DESCRI PTI ON CATALYST FOR PRODUCI NG HYDROCARBON FROM
SYNGAS AND PRODUCI NG METHOD OF CATALYST Technica
Field The present invention relates to a catal yst for
produci ng hydrocarbon froma syngas, which is
suitable for a hydrogenation of carbon nonoxi de and a
hydr ocar bon production from carbon nonoxi de, a
produci ng net hod of thEsaraPystonand a produci ng
met hod of hydrocarbon using the catal yst. Background
Art In recent years, on the back of emerging
envi ronnmental issues such as a gl obal warm ng
CAdt"Jr 6P TgdPR sPBOESH RYGt éimRﬁC@Iﬂ%,OH eg?éirQi%dS éiglﬁpng AND
in that the natural_ gas exhibits a hi
hydr ogen/ carBonP e s EdOhr 88" (P BaRGST
hydr ocarbon fuels, a coal or the |ike and thereby can
abat e em ssions of carbon-di oxi de bei ng an causative

T ge f | obal warm ng, and that the natural gas
ecﬁabqgignggﬁ$l?eserves so that the demand for the

natHealp 988 en: e%ﬂ%@:tn%dlél‘? LROrLASE WY €3t AR £VEEtl For
the future. Under such circunstances, there are " great

p rodanyi sguhly dwndcrirdtie gasni i £l sgnfgw@pl wih itdle ilkegi ons
of Sout heast Asia, Oceania and so forth, which
suitekeher fare st hiyld def ¢ nandevel ofiedt altleotho Mdworide and a
| ocations of distant places having no infrastructure -
hydrocapehoas rr ppaltinenadd caah CNGHS e nogkjud ei ng a

huge, anount of investnent for the infrastructure
prog@qﬁpg method of the catalyst, and a procducing

method of hydrocarbon using the catalyst.

Background Art

In recent years, on the back ¢f emerging
environmental issues such as a global warming, a
natural gas is becoming to be highly regarded again
in that the natural gas exhibits a higher
hydrogen/carbon ratio as compared to other
hydrocarbon fuels, a coal or the like and thereby can
abate emissions of carbon-dioxide being an causative
agent of the global warming, and that the natural gas
has abundant reserves, so that the demand for the
natural gas is expected to increase more than ever in
the future. Under such circumstances, there are
great many small and middle gas fields found in the
regions of Southeast Asia, Oceania and so forth,
which however are still left undeveloped due to their

locations of distant places having no infrastructure
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i nconparable to their m nable reserves, so that their
devel opnents have been desired to be processed. As
one effective devel opnent means thereof, researches
and devel opnents for a technol ogy, in which the
natural gas is converted into a syngas and then the
syngas is converted into a liquid hydrocarbon fue

suchucels as b&rgts_‘sﬂﬁearaadq@aanOiﬂN(EIaﬁllréag\@XCQ@ ring a huge
transportability and handling characteristics by
amopaii nyt use vof s amEinsc heo ¥ Tedps chnsyrd diesug theaet berd,ng
are pronoted aggressively in various places. This
incpmpaier bropgseht byrithesiinatelet remeromser timgthd their

ﬁ %H% i nto hydrocarbon with a_ catalyst is an
devs CEHRFRES MAEE &@e%@ﬁ@we@st%ﬁ?eﬁmﬁ%ﬁsﬁ antAs

(§¥ tlvel remove reaction for a stable

one B it d FE e dr kTRt R R e fas R AR O aact SaRaTChes
th

andPHAELEBnAIEE S AP LSRRG BN PP BELEECIRE

nath'r%L!L dy RBases syphhest Sehr 23S a(i (i §gurarrydbeﬂ)en the

havi ng” respective features. years,

s ynblagui fs phaser sy akliesi st pr %Ce;sﬁquﬁa @8 reda tPohh& uel
slurry bed is gathering attentions and being

suchesearkheo sawe davel opad stirknbewsing f excelkeeneason
that it exhibits a higher heat renoving efficiency
trapgicanbid thkeyascymbanddiind gheeractdr i gheboidy ng
poi nt hydrocarbon on the catalyst as well as a
makﬁ@&cﬂbw Qe D Eg§|q¥geéawgap%ﬁar@dwt@§ﬁéf8a| Fgaction,

need gﬁt 0O Sa cat al ?.Ct i Vi ty i's

arel BHaabel” bt ebanTark, T avhniud piadet!

This Fischer-Tropsch synthesis reaction
converting the syngas into hydrocarbon with a
catalyst is an exothermic reaction, where it is
extremely important to effectively remove reaction
heat for a stable operation of the plant. As time-
proven reaction processes, there are gas-phase
synthesis processes (in a fixed bed, entrained bed,
or fluid bed) and a liguid-phase synthesis process
(in a slurry bed) having respective features. In
recent years, the liguid-phase synthesis process
carried out in the slurry bed is gathering attentions
and being researched and developed strenucusly for
the reason that it exhibits a higher heat removing
efficiency but avoids the accumulation of generated
high-boiling point hydrocarbon on the catalyst as
well as a reactor tube plugging caused thereby.

Generally, needless to say, a higher catalytic

-2 -



of the slurry bed, there is a constraint that the
concentration of slurry is needed to be a prescribed
val ue or below so as to keep a favorable slurry state,
so that the increase in the catalytic activity is an
extrenmely inportant factor to increase a process
design flexibility. The ever-reported catalytic

actaotiity ties pofe Fakiaibe | ypesd of spatl 31§ ,fornt Be case
~ Fischer- Tropsch synthesis are approximately 1 (kg -
of hydr cshnbary Kged, cattad yet idhoar roats thostnith whew afhe
the production rate of |iquid hydrocarbon of a carbon
Congerdera b om vef op labowe, iwhinkedashdtcbbesa dp akwaysibed
enough gron1the above-descri bed vi ewpoi nts (See Non-
valys nf01)asaAd o kRERo® f BRVITHRBYENG LhELY state,
talytic activity, there is a_report saying that the
so FBAKITBR i SBAPER TBEAR FATSLY ChCuSkt HELAY 1S an
t. (S i ve (9ee Non-patent docunent
eXt%)%?‘%hyoi\E\%g‘?, é%éntcoﬁgpé?%éonte?/\ag%ﬁar eagﬁl ¥ bt R&EEF T he
desSign ca1 ek itye; 1 §9di u n b '??@0
tﬁét of thghﬁgéggun1g%§?eﬁﬁn%¥ g%g%%ﬁ?%éte y %ig%qc
actﬁmﬂﬂﬁeanéﬂfﬁﬁgiddbn@y?@ﬁﬂéfcc@ﬁglyﬁUéﬂfé§ k@ d he
hi ghest sodium content [evel started to be effected.
FisEbettherTroggrecal bynthespar td ckeagipp@kemacfel hel (kg -
catal yst for the Fischer-Tropsch synthesis reaction
hydroqaebendlly snakltabyptact ilcaliky ast possitblenframw of
t he aspect of reducing a possibility in which the
thederﬂfiﬁgaﬁéO&f hahe éhg faerd BydE e@aaboqt eof a carbon

etermni.ng | evel . However, in the case of the, - 3
number of five or above, which cannot %e said always

enough from the above-described viewpoints (See Non-
patent document 1).

As a method for improving the catalytic activity,
there is a report saying that the reduction in sodium
content in silica used as a catalyst support is
effective (See Non-patent document 2), however, the
comparison was made only between the silica of the
sodium content below 0.0l mass% and that of the
sodium content of approximately 0.3 mass$%$, and there
is no specific description as to the highest sodium
content level started to be effected.

