorous or dense, nenbr ane.

However, it isCerpHEst $&64™ HAf HAHYFOr6G8 menBPahe'® COUPEa 41 8oV HY used in

t he pracess ofltthpﬁﬁs@au bhverd i ion rasiarnaned | |daratangn aeabfasne. The
per neat e obtalgg » Esx;g present éﬁgﬁpsstgas 3&9@9 1] gradegnln t he sense
that its mercury contam’ atlonp?é@e as been’towere nsequently t he
per neat e has olpaidredna Wegherlalue conpared to the origlnal product. The

retentate, which cop %'o%sggPouQchre%%@fEﬁQPQEEér?rfne%:?r%recfdéy gofpapent s as

conpared to the original 30condensate, has a val ue depending on the nercury
concentration %ﬁﬁﬂtWﬂ?Wﬂ@ﬁcél%@@S@mﬁ*hééyeTheb?%t%%ﬂ@ﬂé—@8I9@d$ﬁﬁﬁQﬁﬁ-lomer

than oryssim | aFndo trheyval Hecfe the aniigiknaksf&etne membrane should
be sufficient to withstand the pressures applied. A
thickness greater than 10 um may then be required.
This i1s not preferred from a process economics viewpoint,
as such thick membrane will significantly limit the
20 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
25 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
30 membranes are reverse o0smosis 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

35 case, there is no gquestion of dissolution of the permeate



The present invention can be applied in parallel- 35operated (groups of)
menbrane separators conprising a - 14 - single separation step, or also in
enbodi menve 20@ma6s6di Ng two or nore sequential separati ORCIIEPP@S/054Ies €i n t he
retentate of a first separation step is used as the feed for a second
separation step. 5The nmenbrane separation will be perforned in a nenbrane
separation unit, which conprises one or_mJe nenbrane nodul es. Exanpl es of
suitabl e nodul es are typically expressed in how the nenbrane is positioned
in such a nodul g.tHXa@plbesnef mihese ymdahes efetﬁahepwitr ahkyu@ﬁ)wd plate
and frame, holl ow fibres and tubul ar rmdulq erred nmod g){e

confi gurations dlre P rarl f]tﬁ\owpaorﬁ?spl ) 8r%nﬁu A U8 rat t {1 wdihd i s
nost preferr edmevrﬁ&miesrrdersseuneumram@ i $tusedbe Thessl n:enbeamlepcm:)tchﬂtes are
wel | known to s far X I e in Encycl opedi a
of Chem cal En%?aﬁtezcﬁenm%%bﬁg d’:‘i 5%5%% @ﬁj&% ons ﬁg Vol 16,
pages 158 - 16@0nt5(®mlnestofb%pwrm\reﬂ mgmdth@duﬂfe@aareefée@cbwbed in for

exanpl e, US-A-5102951, 1U$14; 5098003, USiBorddd bt M%sAt§4§§7Fre@J1d
20US- A- 515011 Stage cut 1s defined as the wel %§t per cent age of the
original teed fHt t61§s§é?§t?ﬁr%%th tiHe thenBPahee aild 5¢ PEe69eFed as

perneate. By agjusidiRg tiRewst agsucdtchalct eb§e@9§§13b|p%lty@>lv_@£<¥né he
concentration of a contaminant in 25t he perneate, wel | as the
concentrati on BF"R4E Cont Shi ﬁ}é?f?p]r% ptorjré( Fié%ﬁ}ﬂ%lt%llof‘ﬁéleﬁr GRBPT e st age
cut, the highesrd hmmnteamfnemh correntehat kONdi sisdhe ilcet ent ateurdin t he
present i nvention, nsa%gs cut, can v r%e30w t hin broagal imts: 10 to 99%

by wei ght, sur?a%l (Vr%y wei ght |ﬁcﬁra¥tcom Art'36°to 90% by wei ght,

nore in particul arAr8®d77@%byewef ghtindgThenspageug utenbgagebegted such that a
mercury Conce”é&géd% IR Eﬁé”@?é & ANdQLoLEL et Al 42 2RI eyed which i's

bel ow a certain si rabl e 35nmaxi num
is no plugging effect. This means that there is no

15 possibility of the membrane becoming blocked by larger
molecules plugged in the pores. This could happen in
porous membranes, as a result of which it is more
difficult to regenerate a stable flux. Therefore, it 1is
preferred for the purpose of the present invention to use

20 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

25 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

30 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-

35 operated (groups of) membrane separators comprising a



- 15 - The desired stage out can be set by varying, for a given
pernmeability of the nmenbrane, the trans-nenbrane pressure and/or the feed
fl ow. Thewbizoet11e8stti on i nplies that, for a given teed flPOWEP20ISIERII Ng t he
trans- 5nenbrane pressure results in a greater flux or flow of the perneate
t hrough the menbrane, and therefore in a higher stage cut. According to the
second option, such higher stage cut nay & so be achi eved by decreasing the
teed flow whilst nmaintaining a certain perneate flow 10t hrough the

menbr ane. siddid hepprasesh $iwEentdron,) sbhen paigeahe ntkuxohbr O4ighy t he
menbr ane expressed as volume flux is typically in the ran%g of from4 to

