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Accordingly the invention provides a particulate mercury absorbent comprising a metal
sulphide, a support material, a first binder and a second binder wherein said first binder is a

30 cement binder and the second binder is a high aspect ratio binder having an aspect ratio >2.

The invention further provides a mercury removal process comprising contacting a
mercury-containing feed stream with a particulate mercury absorbent comprising a metal
sulphide, a support material, a first binder and a second binder wherein said first binder is a

35 cement binder and the second binder is a high aspect ratio binder having an aspect ratio >2.

The absorbent may be sulphided ex-situ or sulphided in-situ according to known methods.
Hence the invention includes a particulate mercury absorbent precursor comprising a metal

compound capable of forming the metal sulphide, a support material, a first cement binder and
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30 example.

Non-hydrocarbon fluids which may be treated using the process of the invention include
solvents, such as liquid CO,, used in extractive processes for enhanced oil recovery or
decaffeination of coffee, flavour and fragrance extraction, solvent extraction of coal etc. Fluids,

35  such as alcohols (including glycols) and ethers used in wash processes or drying processes
(e.g. triethylene glycol, monoethylene glycol, Rectisol™, Purisol™ and methanol) may be
treated by the inventive process. Natural oils and fats such as vegetable and fish oils may be
treated by the process of the invention, optionally after further processing such as

hydrogenation or transesterification e.g. to form biodiesel.
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Where concomitant sulphiding and mercury absorption occurs, the amount of sulphur
compound that is present depends on the type of sulphur compound and metal compound
used. Usually, a concentration ratio, as defined by the ratio of sulphur compound (expressed
30 as hydrogen sulphide) concentration (v/v) to mercury concentration (v/v), of at least one, and
preferably of at least 10 is used so that the precursor is sufficiently sulphided. Should the initial
concentration of the sulphur compound in the feed stream be below the level necessary to
establish the desired ratio of sulphur compound to mercury compound concentration then it is
preferred that the concentration of the sulphur compound is increased by any suitable method.
35
The metal sulphide is desirably one with a high capacity for mercury. One or more metal
sulphides may be present. The metal may be any which provides a metal compound which

shows a suitable capacity for being sulphided and hence for mercury absorption. Examples of
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absor bent precursor conprises basic copper carbonate (1. a copper
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conpared to prior art materials wi thout sacrificing rate of
Support materials are desirably oxide materials such as aluminas, titanias, zirconias, silicas

25 and aluminosilicates. Hydrated oxides may also be used, for example alumina trihydrate.
Preferred supports are transition aluminas such as gamma, theta and delta alumina. The
support may be present in an amount 50-90% wt, preferably 70-80% wt (based upon on the
sulphided composition). By using the first and second binders we have found that the amount
of support material may be increased compared to prior art materials without sacrificing rate of

30 mercury absorption, strength or attrition resistance.

In the present invention, the metal sulphide or precursor is combined with a support, a first
binder and a second binder. The first binder is preferably a cement binder, in particular a
calcium aluminate cement. By the term calcium aluminate cement we include such calcium
35 aluminate compounds as calcium monoaluminate (Ca0.Al,Os), tricalcium aluminate
(3Ca0.Al,03), pentacalcium trialuminate (5Ca0.3Al,03), tricalcium penta aluminate
(3Ca0.5Al1,0;3), dodeca calcium hepta aluminate (12Ca0.7Al1,03) and high alumina cements
which may contain alumina in admixture with, dissolved in, or combined with such calcium

aluminate compounds. For example, a well-known commercial cement has a composition
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from precursors containing unsulphided metal compounds having a capacity to be highly

sulphided. It is preferred that the amount of unsulphided metal compound present is such that

the precursor may be sulphided to achieve a sulphur loading of at least 0.5% w/w, e.g. from 1 —

30 10% wt sulphur, although higher loadings of sulphur may be provided.