Further, generally, the particle diameter of the
catalyst for the Fischer-Tropsch synthesis reaction
is preferably small as practically as possible from
the aspect of reducing a possibility in which the
diffusions ¢of heat and matters come to a rate-

determining level. However, in the case of the
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Fi scher-Tropsch synthesis reaction in the slurry bed,
out of the generated hydrocarbon, the high-boiling
poi nt hydrocarbon is accunul ated in the reactor,
inevitably requiring a solid-liquid separating
operation for separating a product fromthe catalyst,
so that there arises another problemthat the

Fisettet yBto@fs@ht g nimdkipartdgke idmneher e eadthtry bed,
reduces the efficiency of the separating operation.
outThdr efbee gdme rile cah ghysic d pbothe shar hyi diedb otiller g
_shoul d be an optinmum particle dianmeter range, and
poigéndradirpcatieonarge &¢ommbbate20 jom tbeabosac2s pm
. __or, about 40 pmto about 150 pm as an average particle
ineyildal by, riei e bR4Tdbr 2dSEa - it ki 8eRFOIRVENT as
nmay be a case where the catalyst js

h bel ow, th
0962333; Ry g%_év% %?E@?&%ﬁnan@ @%&P&ttgrﬁ&vet%? SRi3 ey st
S0 Qﬂgﬂckﬁe@éﬂg£ﬁgé§]%%géﬁ%%gﬁfg%féﬁtﬁ§§¥tkgg

requi rrng a caution. N

catE1SEE o ff %OSEBos%ﬁé‘ﬁi %ﬂ {/@?E&}e‘”& { gmte'%ee S| g%}é tbffy

the operation Is eque perfornmed at an extrene

redhic@s NBher i figasiupenit o Ré %@p&fazi@@-&ﬁ@ﬂation.
second), so that the catalyst particles clas

Thetwiiousl y fws # ht Raclca phgrs tduf berg tthe sB@adtpnbee@, there
possi bly reduce their particle dianeters during the

shopdattibenawherpt haunphysirtdlc k¢ r ddginke brdt atamgieon and
resistance (resistance to be powdered) are

genpgsufiVei dfte €aiggidemi abementndin sbretalpeyti 50 um,
t he separating operation. (gurther, in the )

or _F:‘i%socLh A0 R RO R ABET & 3CakEl GF 2VoPUREASF RATFicle

diaH%égy?rTgﬂkgﬁs?ééggao%%nbe desirable; however, as

shown below, there may be a case where the catalyst

is caused to be fractured and powdered to have a

smaller particle diameter in the course of the

reaction, requiring a caution.

Specifically, in the Fischer-Tropsch synthesis
reaction in the slurry bed, the operation is
frequently performed at an extremely high material-
gas superficial velocity (»>0.1 m / second), so that
the catalyst particles clash furiously with each
other during the reaction to possibly reduce their
particle diameters during the reaction when the
physical strength and abrasion resistance (resistance
to be powdered) are insufficient, causing an
inconvenience sometimes in the separating ocperation.

Further, in the Fischer-Tropsch synthesis reaction,

volumes of water is generated as a by-product,
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- 4 however, in the case of using the catalyst with

| ow water resistance, which deteriorates in strength
to be fractured and powdered with ease due to water,
the particle dianeter of the catalyst is possibly
reduced into a fine powder during the reaction,
causing sonetimes the inconvenience in the separating

howepeiml i OA ithé heasaTeo FROREIM @S tAROVEa t AS ydESCRithed 1ow
above, the current catalytic activity is not

watsuf fieseatt arete, amhide daitedysbrwittdis arhigheength to
catal ytic activity has been demanded as a pressing

be faartarsd faneth Rondepseicntw bt hegtasrli dyet Heo Wediggn, the
flexibility in the plant. Furthernore, generally, t he

Partighgstirgetns ukhg E@jt@éYﬁrteqh%nmﬁqmb afntr@duced

ineBL3FLLERL Y55y Rty SR DR BLSBRE SR ® SL5S g
I
-onfBNERL1 45 PRALLGLCLgIET a0 SepciL st omue,

opeB@%fbﬁr§%<6Me shatp HE%Hé@'QB ypsen originally and
reveals a |esser nechanical strength and abrasion

r eBkSiddeer i bleRBVAPG v Preohkemd haknthecg£ahalwsici s
forced to fracture to generate fine powders and makes
actuwlthiBCMQttewﬁﬁmwaéaﬂrwegenanmeﬂhmgﬁabaMysm with
poi nt hydrocarbon fromthe catal yst when used in the
a hfigduher chtepszhisymabedvg trieabaisobeent HersA ndey Ivesl. a
Simlarly, it is wdely known that a relatively
Pregisgig- a@ﬁ% BAEH yEFOBa® belgkPa el w%@%tﬁamg the

desiign AL 1SPH; 85 HE gaLalyplagupport for the
Furthermore, generally, the catalyst for the
slurry bed is frequently put into practical use by
being prepared through a size control by way cf a
grinding to have such an appropriate particle
diameter as described above. However, such a
catalyst of a ground type frequently has a crack or
sharp protrusion arisen originally and reveals a
lesser mechanical strength and abrasion resistance,
leaving a problem that the catalyst is forced to
fracture to generate fine powders and makes it
difficult to separate the generated high-boiling
point hydrocarbon from the catalyst when used in the
Fischer-Tropsch synthesis reaction in the slurry bed.
Similarly, it is widely known that a relatively
highly-active catalyst can be obtained when a porous
silica is used as the catalyst support for the

Fischer-Tropsch synthesis reaction, however, the size
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Fi scher-Tropsch synthesis reaction, however, the size

- 5 control based on the grinding also leads to the

strength deterioration due to the previously-

descri bed reason and in addition to that, the silica

has | esser water resistance and is frequently

fractured i nto powders when water exists, easily
con€ausl NYaRkeRp! &5 t@ﬁé39§k§!|n|ob/iﬂéR‘ bhe £ageaefs the shyry

bed. (Non-patent docunent 1) R Qukaci, et al.
strAmgtleddEateat ysira tAokeaeralt o 186 ¢ 1988) ip d29yL44

(Non- patent docunent 2) J. Chen et al., Cuihua Xuebao,
desygglilpad (260 op. 3691 17in Syttt cof thethmatentktar MAilica

obj ect of the present invention is to provide a
hascdief §3F MGt ar Frsdhie? L NG cAndy ttheSre UM EAY

' a.sqlution to the above-descri bed probl ens and

b
£xagfiitr fs L4 il gROYETVF AR NOAE et &F 1 S rgePes ¥
caug bk e G S 08, TRt A% kg 1oy

bedMet hod of hydrocarbon using the catalyst. The present
invention relates to a catalyst for a Fischer-Tropsch
syplibesisa exhitbidd Bdmd i g ) St enghika nd agtigdty, a
produci ng nmet hod of the catalyst, and a producing

AppitddC at alygs beamonc gaiea l helgad al y9v.9) Nbrezdetid b
description will be presented hereinafter. (1) A
cat Hbystpd bengr otluc img rity d2 ocaf bobhemorea adynga@uihua
includin% a catal yst support on which a netallic

Xuepgmpouha li-£ 1 044830} newhich BAli npurity

Summary of the Invention

An object of the present invention is to provide
a catalyst for a Fischer-Tropsch synthesis, which
brings a solution to the above-described problems and
exhibits a high activity without deteriorating its
catalytic strength and abrasion resistance; a
producing method of the catalyst, and a producing
method of hydrocarbon using the catalyst.

