EP 0 325 486 Bl Description Naturally occurring crude oils and other fossil
fuets may contain a small anmount of nercury depending on the | ocation of
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zeolite, nolecular sieves, alumna, silica, silica-alumna, and activated
carbon. There also is no limtation on the nethod of contact to be

est abl f’shed between nercury-contai ni ng hydrocarbon oils and the 35 [err]
and/or [err] conpounds. In the course of studies that eventually led to the
acconpli shnent of the present invention, we conducted the follow ng
experinment: sludge was separated by f iltration from heavy natural gas

l'i qui d{H NG.) of the same nature as enployed in Exanple 1 bel ow and 100 m
of the filtrate was treated with various reagents that were believed to
react with nmercury conpounds in view of such factors as el ectronegativity
(see Table A below for 40 the nanmes of these reagents which were used
individually in an anount of 1.0 g); after adding these reagents, the

m xtures were stirred well and thereafter left to stand for 1 hour; the
concentrations of mercury in the treated solutions were conpared with those
in the untreated filtrates. The results are also shown in Table A 45 50 55
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EP 0 325 486 Bl Table A Renoval of I\/Er'cury W th Various Reagents

Reagent Hg concentration(w v ppb)

Renmoval % 5 BB 326 486:R1 Tr eat ed

sol ution _ sol ution ZnS 103

22 78.6 ZnO 94

70 Iable A 2Rehofalrdf Mercury with Vario®d Reagents

60 3 94

oc Reagent ﬁl_ﬂé&%@%}lumw o4 Removals

26 5 Uk rpateds | Treated 103

13 St jboarr] solution 103

2 98..1,..SnO 86

52 ZnS J"é’ [err] 22 103 8.6

59 Zn0 42 92 20 [err] 70 86 25.5

87 " znCly @4[ err] 60 86 36.2

86_ FeCl [err] ' 80

53 eci2 339é 25 © [err] 65 go 30.9

6 FeCl3 92.593 26 103 72.3

66 3303 As shown in Tabl e 4 sul fur which pre \éi ously
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peratures. glllustrative hydrocarbon oils include crude oils, styaigght run
napht ha, kerosene, gas oi I vacuum di s- tillates, at m)spherl c resi dues
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under t he ™ h a cupnc c oun or a stannous compound.

rréd exasmp es of the cupnc an stannous compounds for use in the method of the present invention
60  include CuCly, Cul, and hydrates thereof and SnCl,, Snl, and hydrates thereof.
The cupric and stannous compounds are preferably contacted by trace Hg containing hydrocarbon oils
under the conditions set forth below.
(1) A solution of the cupric or stannous compound is brought into liquid-liquid contact with a hydrocarbon oil.
A solution of cupric halide, in particular CuCl, in HCI, alcohol or water is added to a hydrocarbon oil. The con-
65  centration of a cupric compound is typically at least 10 ppm, say, 10 ppm - 40 wt%, preferably in the range of
0.5-10 wt%. When a stannous halide is to be used, SnCl, or some other stannous halide is dissolved in HCI,
water or an alcohol in an amount of at least 10 ppm, say 10 ppm-40 wt%, preferably 0.5-10 wt%.
(2) A cupric or stannous compound in powder form is added to a hydrocarbon oil. In case of a cupric compound,
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(1) A solution of the cupric or stannous conpound is brought into

liquid-liquid contact with a hydrocarbon oil. A solution of cupric halide,
in particular CuCl2 in HCl, al cohcP m32swgaRBY i s added to a hydrocarbon oil.
The con- 55 centration of a cupric conpound is typically at |east 10 ppm
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al cohol , ®liresepasately suppliehinesolutian of powderfonmeista ke ivergel SoThetsumphedchydrotarten sibandett*
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mercury-containing phase 14 as in the system shown in Fig. 1.
55 Fig. 3 shows a system that employs adsorption tower 16 and 17 packed with a fixed bed of a Cu** or Sn**
supporting adsorbent 15. The first adsorption tower 16 is a cylindrical reactor packed in the middle portion with
a fixed bed of a Cu** and/or Sn** supporting adsorbent 15. It has an inlet on its top through which a feed 1 is
supplied via a pump 6 and is connected at its bottom to a product recovery line 9. Preferably, more than two
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also furnished with a line for supplying a feed 1 and a line for supplying
a Cu++ or [err] conmpound 2. A fluid can comuni cate between the vessel 3
and a sedinmentation tank 4 which iEPF325A8eBled with outlets that are
respectively connected to a product recovery line 9 and a mercury
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mer cur {f- c BTﬂ %YFWF% nghhig Sepphed fo e st gdorptionagsseiSuwhichoin als@suplied witha Gui ‘eddiénSoth t he
tank 4 v 'afet 15, Biedrpd ! gnd thefeu" candipgRao™ 'rfemeuwg/aﬂtsermnaﬂw the vesRel d@make | s
di schar ge Bregdiseer “’“& B'él‘rt%ﬁij er(1f 87d rReFyTNPreseM IGURGRE dromnt

val ue 7. €3,§%ﬁqf'y - %sg'%e? E "%ﬁ“ a ‘i’{%@éﬂr”%"pf’@ 8 g’t"b : urrp 6
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the feed 1 Iﬁnemvx..tg%&anmeg%@ pfdvlaby ft,.hﬁ‘e pQrbt;feA?FurtLe‘? uLJtraﬁn%fl%g)vJ;%t%vénﬂon*L%vg e,
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they 50 yRkdaql'a