The absorbent precursor may be in the form of tablets formed by moulding a suitable powder
composition, generally containing a material such as graphite or magnesium stearate as a
moulding aid, in suitably sized moulds, e.g. as in conventional tableting operation.

35  Alternatively, the shaped units may be in the form of extruded pellets formed by forcing a
suitable composition, containing the absorbent precursor material and often a little water and/or
a moulding aid as indicated above, through a die followed by cutting the material emerging
from the die into short lengths. For example extruded pellets may be made using a pellet mill

of the type used for pelleting animal feedstuffs, wherein the mixture to be pelleted is charged to



25 e.g. as a granule, extrudate, or tablet so that the nercury-containing
stream nmay be contacted wth a bed of solid absorbent particles.

Parti cul awbypoesii2ersbi ve absorbents are those prepared fPomGB2eeuIS8o1S
cont ai ni ng unsul phided netal conpounds having a capacity to be highly

sul phided. It is preferred that the anotht of unsul phi ded metal conpound

present is s ch that the curs ided to.a sulphur
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of which the mxture is forced by a bar or roller vvithin the cylinder: the
resul ting xture is cut fromthe surface of atin
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absorbent precursor material with'a little water, insufficient to forma

sl urry15and then causing the conposition to aggl orrerate into roughly

spheri cal , Thebbsogengweiblayly ihas @gaveaye paticiasikesithil the dage n-€d ntinfhe absor bent or
absorbent precursors nmay be heated or treated in another way to 10
accelerate the setting of the cenent binder. The different shaping nethods
have an ef fIBiNVeHion [sdurthar Jeseibed by eferpise daihe PllaMps F¥amPlest ruct ure  within t he
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prefera e range
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al | cases, eaasaichsat, ahd QS%IMSQHC @RIrbdsed %o%&%ﬁ‘arﬂ%@&ﬁﬁ@% W SiuRthadwa@luaénl| at i on
t echni que whetre n t&q_ iw use&éogﬁ%nentos %’(\% £ e edacé ittle water
and ni xed {88 HYGFERUTES VP SPRPOR .\ 888@8?”% 165 ti on
conpri si ng Wesssddded togdhrse teaednumaagrds, aerdetoatear mnn@‘ two binders to produce the
25  desired affect. Binder 1 in each case was a calcium aluminate cement having a CaO content
of about 40% wt. Binder 2 in each case was an Attapulgite clay. The granules were dried prior
to sulphiding. Unless otherwise stated, drying was performed at 105°C in air for 16 hours after
a period of 2 hours at ambient temperature (ca 20°C). The size range of granules obtained
was 2.80 — 4.75mm.
30
To assess the performance of each of the materials screened, the physical properties of the
2.80 — 4.75mm material were measured before the sulphiding step. Mean Crush Strength
(MCS), Tapped Bulk Density (TBD) and attrition resistance of the precursor were measured.
The MCS and attrition of the materials were also tested after each of the materials was
35 sulphided using H,S.

Mean Crush Strength (MCS): This analysis was carried out using a CT5 crush strength tester
fitted with a 50Kg load cell. The granules selected for testing were sized from 3.35 — 4.00mm

taken from the 2.80 — 4.75mm bulk sample, this would reduce any effect of the granule size on



60% Wt copper, and 25% wt zinc (expressed as oxi des) and about 15% wt

al um na was used. Alumna trihydrate (ATH) was used as the support

mat eri al wol2essm20tsher wi se stated. Binders were added t@CTGBReIT0M491
conponents, sonetimes as a mx of two binders to produce the 25 desired
affect. Binder 1 in each case was a cal ¢ium al unmi nate cenent haV| ng a CaO

content of abqut _40% wt. Bi nder in each, cas an Atta | ay.
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anal ysi s wascoertdri ed out using a CT5 crush strength tester fitted with a
50Kg |l oad cell. The granules selected for testing were sized from3.35 -
4.00mm taken fromthe 2.80 - 4.75mm bul k sanple, this would reduce any