The present invention relates to a catalyst for a
Fischer-Tropsch synthesis exhibiting a high strength
and activity, a producing method of the catalyst, and
a producing method of hydrocarbon using the catalyst.
More detail description will be presented hereinafter,

(1) A catalyst for producing hydrocarbon from a
syngas, including a catalyst support on which a
metallic compound is loaded, in which an impurity

content of the catalyst is in a range from 0.01 mass$%
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content of the catalyst is in a range fromO0.01 mass%
- 6 to 0.15 mass. (2) The catal yst according to (1),
in which an alkali nmetal or an al kaline-earth neta
content in the catalyst support is in a range from
0.01 mass%to 0.1 mass% (3) The catal yst according
to (1) or (2), in which the catal yst support

to Satlisfmessa pore dianmeter in a range from8 nmto 50
nm a surface area in a range from80 n2/g to 550
n2(g)arlthea perte vpstumadawadimangeof ram 0. bnnvigi €A an
2.0 nL/g, simultaneously. (4) The catal yst according

alkﬁélarfyegﬁé Tr(ap taol kgd)nd neamitdh nébadatedysent in

h suppori in use is one, letting the catal yst have a

ther CaLr¥YAG GTUPBRES nbS A&t id BRNER, HFoBelbwd hhae a9® to

0 1uh&ﬂgsgnic wave is emtted for four hours at a room

) tenpé? ture to the catalyst dispersed in water. (5)

Thesgalil Y SEaCe0p dEng d 0o BRY e of (1) fo dfé?'i R

whi ch the cataly suppor I Ca of a

whi?ﬂa%%e(@hfﬁﬁ¥§@t@&$ oRGCAL Lt BG 10 anY N 0T 4G Dind Pe v

5), in which the netallic conmpound contains at [eas
in anedigd Fal@aet ednfl ofbasQr quR, cansd st FAGOfatbEdNin a

cobalt, nickel and ruthenium (7) The catal yst
rangecdrtdomg8tlo r(Bjg ko Vs ehmflieg aretiakl ipo conmpedndnésin a
angRicT OReQalS ORLAKKE ¢ né- Codtk Howetsd Moo ook 1

a n gnet goftegrecub 1y .

na?i%”%hgeégwalyst according to any one of (1) to
(3), in which the catalyst support in use is one
letting the catalyst have a fracturing or powering
ratio of 10% or below when an ultrasonic wave is
emitted for four hours at a room temperature to the
catalyst dispersed in water.

(5) The catalyst according to any one of (1) to
(4), in which the catalyst support is silica of a
spherical shape.

(6) The catalyst according to any one of (1) to
(5), in which the metallic compound contains at least
one kind selected from a group consisting of iron,
cobalt, nickel and ruthenium.

(7) The catalyst according to (6), in which the
metallic compound is made from a precursor of
metallic compound of the alkalli metal or alkaline-
earth metal content of 5 mass% or below.

(8) A producing method of the catalyst described

in any one of (1) to (7), in which the metallic



(8) A producing nethod of the catal yst described in
any one of (1) to (7), in which the netallic - 7
conmpound i s | oaded on a catal yst support after a
pretreatnment to |lower an inpurity concentration of
the catal yst support is perforned to the catal yst
support. (9) The production nmethod of the catal yst
compoantdli hg tlo{8Ed ign Wai el ddbyprets @pbBRM dSter a
rinsing using at | east one of acid and an ion-
pregxcamgedtwater Lok FThe ipmmadudtivoncoetleod: vdttiloe of
catal yst according to (8) or (9), in which the
thecgEd] Ly sits Swésérgtedlasp@gr%omeai yis® Slyporatalyst
obtained using rinsing water of an alkali netal or
ine-earth netal content of 0.06 mass% or bel ow

in e roductjon, step of the capal yst su re.. (11)
Thébgrc;f u%tPgr?ci%?ﬁéanofm?ﬁboéjat%%yg’e a%%gggiy Fto
: £, ( t o s, -i Lch t pport

acc??%%@ﬁg gﬁheﬁ?%é|léﬁg%%lE%aggggb$‘Q§%¥§§%%B%ﬁ%t%%d.
rinki?)g THEiPUMEt hQ: St Bad ot Be iRt ahyStan agegidi ng

to any one of (8) to (11), in which the catalyst
exchappped watsstica. (13) A producing net hod of

hydr ocarbon, in which the hydrocarbon is produced

frommla simgap rusimgttilver matalodtoflesdre bedtiarl wny one

of (1) to (72. According to the present invention,
accgpdigug] 0 i t8)i 91pokli bl d1t owhigduceha cata ygstforsa

Fi scher -
prepared using a catalyst support obtained using

su

rinsing water of an alkali metal or alkaline-earth
metal content of 0.06 mass% or below in the
production step of the catalyst support.

(11) The production method of the catalyst
according to any one of (8) to (10}, in which the
catalyst support is of a spherical shape shaped by
spraying method.

(12) The production method of the catalyst
according to any one of (8) to (11), in which the
catalyst support is silica.

(13) A producing method of hydrocarbon, in which
the hydrocarbon is produced from a syngas using the
catalyst described in any one of (1) to (7).

According to the present invention, obvicusly, it
is possible to produce a catalyst for a Fischer-
Tropsch synthesis with extremely high activity
without deteriorating strength and abrasion

resistance of the catalyst, and to perform a Fischer-
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Tropsch synthesis with extrenely high activity
W t hout deteriorating strength and abrasi on
resi stance of the catalyst, and to performa Fischer 8
Tropsch synthesis reaction exhibiting a high
hydr ocar bon production rate backed by the catal yst.
Brief Description of the Drawings Fig. 1 is a graph
Tropbaw ngyathel&i o et veen drhabicoiments High
cat al yst support of silica and a CO conversion.
hy d Petcai 1 led nDesoo d ptitdro of riatee Preté&ededo Entdcd neatslyst.
Hereinafter, a nore detailed description will be
gi ven of the present invention. Wth a close | ook at
npurities contained in a_ catal yst, the present
L 1pd o RoQfd tRgt DX a¥uB&Santial increase in

catalyti.c activity i ossi bl e by reduycin h
RERFTt ost Safd 43aPRa A0 ARG (S wF B 3 Hhs PRCEE AP
d [ resi st b r ed .
metggt e‘%?%?% :{:ﬁsg ?ﬁe%aﬁiggﬁtlww ?HB %gyﬁsgfofggj?g%gci%?% 2
co eatalyskisypport, to finally attain the present
invention. A catalyst according to the present
invention is not specifically limted to sone one as
long as the catalyst contains netal having an
Detadtlied t Pefsarr Ap t Eiogc hef - Thgpskhesenthedi Embsadtimemt s
and those catalysts containing iron, cobalt, nickel,
rul@esilum £aed t e Moke detaddepdables cahptd®iovial be
. catalyst support, preferably, a selection is nade
I1VELoR bokBEs PBRFGES of PVRE 11 RB-made of silica,

al ym na,_ titania . s , .
ﬁgk% a close look at impurities contained in a

Br

catalyst, the present inventors have found that a
substantial increase in catalytic activity is
possible by reducing the impurities, and that a
catalyst with high strength and abrasive resistance
can be produced without deteriorating the activity
with the use of a specific catalyst support, to
finally attain the present invention.

A catalyst according to the present invention is
not specifically limited to some one as long as the
catalyst contains metal having an activity for a
Fischer-Tropsch synthesis reaction, and those
catalysts containing iron, cobalt, nickel, ruthenium
and the like are acceptable, and as for a catalyst
support, preferably, a selection is made from porous
oxides or the like made of silica, alumina, titania
and the like appropriately to use the selection for

the catalyst support. For the preparation method of
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and the like appropriately to use the selection for
the catal yst support. For the preparation nethod of 9
the catal yst, a common inpregnation method, an

i nci pi ent wetness nethod, a precipitation nethod, an
i on- exchange nethod and the |ike can be enpl oyed. It
is difficult to define a |oading anobunt in that the

theamd 1 gBanges depsisih NenYY & gaReGIdYemeRA & Can
conpounds in use, however, a range between a m ni mum
incapdien t exleitbi¢ sagnteiehadti \é t yrerc ighbve tdmch amkoadidg an
. anmount, which causes a contribution efficiency down
lonre% haadE oheibed aadshdrg Hide iganhbedigpeisived. It

. f, ¢ talli ] d t al t ort
i By AfEe T Lo gapound o o catalyst supRorty or
amol A oEnahde Or BB yh S 1 18 RRRSATS AT NRLIAE I n