I
1000, suitabl y"®tY 560° SRV RO &S ATEHRY 0" T 00 "IAAFRE. Hhe f1 ux
t hrough t he nmenbranetkSweyaal sosthesaxpressedsasp nassisielduxs ahsuidabl e nmass

flux range is e 4000 k menbrane area per day. Preferably,
the flux thr ougﬁg \t,%esr%r(r:egl‘%r g% afstlcoonn%{ta t intime. Further, the inlet

stream i5s cont act ed’hai kmpheneresdirease ian aitt avs-peflorané pressure

(pressure 20di ffarencele Wohehoh Sudypi Gakby Ednihesdange of from 1 to 60
bar, suitably 3 to 35 bar, and nore suitably 3 to 30 bar, in particular 5

to 25 bar, nor@eTRY PEr fPEULEP - 155amE S5arf( $ubatP e MP5IUPEF. 28 such

t r ans- nenbr ane: ps essiuRe ckkBec aboy e Peifeahe hbuxescan besachbgyedin The
25perneability of the nenbrane is typically in the range of from1 to 100,
SULtably 2 to B&R shdNone - SHTEEBIST S5 6RE0° T HETbAre the PRl Henbr ane
separ atloon i s womridblplacar ehedf oatie athcanbivent bt epercatubeldnl ess there is a
deposi tion of heavy 330@ar @‘eymifgg th L %%ui res_heat.i n%.rel n_this, case,

separation may" e St t ably carti'ed ot apfégF%%le?na are 5Blf%f11360 C in

particul ar 10 voukD®rG, randesand abignd.n Spheatangeowfd 15- 86sCT. From an
operational pojntsOf W GWeht o Cat, he n{%rm%ff%éegst&s&?.??ﬁ%%ea&efﬁ@ér%’t

tenperature. I'n 35the case of the presence of significant anounts of - 16 -
modules are well known to the skilled person as for

15 example described in Encyclopedia of Chemical
Engineering, 4™ Ed., 1995, John Wiley & Sons Inc.,
vol 16, pages 158 - 164. Examples of spirally wound
modules are described in for example, US-A-5102551,
US-A-5093002, US-A-5275726, US-A-5458774 and

20 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

25 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

30 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

35 maximum.



paraffins in the condensate, such as at 1 wt%or nore, in particular 5 Wt %
or nore, operation at sonewhat el evated tenperatures such as between 35 and
65 C can we 2peseifiesened in order to prevent precipitationpofi/EPh@shsyber
S5paraffins (such as waxes) on the nenbrane surface. Such precipitation
woul d hi nder the permeation process and result in a flux decline. The feed
flux over the nenbrane is preferably between 100 and 4000 kg/ n2 nenbrane
area per day. 1O0Preferably the nmenbrane separation is perforned as a
cont i nuouz ﬂ OCESSIHM@I‘eﬁiiBeﬁeﬁOacjfes dassed Ee\!efaeti lhﬁ/ R%@Iiage tee 40 a .
pressure difference suc 0. obt al nmer cury-depl eted perneate. Part of the
Dead. the ret ofrais RRGHBAPSL oY (Ho ShEr CEFUEL0F1 | - ot S5RSSMERE: 1%mnbr ane.
The retentate wddsbe dinschar ged facamitlbe . unh¢ . £ e mass onatiol et ween
perneate and r nt i_S 2 n U] I een 5 and 10.
Preferably thegﬁﬁéaﬁ%géﬁog?g%ﬁggg¥}t ggYegagaga%Hg}3eegﬁ?§%§55ide of the
menbr ane are suetbrndrst raesarbeal eegulftisownr egoneatexdi stisix 20AfLow bef ent 1 ow
regime will faciditate thatnthemanclnecoapRonents.. and sgt-hef, cont am nant s
such as e.g. asphaltenes, remain in the retentate or is re-dissolved from
t he nenbrane |imPthetPectehithat 2CFErefabPybheS¢ Bl OPELBE: t $€%” may be
increased del ibenadelsrbr £of ROEXAMY @cvbbhatvon B dek-abk0Rg 0fnd he
menbr ane. ExanPIes of such grocesses are descrjbed in EP-A-1424124 and
US- A-5725767. +°°¢ tiffe "Péteht Bt & ViR Isti FPTTSMT &8y Eontethsat e with
i ncreased ner ctyoweONeert mahbosmnemy suitably be recycled 30to the nmenbrane
separation step anquk%%d ¥é££hgrf§¥%ﬁﬁ§%gstgcg to Eggen?ggrangrgf aration
unit. However, when recycplng retentate, par HETHE Fef ent at & Wi have to
be di schar ged sluemadrieocavrpde bind dsupodfime helwericurtypréoapbnent s-iichat are
to be separate ondens e 0ss- il elocity of
the teed over ?%%&?ggzq?o%7@-ggf§gﬁ8f%?%ggﬁg%bégﬁg‘?%Lpgg e@ﬁ%%y in the
range of from BUAtaI Y5 18 60 pPefeflubiy Ghe £oux. Bufush The BPBRETd ow can
be adj ust ed bynsecdruhat bRPras sdd tabh@spart uQf 4 haiiretent ahestodhe inlet
of the nenbrane separation unit. 5lnstead of recycling the retentate within
the same proceS 9§ tHmiytired b s d008d P o™ a SEEETdand dpttonal |y
further separadipn mtedprabbyWhtieh ase thheugrt emnd atemiefana fikrst separati on
step is used as Lhe t eed go& a ecqu s%garatiop ste h}lOFur%perﬂ(Jnstead
of recycling (PAFt-B Th& Vet entats 6r f'ur ther- purityi Ag Ft Fa"asecond
and opti onal | ywftr ttier netnbpant het rettenthateenayad sodseudieschaegedd n its
?2:;;?2%% ?2'Sdif%é?§ﬁbehkk%hXCQdMéﬂgﬁﬂ%Bﬂﬁy“@ﬁréhé*?%A&%”B?Sk£6£“1Qﬂ>the