ef f ect 18f tAeliqyrgpinge Adiitipe tesHnaNEsTRUBY 02I0RH0 tRCTPaB2hoY/ 10 8G49E methagk 2 engt h.
30 granul e%omfeaﬁ@@mﬂe anprma@@mrtﬁernomwv@gr%d%écmaté RREShAe truBélee and
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recorded. 10 Attrition Testing: Attrition testing was carried out using the
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absor bent was wei accur at el
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renmoval of lifrdsehr<at Db ferrdetatuenaraypraisedi Nng. The % wei ght |1 oss owing to
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of materlal at the start of the test. 15 The tunbling period of 45 m nutes
subj ect ed EemRladpl e to 3600 falls. Sul phiding of Materials: The precursor
mat eri al s \@akglet ARPréAred Wit efolMirRltbMpsitehaia amsirnidard Yartd WergHd an i nert
carrier gas, (typically N2 or CH4). In all cases the flowrate of the gas
was 42

Example Cu/Zn composition | ATH | Binder 1 Binder 2
Comparative 1 100 0 7 0
Comparative 2 25 75 14 0
Comparative 3 25 75 0 14
1(a) 25 75 7 7

25 Results: Before sulphiding

Example MCS (Kg) | TBD (Kg/m®) | Attrition loss (% wt)
Comparative 1 1.28 0.77 14
Comparative 2 2.81 1.06 4.6
Comparative 3 1.42 0.92 0.6
1(a) 1.94 0.945 0.42




litres hr' at anbient tenperature and pressure. 20 Exanple 1. Sanples were
prepared with the foll owi ng conpositions (all anounts are parts weight).
Exanpl e GuO2Znosamgsosi ti on ATH Bi nder 1 Binder 2 Conpar @CirxGB20071080490 7 0
Conparative 2 25 75 14 0 Conparative 3 25 75 0 14 1(a) 25 75 7 7 25
Resul ts: Before sul phiding Exanple MCS (Kg) TBD (Kg/nB) Attrition |oss (%
W) Corrparatlve 77 1.4 Conparative 2 2.81 1.06 4.6 Conparative
3 1.42 0. 95%g Af é?“'%“@“lﬂ 0.945 0.42 WD 2008/ 020250 PCT/ GB2007/ 050491 8

Resu! t_S. Aft ﬁté'epm di 1$u|%}ﬁ§rrm/l‘% SuhrpByKg)( WEI'BE/)’?QKW lﬂﬁhn&ﬁ'ﬁ@ﬂ%@/t nB)
Attrition | /UVVLéé wllpalaleclzl.l 1336765 W||pa|aL|v,22.9
%’Rﬁ'ﬂﬁﬂ t

2.66 1.06 4. ve 214 8 1.[03 o338 0.2%%3641&30 92 0.6
From t he conpCéragaraine of | propeet i es |Exags e [L(a)1.ehows| hi gh MBS and BD and

low attritiof e_an oSt Fphirgirm The[Co atTye Exanpie 2 has a
hi gh crush ST(I;%FED api'v%gt a ve 5 pqga gIF)Q'TI’I |026) esi stance (I” e ahjgh

attrition | ost3). Exanple 2344 thils ex@snpl e, fwe2 her| vari atieons of |t he
bi nder ratio were studied together wiih the use of ho (bbL,) and cold (ca

15C) water durjng the granulatio | e nt [ Zn
commos: 1§ of okt P R RHEHSn SEips SR T CEson gk B 7EB R S ot
wat er 25 7BHreldhdpogomiphidiag.i Ve Gdotpavalivelrxapiple/bhab4 figh crush strength but a very

5 poor attrition resistance (i.e. ahigh attrition loss).

Example 2.
In this example, further variations of the binder ratio were studied together with the use of hot

(55°C) and cold (ca 15°C) water during the granulation process.