. af t wg&gh I
Com§E§F§?§§lgbﬁ%%§'2e oﬂ%g?%ggﬁéa%gnﬁﬁp?ﬁgtcase of {he -™°

amo@WAUNE x AROVE: { RE FAHWea kR, Ot GPRNSI #HoORSnEO0al MMBEding
utilization efficiency of the cobalt | oaded on the

amoQalta] ysh isUppesl sWeconedaat i pu thed myefifiaydeakle.down
After a precursor of netallic conpound is |oaded on a

in eatrdyst isuppdue, tcal i satamgm dmd/rorinedinct i dnspiesyaten
performed as appropriate, so that a catalyst for the

of fEihscheetaldpsehcoymdesds adana b adta by Add.syppertduecr
diligent efforts, the present inventors_  have found

bElPM1&Stﬁ&F§$%aPé&ﬂnigﬁ%ﬁl?ﬁﬁGHQ?esWhﬁMﬂEhei§°balt

. other than.the_netallic canpoupd and an | enenpt

is dSmpbRPg WHe BREMTSt T8upgbrtho F1RgS from o mass® to

50 mass%, and, preferably, from 10 mass% to 40 mass%.
In the case of the amount below the range, enough
activity cannot be obtained, and in the case of the
amount above the range, the dispersion drops to lower
utilization efficiency of the cobalt loaded on the
catalyst support uneconomically, being unfavorable.
After a precursor of metallic compound is loaded
on a catalyst support, calcination and/or reduction
is/are performed as appropriate, so that a catalyst
for the Fischer-Tropsch syhthesis can be obtained.
After due diligent efforts, the present inventors
have found first that the reduction of impurities,
which is other than the metallic compound and an
element composing the catalyst support, in the
catalyst to control the impurities to be within a
certain range has a great effect to improve the

activity. For instance, as an example, in the case
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catalyst to control the inpurities to be within a
certain range has a great effect to i nprove the
activity. For instance, as an exanple, in the case -
10 of enploying the silica as a catalyst support, in
general, the silica frequently contains an al kal
metal such as Na, an al kaline-earth netal such as Ca
of amglvpyingd thee Aliliaral tlse d i keradsydbesupmestrtiesin
The effect of these inpurities are reviewed in detai
genggiedy thbecsvial icas fr et ky coppdumtinsamh i alkali
found that a |arge anmount of the al kali netal and/or
metal AYaR- a&r the ned ahlddd nerapgd achebiady 8GR as Ca

the Fi scher-Tropsch synthesis. reacti on. ng those,,
and; ML SEAE G 0B oA T Rat ieha: L EPongtn: t B aopb e tes
S n i S . tai.ned. In_ord o cause_a ,
Thedggfirkr%gfeo?g?éa}?y |ec la l|J\§/‘il?cyl,éstﬁerearrjt‘e) ‘rﬁf‘ec‘)"?eél in"detail

i idigsyamth houl b +15
us 1%3133%4' esydn ¢ Isfsﬁ%a,é%*aﬁ@e gé’?@b%‘;iﬂa edabﬁa Q15 5

s% or bel ow. e Inpurity 'S above the

fouhdNGthathe acdrybt Wntleehreases thargel ¥albei¥tal and/or
extrenely di sadvantage. However, an excessive

alkaédunt+enrath thetialpuratces |£alla rge desdconopydcsn in
that a preferable inpurity anmount in the catalyst is
theQFdb slmss%Torombove. synthesdi$ f reaation.l i Mmonge those,

. inmpurity anount in the precursor of netallic

it égsnfoumad diagetherddpends tdret BEOUMACRE <hbaAt &Hmn be
‘ the type of precyrsor, however, in order to reduce
SeePh&h%@uPﬂﬂ}%ﬁn&ﬁtqqp?ﬁéﬁﬁﬁalyst,it is effective

oL EUPEALE LIPU S YAPURL 0 e B3R activity,
the amount of impurities in the catalyst should be
curbed to 0.15 mass% or below. If the impurity
amount is above the range, the activity decreases
largely, being extremely disadvantage. However, an
excessive reduction of the impurities leads to
diseconomy, so that a preferable impurity amount in
the catalyst is 0.01 mass% or above. It is difficult
to limit the impurity amount in the precursor of
metallic compound, since it depends on the loading
amount and the type of precursor, however, in order
to reduce the impurity amount in the catalyst, it is
effective to curb the impurity amount in the
precursor of metallic compound, especially, the
alkali metal content or the alkaline-earth metal
content to 5 mass% or below.

Further, as a result of due diligent efforts made

by the present inventors, it is found that, out of
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al kali nmetal content or the alkaline-earth neta
content to 5 mass% or below. Further, as a result of
due diligent efforts made by the present inventors,
it is found that, out of - 11 the inpurities of the
catal yst, the elenents causing the nost negative
inpact with respect to the activity of the catal yst

theadenpei alikad i o Fetdle apdthhe, ot kaltine- eaede iBtakausing
Hence, a rel ation between the concentrations of these

thenmiosd s negatcavel istpsopperitt h ot esidéca amd ©h&€0activity
conversion used in a Fischer- Tropsch synthesis

of EBgctTdhalwfithapecdnre ad kd hili mattorl onchethaetivity

alkgﬁ the catalyst, was exam ned and the result is shown

MGTeRr Yt mstadovi oli§NGOm Bhé ar iR thaEWekHenthe
conbBREPTH ER1Se e LHESE, RS Br e L e e, oL 0. 08,
L kal i ne- t t t: Lt 5
ot Bhipcasa  am ogtlsch o iy DGt
TroB&ldhid ynhoWes Ss9radlat | ¥n ASyRi e LoRfe d N8N

above-described review, the alkali netal content or
indtibe td kKabifne-tear bl g at yCot ephel at He yedt Al Walk
support are preferably 0.1 mass% or bel ow, and nore
exapiefest abhyl, tthheyrarse: Dt 07 sneslséwar ibeFowy,. and migt is
preferably, they are 0.04 mass% or bel ow. Wen the
obvigms i fyorortlent dirgw hvgcathel st wheuppbhe cometends of
0.15 nmass% or abogve, the activity of the catalyst
thepg metalgeldre Alo Heferande hefsdhel l nBdfidagr below,

e 20 SRR RS R, PLphe ARl b Pl o
little, however, when they are in the range over the
0.01 mass%, the activity lowers gradually. As a
result of the above-described review, the alkali
metal content or the alkaline-earth metal content in
the catalyst support are preferably 0.1 mass$% or
below, and more preferably, they are 0.07 mass% or
below, and most preferably, they are 0.04 mass% or
below. When the impurity content in the catalyst
support comes to 0.15 mass% or above, the activity of
the catalyst falls largely. Also here, in the same
manner as above, an excessive reduction of the alkali
metal content and alkali-earth metal content in the
catalyst support leads to diseconomy, the alkali
metal and alkali-earth metal may exist in the
catalyst to the extent of their contents not
affecting adversely the catalytic¢c activity. As

described above, when the alkali metal content and
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catal yst support |eads to diseconony, the alkal

nmetal and al kali-earth netal may exist in the
catalyst to the extent of their contents not
affecting adversely the catalytic activity. As
descri bed above, when the alkali nmetal content and -
12 alkaline-earth netal content in the catalyst

alkalpposteadter reduead ¢OnBel massWHy bekawy £A0E@bport
effect can be obtained, so that the al kali netal

arecomtdntednd o al kalli mea eakt o meball cwontenbuayle effect can
preferably 0.01 mass% or above from a cost

be gbtfagkmafece 34 etpditntt henatlHeatasmedfal heogrtahystand
sypport which can he produced w thout inmpurity

2 1k3 it RALidh TR Cere COREEICE | BRSprRcREs rFdtkedOby

masg%vk§al it is greferabl% to t%ke such a _devi sal, of
gt AncitBATy The™ Mhur Peite P § AIPHIF SRS DRPOLNT -
PrPfessre F és'en%f’mgge Q?Q@Eial.gj b gub?ogzeif qﬁﬂqtéﬁ Ye8h be
rinsing water i s used when praoduci ng caf al yst

pro8uRRA tyw ok hd k¢ CamANPMBVEr .c YERRTIHSE DINVRLE! t he
containing inpurities such as industrial water Is

protsed idnl prasc @5BUMa Oke My | 41 @2 vESARLNS it §Be
catal yst support, causing the catalytic activity to

prefeldalh hegeloy,t dvkeng wnlh asorddw £salovefenptwithellneling
use of rinsing water of low inpurity content or no

thej FPuX it is < avor e parduysticupporecesssilica of a
| esser inmpurity content can be obtained. In this
caS8r " BfR&IS, n@ERE ot ¥nt %rl e KESalKadnid-tear oA