i ntimate GORAASbe Mkenls fififingl 2t ter as they are punpe re 1S no nee

enpl oyxa reaction vessel equipped with a stirrer as in the case shown in
Fig: 1. | Exmeeessanp,2 a plurality of sedinmentation tanks 4 and 12 nay be
adopted as shown 1n Fig. 2 to separate the mxture into a purified solution
13 and a merAdwndredaitiliters ofihagyy patarsigadifuid @as filteieh @rdayisd RiNpGE®IMRr (012 ph). Ghe skpa-55
Fi g. 3 shued siudgpyhat thenfdlibwing compdsiis adsor ption tower 16 and 17 packed with a
fixed #ed of a [err] or [err] supporting adsorbent 15. The first adsorption
tower 16 is a cylindrical reactgp packed;jnthqg mddle portion with a fixed
bed of a Cu++ and/or [err] supporting adsorbent 15. It has an inlet on its
top through which a feed 1 is s§ﬁ)plled vi& 32 %¥dnp 6 and is connected at its
bottomto a product recovery |iRg 9. Pref®riakitg, nore than two 4 EP O
325 488 Bl adsor ption towers are provided, angT ig 3 shows an enbodi rrent
using two adsorption towers, the first tovver and t he second tower

The feed 1 gntnﬁf a%%éﬁ%@ f%}c }‘r Plltr Led at I(I)O the fins elow
tover 1.6 @ @d%d n #% pﬁl tﬁ(e lxturéa erestTrregcf?:ﬁ fo lo dgys ndln(j
SUPPOr 451 Ny @ I:I' & Enceh tloﬁ@f%fcyrymtﬁes;gﬂ |ed's I are shown
hydr ocar bgragé{. i1 S renoved bei ng adsorb ea on t e 3 sor The
hydrocarbon oil is trans- 5 ferred to the second adsorptlon tomer 17 via
t he pr oducoMmpaRATWETBXKAMPUES R4and i s stripped of the remaining nercury

t hrough adsorption by the Tixed bed of adsorbent 15. In a fixed bed system
t he adeor pt iHeAvyinawel gas dduii vais @ifte@6dxb keyhoendinilg @ b9 1R Blxartipled 1 bR & B4 tifrResDihe baH-I |
nor e pr ef equatd shoyner Taple Tivere 8ided arldite mixgurgrwefeareatiad 35 in BExarhples 1raadiz) Ehebndefittidns

0. 5-5. 0 [ efmefeurygn the purifidsohiions wereFnesued[apd thp rdsillg areshedmomiabi 1syst em f ur ni shed
wi th adsorption vessels 19 and 20 each having a stirrer 18. A feed 1 such
10 as a hydrocarbon oil is supplied to the first adsorption vessel 19

whi ch s al so supplied with a [err] and/or [err] supporting adsorbent 15.
The feed 1 and the [err] and/or [err] supporting adsorbent 15 in the vessel
19 make Intimate contact with each other as they are agitated with the
stirrer 18 and nercury present in a trace anount In the hydrocarbon oil is
renoveg by being adsorbed on the [err] and/or [err] supporting adsorbent

15. If the feed 1 has a high solids content, sludge and other solid matter
are preferably renoved with a prefilter 15 or sonme other suitable device
to protect the adsorption towers 16 and 17 (Fig. 3) or adsorption vessels
19 and 20 (Fig. 4). Any filtration nediumnmy be enployed as long as it is
capablse of rejecting the solids content of the feed. The foll ow ng exanpl es
are provided for the purpose of further illustrating the present invention
but are in




no way to be taken as limting. 20 EXAMPLES 1 AND 2 A hundred mlliliters
of -heavy natural gas liquid was filtered through a MIlipore filter (0.2
[err]). The sepa- rated sludge haBP0RZ 48BN owi ng conposition: 25 Fe

10.0 wt % Si 18.3 w % Hg 3.1 wt% 30 S 2,3
wt % The filtrate had a nmercury content of ca. 130 ppb. To the filtrate,
stannous conpounds (see Tabl e 1 XxBLBNL were added in the concentrations

al so shown in Table 1 and t res were j . fol |l owed by
standing 35 for 1 houg.qd e oé%%t:r@;,'tgns %@ﬁﬁﬁfyﬁﬁtﬁl%ﬁ% vl ed

sol utions were neasur. | t he s EBn T 1. ARATI VE
EXAMPLES 1-4 40 avy natural gas lirquid was filtered to renove sl udge
as in Exanples 1 and 2. To the filtrates, the com pounds shown in Table 1
wer e addedExmmgpliehe m xtures wsneljreated as in ExanpPes 1 and 3B5.%he
purified solutions yese neasurggdgand the

concentrations of ,nercury int 2 $

resul t'8 are shown”in Tabl g é-ﬂgoﬁﬁe?? 5 EP 0 325 486 Bl TABLE 1
Canpound . concentration Hg (concentration: |w%
of purifi&prparative anppygy| 5 aqueous  sgl ytion:
10n ) Example 1 o5 ytjon EPFbY (% Elanple 1 °°°

[err] , 2 sno 19 685.4 10 46.9

2 Snl2 1.0 (powder) 2.7 97.9
1.0 g (powder) Comparative Exggphg 1 97 [err]zs.4

79 39.2 15 2 S

69 $6.9 1.0 (pohd&ty 3 103 orrg R.s

97 20 25.4 4 [err]

