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(54) Title: METHOD AND APPARATUS FOR REMOVING METAI. SULPHIDE PARTICLES FROM A LIQUID STREAM

(57) Abstract: The invention provides a method
for removal of metal sulphide particles from a liquid
stream comprising a solvent and metal sulphide
particles, using a filter system comprising at least
one membrane, the methad comprising contacting
the liquid stream with the membrane, thereby
transferring metal sulphide particles from the liqnid
stream onto the membrane surface to obtain a liquid
stream depleted of metal sulphide particles and
a filter system comprising a membrane enriched
in metal sulphide particles. The invention further
provides an apparatus for removal of metal sulphide
particles from a liquid sream comprising a salvent
and metal sulphide particles, wherein the apparatus
comprises a solvent regencrator column (1)
comprising at least one inlet and two outlets, which
solvent regenerator column is connected to filter
system (2) comprising at least onec membrane and
comprising at least one inlet and one outlet, which
the filter system is connected to a separation column
(3) comprising at least one inlet and two outlets.




WO 2007/104769 A1 1IN ANAO0 OO

(84) Designated Stales (unless ntherwise indicated, for every  —  before the expirarion of the time limit for amending the

kind of regional protection availablej: ARIPO (BW, GII, claims and to be republished in the event of receipt of
GM, KL, 1S, MW, M7, NA, SD, SL, 87, ‘17, UG, /M, armendments

7W), Rurasian (AM, A7, BY, KG, K7, VD, RU, TJ, TM),

Liuropean (AT, BL, BG, CII, CY, CZ, DIi, DK, Ul,  Forwo-letter codes and other abbreviations, refer to the "Guid-

TR, GB, GR, HU, I, IS, IT, I.T, LU, LV, MC, MT, NI, PL.,  ance Notes on Codes and Abbreviations" appearing at the begin-
PT, RO, SE, ST, SK, TR), OAPT (RE, R1, CF, CG, CI, CM,  ning of each regular issue of the PCI Gazette.
GA, GN, GQ. GW, ML, MR, NT;, SN, TD, TG).
Declaration under Rule 4.17:
— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))
Published:
—  with international search report




Ul

10

[N
(S]]

WO 2007/104769 PCT/EP2007/052383

METHOD AND APPARATUS FOR REMCVING METAL SULPHIDE
PARTICLEE FROM A LIQUID STREAM

'he invention relates to a method and an apparatus
for removirg metal sulphides from a liguid stream
comprising solvent anc metal sulphide particles.

Metal sulphide particles in a liquic stream can be
formed wher metal carbonyls react with sulphur compounds.
Metal sulphide particles can cause fouling by deposition,
encrusting or baking conto surfaces of prccess egquiprent,
for example on trays of separating columns and/or on
surfaces of liquid passages so that these passages can be
blocked. Deposition of metal sulphide particles can lezd
to the process equipment being rendered inoperative in
whole or ir part. Thus, removal of metal sulphide
parllicles [rom Lhe liculd slream ls deslirable.

Methods to remove metal sulphides from a ligquid
stream are <nown in the art. For example, in
US 2005/0035326 a method for removal of metal sulphides
trom a metrhanol scrubbing solution is described. In the
method described in US 2005/0035326, a methanol scrubbing
solution containing cclloidal metal sulphides is
introduced in a precipitation vessel, where the solution
is heated to cause growth and agglomeration of the metzl
sulphide particles therein. The methanol scrubbing
solution containing agglomerated metal sulphides is then
introduced into a methanol/weter separation vessel and a
rising strcam of mcthanol vapour is casscd in countcrflow
to a descerding stream of water, resulting in a product
enriched ir methanol and a product enriched in water and

comprising metal sulphides. These two prcducts are
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separated. Finally, metal sulphides are removed from the
product enriched in water and comprising metal sulphides.

The method described ir US 2005/0035326 has several
drawbacks. One drawback is that the method is time-
consuming, &8s 1t requires allowing growth and
agglomcration of the metal sulphide particles in order to
enable their removal. Another drawoack is that the method
is cumbersome: several steps are needed to effect removal
cf the metal sulphides. Yet another drawback is that a
heating steo s needed, thus requiring additional input
¢l energy and necessilaling addilional healing means.

It has now been found that metal sulphide particles
can be removed in a simple and eZfective way using a
filter system comprising a membrane.