. et al cogtent.in‘the rinsing water s favorably 0.06
ringiol WRTEE ohP AT MRS RAP SHEIVAT 0906 B LYE t

support of silica, however, when rinsing water
containing impurities such as industrial water is
used, a large amount of impurities remains in the
catalyst support, causing the catalytic activity to
fall largely, being unfavorable. However, with the
use of rinsing water of low impurity content or no
impurity, a favorable catalyst support of silica of a
lesser impurity content can be obtained. In this
case, the alkali metal content or the alkaline-earth
metal content in the rinsing water is favorably 0.06
mass% or below, and the content above 0.06 mass$%
leads to the increase in the impurity content in the
catalyst support of silica, which causes a
substantial down in the catalytic activity after the
preparation, being unfavorable. Ideally, the use of
ion-exchanged water is favorable, in which the ion-

exchanged water may be obtained by a production using
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| eads to the increase in the inpurity content in the
catal yst support of silica, which causes a
substantial down in the catalytic activity after the
preparation, being unfavorable. Ideally, the use of

I on- exchanged water is favorable, in which the ion-
exchanged water nay be obtained by a production using

an ioh3eRBhholyexeBange &esichoriihe |ikeweheyert ifay be
may be obtained by a production through an ion

obtexchehgey usipgodusiticn gelrofigh exanpbe, aw€nange
enploying a silica as the catal yst support, since the

usipigl ixasfélicd sggénerfar edeixarnhbesi Wicanpeagukcdyamd iae

,.as a substandard article. In theory, the silica

silégst pesthehecahpdnist eSupPahk, risisifg Wlrersddd aa gel

, an i on exchange between hydrogen in a silanol on the

1S gEmecetest thetdm ithl ifd A PANGE 19N diine as a
Accordingly, eve if bt is the rinsing ter

sub g P At e es I8 5hedEn ShEne it e rans wres
t ' e t] es: ca A e 0 e nt, .. by

the ot e Rt FEER ol e S TRas S rap

excARMRIEBRGSE & ANh RIPYFEn( IiPuUgi kY 1CoRbaMApt{AB surface
anount) is in proportion to the anount of the rinsing

of vakersuseda $0d4thkai ihpuredigt iem of hAbedmPungllives even
inthe silica can be realized by reducing the rinsing

if waters the othesingr deatkey icwneasimigng usgperities to a
efficiency of the water to the end of the water

smalilngpgenthera i €aPs possiofl ethe Aaticeithie s npani des
in the catal yst support by perform ng a pretreatnent

Prefietidtd Far gebPecharifig phystdamsdindnghedi af the

rinsing water to lower. Further, an exchanged icn
amount (impurity contamination amount) is in
proportion to the amount of the rinsing water used,
so that the reduction of the impurities in the silica
can be realized by reducing the rinsing water, in
cther words, by increasing a usage efficiency of the
water to the end of the water rinsing.

When it is possible to reduce the impurities in
the catalyst support by performing a pretreatment
without largely changing physical and chemical
properties of the catalyst support, such a
pretreatment is extremely effective for the
improvement of the activity of the catalyst. Such a
pretreatment may be the one appropriately using a
water rinsing, an acid rinsing, an alkalis rinsing
and the like, and, for example, when rinsing the

catalyst support c¢f silica, rinsing with an acid
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properties of the catalyst support, such a
pretreatnment is extrenely effective for the
i nprovenent of the activity of the catalyst. Such a
pretreatnment nay be the one appropriately using a
water rinsing, an acid rinsing, an alkalis rinsing
and the like, and, for exanple, when rinsing the
sologtiddyssushppost aomist tiea,adiaskrA w1 Bnan acid - 14
solution such as a nitric acid solution, a
hydhpdriolcdt ari @ @atdd sdl wt i om,, ainaeetdici aciad isbl gbilartion
or the like, and rinsing with an ion-exchanged wat er
or jhe efiketi vndArtiersihg mifsh ngnwiitdntbeshangds, water
when a partial acid remaining in the catal yst support
arecGiELFbiNE -an BbSedc| Bhef grimeing stk Wilthsel agids,

whefl ot 1Rt i P epart e LNATG, Lhalth PG 1 €5t support
erforned jn a i.m i _npr article
comgpr e ThEY AT SBSTREL S, “H MR IR BSHER Shean

watkhe d &g a"sbv‘ﬁ;!ﬁtezé’g‘f?é‘n?%% %Aehqatigpeif%é)@éw’erted

in the state of containing relatively |arger
| MPUkkties, WHRH | bY c@l-8nERLS sare; eapt WLHcEAl® Pon is
skel etal structure of the silica. Accordingly, even
fregheriinbe ofe d Hhermatdl yst asuppdDnt tef iShbkeard Sparticle
performed to reduce the inpurity content, it is
stranififtul ant @ eakyitthe eédactsonfefcaheilamultgroup and
content. Hence, when wishing to reduce the inpurity
thecddtkeht bflaWe¥pHg theeBatdlgscadgdgprtion sisipgriormed
, Eg use of a Eilica gel,mﬁthoui calcipation is
in % @Hﬁ%BF& of containing relatively larger

impurities, impurity elements are captured into a
skeletal structure of the silica. Accordingly, even
if rinse of the catalyst support of silica is
performed to reduce the impurity content, it is
difficult to make the reduction of the impurity
content. Hence, when wishing to reduce the impurity
content by rinsing the catalyst support of silica,
the use of a silica gel without calcination 1is
preferable.

With the use of the catalyst as described above,
it is possible to obtain a catalyst exhibiting an
extremely high activity in the Fischer-Tropsch
synthesis reaction. Specifically, the effect is
remarkable when using cobalt as a metallic compound
and silica as a catalyst support.

In order to keep the metal dispersion higher to

thereby improve contribution efficiency to the
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Wth the use of the catal yst as descri bed above, it
is possible to obtain a catal yst exhibiting an
extrenely high activity in the Fischer-Tropsch
synthesis reaction. Specifically, the effect is

remar kabl e when using cobalt as a netallic conpound
and silica as a catal yst support. In order to keep the

reaBtialn dbgpeatsd oRekiadNEict @ oripetiakY 15REQWE it is
contribution efficiency to the - 15 reaction of the
preffetralble tanposadal csaled) vist | suppreefer Balveing "dsd #rge
catal yst support having a large specific surface
spegidd.c HoweMarcei prealer Hovieecaseinthedepectdidncrease
surface area, there are needs to decrease a pore
thegspatbf isnFUHIRFE cateaa JorerevATmenedds etfhe
i ncrease of these two factonf leads to a reduction in

deCIfr@ St AsPOT § ST SR aikd sFPeﬁﬂ%Feﬁaqu pore
volHﬂ]feavov[’ﬁgll% ea 'rneéyé%g%gagf'teﬁgdelslel gggtocgﬁa;?%%ffs tfeeads

predent i nventors have t,” as

to AURRAILCPSINY BR UECLpfadién B %Sfé‘%ahr&Vee”éh&”'

that satisfying together a pore laneter 1 n the range
st rEnea 8, NBetih POuRmavo £88QIS | ¢ AsUrS agesanaa b8 Whe
range from80 nk/g to 550 nk/g, and a pore volune in
diltihenrtangé ffaons ). Thd /greceh® invantassplysvealfound
properties thereof, is extrenely preferable. Mre
thaprefaet abl ¢attdbyssatisppongd bedethernt bbjsore of the
diameter in the range from8 nmto 30 nm the
Preggad fieveiyFheB arttds@ t nS@itel § AMda T r AP 82 Hppg AL

assfal B9y I, theporecvalur Lo the 1gnae TIOTS8 s
surface area in the range from 80 m?/g to 550 m?/g,
and a pore volume in the range from 0.5 mL/g to 2.0
mL/g, as physical properties thereof, is extremely
preferable. More preferably, that satisfying
together the pore diameter in the range from 8 nm to
30 nm, the specifi¢ surface area in the range from
150 m*/g to 450 m®/g, and the pore volume in the range
from 0.6 mL/g to 1.5 mL/g; and most preferably, that
satisfying together the pore diameter in the range
from 8 nm to 20 nm, the specific surface area in the
range from 200 m?/g to 400 m?/g, and the pore volume
in the range from 0.8 mL/g to 1.2 mL/g.