10
Example Treatment | Cu/Zn composition | ATH | Binder 1 Binder 2
2(a) Cold water 25 75 10 4
2(b) Hot water 25 75 10 4
Comparative Hot water 25 75 14 0
Results
Example MCS (Kg) MCS (Kg) Attrition (%owt)
(Unsulphided) | (Sulphided) (Sulphided)

2(a) 240 2.36 0.76

2(b) 237 252 213

Comparative 3.06 2.98 5.17

The results show that by using the combination of first and second binders that the attrition
15 losses are reduced markedly over the single binder sample. The use of hot or cold water does

not appear to have had a significant effect.

Example 3.

20 A further variation studied was to increase the copper level from the 25% level in the above

formulations to 50%.

Example Cu/Zn composition | ATH | Binder1 Binder 2
3(a) 50 50 10 4




Results Exanple MCS (Kg) MCS (Kg) Attrition (%) (Unsul phided)

(Sul phi ded) (Sul phided) 2(a) 2.40 2.36 0.76 2(b) 2.37 2.52 2.13

Conpar at iwe 28080202098 5. 17 The results show t hat by usi rgTidB20@FHIMat i on
of first and second binders that the attrition 15 | osses are reduced

mar kedl y over the single binder sanple. The use of hot or cold water does
not appear to have had a significant effect. Exanple 3. 20 A further

vari ation ?%e%'&“ ed was to increase the copper level fromthe 25% Il evel in
t he above tornulati ons to 50% Exarrpl e Cu/ Zn corrp03| tion ATH Binder 1

Binder 2 3(a) 50 5 —WD—2008 : 30‘7'@05‘01‘:9%9 Resul t
Exanpl e MCS (Kg) MC$ LI BATEL® WY Sul phi ded)

(Sul phided) 3(a) 1{87 1.42|1LUBsulphisiefXx amSutphidied) Erc(SulphiE&ot)kup Tests Those
formul ati ons sel ect ¢d j study e, 1) Anpre 2T xanmpl e 3(a). 10
3) A conparative Exau%lriga—(—é-a-ual—ewgl—%xlmmﬁ- ve B) ??yzt alnHng only Bi nder

2. The materials were prepared for testing by CI’UShI ng a portion of the 2.8
- 4. 75mn piEzgupls d ésB grain size 1.0 - 2.0nmm then fully

sul phiding in 1. 0% of HZS in nitrogen at 42 litres/hr. Follow ng the

sul phi di ng stagf the H2S was purged fromthe reactor. The testing 15 was
carried out’ W@‘“&‘“%r?@'e&tﬁddfo@ét“@)"fw%rﬁe above prepared absorbents, at LHSV =

7.0hr-1, usi ngarﬁpléleoeane saturated with el enental nercury to ca. 1.0ppmw v
for a total, I‘léQ rR@,, %gl 750 hours unl ess otherw se stated. This would
al | ow corrpa i son standard runs carried out previousl During the

test péPiod) ﬁf@m@a&\tecﬁxa@wl Er@RtrlenkbSonpracaive S adntaniraeny & eaRd anal ysed

for nmercury slippage. 20

The materials were prepared for testing by crushing a portion of the 2.8 — 4.75mm precursor
granules to grain size 1.0 — 2.0mm, then fully sulphiding in 1.0% of H,S in nitrogen at
42 litres/hr. Following the sulphiding stage, the H,S was purged from the reactor. The testing

15 was carried out using a 25ml charge of the above prepared absorbents, at LHSV = 7.0hr-1,
using n-hexane saturated with elemental mercury to ca. 1.0ppm w/v for a total run period of
750 hours unless otherwise stated. This would allow comparison with standard runs carried out
previously. During the test period, the reactor effluent was occasionally sampled and analysed
for mercury slippage.