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 = 10° Pa). At such trans-membrane pressure
the above permeate fluxes can be achieved. The
25 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
30 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

35 the case of the presence of significant amounts of



15such that it has some value as a starting material in another process,

w t hout having to further treat the retentate before such use (no further
processi ngP.2008/116864 Al t hough a conti nuous process is prefrermedooans3490
achievable, in sonme instances it may be desirable to 20cl ean the nenbrane
at certain intervals for optimum performance. For exanple it may be

advant ageous to regularly flush the nenbragnes at their retentate side with
a solvent. A suitable solvent may be the perneate itself. Such flushing
oper ati ons ar ep£OAAMiIhs AnNEABr anelAbRRG eS8 crPLs atd qnthandrarh@ré efierred to
as conventional cl ean ng_in place (CIP) operations. uch %gra ons a
menbr ane unit WaYSHE - ErednBlC whT ISt h@?egﬁ};%ﬁ’l ett osr ﬁ’ units
continue to petémwamedesucedasmm@temoﬁpam@e@% °a£n@ta0peeate wi t hout
flushing. Qhep, 30OnEt %IO% h?a%%‘r@ AQuling, gg“%*g%hfne%? %hQ%thetrhe
menbrane are for exa orary To rin e trans-ne ane
pressur e, suchp@sawrllSO\AEthga% h@mse)s@@r ehatm@h&erafr@e@ugrfdeeorsw cl osi ng

the outlet fromdhs, perneat @o§l<@'%§f?iet hatot Berfd anssebrane pressure is
35significantly |owered. Such nmethods are described in International patent

appl i cati ons weHgublli eativn Remberss WRC03E835803¢ &G WD'2 0021 '0TP 308,

Ref erence is now grde L0156 guffech showang aooDriey et aihedagabediarent t han
Figure 1 of a Iant 51 according 5to the invention. Like reference nunerals

as in Figure 1°@r éd¥ed to designate the sane or simlar objects, and in
this ragard referemefricsanpdeci® rﬁeheardmscuspammd H sr ekerenced tas FE gure 1.
In the foll ow n Wenuvgulsl f888§st erdé scuy SI on ofasdsg ff erencgfsleand ext ensi ons
fromFigure 1. il 8t Separation systeem%]%D ere as a

conbi nati on ofm@nlsdeu@ caecher a 6O egrdira tihféer@rhcafsesuqiﬁl eb skparator 63. The
slug catcher az wd%%'cgésp@rrwaecese@%@tbP“thf%e%astﬁé and

predom nantly 1[I conponent's 66, which predomnantly |iquid conponents
are 15fed to tlh%tﬁf‘rﬁaeté?- Gﬁél@él%@%rtd”teofﬂee“guwom’w cdiPtcoRdeEnSat e

15 membrane. The retentate will be discharged from the unit.
The mass ratio between permeate and retentate is between
1 and 20 and suitably between 5 and 10. Preferably the
local velocities of the feed at the retentate side of the
membrane are such that a turbulent flow regime exists.

20 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

25 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

30 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.

35 The average cross-flow velocity of the feed over the feed



12, water 14 and a gaseous stream 69 is obtained, which gaseous stream 69
is conbined with gas 65 to formstream 10. Cearly, other configurations of
an inl et wopassatibssn system are al so possi bl e, such as aPCWEP2@8/053490