In order to obtain a catalyst exhibiting enough
activity in the Fischer-Tropsch synthesis reaction,
the specific surface area should be 80 m?/g or more.
Under this specific surface area, the dispersion of

the loaded metallic compound decreases to lower the
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satisfying together the pore dianeter in the range
from8 nmto 20 nm the specific surface area in the
range from 200 n2/g to 400 n2/g, and the pore vol une
in the range from0.8 nL/g to 1.2 nL/g. In order to
obtain a catal yst exhibiting enough activity in the
Fi scher-Tropsch synthesis reaction, the specific
consuriftacei anea Shoulic rhey 88 o ge ok et €i onUndr t hiai s
specific surface area, the dispersion of the |oaded
metgdtldl ¢ i cooprpondd dexirgsesfavbowsrléehe Abdee the
contribution efficiency to the reaction of the
spPefetial ¢ | euddimeanar Sei a§ I QvBr 4Bl e 1tabbe ddneficult
th gpgﬁ{fic surface area of 550 nﬂlg, it.is difficult,
athdt™ ¢ hBOFST &7 VoPMFe 2T I pBPE &di AhRPET St Fafyi sty

t evi.Qus| y-described ranges._toget her, being. :
the By bRV e R e o r 2 e SR E b SR o
unfi¥SAce) carea as the pore dianeter is decreased,

however, when the pore dianeter cones to below 8 nm

a1arge oyt bIE tbohin MYdEREArPRR Sl 8 ietdgPeace
whi ch can be said to be a by-product in the

areki schethér quscéd dywndesirs ILadbictvassdgenssaeedr N when
that the hydrogen and the carbon nonoxi de have

thedpfofeg edtl ageseeus cadi € § usicorbe Aves 8 nnnhe gpok@rgandgmount
as a result, the hydrogen has a higher parti al

of phgrsurBYidT adRrbeiersuphr ta Hnmeft hdfee poridi L ¢l ggn be
.unfavorable. In addjtion, the diffusjion rate of _the

Salaeﬁ"é’r AP Bd 2hyRI¥ oBAPSBIC Fnimt Hel' Bofd Sk PEadesCBAG! as a

synERRls Besuperfic Al LSRR, | 8n3USERe! Ay drogen
and the carbon monoxide have different gaseous
diffusion rates in the pore, and, as a result, the
hydrogen has a higher partial pressure in the inner
portion cof the pore, being unfavorable. In addition,
the diffusion rate of the generated hydrocarbon in
the pore decreases and, as a result, a superficial
reaction rate is caused to lower as well, being
unfavorable. Further, above the pore diameter of 50
nm, it is difficult to increase the specific surface
area, so that the dispersion of the metallic compound
decreases, being unfavorable.

Preferably, the pore volume is in the range from
0.5 mL/g to 2.0 mL/g. Under 0.5 mL/g, it becomes
difficult to satisfy the pore diameter and the
specific surface area in the above-described ranges

together; and above 2.0 mL/g, the strength

deteriorates substantially, being unfavorable.
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unfavorabl e. Further, above the pore dianeter of 50
nm it is difficult to increase the specific surface
area, so that the dispersion of the netallic conpound
decreases, being unfavorable. Preferably, the pore
volume is in the range from 0.5 nL/g to 2.0 nl/g.
Under 0.5 mi/g, it beconmes difficult to satisfy the
pohe diesetrebeahdabbee spehef icasalyate foeathetR@scher-
above-descri bed ranges together; and above 2.0 ni/g,
Tropiseclst sgndite s det el abest substrarithal by uteynged,
unfavorable. - 17 As described above, the catal yst
reaudir § fethiss chRE 2 STHrUPsER SShaE ABSISs i SHE TN EEN +t he
Lurry bed, ires the abrasion resbstance and

requ .

Furiheng: A2 tﬁa?t%éﬁcfmrr & P EEReS AR bPES SyRERES kon, a
react.i a ar amount of water_ is_gener,ated _as,.a

LargE®Rndloe o LOWERSYTHE Rn B oY adrall & Brrb et

so kiBfturgd ifdo povders yndes,t @%iﬁéﬁsg%”cﬁré’f:twa}&ﬁ into
causes an | nconvenl ence as descri bed before,

powdROHE I 1Rg e €RUEl 0N sfeedi Bgl watdri SduUeberall e to
use a catalyst support having a spherical shape

incoaivenithare ascales ystibauppsetodfe o sbhatdiereflg a
structure potentially having cracks at high

cauprciabi | Bocénding ch, aisharp pmglfee thbleoftoends ta
suffer a damage and renoval. Wen producing the

catadhes ¥ cEMRRE BEy 2 v Epgper tsphegdaal asiheP @r rgpdeF nghan
method - is applicable, and specifically, when

2 CRGHh%P g S&IF?EBI?&H |ac§tf%ﬂ§§?r§fbp%hru&ft%¥ﬁi ca

potgg‘éé Jggl;%y RRLGE Gloe S aIRter, O 3R OxLaRkel Y1 R Pt 0
which a sharp angle thereof tends to suffer a damage
and removal. When producing the spherical catalyst
support, a granulation or spraying method 1is
applicable, and specifically, when producing a
spherical catalyst support of silica having a
particle diameter of approximately 20 pm to 250 pum,
the spraying method is appropriate, by which the
spherical catalyst support of silica exhibiting
excellent abrasion resistance and water resistance
can be obtained.

A producing method of such a catalyst support of
silica will be described below. A silica sol is
generated by mixing an alkali metal silicate solution
and an acid solution under the condition from pH 2 to
pH 10.5; the silica sol is sprayed into a gas medium
or an organic solvent which the sol is insoluble to,

so that the sol becomes to a gel; and the silica gel
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the spraying nethod is appropriate, by which the
spherical catal yst support of silica exhibiting
excel I ent abrasion resistance and water resistance
can be obtai ned. A producing nethod of such a catal yst
support of silica will be described below A silica
sol is generated by mixing an alkali netal silicate
goesoltiitoaghandn ag cad dt selbuli®nt ndery 4 be rcandh ki oy
frompH 2 to pH 10.5; the silica sol is sprayed into
treatgesntediaum ar dary ot ganittnsowtventHewhech ddeanolalilali
i nsoluble to, so that the sol becones to a gel; and
metgde %ililé:@tgeel solug igoes & hsodghimns Ati¢atreasmnttian
water rinsing, treatnment, and a dry treatnment. Here,
is Q@%‘—”%P&ﬁn inetichti paef e5rMlbn, thesgplm ratio of

oo GG SOV <R30 CARGF AR Wl RT3t e

e f, I 0
sn&%ce?%f%:rﬁ@sg% AR AR | G P
a n2ts4 &URiG ACi g, hﬁl—@&ﬁ%&é%@l&r gh%dlf‘ﬁfér%abafcn.d,

applicabl'e, whereds,  the sulfuric acid is pre
an 6@@6@1&'@leptdﬁﬁﬁhetmiﬁw|i@“ép@Ph@dﬁi@thhereas,
corrosive to a container used in the production
thepsockSsrand 4 eades snop oedant b leatimsmbehividewpbd nt that
concentration of the acid is, preferably, in the
ther gngeffirdm 12 @b/ i g ongo e} ¥ £0 5 et ot ige sangeindre
progress of the gelation slows significantly, and
usegphdve the r%@@qurgepatq%%pﬁég# elgaygponPaHrganic

be 01 (Lhoull Toghe controlled, so fhat adesired s,

preferably, in the range from 1 mol/L to 10 mol/L.

mat

Under the range, the progress of the gelation slows
significantly, and above the range, the gelation
progresses too fast tc be difficult to be controlled
so that a desired physical property value is
difficult to be obtained, being unfavorable. Further,
when adopting the method of spraying inte the organic
solvent, as an organic solvent, kerosene, paraffin,
Xylene, toluene or the like can be employed.