103 EXAMPLES 3ANB@. 8 20 EXAMPLES 3 AND 4 Filtrates (100 m ) of heavy

natural gas liquid were prepared as in Exanple 1. To the filtrates, cupric
chl ori de [ efFitiateagiS0 bl direavy natirblgasliquidimers preiaedras inExafizple e Tothedittes [vaprigchieride es
wer e sti r{Cutlwab bdded ol theamadnthshown inrTekiingjarRshe riigures| wéiegtirred Wil foliawed bnstanding ons
of merurpr 1 eut fike qengentfatiens ok wbroury e Preiied sphatigns waseimeasired and thegagyliy e gjown
shown in Tashie2.2

COMPARATIVE EXAMPLES 6-9

30 Filtrates (100 ml) of heavy natural gas liquid were prepared as in Example 1. To the filtrates, the compounds
shown in Table 2 were added and the mixtures were treated as in Example 1. The concentrations of mercury
in the purified solutions were measured and the results are shown in Table 2.

56



COMPARATI VE EXAMPLES 5-9 30 Filtrates (100 m) of heavy natural gas
ligquid were prepared as in Exanple 1. To the filtrates, the conpounds shown
in Table 2 were added and the m xER®3R540&Bt treated as in Exanple 1. The
concentrations of mercury in the purified solutions were neasured and the
results are shown in Table 2. 35 40 45 50 55 6 EP 0 325 486 Bl TABLE 2 5

Conpound Hg concentration Hg in purified
renoval Solution (ppb) (%9 10

4.9 Exanple 3 [JORRE—2 4.0

96.9 B0 Mt % in 10 m of methanol solution Exanple 4 [err]
8.0 93.8 ]@ompound Hg concentratied g (HmOowder)
Conpar ati ve Exanple 5 Cu€l purified removal 62
52.3 10 wt%in 10 m of methanol sol utiqfe®ation (pph) —g3
[err] 97 25.4 Iww%in 10 mM of
aqueods sol ution 7 FeCl13 [

20. 8 | wt %EXT™R8e M of 28 ts C.uClIZOml of 4'oaqueous sol ?J%%n 8
Cud methanol ‘solution 45.4 1.0 g (powder) 9
[err] 012.3 30 93.8

114 8. .

1.0 g, (pm}eMNPLEl5OA§9p§W§§I)FiItrat es (100 m) of heavy natural gas
quuidsvvere prggieed as in anple 1. To the filtrates, 0.8 g of acti-
vated car of Toyo gon Co., Ltd. hasing a specigpcs surface area
of 1050 [ ’fa]:‘géﬁd an avlq,rw@ge‘i'c“;‘]qlroglsgfze 2 nm (26°A) whi oh hag [err]
supported thereon was gdelethcaansbivigoni Xt ures were subjected to an adsor p-
tion pgaction for_.1 hour un%@gti rring. The capcentrationszefgmercury in
the purified sol u?i ons apds tshe,per een- 40 tages of nercury renoval are

shown in Table 3. aqueous solution
B FeClj 103 20.8

. lwt% in 10ml cof

25 agueous solution
g cuCl 71 45.4

1.0 g (powder)
9 PbClz 114 12.3

0 1.0 g (powder)

EXAMPLE 5 AND 6

35
Filtrates (100 mi) of heavy natural gas liquid were prepared as in Example 1. To the filtrates, 0.8 g of acti-
vated carbon ("CAL" of Toyo Calgon Co., Ltd. having a specific surface area of 1050 m2/g and an average pore
size 2 nm (20 A) which had CuCl, supported thereon was added and the mixtures were subjected to an adsorp-
tion reaction for 1 hour under stirring. The concentrations of mercury in the purified solutions and the percen-
40 tages of mercury removal are shown in Table 3.
The CuCl, supporting activated carbon was prepared by the following procedure: activated carbon was
submerged in a CuCl; solution, filtered, and dried in a nitrogen gas at 130°C for 3 hours. The contents of CuCl,
in the so treated activated carbon are shown in Table 3.

45 COMPARATIVE EXAMPLES 10-17

The procedures of Examples 5 and 6 were repeated except that the activated carbon supported the com-
pounds shown in Table 3 (in Comparative Example 17, activated carbon was used on its own). The resuits are
shown in Table 3.
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The [err] supporting activated carbon was prepared by the foll ow ng
procedure: activated carbon was subnerged in a [err] solution, filtered,
and dried in a nitrogen gas at [ cFRQ3251486B8B hours. The contents of [err] in
the so treated activated carbon are shown in Table 3. 45 COMPARATI VE
EXAMPLES 10-17 The procedures of Exanples 5 and 6 were repeated except that
the activated carbon supported the com pounds shown in Table 3 (in

Conpar ative Exanple 17, activated carbon was used on its own). The results

are shown in Table 3. 50 55 EP Q0 325 486 Bl Supported Cont ent of

Hg comrcentration Hg renoval COW supported of

purified (%9 conpound sol ution(ppb) 10

(percent by weight @fpidi€e@Cti @neEntCBEDON) HEXEPEELration [ eigr femoval

10 cdmBound* supported 97. 8 16f purified g% Jerr]

5 16 compoundg? 7 CERPErI2PI(RRY) Exanpl e 10 [err]