20t hr ee- phase separating slug catcher conbined with one or nore 2- or

t hr ee- phase separators. The gas treating system 18 of this enbodi nent
i ncludes an Acid Gas Renoval Unit (AGRU) /1, a Aycol Dryer Unit (GDU) 74,
and a Low Tenperature Separator 25(LTS) 78, and are all known in the art.
The AGRS I71 rra,y;cg@tofbﬁfh@r Q&;ﬂﬁiaﬂlé; 1GA$e @b rapspest tgihsra]zﬁtj@ gk yeedm dr yﬁr 74
recei ves | ow aci as fromlin and rempves traces of water fromthe gas
stream The LT@'%Stgoszr’r TES fBFeﬁ%wg%le ‘Rg tBf ?t%éngsry T§&s CF BRI J?/]Ie(?:Wfrom l i ne
82 and 30r enpvain dfe glaycekedanyd e diwrduier iogndensiatad 1st peam ¢85 it ai ned.
Aparticular avaniageous ebofl RN 0L KIRNAL Jow e dhogussed Wt

reference to FIgure conprises a gravit fank 90
havi ng an inI et 92r35fed péceéwcrﬂglrt%éhgasew@mﬂq maltglzn ahéd @mq ets for

gas - 19 - condensaten23d and, glycol,s8acahranaed dondrawsof f fluid at
di fferent he| g%ts in the tank 90 where the respective Bhases are present

after gravity SettiHNgy THELGPY P a1 ?E%@cl@d%@ héageyelet unit 74.

The tank 5furthefe QMR bses i BT Cdiphrdiavnobfepinid vkQh having &ded nlet 103
at a low point_in the tank Igreferabl the | owest point. Due to its

specific wei ght o rferdéney danid et 'ty &onnents will settle and concentrate
in the wmercury drawwaftheuni inddad ermeaf{t:EIn§O(@rttl eE,) ehg. lOafter
operation for \Agteekrl atrg)rgtr@U of. ever}ﬂJf or 3 years, . ? 9 dl n the range of
1-12 tines a year, nercury corrponepn Havg fectiit at €@ fo™8%ertain | evel
106 in the un|@ptlﬂomahlrye)iuatbeldrm,oftﬂlevrateh@amtmaeft ale8 bhat is

connected to a,standpl e%elnlﬁﬁ Sl QULY GaRcent rr?éétorll'k'algzhe gas 26 is

predom nantly determned by the terrperature inthe |ow tenperature
separat or. Typi@etltagesper dtfhy tie SEparatopn ot -2 degreest€ 11he nercury

concentyrsati on §sci e i0r et §dmcd QrahBiel b9/ AnBr 2 20Ret wRkRganow to the
di scussion of Figure 2, condensate obtained fromthe LTS 78 is sent via

line 23 to t he*ROntenSACESR/Br KOp- &t iferf 139, to further treat the

retentate before such use (no further processing).
Although a continuous process 1is preferred and

achievable, in some instances it may be desirable to

20 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

25 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

30 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

35 significantly lowered. Such methods are described in



The pressure in line 30 is typically large enough to provide the

trans- menbrane pressure needed for the 25nenbrane separation, so that no
conpr essiwo 20q8sti6ssam of t he nmenbrane separation unit i sPoe@EPeas/ 033100

trans- nenbrane pressure can be controlled by a back-pressure valve 85. The
pressure in line 35 wll typically be above atnospheric, such as between 5
and 30 bar, and the 30nmenbrane unit has_tg he designed for such downstream
and the correspondi ng upstream pressures. Since in this enbodi nent
non- st abi | i zedr gandensateli sapassesddinradgbnt hei drepianeasepar ati on unit

28, sone flashin ossj bl at the nsition to the | ower 35pressure
at the perneat’e” %%i W§bo¥ﬁ§§gg@§EEE%W%EZ?é?ﬁﬁ%EéO 0 - in particular at the
perneat e si de. For Rdfateneasvs ndw canicbeocadvant ageciiowiogasranmge a

gas- | 1qui d separal ofed Arbbhgn 35 9 AS F40,HBSEr 88T RALL, 0L 1 Lhe. sondensat e
stabilizer section. S Separate “heréern s nercu y-free 5and can e.g. be
conbi ned wi t h st ridemigsenpionseldi ks Hfafelregas. nimeaict ker ienbodinent , t he

menbrane separatd qudinicl, 28sMayade dipcated downstieamdfrem the, condensate
stabilizer section 40. The nercury-rich and predomnantly liquid retentate

1039 that is reMovedFrenreher aRtfofid fPaei bR Wesristaressépardtton unit 28 is

sent in this examladpsbr eaguand recyehedryi aok ey Wl et 1sepasad i1k system
7. As shown in Figure 2, retentate can be conbined with the inlet streamto

the three- phas®'$ oPT63I T LTS P4l 8§80 1B dy et ¥ Upst r eam of
the sl u@ catcher 6(heBynaktowepwydthenr eyentate 10 dder gera fsurd her

gas/liquid separglion foggther with anotheroplocess stream parf, of the
Mercury conponents Eoncentrat el i THEFét eRt ate Wil T Bel S8Rt Wi th the gas
stream 10 to t$ecqgasdrr €&t i ige systemat8he20abheseovrencwrydes aeapmyved from

the gas streamlo, SRECi! LGALI QS 41 el IS 78aailry ng giotal operati on

under constant process conditions an equilibrium mercury concentration is
expected to foPPARINATE E6ndehsalt TAGORGPIBELY | bYWt WwesROT ARt $ M

separatigr 63 apghthe the three-phase separator 63 from which condensate

12, water 14 and a gaseous stream 69 is obtained, which
gaseous stream 69 is combined with gas 65 to form
stream 10. Clearly, other configurations of an inlet
separation system are also possible, such as a two- or