To this end, the invention provides a method for
removal o metal sulphide particles from a liquid stream
comprising = solvent and mctal sulchide particles, using
a filter system comprising at least one membrane, the
method comprising contacting the liquid stream with the
membrane, thereby transferring metzsl sulphide particles
from the liquid stream cnto the membrane strface to
cblaln a ligqu’d slream depleled ol melal s.lphide
particles and a filter system comprising a membrane
enriched in metal sulphide particles.

The invention further provides an apperatus for
removal o metal sulphide particles from a liquid stream
comprising = solvent and mctal sulchide particles,
wherein the apparatis ccmprises a solvent regenerator
column (1)} comprising at least one inlet and two outlets,
which solvent regeneratcr column is connected to filter
system (2) comprisizg at least one membrane and

comprising alL leasl one inlel and one oullel, which Lhe
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filter system is cornnected to a separation column (3)
comprising at least one inlet and two outlets.

The method and apparatus accorcing to the invention
enables removal of metal sulphides to low levels, even in
the ppbv range. As there is no need to wait for the metal
sulphidc particles to grow and/or zgglomcrate, rcemoval of
the metal sulphide particles is much less time-consuming.
Furthermore, metal sulphide removal can be easily
incorporated Into an existing industrial process wherein
a liguid stream comprising metal sulphide particles needs
Lo be puriflied. Finally, Lhe merbrene enriched in melal
sulphide particles can be regenerated. The use of more
than one Zilter system thus enalles a continuous process
wherein one filter system is employed to remove metal
sulphide particles and the other filter system is
regenerazed, without having to take the filter system
cff-linc Zor clcaning.

The method can be applied to any liquid stream
comprising solvent and metal sulphide particles. Such a
liquid stream can for example be a liquid stream derived
from a reZinery process where a liquid is tsed to remove
conlaminanls _ncluding melal carbonyls and sulphur
compounds, especially hydrogen sulchide, from a gas
stream comprising trese contaminants. This results in a
purified gas stream, which can ke further processed, and
a liguid stream which ncw comprises metal carbcenyls and
sulphur comeounds. Mctal carbonyls can be converted to
their corresponding metal sulphides by reacting with the
sulphur contaminants.

Thus, in a preferred embodiment the liquid stream is
cbtained by the steps of:

(i} conlacling a gas slrean comprising hydrogen

sulphide and metal carbcenyls with & solvent, thereby
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chtaining solvent ernriched in hydrogen sulphide and in
metal carbony_s;

(ii) heating and depressurising the solvent enrichead ir
hydrogen sulphide a=d in metal caroonyls, thereby
converting at least part of the metal carbonyls to metal
sulphide particles, to cbtain the liquid strcam
comprising so_vent and metal sulphide particles.

Step (i) is preferably performed at a temperature in
the range of from -70 tc 40 °C, more preferably from -60
to 0 °C. The preferred temperature ranges ensure better
Lransler of melal carbonyls and ol hydrogez sulphide Lrom
the gas stream to tne sclvent.

Step (ii} is preferably performed at & temperaturs In
the range of from 6. to 110 °C, more preferably from 70
to 90 °C. At these preferred temperatures, a higher
degree of conversion of metal carbonyls to metal
sulphides tekes place.

The gas stream comprising hydrecgen sulphide ard metal
carbonyls can for example be a synthesis gas stream.

The main constituents of synthesis gas are carbon
monoxide and hydrogen. Synthesis gezs can be prepared in a
synlhesis gas generallon unil, [or example high
temperature reformers, autothermal reformers or gasifiers
using coal, o’l residue or natural gas as feedstock.
Reference is made to Maarten van der Burgt et al., in
“The Shell Middle Distillate Synthesis Process, Petroleum
Revicew Apr. 1990 pp. 204-203" for = general description
cn the preparation of synthesis gas.

Depending on the feedstock usec to generate synthesis
gas, conzaminants such as hydrogen sulphide, carbonyl
sulphide, hydrogen cyanide and to z lesser extent
carbonyl disu_phide will be presenlL in Lhe synlhesls gas

exiting the synthesis gas generation unit. In addition,
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the conditions in tne synthesis generation unit are
usually such that metal carbonyls will be formed and
these will slso be present as conteminants in the
synthesis gas exiting the synthesis gas gereration unit.
S Because synthesis gas 1is generally Zurther processed
in catalytic conversion rcactions, rcmoval of thesce
contaminants to low levels is often desired. As descriked
hereinbefore, one way of removal of contaminants in
synthesis gas is by contacting the synthesis gas with a

10 solvent Zo transfer contaminants from the synthesis gas
Lo Lhe solvenl, Lhereby oblalning z purillied synlhesis
gas stream end a liquid stream comprising a solvent,
metal carbony_s and hydrogen sulphide. Metal carbonyls
such as nicke . tetra carbonyl and iron pentacarbonyl,

15 especially in combizaticn with hydrogen sulphide, can
undergo thermal and/or chemical decomposition to metal
sulphides. Even low concentrations of metal carbonyl,
translating into low concentrations of metal sulphides,
can creaze ovroblems.