10 58  (percent by “*"E w4 11 [err] 5

82 36.9 20  °Ff the activa [err] 5

83 36.2 13 FeCl13 5 75

42.3 14 Li C 5 85 97.8 34.6 15

NaCl Example 5 5 CuCl2 10 84 2.9 35 4 %5

16 [err] 6  cuClzs 5 75 16 87-%2.3 17
Comparatlve 81 37.7 30 *

Support: a M;?it eq car (CAL) wyph a specific sgrface areasefs 1050 nR/ g
35 EXAI\/PLE and ‘if at es (100!1”1) of heavy ngbural gas ldzgusd were
preparzed as |n Exa To the filtrates, 0.8 g_of acti- vated,carbon
("CAL" of Toyo Calléon"ﬁfb12 Ltd. having a speC|f| c 3urface area o‘? 1050
[err] and an averade Pef¥s 40 size Df 2 nm (20 A)Y3which had [*éri]
supported thereoniwas added and t hes mi xtures weres8subj ected t d4ah
adsorption reactiqg fogct hour undey stirring. Thesconcentratiszsens of
mercury in the pur f| %d fol utions apd the percentgges of nercupysrenoval
are shown in Tabl & 4 ?162 [err] supporting activat gd car bon vas, prepared by
the followi ng prodédureT activated tarbon was sub-"nerged in & [err]
solution, filtered, and dried in a nitrogen gas at [err] for 3 hours. The
contents ofx kgﬁsdrtl Nactd vat i c86bdn! ¢@tIgdwirtt bvadeed f xarsbofrc@r areghown i n Tabl e
4. EXAAWPLE 9 Activat gd ,ga¢ hepgof the same type a used in Exanples 7 and 8
was treated wwth a 10 % aqueous solution 50 of [err] to prepare [err]
supporting activated carbon, which was packed in an adsorption tower of the
sane type as adsorption tower 16 shown in Fig. 3. Heavy natural gas liquid
(H NG, of the same conposition as

EXAMPLES 7 and 8

Filtrates {100 ml) of heavy natural gas liquid were prepared as in Example 1. To the filtrates, 0.8 g of acti-
vated carbon ("CAL" of Toyo Calgon Co., Ltd. having a specific surface area of 1050 m2/g and an average pore
40  size of 2 nm (20 A)) which had SnCl, supported thereon was added and the mixtures were subjected to an
adsorption reaction for 1 hour under stirring. The concentrations of mercury in the purified solutions and the
percentages of mercury removal are shown in Table 4.
The SnCl; supporting activated carbon was prepared by the following procedure: activated carbon was sub-
merged in a SnCl, solution, filtered, and dried in a nitrogen gas at 130°C for 3 hours. The contents of SnCl, in
45 the so treated activated carbon are shown in Table 4.

EXAMPLE 9

Activated carbon of the same type a used in Examples 7 and 8 was treated with a 10 % aqueous solution
50  of SnCl, to prepare SnCl; supporting activated carbon, which was packed in an adsorption tower of the same
type as adsorption tower 16 shown in Fig. 3. Heavy natural gas liquid (H-NGL) of the same composition as
employed in Example 1 was passed through this adsorption tower at SV of 1.5 hr-1. The concentration of mer-

cury in the purified solution and the percentage of mercury removal are shown in Table 4.

55 COMPARATIVE EXAMPLE 18-23

The procedures of Examples 7 and 8 were repeated except that the activated carbon supported the com-
pounds shown in Table 4. The results are shown in Table 4.



enpl oyed in Exanple 1 was passed through this adsorption tower at SV of 1.5
[err] The concentration of nmer- cury in the purified solution and the
percentage of nercury renoval ar cERM3W#86R1 Table 4. 55 COMPARATI VE
EXAMPLE 18-23 The procedures of Exanples 7 and 8 were repeated except that
the activated carbon supported the com pounds shown in Table 4. The
results are shown in Table 4. 8 EP 0 325 486 Bl TABLE 4 Supported

Cont ent of Hg concentration Hg renoval . conpound* support ed

of purified (% conpoupaBLE 4 sol ution(ppb) (percent by wei ght
10 5 of the acti vated carbon) Exanple 7 [err]
g Sigported Contentgg ég con entr tion Hgsrimovillgr]

6.7 2 BRIt i URRESS & 1805 e *

82 16. 9 19 (pergent by weight 5 83

36.2 20 20 [@Fr he activated 5 75

42.3 21 Li d 85 34.6 22
NaCl 5 84 35.4 23 ZnCl12

5 Example 7 78nCl2 3 42.3 25 * Spport: acti8faBed carbon
(CAL) ith a specidicssawsface areasof 1050 n2/g 80 35 EXAVPLE5S410 AND 11 A
hundréd millili ters Ofndwgavy nat ur@é gas liquidg(¥ NAL) was d4 ktered

t hr ough al\élll Qeierr] filter (0.2 [err] The separated sludge had the
fol l owi ng Go @ﬁpgtt Onppdf, Fe 5 10.0 Wt % Sig, 18. 3340 % Hg

3.1 %45 S %C wt % The filtrate had aﬁmrcury cog_.;set of 128
ppb. 'E@theflltra?e g of activated clay (" kkanite 3 man-

uf actured by N PPAR KRESB "HAKUDO R.K.) supportifrg [err] wast%dded and the
m xture was subjeéted &§lso an adSorption react¥on for 1 hols6under

stirring. The coneent matcions of nemcury in the pawified sol Ws.ens and the
per cent ages of nepgury¥n¢enoval aresshown in Tablg 5. The [erqg,3supporting
activa@ed clay was prepared by the follow ng procedure: activated clay was

sub- '
* Support: activated carbon (CAL) with a specific surface area

of 1050 m2/g

30

35
EXAMPLES 10 AND 11

A hundred milliliters of heavy natural gas liquid (H-NGL) was filtered through a Millipore® filter (0.2 pm).
The separated sludge had the following composition:

40
Fe 10.0 wt%
Si 18.3 wt%
Hg 3.1 wt%
45
S 2.3 wth

The filtrate had a mercury content of 128 ppb. To the fiitrate, 0.8 g of activated clay ("Nikkanite 36" man-
ufactured by NIPPON KASSEI HAKUDO K K.} supporting CuCl, was added and the mixture was subjected to
50  an adsorption reaction for 1 hour under stirring. The concentrations of mercury in the purified solutions and
the percentages of mercury removal are shown in Table 5.
The CuCl, supporting activated clay was prepared by the following procedure: activated clay was sub-
merged in a CuCl, solution and after the solvent was removed, the residue was dried in a nitrogen gas at 130°C
for 3 hours. The contents of CuCl; in the so treated activated clay are shown in Table 5.
55
EXAMPLE 12

Activated clay of the same type as used in Examples 10 and 11 was treated with a 10% aqueous solution

9



merged in a [err] solution and af ter the solvent was renoved, the residue
was dried in a nitrogen gas at [err] for 3 hours. The contents of [err] in
the so treated activated clay ar cERnd2%#86 A1 Tabl e 5. 55 EXAMPLE 12 Activated
clay of the sane type as used in Exanples 10 and 11 was treated with a 10%
aqueous  sdpbuitij t8prefare Cudif3upboRi§ adiBhedRiayQfhich ¥a¢ Jacked ifn@RGK ol Bkér] HeB WA | NY
act i vat edyaé liqaw,of hééafia chvsosifiahGls 8flplbyad AIExaRIEOT yals psded thrd&yh thiddRsomtionN@ivetabdy gas

| i qui d ofof i B@r-5 AMEcofcdion dfin2ftugSn BEPritiyEiutith dnd hdpbréeniageaimepaBsedovaldr@ugh
t hi s adsoehpir iomablerer at SV of 1.5 [err] The concentration of mercury in
the pwified solution and the percentage of nercury renoval are shown in
Tabl e 5. CORARRNVE GFAMDLEVRI E 24 The procedures of Exanples 10 and 11 were
repeat ed except that CuC was supported on activated clay. The results are
shown i n Tabrepresedures offiagmples;101amd 11 were repeated except that CuCl W‘SlfBWFt?w activated clay.

Cont ent ofhe results arq ghowyp &abietS at i on Hg renopval conpound* support ed

of purffied (% conpound sol ution (ppb) (percent by weight
of- the activated 20 clay) Exanple
10 [err] 10 4.7 96.3 11

[err] 5 13 89.8 12 [err]

0 6.3 IGLE Y 25 Conparative Exanple 24 cud
10 6%pported Contef@, Qf * S@ppmntenteteﬁomllqademvay

(Ni kkanite 36) with a S®erd’c sufyrreedo of Purified (¥ area of 130

m2/ g 35 EXAMPLE 13 and 14 Fil tgat&at thORkighd O "BesV PRt ural gas i quid

were prepared as in Exanple 1. ofahehectfivdtenates, 0.8 g of acti- vated clay
("N klani te 36" manuf ac.t-LLLed—by—NLM_KASSEI—-HAKUDQ—KT-K.) whi-ch—had [err]
supported the- 40 reon was added and the m xtures were subjected to an
adsor ption re&sawda ¥oor chChour underiGtirring. Thet.Zoncentr at¥ohs of
mercury in the purifiil edusg] uti ons and t he percentages of nemewy renoval
are shown in Table 62 Thﬁci;_err] suppgyting activated clay wagspr epared by
the fdfl ow ”gc%ﬁﬁég&% activated clay was sub- nmerged in a nethanol or
acet one sol ut ieeamgk 3eerr¢ucand after gvaporati on thes sol vent, able resi due
was dried in 45 a nitrogen gas at [err] for 3 hours. The contents of
[err] in the sog e a MPLE 15 50
Activated cl ay o‘%p%ﬂ'le g%t%%{\é R ;mdg'\é %QQW@P %%Hgﬁcd ﬁég\/\xg\s treated
with &°10% net hanol sofi etl%n

35
EXAMPLE 13 and 14

Filtrates (100 ml) of heavy natural gas liquid were prepared as in Example 1. To the filtrates, 0.8 g of acti-

vated clay ("Nikkanite 36" manufactured by NIPPON KASSEI HAKUDO K.K.) which had SnCl; supported the-

40 reon was added and the mixtures were subjected to an adsorption reaction for 1 hour under stirring. The

concentrations of mercury in the purified solutions and the percentages of mercury removal are shown in Table
6.

The SnCl; supporting activated clay was prepared by the following procedure: activated clay was sub-

merged in a methanol or acetone solution of SnCl, and after evaporation the solvent, the residue was dried in

45  anitrogen gas at 130°C for 3 hours. The contents of SnCl, in the so treated activated clay are shown in Table
6.

EXAMPLE 15

50 Activated clay of the same type as used in Examples 13 and 14 was treated with a 10% methanol solution
of SnCl, to prepare SnCl, supporting activated clay, which was packed in an adsorption tower. Heavy natural
gas liquid of the same composition as employed in Example 1 was passed through this adsorption tower at SV
of 1.5 hr-1, The concentration of mercury in the purified solution and the percentage of mercury removal are
shown in Table 6.