20
At the end of the test period, the beds were dried using a gentle flow of nitrogen, and removed
from the reactor as 9 discrete sub-beds using a vacuum method. Each of the sub-beds was
analysed for total mercury, using an ICP-atomic emission spectroscopic technique, to allow the
mercury profile to be determined. A further check was made, calculating the average mercury

25 concentration inlet the reactor during the run. From the analysis of the mercury level on each
weighed sub-bed, the weight of mercury was calculated on each, and the summation gave the
total weight of mercury passed through the bed during the run. Knowing the total number of
hours the run had lasted and the hexane flow rate in ml/hr, then the average [Hg] inlet the bed
in ppb of Hg (w/v) would be;

30
weight of Hg on beds (g) = ppb Hg
hrs on line x flow rate (ml/hr)

35 The results were as follows;

40
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bi nder and a second bi nder wherein said first binder is a cenent binder and
the second binder is a high aspect ratio binder having an aspect ratio >2.
2. An abswoblweestozezseording to claim 1l wherein the netal eargB2de/(5849a

sul phide of iron, copper or nickel. 3. An absorbent according to claim1l
or claim2 V\,herel n the support material s an alumina or hydrated al um na.
4. An absorBent according to any one of clainms 1 to 3 wherein the first

bi nder is ‘cium alum nate cenent binder. 5. An absorbent according to
any one of clainms 1 to 4 wherein the second binder is an alumnosilicate

clay. 6. An, ab%q{at%%ﬂgtem&ﬁﬂéﬁggrbgﬂ c@r’ﬂkfnsﬂ'@ed @étal%bl@hﬁ@ alsubSorimMEIer §irkt t he
second bi nder |s an Attapul |te e\%s absor bent accor dj nggto any one

of clainms 1 to @d%ﬁ@fﬂéﬁﬁcoﬁﬁé FNVeers aé?rfﬁﬂﬁf“éerd?aP?{%e”tP'P?eéF”%WG ©8Bnd

bi nder are in bheeriaagigh Aspkctraticdirke( fidvingtantaepeseratimel. bi nder) 8. A net hod for
meki ng the nercury absor bent according to any one of clainms 1 to 7
conprising the steps of (i) conbining a netal conpound capable of form ng a
met al sul pii de ARiPEPTRENSRAFPGINE to Falelr %}’Fe'” the mefas sulpiidedes sWpiideLT §@bond bi nder
in the presenceogder watcRel. to forma particul ate absorbent precursor
material, (ii) drying the absorbent precursor material, and (iii)

sul phiding the precursor material to formthe netal sul phide fromthe netal
conpound wer eiAn aggdreent agegidingitgeldim 1 & clainc2wherein ierfgeportanrientahie ag éteyd bi nder
i's a high aspeetnyoadiddaiumhsidder having an aspect ratio >2. 9. A nethod
according to claim8 wherein the netal conpound capable of formng a netal
sul phide is conbined with a support material, a first binder and a second
bi nder in the Apreserntacgbrdingteanyione af gaimas el wherei\DeZig 8ih@2 02HErIcium

PCT/ GB2007/ 0504@kinatlceint hhddet hod according to claim 8 or claim9 wherein
t he sul phiding step is perforned by reacting a sul phur conpound sel ected
from hydrogen sul phi de, carbonyl sul phide, nercaptans and pol ysul phi des
with the metal Ao@bmbﬂmdaacarpablt@anyronéofmimg1aomnméin treskednddederis éhe dri ed
absor bent precg[uﬁm()s'{@qeeaéya . 11. A nmercury renoval process conprising
contacting a nercury-containing feed streamwth

6. An absorbent according to any one of claims 1 to 5 wherein the second binder is an

Attapulgite clay.

7. An absorbent according to any one of claims 1 to 6 wherein the relative amounts of the

first and second binder are in the range 2:1 to 3:1 (first to second binder)

8. A method for making the mercury absorbent according to any one of claims 1 to 7

comprising the steps of

(iy combining a metal compound capable of forming a metal sulphide with a support
material, a first binder and a second binder in the presence of water to form a
particulate absorbent precursor material,

(i) drying the absorbent precursor material, and

(i) sulphiding the precursor material to form the metal sulphide from the metal
compound

wherein said first binder is a cement binder and the second binder is a high aspect ratio

binder having an aspect ratio >2.