20 Tt has been Zound that t—he degree oZ fculing due to
metal sulphide particles becomes especially cumbersome
when melal su_phide parlicles are oresenl 1ln a
concentration of 4 ppmv or more, especially 5 ppmv or
more. Thus, the met~od is especially suitable for liquid

25 streams comorising at least 4 ppmv, preferably at least
5 ppmv of metal sulphide particles, which corresponds to
similar concentrations cf metal carbonyls in the gas
stream.

The solvent can be any sclvent used in industrial

30 processes. The term solvent is known to the skilled
person and is used for a solvent cepable of absorbing
conlaminanls while c¢iving lillle or no (chemical)

reaction with them. Suitable solvents include cne or more
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solvents selected from the group of include sulfolane
(cyclo-tetramethyleresulfone and its derivatives),
aliphatic acid amides, N-methylpyrrolidone, N-alkylated
pyrrolidones and the corresponding piperidones, methanocl,
ethanol and dialkylethers of polyethylene c¢lyccls. The
preferred solvent is methanol,

It wiZl be understood that the membrane material
should not dissolve easily in the solvent tsed under the
prevalent conditions. Thus, the combination of membrane
material and solvent shculd be chosen such that the
membrane will show lillle or no solubilily in Lhe
solvent.

The method is especially suitable for a liguid stream
wherein zhe solvent is methanol and the metal sulphide
particles are nickel-sulphide particles and/or iron-
sulphide particles.

A filter system comprising at lcast onc membranc is
used.

The liquid stream is brought intc contact with the
membrane and passes thrcugh the membrane. The side of the
membrane contacted with the liquid stream 1s referred to
as Lhe l[eed s_de ol Lhe membrane. The membrane can be any
type of membrane suitable for the ourpose of preventing
metal sulphide particles from passing.

In one embodiment, the membrane i1s porcus and —he
pore size of the membrane is lower than the size of the
smallest metal sulpznide particles. Without wishing to
limit the invention to the remcval of metal sulphide
particles of a particular particle size, it is believed
that a typical range for the average particle size of the
metal sulphide particles is from 10 nm to 5 micron,
preferably [rom 10 -m Lc 1 micron. Thus, 1L iIs prelerred

to use a porous membrane having a ocore size of less than
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0.1 micron, more preferably less than 0.0l micron so that
metal sulphide particles are prevented from passing
though the membrane pores.

Suitable porous membrares include membranes of the
type comronly used for ultrafiltration, nanofiltration or
reverse osmosls, cospecially ultrafiltration. Thesc
membranes are preferably fabricated from one or more
materials selected from the group of cellulose, ceramic
materials, metal mesh, polyacrylonitrile (PAN},
polyvamidimide + titaniumdioxide (PAI), polyetherimide
(PEI), polyvinylideredilluoride (PVDF) and
polytertaZluoroethylene (PTFE).

It has been Zound that a membrane fabricated from
polyvinylidenedifluoride (PVDF) gives excellent results
in removal of metal sulphide particles.

Preferably, a pcrous membrane having ¢ crosslinked
structurc is uscd as for cxample described in
WO-A-962713. It is believed that the crosslinked
structure provides ~igher mechaniczl strencth and/or
better resistance acainst dissolving in the solvent to
which the membrane is exposed.

AllLernallvely, a dense membrane may be used. Dense
membranes are known to the person skilled in the art and
have prorerties allowing solvents to pass through them by
dissolving in and/or diffusing through their structure.
It will ke understood that preferaoly a dense membrane is
uscd having a sufficicnt permecakility for the solvent to
pass, meaning that the properties of the dense membrane
should be such that the solvent should be able to
dissolve in and/or diffuse through the membrane. Suitalkle
dense merbrenes include membranes fabricated from

polysiloxane, prelerably polydirelhyl siloxane (PDMS).

-10-
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Preferably a dense membrane s used having a cross-
linked szructure as for example described in the earlier
mentioned patent application WO-A-9627430.