55
COMPARATIVE EXAMPLES 25-31

The procedures of Examples 13 and 14 were repeated except that the activated clay supported the com-
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of [err] to prepare [err] supporting activated clay, which was packed in an
adsorption tower. Heavy natural gas liquid of the sane conposition as

enpl oyed in Exanple 1 was passed EPt¥P84# Bhi s adsorption tower at SV of 1.5
hr-1. The concentration of nmercury in the purified solution and the

per cent ageunaé sHawh MlTadle 6 GRTOMAaralVecEXSIMANVE1, iativdtdddisy wais uSed o SRAVRWNRATRE Meulls¥AVPLES
25- 31 Thehqwnecreldees of Exanples 13 and 14 were repeated except that the
activated clay supported the com 10 EP 0 325 486 Bl pounds shown in
Table 6 (in Conparative Exanple 31, activated clay was used on its own).

The résults are shown in Table 6. 5 Supported Cont ent of Hg
concentration Hg renoval 10 conpound* supported

of purified (% conpoud@BLE& sol uti on(ppb) (percent by

wei ght of the activated clay) 15 Exanple 13 [err] 3

24 81_§§xpggrteg[ er Fpntent of Hg5concen'tr.ation Hg removpgd

87.5 15 [err] compound’ g supporte(;i 0{5 1f(1eg (%) 94.5 20
Cenpar ati ve Exanple 25 [ege]rcgﬁ‘;“’g‘;“weigm gpiution (ppb) 83

35.2 26 [err] f the activated 79 38.3 27
[err] 5 clay) 69 46.1 28 Lid

5 15 86 32.8 25 29 NaCl 5

gg L a1 Exampled38 Icip[err] 3 5 24 81.3:7))523 0 30 *
Support: activate 4c| asnci?\li kkani te5 36) with a spgczfi fic surfa87'5rea of 130
n2/ g 35 EXAMPLE 1615ancf¥‘f 240 The pr ocedur es of Exanpl es g‘gnd 14 were
repeateed e ratiye silica gel G (manufactured bg WAKO PURE CHEM CAL K. K.)
was used asEX™B4HHOrt FPA1PI ace of Activated clay.f3The result 22afe shown in

Tabl e 7. COVPARATIASE EXAMPLES 32-38 45 The pr’8cedures of 3&xanpl es 16
and 17 were repeat®d eecept that s$lica gel G (n®aufactured kg.WAKO PURE
CHEM CAL K. K.) supgort ggeit he conmpoginds shown in Bgble 7 (in Ggnparative
ExampP® 38, silicaggel (Zwas used gn its own). Thg results arg ghown in

Table 7. 50 30 znCly 5 18 39.1

31 - -~ 87 32.0

30
* Support: activated clay {(Nikkanite 36) with a specific surface

area of 130 m2/g
35

EXAMPLE 16 and 17

40 The procedures of Examples 13 and 14 were repeated except that silica gel G (manufactured by WAKO
PURE CHEMICAL K.K.) was used as a support in place of activated clay. The results are shown in Table 7.

COMPARATIVE EXAMPLES 32-38

45 The procedures of Examplies 16 and 17 were repeated except that silica gel G {manufactured by WAKOC
PURE CHEMICAL K.K.) supported the compounds shown in Table 7 (in Comparative Example 38, silica gel
G was used on its own). The results are shown in Table 7.

55
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55 EP O 325 486 Bl 5 TABLE 7

Support ed Cont ent of Hg concentration Hg renoval conpound*
supported of purified Epao 32548681 (% conpound

sol uti on(ppb) 10 (percent by weight of silica
gel G Exanple 16 [err] 3 38

70.3 15 17 [err] 5 28
78.1 Conparative Exanple 32 [err] 5

110 14.1 33 [err] : 5 107
16. 4520 34 [err] TABLE 17 5 95
25.8 35 Li d 5 116 9.4
36 NaCl porteg Content of co%é‘esntration Hg ¥ mov 1.7 37
[err] 5pound* supported 108,¢ purified & S

38 compound sol :!lén(ppb) 10.9 *

Supptrt: silica gel G wthkpexrcepechy weightr face area of 390 [err]/g 30 The
nmet hod of the presewemm&e_lt.ou—ow—ng—ad#&m ages—H—+s capabl e
of selective and efficient 35 renoval of mercury froma hydrocarbon oil by
bringi ng sx&wpei €6 angda®r, st annous sconpound into gontact w thsshe oil. The
purlfled oi | canjbe g ly separgted fromthe rgaction systg F\ I f desired,
a nef cur contalnlng y - rocarbon oil may be brought into solid-liquid
cont act \/\E'gw r]zt supportl ng a cupric aq%or stannoug, cprrpound The
purified |Pocar on d11° does not contain mercur t heref ore, "be used
extensively in cafal §F% reaction$ typified by t’éarogenatl onifehction. 40
a- aipgs 1. A net hé#8l ofe?larovi ng nescury from a hy&#r ocar bon oi E5vhi ch

conpri ses contacssng rgend hydrocasbon oil 45  wigh a cupric gampound which
is acupric haligg or Iadrate theseof and/or a stgnnous conpgyng which is a
st annous hal i de ate thereo 2. A net hod cording to f im1l which
conprises |iquid: fl qqulzcont act. 3. A method ac&§§d| ng to cl égrﬁ’al wherein
each2ssai d conpoud® is supported on activated cafBén. 4. A neftRe¥ according
to claim3 wherein said activated carbon has a pore size of 1 to 50 nm (10
to 500A) &GsupdBek A sIREEd fdet SWiRkBCE pelBrf sLPPadeDaloDQ el €64 In2pg A Net hod
according to claim1l wherein each said conpound is supported on, as
carrier, at |east one of activated clay, silica gel, zeolite, rml ecul ar

si ev® aI umna, silica and silica-alumna. 6. A net hod according to any one
of the preceding clainms wherein said hydrocarbon oil is a filtrate obtained
by renoving sludge froma crude hydrocarbon oil. 55 12