20 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

25 (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

30 removal of glycol, and a further condensate stream is
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

35 for receiving the gas from line 82, and outlets for gas



25f eed side of the nenbrane separation unit 28. In this way, all nercury
conponents can be renoved at one point in the gas processing plant 51, LTS
78. Anot hwo 20@viapteage of the plant 51 is that due to thecamramwgesspe of the
menbrane separation unit 28 upstream of the condensate 30stabilizer section
40, the feed to the condensate stabilizer section is nmercury-free, so that
the stabilizer section is prevented fromgorrosion due to nercury

cont am nants. Ref erence is now nade to Figure 4, showing a
further 35enbogs H%Hnr?éfns@tga§3ﬁrﬁﬂtgl%@bli Bﬁagﬁmmnb gowdt:awt?ﬂf- 21 -3
present inventjion, The i_n difference with the iment of Figure IS
that the seque%%%“%f“tﬁg?ﬁﬁﬁ%?ﬁﬁéﬂs e?rét”iBﬂeu?ﬁlfeii éﬁ%rﬁhgh%ondensate

stabilizer secté¢gredvienphheesondensatsennoakupr sectviay 229tisng. The

5interchanged.g c&Pc%QPbEOPQQQ§ﬁ£§t§}%RE|5%?50 qgt&pq44oa£?et$%gnt 201 can
be regarded as nvent 1 onal ga% processi ng ptant. e fee o] e
condensat e st abiftilmer compriions 40 rcomtaivndraeretif yiniand Odohdvitherrgas sent

to the gas tre@%i@@Jﬁﬁi%tVEal$&Q§xﬂ§;%%dtBQ?t§ﬁ@PHhk%%Qa%9909ﬁ§n5ate in )
i ne 203. Downstream of the stabilizer section the stabilized condensate in

line 203 is typPeadl poaftl orortatos pheri-élpressiltte. "eRCBFde? ¥ 0 provi de
the trans- menbrane.r esapbaeneeded I Gopecakgqthendmithhaneigepas ation unit
28, a conpressor pressure punp 15208 is_provided. Since stabilized
condensate i s ettt ﬁﬁéwﬁgﬁﬁr%ﬁﬁ§'§é5ar§ﬁ?8nafﬁﬁ?,59W§ §it§ft fFcant fl ashing
w || ocour durafgedemeraneosepar atdaxs, Meneusy-cephetred,pefrneate fromthe
membrane separation unit is discharged via lipe 212 Mercury- 20enriched

car s e . J. n rar [ohil s a ear m U
retentate can be séent "Fack 'to The il et separa%or as YShown"ahd df scussed

wi t h referencecerpedFiaunse have Fagumellatsidows anodthieriroptiven, 1hanet ythreecycl i ng
the retentate yia ligle 219,19, 1he condensate stabi|dzer 19gction.;fhis can
be an interesting option en t he

connected to a standpipe.

15 The mercury concentration in the gas 26 is
predominantly determined by the temperature in the low
temperature separator. Typically, operating the separator
at -20 degrees C, the mercury concentration is in the
order of 10-15 pg/Nm3.

20 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

25 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

30 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

35 pressure at the permeate side, so that gas can be formed



25condensat e stabilizer section contains a sufficiently large settling
tank, in which nmercury conponents can concentrate at the bottom so that

t hey can we 2oemvssd using a nercury renoval unit of thePCamP008/083496i m | ar
to the one discussed with reference to Figure 3. 30lIt is well known to
prepare |l ower ol efins by neans of a steam cracking process froma

contam nated feedstock as described in a0A-9927036. The napht ha crackers
and et hyl ene crackers used in the steam cracking process require relatively

| ow mercury cont efrdiruokdest t onddmeti-enspaoperdyy.chkherehose ihe
mercury-depl eted natural - 22 -%gcas condensat e obtained via the present
S

i nvention may Be® SUi Y980 As™ T rECKEPCT Beddt ockii Y SGBATAPYT iChti ons.
In sonme enbodi nemd s3%0fort he pnesesirdanventions dddiddroralsanet hods may be

enpl oyed to fu er, .redu he 5Snercur nt, of .t he _per ' di schar ged
fromthe rrenbr%ttth%lslelp%%at% ?S%lﬁrr]li trE.EaSAslé %ﬁ%\%ﬂgggn&ﬁrgeulrnegg, %te ggﬂngr%uerey
cont ent Sof t heam@raaur w--depbet edniniatagr alitgast comdedsatoe magdbes fiinalher

reduced by ins&é@]ilﬂga%o%ﬁéguéMb&HEMé%tpeghéogeégféﬂélge?%rg%gonTﬁﬁat )
mercury-depl eted 10natural gas condensate obtai ned at the perneate side of

t he menbrane i4°teh J5r d6€85ed I BUGIRAhér glaFe bEd9sPEarA a condensate
with a furthers¢gsguced meeedt yncontent. Such a condensate may suitably be
used as feedstock for | ower olefin manufacturing. Alternatively 15guard bed
300 mmy sinply be USEdTRECHEY U Hor R PREAOTL Bk & LaHy ot F SR BF mer cury
whi ch may havespassed itshi-enghed hier arerdbrranensepai @it iom wenbrane In Figure
5, the mercury uaradc.bed S SQQV\{]S as %n.elf nt in the en‘godi ment ., from