In a preferred embodiment, a membrane is used which
allows a Zlux, expressed as amount of solvent in kg
solvent permcating through the memoranc per sguarc meter
per day, of at least 1200 kg/m2/day. Lower values are not
considered to be economically attractive.

After contacting the liquid stream comprising metal
sulphide particles with the memkrane, metal sulphide
partlicles wilZ be deposiled onlo Lhe surlace ol Lhe
membrane at the feed side of the membrane, resulting in a
membrane enriched iz metal sulphide particles, and liquid
depleted “rom metal sulphide particles will pass through
the membrane. The other side of the membrare is referred
to as the beck side. In order to allow the method to be
performed in a continuous manncr, it is preferred to
remove at least part of the metal sulphide particles from
the membrane surface after a certain time pericd.

One way to achieve removal of ceposited metal
sulphide particles from the membrane is to use a filter
syslem which furlher comprises, in addilloz Lo Lhe
membrane, filter elements which can be moved in a
vibratory manner and/or can be rotated. These filter
elements include plates, tubular or spirally wcund metal
elements. In a preferred embodimrent, cricket shaped
hollow pipcs which arc covered with membranc material arc
used. By blowing gas, fcr example nitrogen gas, through
the hollow oipes, metal sulphide particles can be removed
from the membrane surface. The filter elements can also
include one or more hollow filter olates to which the
membrane is allached. IL more Lhan one [iller plale is

used, the filter plates may be stacked and the liquid

11-
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stream can oe lead in a perpendicular direction to the
stacked filter plates.

One way of cleensing the membrane comprising metal
sulphide particles is by moving the filter elements in a
vigorous vioratory moticn tangent to the surface of the
membrane cnriched iz metal sulphides, thercby causing
metal sulphide particles to be repelled from the membrane
surface. This cleansing step is esocecially suitable in
the event that the filter elements comprises one or more
flat disxs, the disks oriented in & parallel direction
wilh respecl Lo eacz olher and wilh membrarzes allached Lo
the upper side of tre disks. The stack of disks is then
cscillated to apply the vibratory motion.

Alternatively, the membrane enriched in metal
sulphide particles is cleansed by rotating the filter
elements to create a shear force on the membrane enriched
in mectal sulphides, thercby causing mctal sulphide
particles to be repelled from the membrane surface. By
applying this cleansing step, a Zresh membrane is
cbtained which can then be used agszin to remove metal
sulphide particles from the liquid stream.

A combinallion ol vibralory and rolallonal movemenl Lo
cleanse “he membrane may also be aoplied.

Removal of metal sulphide particles frcm the membrane
surface can a_so be achieved through the use of a pre-
coated membrane, especially when a dense membrane is
uscd. Such @ pre-coated membranc is coated with a
substance onto whicn metal sulphides will adhere. After a
certain zime, the coating comprising metal sulphide
particles is rinsed off the membrane surface and
discarded. Rinsing the coating can be done using any
sullable solvenl. Prelerably, Lhe same solvenl as presenl

in the liquid stream is used. Suitebly, a concentrated

-12-
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amount of rinsing solvent is brought into contact with
the bhack side of the membrane during a short time-
interval (time pulse) in order to rinse off the coating.
FPreferably, a fresh coating is applied to the membrane
surface aZter discarding the coating comprising metal
sulphides, so that the membranc is rcady for the next
filtration duty. In this way, the risk of irreversible
fouling o the membrane is brought down to a minimum or
can even be completely avoided.

To facilitate method control, in a preferred
embodlimenl & neans Lo delecl Lhe degree of melal sulphide
deposition on the membrane is used. This means can for
example ke a system to measure the liquid pressure on
kboth sides of the membrane, using the situation where a
clean merbrane is i~ contact with ligquid i~ the absence
cf metal sulphide particles as starting point. An
incrcasc in pressurce difference would indicatce that metal
sulphides have deposited onto the membrane. The pressure
difference can then be used as an indicator to determine
when the membrane needs to be cleansed.

The liquid stream is suitably contacted with the
membrane al a Lemperalure in Lhe range ol [rom -20 Lo
100 °C, preferably from 10 to 100 °C, more preferably
from 30 zo 85 °C.

The invention further provides an apperatus for
removal o metal sulphide particles from a liquid stream
comprising = solvent and mctal sulchide particles, as
shown in the Figure. The apparatus comprises a solvent
regenerazor column (1) comprising zt least one inlet and
two outlets, which solvent regenerstor colimn is
connected to filter system (2) comorising at least one
membrane and comprising al leasl one inlel and one

cutlet, which filter system is connected to a separation

13-
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column (3}, preferably a typical distillation column,
comprising at least one inlet and two outlets.