The method of the present invention has the following advantages. It is capable of selective and efficient

35 removal of mercury from a hydrocarbon oil by bringing a cupric and/or stannous compound into contact with

the oil. The purified oil can be readily separated from the reaction system. If desired, a mercury-containing hyd-

rocarbon oil may be brought into solid-liquid contact with an adsorbent supporting a cupric and/or stannous

compound. The purified hydrocarbon oil does not contain mercury, therefore, be used extensively in catalytic
reactions typified by hydrogenation reaction.

Claims

1. Amethod of removing mercury from a hydrocarbon oil which comprises contacting said hydrocarbon oil
45  with a cupric compound which is a cupric halide or hydrate thereof and/or a stannous compound which is a
stannous halide or hydrate thereof.
2. A method according to claim 1 which comprises liquid-liquid contact.
3. A method according to claim 1 wherein each said compound is supported on activated carbon.
4. Amethod according to claim 3 wherein said activated carbon has a pore size of 1 to 50 nm (10 to 500A)
50  and a specific surface area of 100 to 1500 mz/g.
5. Amethod according to claim 1 wherein each said compound is supported on, as carrier, at least one of
activated clay, silica gel, zeolite, molecular sieve, alumina, silica and silica-alumina.
6. Amethod according to any one of the preceding claims wherein said hydrocarbon oil is a filtrate obtained

by removing sludge from a crude hydrocarbon oil.
55
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EP 0 325 486 Bl1 5 TABLE 7 Supported

Cont ent of Hg concentration Hg renoval conpound* supported
of purified (9% conpERM3SRS 486 B1 sol ution(ppb) 10

(percent by weight of silica gel G Exanple 16 [err] 3
38 70.3 15 17 [err] 5

28 78.1 Conparative Exanple 32 [err] 5
110 14.1 33 [err] 5 107
16.4 20 34 [err] 5 95
25.8 35 Li C 5 IABLE 7 116 9.4
36 NaCl 5 113 11.7 37
[err] Sﬁpported Content of 10319 concentration H&Q:e(ﬁ\ogi

38 compound* supported delfurified (%) 10.9 *

Support: silica gel Gwith a spegpdung surfasauvatasppb) 390 [err]/g 30 The
met ho® of the present inventrenseptadn Heidhsl | owi ng advantages. It is capable
of- selective and ef fieient— 33 1 hyerecarbon oil by
bringing a cupric and/ or stannous conpound into contact with the oil. The
purif ied Bxampiani®e s |y separated fromthe r@action systans |f

desired, a mercuryycogggini ng hyd-srocarbon oil ngy be broughig ijnto

sol i d- iqu'qn%ggggﬁ} wi th an adsorbent supporting a cupric and/or stannous
conpound. %ﬁghgg gilegmgﬁprocarbon5oil does not egptain mercugy, therefore,
be used extensive%% iQ catalytic rgactions typiflfe by hydrogenati on
reaction. 40 d ai 17*A et hod of r enovi ng mer ct from a hythGcar bon oi
whi chagonpri ses cdht aBt§¥3g said hy8rocarbon oil 5 with a cfh8i ¢ conpound
which I's a cupric3hal itderor hydrate thereof and/ ore a stannoussconpound
which is a stannows halskfle or hydrgte thereof. 2;1A nmethod acfording to
claim1 which conp;isa&n!iquid-liqgid contact. 3, A nmet hod acgor.ding to
claim 1l wherein each sai'd conpound™i s supported on activated carbon. 4. A
met hod according & claim 3 wherein said activat & carbon has'%%pore size
of 1 to 50 nm (10 to 500A) 50 and a specific surface area of 100 to 1500
[err] 5. Axnmighoet AGAOLEH RG1IO WikRi dNshe¥BIcCh i Ra6 Na Al B CRBPAUR i S
supported on, as carrier, at |east one of activated clay, silica gel,
zeolite, nolecular sieve, alumna, silica and silica-alumna. 6. A nethod
accora?ng to any one of the preceding clains wherein said hydrocarbon oi
isaf iltrate obtained by renoving sludge froma crude hydrocarbon oil. 55
EP 0 325 486 Bl Patentanspruche 1. Verfahren zur Entfernung von Quecksil ber

aus einem Kﬁtb' rhdthid athd &Léa.f\tfil@/kntioﬁ'ﬁgsmﬂl'aginﬁiﬁﬁa@béémbable of selective and efficient

35 removal of mercury from a hydrocarbon ail by bringing a cupric and/or stannous compound into contact with
the oil. The purified oil can be readily separated from the reaction system. if desired, & mercury-containing hyd-
rocarbon oil may be brought into solid-liquid contact with an adsorbent supporting a cupric and/or stannous
compound. The purified hydrocarbon oll does not contain mercury, therefore, be used extensively in catalytic
reactions typified by hydrogenation reaction.