Fi gure 1; howeVer: alfélnél%ltjry guar(fnbe&ne feEn%n?xabméou]1eduglssge%% Ydded to the
recycled via the inlet separation system 7. As shown in
Figure 2, retentate can be combined with the inlet stream
to the three-phase separator 63, but could also be

15 recycled to upstream of the slug catcher 60. By allowing
the retentate to undergo a further gas/ligquid separation
together with another process stream, part of the mercury
components concentrated in the retentate will be sent
with the gas stream 10 to the gas treating system 18,

20 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

25 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

30 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

35 embodiment of a gas plant 201 in accordance with the



enbodi ments from Figures 2 and 4 incorporated dowstream of the nmenbrane
separation unit. The nmercury guard bed may conprise any absorbent materi al
whi ch capwonress/tmesseury i ncl uding but not limted to al uRCHAPREISASI4OY e
25carbon, inpregnated with KI3 , or a nmetal sul phide such as CuS, ZnS or a
m xture thereof. Exanples Menbrane separation tests were carried out for
three liquid condensates fromdifferent_spurces (sanple 30desi gnations S,
N, and D). The nenbrane separation unit that was used in these tests was
built from gl asscddhtorideent 0ol EMENtnaNRI QHIFYe2ElS@s plitontas nmetal , which
could otherw se have di stErbed t he, mass._ bal gﬂ%e inthe tests. It wll be

under st ood t hat™ P géner &F B 4UTE abl'e Méfbr FEEFSFaloh Gni t can

contai n netal pamtsancelkeppeabiameinit 28 andepae atdratensaict wasbpriodrded wit h

9.6 .10-4 n2 o DDVE/DAN bt aj m Forschungszent rum
GmH (a resear%:%&llnos itoutlg a\glribén%pcfetng%ﬁr%i ?@F%ﬁ? %%C%lgglé%cﬂggest hacht,
Ger many), and tommErgingkely Bvafd able domganGivie SMerbrlaneecharki@t (a

conpany havi ng.jid s, 10fHnehRl e29fHd cedn qBaek bf el dan, iGLragy). The menbrane
conprised a top layer of cross-linked Pol yDzMet hyl Szl oxane (PDVMS) and a

supporting | ayRfo&ts 4 BoPy At y| O tir99% COPANE . corfldmctcof tehel 13t s,
condensat e wassé@d drporaoseveral nd Ghaws i, nkaat be @eadreerdsmeshr ang cell. The
flux, pressure, run tinme and stage cut are gi ven in Table 1, The separation

was carried out’atdHnBirEAL P Erperaturfe M e me¥ee balfantéPiint8ath case was

bet ween 095 andc&7®%nskalel enll1ife 203. Downstream of the stabilizer
section the stabilized condensate in line 203 is
typically at low or atmospheric pressure. In order to
provide the trans-membrane pressure needed to operate the
membrane separation unit 28, a compressor pressure pump

15 208 is provided. Since stabilized condensate is fed to
the membrane separation unit, no significant flashing
will occur during membrane separation.

Mercury-depleted permeate from the membrane
separation unit is discharged wvia line 212. Mercury-

20 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

25 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.

30 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

35 function properly. Therefore the mercury-depleted natural
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gas condensate obtained via the present 1

PCT/EP2008/053490

nvention may be

suitably used as cracker feedstock in such applications.

In some embodiments of the present i
additional methods may be employed to fur

mercury content of the permeate discharge

nventions
ther reduce the

d from the

membrane separation unit. As shown in Figure 5, the

mercury content of the mercury-depleted natural gas

condensate may be further reduced by inst

alling a mercury

guard bed 300 after line 212. The mercury-depleted

natural gas condensate obtained at the pe

rmeate side of

the membrane is then processed through the guard bed

obtain a condensate with a further reduce

d mercury

content. Such a condensate may suitably be used as

feedstock for lower olefin manufacturing.

guard bed 300 may simply be used as a fur

Alternatively
ther method to

remove any traces of mercury which may have passed

through the membrane separation unit.
In Figure 5, the mercury guard bed i

element in the embodiment from Figure 1;

S shown as an

however, a

mercury guard bed element could also be added to the

embodiments from Figures 2 and 4 incorpor

ated 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
as CuS, 7ZnS or a mixture thereof.
Examples

Membrane separation tests were carri
liquid condensates from different sources
designations S, N, and D). The membrane s
that was used in these tests was built fr
order to prevent mercury adsorption on me
otherwise have disturbed the mass balance
It will be understood that in general a s

separation unit can contain metal parts.

sulphide such

ed out for three
(sample

eparation unit

om glass in

tal, which could
in the tests.

uitable membrane

The membrane



430 1800 total nercury concentration perneate (Pg/l) < 25 26 <25 total
mercury concentration retentate (Pg/ 1) 2200 1200 10000 - 24 - test.