In a preferred embodiment of the apparatus, either ‘n
cr upstream the solvent regenerator column (1) metal
sulphide particles are formed and &z liquid stream
comprising so_vent, metal sulphide particles and
cptionally dissolved contaminantse such as water is
withdrawn from the bottcm of the solvent regenerator and
led via line (4) to a filter system (2) comprising at
least one membrane. In filter system (2) the liquid
slream 1s conlacled wilh Lhe merbrane, Lhereby
transferring metal sulphide particles from the liquid
stream onto the membrane surface to obtain a liguid
stream depleted of metal sulphide varticles and a
membrane enriched in metal sulphide particles. The liquid
stream depleted of metal sulphide oarticles is led via
linc (5) to scparation column (3), whcere scparation of
solvent and contamizants, such as water, takes place.
Preferably, the separation colurn comprises internals to
enhance sepsration of sclvent and contaminants. It will
Le understood that deposition of metal sulphide particles
crn Lhese inlernals can creale problems. By uslng an
apparatus comprising a filter system, these prcblems are
avoided.

Suitably, a solvent comprising metal carbonyls and
hydrogen sulphide and/or metal sulohide is led to the
solvent regencrator column (1) via linc (6) and mctal
sulphide particles are formed in the solvent regenerator
column by heating.

Preferably, a liquid stream comprising solvent, and
cptionally dissolved contaminants such as water and metal
sulphide parl .cles ls wilhdrawn “rom Lhe bollLom ol Lhe

solvent regenerator (1) and is led to elsewhere via line

-14-
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(7) and another stream is led via line (4) to filter
system (2). By only leading part of the stream from the
solvent regenerator to the filter system, metal sulphide
removal can be done faster and a small filter system is
sufficient. In the filter system, removal of metal
sulphide particles takes place, resulting in a liquid
stream depleted of metal sulphide varticles.

Preferably, a gas stream comprising inter alia
hydrogen sulphide is led from the top of tre sclvent
regenera-or via line (8), suitakly to a hydrogen sulphide
disposal unil (nol shown).

Preferably, the regenerated solvent frem line (7) is
used again, for example to remove metal carbonyls and
hydrogen sulphide from a gas stream comprising these
compounds.

Solvent that hcs been separatec 1n separation
column (3) is precferably lcd back to the solvent
regenerazor via line (9). Water and/or other ccntaminants
are preferacly led from the separation ceclumn (3) via
line (10}.

It will be understood that the apparatus may comprise
more Lhan one separallon column and/or may comprise more
than one regenerator column.

In a nore preferred embodiment, all or part of the
separation co_umn (3} 1s integrated with all or part of
the regenerctor column (1). In a most preferred
cmbodiment, the bottom scction o the regencrator column
is functionzl_y extended to the too of the separation
column, so that the separation column (3) is wholly
integrated with the regenerator column (1).

The method and apparatuis enables removing metal
sulphide parl .cles [rom Lhe solvenlL Lo sucn an exlenl,

that the solvent can be separated from contaminants with

-15-
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minimal risk of deposition of metal sulphide particles.
For example, when a liquid stream comprising methanol and
200 mg/l of iron sulphide and nickel sulphide particles
is fed to a separation column comprising trays at a feed
rate of 2 m3/h, ever a deposition of 20% will result in
encrustacion of the trays with 1.9 kg solids per day in a
24 hour operation. This results in a frequent need for
repair and maintenance cf the separation column, with a
considerable down time. The method and apparatus of the
invention enable reduction of the azmount of encrustation
practically to zero, thereby greatly reducing the down

time of zhe separation column.

-16-
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1. A methoc¢ for removal of meta’ sulphide particles from
a liguid stream comprising a solvent and metal sulphide
particles, using a filtecr sgystem comprisince at lcast onc
membrane, the method comprising contacting the liquid
stream with the membrane, thereky transferring metal
sulphide particles from the liquid stream onto the
membrane surface to obtain a liquid stream depleted of
melal sulphide parlicles and a [iller syslem cocmprlsing a
membrane enriched iz metal sulphide particles.

2. A methoc according to claim ., wherein the averagse
particle size of the metal sulphide particles is in the
range of “rom 10 nm to 5 micron, preferably frcecm 10 nm to
1 micron.

3. A method according to c¢laim - or 2, wherein the
membrane is porous and the smallest pore size cf the
membrane is lower tran the size of the smallest metal
sulphide particles.