Claims

1. Amethod of removing mercury from a hydrocarbon oil which comprises contacting said hydrocarbon oil
45  with a cupric compound which is a cupric halide or hydrate thereof and/or a stannous compound which is a
stannous halide or hydrate thereof.
2. Amethod according to claim 1 which comprises liquid-liquid contact.
3. Amethod according to claim 1 wherein each said compound is supparted on activated carban.
4, Amethod according to claim 3 wherein said activated carbon has a pore size of 1 to 50 nm (10 to 500A)
50 and a specific surface area of 100 to 1500 m%/g.
5. A method according to claim 1 wherein each said compound is supported on, as carrier, at least one of
activated clay, silica gel, zeolite, molecular sieve, alumina, silica and silica-alumina.
6. Amethod according to any one of the preceding claims wherein said hydrocarbon oil is a filtrate obtained
by removing siudge from a crude hydrocarbon oil.
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bringen di eses Kohl enwasserstoffols mt einer Kupfer-il-Verbindung, die ein
Kupfer-11-hal ogenid oder sin Hy- 5 drat davon ist, undl oder einer
Zinn-11-Verbindung, die sin Zinn-EPoB2w4egBni d oder ein Hydrat davon ist. 2.
Ver f ahren nach Anspruch 1, unfassend ei nen flussig/flossig-Kontakt. 3.
Ver f ahr erpapgiidhsprisdnb uch 1, wobel jede di eser Konponenten auf Aktivkohle als
Trager enthalten ist. 4. Verfahren nach Anspruch 3, wobei die Aktivkohle
esi ne Por engveftahfenvaHEnter Ring vdrQuBdksilb&rQudditeri{dMedWasdsritbBi| uhPass§aahd ZuSdititen-

Ober f | ac hringsn diedds KohlertvaddaBef IR nf eib@ Kupfartil-velifhdung, die Bin Kiy#érilBbgunidivaeriein Hy-
Anspr uch diat daveb i, updader ethecZigri-Vesiqioims tie ein ZanH)-halidenid iodar bie MydratdavoBist.i cagel ,
Zeolit, ei n2neiirrerlattcAnspredh, 1, drafasemizineiiligssiglgssiddontald/ oder

Ki esel er de/ F.0edahte nathsAngpraghels webiet jére|dieeer Komponeien aubAltiddanieals Tragehn edhaiigrist.

der vor angehénvedahretmegivAneprech dnedbei dieiktivkilihéine Rosengréfesvon fl pio 5O e (50 bis 500-Altund st
des er hal ainerspezifisehe Pbpréiichd MenciR0 Bip i$08milg vesitgin  Schl anm von ei nem r ohen

Kohl eritvas s ef-Yeidahreginach fgsprysy dmabeliade dnser KE"‘P‘PP'ES?,‘?&E?"WMP"‘ §‘é‘p%t'|’°é$e' &ﬁP”h@f‘%‘h re

d-avec uriéoiskypreieb, HWF"GC’&?%'SWBE"“"H%E?B‘ p/Everde &S ff om %5 offﬂﬁlnﬂgﬁtdsé,éiﬁ%
re
EFI'

hvdr ocar b reQBRRNBiE™ o serange
cuivri queTt %'IJ‘?P"FﬁVdﬁ’&‘t"g‘PEd‘ e mW&FHﬂHWE?‘b HEPYESEBY U compose

st anneyx, qU| est un hal ogenure stanneux ou un hydrate d'un tel hal oge-
nure. 2. vg&ﬁgﬁinqignforne A la revendication 1, qui conporte une niss en
contact |1 qul I'qui de. 3. Procede conforne A la revendication 1, dans

| equel chacyp@lgaPolRsMBPRGarEPveSiB AR hftircttbordl, oGfR8HreRAM ni @&Ie'lene Kife

4. ProcedfabsitioRéd & c@ntéc@a\fe@é/rﬁdaﬁkb&%&uﬂﬁu@quuQﬁﬂﬁhéhﬁ@ﬁlﬁé culvdlle bu blRRuAt | f
present e Hadgardie8Uas b8 usleonipedsataniveak, ditestd hhiogdn&d stiiiledxldd uinyildte di)n t&halbgae

ai re speciutd. que val ant de 100 A 1500 nR2/g. 5. Procede conforns a |l a

revendi cat i erPrdcgdédmnferneaal@lendibation N qdieselpdrts usORPOSABNtES liquitie{iuidet € Sur au
NDI NS un SUupRudcédéchnforgie apasvehdidatian 1adaps lequebtbaduk deaditsisbmgheés edlissupiotté a@du dhare
zeol i t he,bonmctf.am s nol ecul aire, une alum ne, une silice et une

si | i ces al untrReace@Ronforme a@a revendicatiahes, dronibaueteditshdrbon aelif prérehte omeciveensiersde pares
revendi cavalaptte 1358 omd it 399 A) el anssaie gpagibinue valditde 1904 1560 3f@ir o- car bonee est un

filtrat obt érﬂmcs%ﬁm@@ﬂa?&tf?vewu‘ew Tistgnrdeaug chasardesdila camppsas eﬁgm’@f&ér‘m feigs
brut e. 35uNAYPRer} chgisi pagmi une argile activée, un gel de silice, une zéolithe, un tamis molécultaire, une alumine,

une silice et une silice-alumine.
30 6. Procédé conforme a I'une quelconque des revendications précédentes, dans lequel ladite huile hydro-
carbonée est un filtrat obtenu par séparation des boues d'avec une huile hydrocarbonée brute.
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