The spherical catalyst support obtainable by the
above~described producing method barely detericrates
by the crash between the catalysts, by the fracture
due to water, and by the pulverization. There are
various quantification methods for the fracture and
pulverization, out of which the present inventors
employed an abrasion resistance test to perform an

evaluation, in which an ultrasonic wave is emitted at
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difficult to be obtained, being unfavorable. Further,
when adopting the nethod of spraying into the organic
sol vent, as an organic solvent, kerosene, paraffin,
xyl ene, toluene or the |ike can be enpl oyed. The
spherical catalyst support obtainable by the

above- descri bed produci ng nethod barely deteriorates

a tbhypdeacuash et ween thggeatptyst 9 MYohhe dgetdittire to
due to water, and by the pulverization. There are

400vad ousigeandi$peatdiong metieodsatan e fhact wwetand As
pul verization, out of which the present inventors

an paplryednds abeasirat ¢esi sttenteotfest? t bHperifror fraguency
ev%luation, in which an ultrasonic wave is emtted at

and 425 WedPerdt bPB L PeWE I AR BEGHA a1 FBOMBRAPECA ur e

o1+ 0 WL, O LD T s My
22183, 255 BE o aRe Podt e Tk Y SR B i tno
par23t0lsi peuspg 28Nl 9s0fyicat 8k ysly nfﬁtgorl\‘.}targ?i BF pure

particles below 20 pmis dispersed into pure

wateaterthéheldtsasenic is emiteddata®d £40@Wom
tenperature for four hours, and mass% of the

tempamdtthes el owf2Q prhonrishe @&ntli e sakpleE itshdef i ned
as a fractured or pulverized ratio. In this

pargigllesi be lnsedOomn henméthwdentiite sempileredst kafined
when the fractured or pulverized ratio iis 10 mass% or

as Belldvd CBHT&D uAF Bdel YRTERE D) BRtyY Ded éaudddl fio

ve B Em By ok s oRRaathon AL peneLated ity nae
when the fractured or pulverized ratio is 10 mass% or
below, an actual use in the slurry bed causes no
problem in view of the separation of generated high-
boiling point hydrocarbon from the catalyst. In the
case of a catalyst showing the fractured or
pulverized ratio over the 10 mass%, the separation
efficiency largely drops, being unfavorable.

With the use of the composition, structure and
producing method as described above, a catalyst for a
Fischer-Tropsch synthesis, which exhibits higher
activity without deteriorating strength and abrasion
resistance of the catalyst, can be obtained.

Further, with the use of the catalyst for the
Fischer-Tropsch synthesis according to the present
invention, producing a product is enabled by the
Fischer-Tropsch synthesis reaction with higher

efficiency and lower costs. Specifically, when the
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case of a catalyst showing the fractured or

pul verized ratio over the 10 mass% the separation

efficiency largely drops, being unfavorable. Wth the

use of the conposition, structure and producing

nmet hod as descri bed above, a catalyst for a

Fi scher-Tropsch synthesis, which exhibits higher
Fisattan+Tyopisdiout yoheites s dsatdegcstirangi b aat ebedsicant

resistance of the catalyst, can be obtained. Further,
usipit héaecade by sthekhtahpdil € obyt Hehe FpsehweenTr opsch
. __synthesis according to the present jnvention, .
1nVEAddieT ng 2a wbae@tlwst@n@cﬁ)e@ By dthed pirsches t ThGIsERY 2

nthesi s reactiqQn with higher efficiency and | ower

carfh of

&t STUBRES P tally © wAEn AHeVE 36 & Baddy -BFgFGT is
; nt [ re Lan i,s. rried out si ng ,t he, catal yst
hlgg%t aalnﬁ(g\bl‘?gebag%ﬁe upcrtelséﬁt r‘-ﬁ}%eﬁtfi otlr#?eag&eq-"}slc [ Pirtcéf%f’t
a -l i oWy havj a : e f_fiye or
peragol/(géjgg lgrsfrgiuﬁhpl):&om%?s' s(éaﬁ?gﬁge;lﬁﬁt S&per o&c)iﬁcti on

hydiaica Pbohhe 14 quiked 1EREUGt hPER.a Gal At KslrmdEE , MBSSe
(production rate of hydrocarbon) is extrenely ﬁlgh.

catBuntdter irer dhatdey gaihlrgsti desdbanhel yepubiugrdzedcandrity
catal yst activity decrease is very small when it is

decirgafkse, iso weny shellawaleystihad sa ionger casal ythat the
life, as a feature. Wth these features, the

catpilgcher besopschos@ftheSprs a krhici dii kan BS car frad wie -

we el LN S [Liency, ol o) over conts, CRramplen. i
reaction can be carried out with higher efficiency at
lower costs.

-Examples-

Hereinafter, further detailed description will be
given of the present invention based on examples;
however, the present invention is not limited to
these examples.

Using an autoclave of an internal volume of 300
mL, 2 g cf Co/Si0, catalyst (catalyst support of
silica is manufactured by Fuji Silysia Chemical Ltd.
and of a spherical shape having an average particle
diameter of 100 um, and Co loading amount is from 16
mass% to 30 mass%) and 50 mlL of n-Ci;¢ (n-hexadecane)
were charged thereinto, and after that a Fischer-
Tropsch synthesis reaction was carried out under
conditions of 230°C and 2.0 MPa-G while stirring an
agitateor at 800 rpm by introducing a syngas (H;/CO =

2) at a flow rate of W (catalyst mass) / F (syngas
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given of the present invention based on exanpl es;
however, the present invention is not limted to
t hese exanpl es. Using an autoclave of an internal
volune of 300 ni, 2 g of Co/Si 2 catal yst (catalyst
support of silica is manufactured by Fuji Silysia
Chem cal Ltd. and of a spherical shape having an
£1oaVeransch fyt)l ckes di@neyRb10f dQBelpy8 é‘Bdo(EQiéQﬂQ's%g
amount is from16 mass%to 30 mass) and 50 nL of
sper-i@licc § hlyexadevdned . wekre Ghacged ¢ heieinnt oa aHJ
after that a Fischer- Tropsch synthesis reaction was
selegtrietityutanddar Come i peitsi o t73eC aindal 1 Phe@ by
whil e Sill‘l‘ln an agltator at 800 rpm by introducing
the,fgrmudasHieeys B5lar a flow rate of W (catal yst
mass) / F (syngas - 21 flow velocity) =5 (gh/nol)

except as oth uppﬁed GPeri COabinyumrangded CO
conver si on, ctivity
CO ameﬁsa&;cx(ry@ x fgopl i ed

CO (Co. anount in Stg?aéect@oc@nms(rm{) (% = (anount
(mol)) - at reactor outlet (nmol)) x 100 Supplied
CO anount t nt (nol) CH4

CH smzmmzyi(w)_ ebarBJ O St 3B 00CO anount
(mol) C2  sel 'ée@ﬂedup@wwn@éﬁeﬂat ed CO2 anount
(mod) x 100 reacted CO anount (nol) Hereinafter,

an effect f &)@rmg.s}mt amdbughi(mel) Wil 1 be descri bed
CO
bty Se gr Te R S oty 00

Hereinafter, an effect of the present invention
will be described with a review of the results of
examples and a comparison example.

(Example 1)

A 20 mass% of Co was loaded on a catalyst support
of silica having characteristics as shown in c¢olumn A
in Table 1 and a Fischer-Tropsch synthesis reaction
was carried out. As a result, the CO conversion was
75.9%, CHy selectivity was 5.3% and CO; selectivity
was 1.4 %.