4. A method according to claim 3, wherein the pore size
¢l Lhe membrane 1s less Lhan 0.1 micron, prelerably less
than 0.01 micron.

5. A methoc according to claims 1 to 4, wherein the
membrane is of the type commonly used for
ultrafil-ration, nanofiltration or reverse osmcsis,
cspecially ultrafiltration.

t. A methoc according to claims 1 to 5, wherein the
membrane is fabricated from one or more materials
selected Zrom the group of glass fibre, cellulcse,
celluloseacetate, ceramic materials, metal mesh,

polyacrylonilrile (PAN), polyamineimide + LilLaniumdioxlide

17-
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(PAT), polyetherimide (PEI), polyvinylidenedifluoride
(PVDF) and vo_ytetraflucroethylene (PTFE).

7. A methoc according to claim - or 2, wherein the
membrane is a dense membrane having sufficient
permeability for the solvent.

8., A mecthoc according to claim 7, wherein the membranc
ig fabricated from polysiloxane, preferably
polydimethylsiloxane.

9. A methoc according to any one of the preceding
claims, wherein the ligquid stream comprises at least 4
ppmyv melal su_phide parlicles, prelerably al leasl 5 ppmv
metal sulphide particles.

10. A methoc according to any one of the preceding
claims, wheren the solvent comprises methanol.

11. A methoc¢ according to any one of the preceding
claims, wherein the metal sulphide particles include
nickel carbonyl and/or iron carkonyl.

12, A methoc according to any one of the precedinc
claims, wherein the membrane is cozted witn a layer of
coating substance and metal sulphide particles which have
Leen transferred from the liquid stream to the membrane
adhere Lo Lhe coalizg subslance Lo oblaln a layer ol
coating substance enriched with metal sulpzide particles.
13. A methoc according to claim 22, wherein the layer of
coating substance ernriched with metal sulpnide particles
is rinsed off the membrane and discarded together with
the metal sulphide particles.

14, A methoc according to claim 13, wherein a fresh layer
cf coating substance is applied to the membrane after
rinsing oZf the layer of coating substance enriched with
metal sulphide particles.

15. A meLhoc according Lo any one of Lhe preceding

claims, wherein the filter system further comprises
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filter elements and the method further comprises
cleansing the membrane enriched in metal sulphide
particles by moving the filter elements in a vigorous
vibratory motion tangent to the surface of the membrane
enriched in metal sulphides, thereby causing metal
sulphide particles to be repelled from the membranc
surface.
16. A methoc according to any one of the precedinc
claims, wherein the filter system further comprises
filter elements and the method further comprises
cleansing Lhe membrane enriched in melal s.lphide
particles by rotating the filter elements to create a
shear force on the membrane enriched in metal sulphides,
thereby causing metal sulphide particles to be repelled
from the membrane surface.
17. A methoc according to any one c¢f the precedinc
claims, wherein the ligquid strcam comprising a solvent
and metal sulphide particles is obtained by the steps oZ:
(i) contacting a gas stream comprising hydrcgen
sulphide and metal carbcnyls with z solvent, thereby
cbtaining solvent enriched in hydrogen sulphide and in
melal carbony_s;
(ii) Treating and depressurising the solvent enriched in
hydrogen sulphide a=d in metal caroonyls, thereby
converting &t least part of the metal carbonyls to metal
sulphide particles, to cbhbtain the liquid stream
comprising so_vent and metal sulphide particles.
18. A method according to claim 17, wherein step (i) is
performed at a temperature in the range of from -70 to
40 °C, preferably from -60 to 0 °C.
19. A method according to c¢laim Z7 or 18, wherein
slep (11} Is performed al a lemperzlure in Lhe range ol

from 60 —o 110 °C, preferably from 70 to 9C °C.
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20. An apparatus for removal of metal sulphide parzicles
from a liquid stream comprising a solvent and metal
sulphide particles, wherein the apvaratus comprises a
solvent regenerator column comprising at least one inlet
and two outlets, which solvent regenerator column is
connccted to a filter system comprising at lcast onc
membrane and comprising at least one inlet and one
cutlet, which filter system is connected to a separation
column comprising at least one inlet and two outlets.
21. An apparatus according -o claim 20, comprisinc more
Lhan one regeneralion cclumn and/or comprising more Lhan
cne separation column.

22. An apparatus according zo claim 20 to 21, wherein a’l
cr part of the separaticn column is integrated with all

cr part o the regererator colurn.
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