Mer cury owoenssmetsson was done usi ng European Standard WetrhpdooBos34p®r cury
in liquids EN 1483-1997 Water quality - Determ nation of mercury. In the
met hod a hot destruction at 95 degrees Celsius is perfornmed in an acid
5environnent (H2SO4, HNGB) with potassiumper manganat e and potassi um

per oxodi sul phate. Mercury detection is done using a flane | ess atonmic
absorption W t fedMdr@gp. ufhe R$ Gt iicedr edused, s {1ty St adnum ghl ori de to
mercury vapour_and measured at 253.7 nm 18The condensatg S was a sour
condensate, so P& /exPelfBFT£8° cont AW MERChOF Y at 1o ast SFRPEPAF TV t he
form of nercurygmsul @hirdecaThe tondensat esvinand: D wemeispweedf Comdensat es,

and nmercury in e s e to [ ] I I nt
netalIic/ionicGéégﬁ%aﬁggfhgggﬁ%ﬁgﬁgé?%gfgﬁﬁgﬁg%%ﬁg}é%fgﬁgﬁgﬁca$§? e sweet
condensat es haVenkyr afgrsihnyk ofm7i2 0t Z@mpghsinBawhey al soirkkiingipbe nt range of

35-350 degree 5%fice in Rheinfelden, Germany). The membrane comprised a
top layer of cross-linked PolyDiMethylSiloxane (PDMS) and
a supporting layer of a PolyAcryloNitrile (PAN).
In each of the tests, condensate was fed for several
10 hours into the dead-end membrane cell. The flux,
pressure, run time and stage cut are given in Table 1.
The separation was carried out at ambient temperature.

The mass balance in each case was between 95 and 97%.

Table 1

S N D
flux 1,4 1,7 2,0
(kg/m2/bar/hr)
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

15 was measured for the feed, permeate and retentate in each



I n anot her exanple, condensate was fed for several hours into a nenbrane
cell conprising a top |ayer of 20cross-1inked Pol yD Met hyl Si | oxane ( PDVS)
and a supponrnisngeseayer of a Pol yAcryloNitrile (PAN) at Pcm@ipbasns34dhe t ot al
mercury concentration of the teed was approxi mately 3000 ppb (parts per
billion by weight). Table 2 displays the other process data for this
experinent. 25 Table 2 Recycle flow 30-mrhaour Feed pressure 10 bar
Recovery 30% Tenperature 25C Resulting perneate flow 1 nm/e/day

test. Mercury determination was done using European

Standard Method for mercury in liquids EN 1483-1997 Water
quality - Determination of mercury. In the method a hot
destruction at 95 degrees Celsius is performed in an acid

5 environment (H»SO4, HNO3) with potassium permanganate and
potassium peroxodisulphate. Mercury detection is done
using a flame less atomic absorption with UV lamp. The
mercury is reduced with stannum chloride to mercury
vapour and measured at 253.7 nm.

10 The condensate S was a sour condensate, so 1is
expected to contain mercury at least partially in the
form of mercury sulphide. The condensates N and D were
sweet condensates, and mercury in these i1s expected to be
predominantly present in metallic/ionic form, perhaps

15 together with some alkyl mercury. The sweet condensates
have a density of 720-770 kg/dm3 and a boiling point
range of 35-350 degree C.

In another example, condensate was fed for several
hours into a membrane cell comprising a top layer of

20 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.
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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.



For this test, the resulting nercury analysis resulted in a condensate with

0.5 ppb nercury. - 25 - As can be seen in all cases, nercury was
essent i alwg 2o@mbsstiel y renoved in the perneate. The ret enratreoosassdsenri ched
in mercury. - 26 - CLAIMS 1. A method for reducing the mercury content of

nat ural gas condensate, conprising the steps of - providing a
nanofiltrati on nenbrane having a feed sidg and a perneate side; 5-
contacting the natural gas condensate with the feed side of the nmenbrane;
and - obtaining a neyeuhyndepbet eth natiucake gasneandgnsakecatehtiespgr neat e
side of the nmenbran 2. The nmethod according to claim1, wherein the
L0nanof i | trati CRUAEHTENEFE 8he b 5 BEFYREFTe TI° 4 GaPRRFE Wanof il tration
menbrane, and émrjdrdd dul apresra. pol yneric nanofiltrati on nmenbrane
conprising a polysiloxane |layer, nore in particular a cross-I|inked

pol ysi | oxane | ayer. 153. The nmethod according to claim1 or 2, wherein at

| east one of the group of nmercury conponents is essentially conpletely
removed fromthe natural gas condensate, which group consists of netallic
mercury, ionic mercury, alkyl nmercury, nercury sul phide, in particular
wherein the 20entire group of conmponents is essentially conpletely renoved.
4. The method according to any one of clainms 1-3, wherein a
mercury-enriched retentate is obtained at the feed side of the
nanofiltration menbrane, wherein the 25nanofiltrati on nenbrane is arranged
in a menbrane