9. A method according to claim 8 wherein the metal compound capable of forming a metal
sulphide is combined with a support material, a first binder and a second binder in the

presence of water in a granulator.



an absorbent according to any of clains 1 to 7 or prepared according to any
of clains 8 to 10. 12. A particulate nercury absorbent precursor

conpri si myoaomsaredsoconpound capabl e of form ng a netal psuigHwad®sHPon
treatment with a sul phur conmpound, a support nmaterial, a first binder and
a second binder, wherein said first bindér is a cement binder and the

d bi i hi gh ratio bi havi . ect tio >2. 13.
A meroury. aBsof BT R AL GroaE AGF PR Ve BF A 230 DhaP L ReTHEeTaY a
conpound capalmastingfa sutphmi qegpaunssekeicted fibrp hydtegenpoinhite, satonmhsulptiideh a sul phur

conpound is a RERRHOSHholysliMdesTRARRR mAA cBm&%hpaﬁaﬁredﬁfoﬂﬁiﬁgH%ta@bsor_be”t
precursor according to claim 12 aim13 erein the support naterial

, , or cl ,
is an al unina SHPHSRIP dteetied PRAPIETEL Pra®sison™Aeli#lur y absor bent precur sor
according to any one of clainms 12 to 14 wherein the first binder is a

cal ci um al ymi nat i ) - r I o -
accordi ng ﬁ (T a%‘yrﬁeég@%?% ﬁgﬁ%gsrslcf%? gSI.A%SJSﬁmﬁgtﬁgi}énrﬁ%?ﬂgy p@g%:%ﬁ%@%ﬁwt%g& VYltg an
al um nosi | i cat " @psgypentarcording iy gy o), claifg 4t & At PrERSERIACSHR NG DY 8T FIME 8 any
one of clains 12160 16 wherein the second binder is an Attapulgite clay.
18. A mercury renoval process conprises contacting a nercury-containing
feed streamwith an absorbent conprising a netal sul phide capabl e of
absor bi ng rt8r c drpprtigriatevitrseus] pspirent PEFEBPIRENPI$iRg & Hetaeedmigundeapaita ¢fng

in- s: tu ? E_r gcwrm@ 2GR sl BHhidDuRdn lrtveéta]b?mm_ Qumdurc@apaghb,ea prp&o@aﬂeﬁ@, % he
nmetal sul phi ae,, S ort mater.l & L1 TrSt. Ql nger. and a,secon I naer
Wth a firot sTrEaRE B ArdPHE B <R slha < aRer AREERe v o
bi nder is a ceswnd bibderdes higmaspetisatodovathdyinadepshest ratidi2gh aspect ratio
bi nder having an aspect ratio >2.
13. A mercury absorbent precursor according to claim 12 wherein the metal compound
capable of forming a metal sulphide upon treatment with a sulphur compound is a

compound of iron, copper or nickel.

14. A mercury absorbent precursor according to claim 12 or claim 13 wherein the support

material is an alumina or hydrated alumina.

15. A mercury absorbent precursor according to any one of claims 12 to 14 wherein the first

binder is a calcium aluminate cement binder.

16. A mercury absorbent precursor according to any one of claims 12 to 15 wherein the

second binder is an aluminosilicate clay.

17. A mercury absorbent precursor according to any one of claims 12 to 16 wherein the

second binder is an Attapulgite clay.

18. A mercury removal process comprises contacting a mercury-containing feed stream with
an absorbent comprising a metal sulphide capable of absorbing mercury and wherein the
absorbent is formed by contacting in-situ a precursor comprising a metal compound
capable of forming the metal sulphide, a support material, a first binder and a second
binder with a first stream containing a sulphur compound, wherein said first binder is a
cement binder and the second binder is a high aspect ratio binder having an aspect ratio
>2.