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

separ at orwopstwessuof t he nenbrane separation unit. 305pPCThP2008t0b3ad0
according to any one of clainms 1-3 further conprising using the condensate
as feedstock for a steami ng cracking process in |lower olefin manufacturing.
-27- 6. The nethod according to any pne of clains 1-3 further

conpri sing processing the nmercury-depl eted natural gas condensate through a
mercury guard bed | ocated downstream of the perneate side of the nmenbrane
to obtain a condensate with a further reduced nercury content. 7. The
nmet hod according to claim®6 further Swefeirn™the mercury guard bed conprises
an 5absorbent nmaterial which captures nercury selected fromthe group

consi sting of alumn r tive . carbon.inmpregnated with 1Cl 3 or tal

sul phi des, ?.§§5¥%g%ge ﬁadr% e &P n@?r u?{w%ﬁﬂgﬁnéoﬁ%i?%?%ﬁgﬁsing t he
condensat e w ttea dandehepteedocee memouitpecontentofas f eedst ock for a

steami ng cracking Rf0GESS ai AahOWENr 08N BRAHLACLILNG. 1i @9-4 Datural gas
processing plant” conprising a condensate workup section including a nmercury
renoval unit comprd SISFgeathaned®l trati on menbrane separation unit and a

gas/|iqui d separairacdpstr eam fsamdiheRanehibtisatd on cnerheangsgeparation
unit, wherein the nanofiltration nenbrane separation unit has an inlet for

natural gas conténsdt &5t "aPE¥F siddE of the nembrane, an outlet for
mer cur y- depl et edoieondangatenat carperdpatedshdeundl tdes rerbeases;e atx out | et
for 15nercury-eQriched retentat e at t he Eeed side of the nenbrane, and

% te side Oof The g

. S rmea mne rane. . . .
wherein the outtet’For mer cury- ‘enriche retehtate is in fluid

comuni cati on & tthamsithbdt acfotdienqipst céammgas/Whapsiid separator. 10.
The natjyral gag,py Cl%sf%kﬂgnpﬂné&%?ér%cqrsd'oﬂg Lo £l @i iWhereln the

nanofiltration nenbrane is one of a polyneric or a“ceram c nenbrane, and in
particul ar is eepotyheenethdhodtlar aendn arenbiethel tATPLisPhgr atpot ysi | oxane
l'ayer, nore in,paftdcd %n@fﬂ@]_sast-ildmlﬁ@%zgﬁg!y&hgﬂﬁ&%%-a 11. The
nat ural gas processing plant according to claim9 or 101 further conprising
a gas treatingPSVEteMXanRi ¢AY Fas HHEatitngasystetay iclGdes At vetCury renoval
unit, in partissl@dild<a0w tepperature separator provided with a nmercury
draw of f_ unit

one of1€Iains-g'fgmifftéégtgggon %ﬁ#{g% g?%égg?%ég?ﬂ?&ﬁg%ﬁggcgéghgggéfegny
downstream of ¢he avarndfl btprapi oh memrgneosppagrts drs essentially
completely removed from the natural gas condensate, which
group consists of metallic mercury, ionic mercury, alkyl
mercury, mercury sulphide, in particular wherein the
20 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
25 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.
30 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.



unit.

13. The natural gas processing plant according to claim 12

wherein the mercury guard bed conprises an absorbent material which
captures nercury selected fromthe group consisting of alum na or
active carbon inpregnated with K13 or aafetal sul phide. 30
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6.  The method according to any one of claims 1-3 further comprising processing the
mercury-depleted natural gas condensate through a mercury guard bed located downstream of the
permeate side of the membrane to obtain a condensate with a further reduced mercury content.

7. The method according to claim 6 further wherein the mercury guard bed comprises an
absorbent material which captures mercury selected from the group consisting of alumina or active
carbon impregnated with Kis or metal suiphides,

8.  The method of claim 6 or 7 further comprising using the condensate with a further
reduced mercury content as feedstock for a steaming cracking process in lower olefin
manufacturing.

9. A natural gas processing plant comprising a condensate workup section including a
mercury removal unit comprising a nancfiltration membrane separation unit and a gas/liquid
separator upstream from the nandfiltration membrane separation unit, wherein the nanofiltration
membrane separation unit has an inlet for natural gas condensate at a feed side of the membrane,
an 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 retentale is in fluid communication with an iniet of the upstream gas/iiquid separator.

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 paricular is a polymeric
nanofiltration membrane comprising a polysiloxane layer, more in particular a cross-linked
polysiloxane.

11, The natural gas processing plant according to claim 9 or 10, further comprising a gas
treating system, which gas treating system includes a mercury removal unit, in particular a low
temperature separator provided with a mercury draw-off unit.

12.  The natural gas process plant according to any one of claims 9 to 11, further
comprising a mercury guard bed located downstream of the nanofiltration membrane separation
unit.

13. The natural gas processing plant according to claim 12 wherein the mercury guard
bed comprises an absorbent material which captures mercury selected from the group consisting of
alumina or active carbon impregnated with Kls or a metal sulphide.