(Example 2)

A 20 mass% of Co was loaded on a catalyst support
of silica having characteristics as shown in column B
in Table 1 and a Fischer-Tropsch synthesis reaction
was carried out. As a result, the CO conversion was
75.8%, CHy selectivity was 4.6% and CO; selectivity
was 1.0 %.
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exanpl es and a conparison exanple. (Exanple 1) A 20
mass% of Co was | oaded on a catal yst support of
silica having characteristics as shown in colum A in
Table 1 and a Fischer-Tropsch synthesis reaction was
carried out. As a result, the CO conversion was
75.9% CH4 selectivity was 5.3% and C02 selectivity
wasEkadpbe(Byanpl e 2) A 20 mass% of Co was | oaded on
a catal yst support of silica having characteristics
asAslkafe L pscolamppB rti noTalsliel icandhsar FEhgcher - Tropsch
synthesis reaction was carried out. As a result, the
chagahptésdibhnswas o8, iaHicsediussn i Gi tyn vBabad e69% avas
. C02, selectivit was 1.0 % - 22 (Exanple 3) A
Lincgd %g‘fﬁs@pp@"fir&d&i PEdE haGify S Char G 486 @n gbon-
Lh.calum Gin Table 1 wa rinsed with
ex RN SH L RCET TR ERG, Antiare THRE GHRAREEd Y er
b bt ai talys or i 1 s sh [
SRS A, T o RUBR0IS 2, TP EE IS Tagd et

of t@aﬁékamﬁﬁd§HP@HttHE %dﬁ&ﬁys%“%@pﬁd¥weéfT%¥§£8a
synthesis reaction was carried” out and, as a result,

andt ke COsebrverBronp 3@ls §4ntdhe Sl Sehection tyavwas ar 8Y%ed
and CO2 selectivity was 1.0 % Further, an abrasion

outregidt ance 4 eseserlit i hpea COUpersont s ivavewas tHe. 1%, CHy
roomtenperature described before was carried out,

selgst ivethr ataardd & and CO; selectivity was 1.0

Further, an abrasion resistance test emitting a
supersonic wave at the room temperature described
before was carried out, and the fractured or
pulverized rate was measured as a result, the mass
ratio of particles of 20 uym or below was 0.00%,.
Still further, the catalyst which had been subjected
to the reaction for 1000 hours was collected, and a
measurement was made for a particle size distribution.
As a result, the mass ratio of particles of 20 um or
below was 0.00%.

(Example 4)

A 20 mass% of Co was loaded on a catalyst support
of silica of a pore diameter of 30 nm as shown in
column D in Table 1 and a Fischer-Tropsch synthesis
reaction was carried out. As a result, the CO
conversion was 46.4%, CH; selectivity was 7.8% and CO;
selectivity was 1.0 %.

(Example 5)

The same reaction as in the Example 3 was carried
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pul verized rate was neasured as a result, the nmass
ratio of particles of 20 pmor bel ow was 0.00% Still
further, the catal yst which had been subjected to the
reaction for 1000 hours was collected, and a

nmeasur enent was nmade for a particle size distribution.
As a result, the nass ratio of particles of 20 pm or

outbeJromw, Was Q.é)Q%/QLn(gEX@”Bbe n@s@\%zQ)fméé%tQ; K9 W% ded on

| oaded on a catal yst support of silica of a pore

t hedisaih 6 tofa 3@ 'l@taf:’lﬁEOWVFntoCQ:lémI‘ B iy ephe1d andag 5
a Fischer-Tropsch synthesis reaction mas carrled out .

respd ta rebel tGCOt henG@rsonversa sn Mas? 46. 4%, Gélectivity
| select|V| was 7.8% and CO2 selectivity was 1.0 %
waS( aWﬁ)I énsg ‘W\e gake Glehbditoh wasi R thet xafpl et Bewas

only by letting a 30 mass% of Co to
Pros‘él%ha@d %tet ﬁ’% SupBoltY HRICRERIHghAVE 1Y Be CRETPON

nunf¥ (BE) 5 185 Fa K Yashitit G vol BYEASS her bke -

9 th duction rate of the hydrocarbon having
Catéleﬁyg % LP g of 5 or above was 2.1 (kg -

hnggg@mppg/@g catal yst hour) (Exanple 6) A 30
mass% of Co was | oaded on a catal yst support of

Si hi G0 haysBg phWsCealwpsopeddes as showatial y£e! elpport

Ein Table 1 and a Fischer-Tropsch synthesis reaction
of \wasl taar hedr boy mhweiterdg phepWtt iesbasl. $hown in
column E in Table 1 and a Fischer-Tropsch synthesis
reaction was carried out by setting the W/F to be 1.5.
As a result, the CO conversion was 71.7%, CH,
selectivity was 4.4% and CO; selectivity was 0.7 %,
and the production rate of the hydrocarbon having a
carbon number of 5 or above was 1.9 (kg -
hydrocarbon/kg - catalyst * hour)

(Example 7)

A 16 mass% of Co was loaded on a catalyst support
of silica having physical properties as shown in
column F in Table 1 and a Fischer~-Tropsch synthesis
reaction was carried out by setting the W/F to be 2.
As a result, the CO conversion was 74.8%, CH,
selectivity was 4.9% and CQO; selectivity was 1.1 %,
and the production rate of the hydrocarbon having a
carbon number of 5 or above was 1.4 (kg -
hydrocarbon/kg - catalyst * hour)

(Comparison example 1)

A 20 mass% of Co was loaded on a catalyst support
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As a result, the CO conversion was 71.7% CH4
selectivity was 4.4% and CO2 selectivity was 0.7 %
and the production rate of the hydrocarbon having a
carbon nunber of 5 or above was 1.9 (kg -
hydrocarbon/ kg - catalyst hour) (Exanple 7) A 16
mass% of Co was | oaded on a catal yst support of

of il LaahddPonBhYSi LAk gR RS HWES #6 m%mieie@o'éwﬂ

Fin Table 1 and a Fi sCher-Tropsch synthesis reaction
showas Tar ticddimbt Gbyirserhibng theaWd 4 orbe cherA¥rdpsch
result, the CO Conversion was 74.8% CH4 selectivity
s y nvdnee 211 9 %oramic COR nsef @6t icvdityieds outl. % Asanal reesult, the
production rate of the hydrocarbon having a carbon
CO mperrsfi B ovaghdse. Was LHas (kgleahiy bsar bonsk§ .-3% and
catal yst ., hour) SCD arison exanple 1) A 20 mass% of
CO2¢5 Cto¥ddd ofi2g ggt%ﬁy§r support - 24 of silica
having a | arge anount of inpurities as shown in
colum Gin Table 1 and a Fischer-Tropsch synthesis

Indu8aciion garr out, As a result, the CO

selectivity was 8.3% and

OR sSal £61 b¥ichy 988 20,1844 % ol ndvist 6y PP L Y o

As has been detailed in the above, according to
thepriasest nitnvent ot i én cakalyst allgista Fogcherri $eopseh

synthesis, which exhibits an extrenely high activity,
Trogaaribespmdduesd sy twiniithded:ehibriats ngn stxtengik landhigh

abrasion resistance of the catalyst, and
activity, can be produced without deteriorating
strength and abrasion resistance of the catalyst, and
a Fischer-Tropsch synthesis reaction exhibiting a
higher hydrocarbon production rate can be carried out

with the catalyst.
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a Fischer-Tropsch synthesis reaction exhibiting a

hi gher

with the catal yst.

Pore di aneter
330 110 346 430 341
1.16 0.82 1.20
Tapl®b 1110 180 176 316 1480

hydr ocar bon production rate can be.carried out

- 25 Table 1 mark ABCDEFG

187

10 10 10 30 10 8 10

1 [m

pom

\Vis!

(nm area 250 235
Pore volunme 0.81 0.81 1.13 1.00
(mM/g) Na concentration in support 120
(vt pm) Ca concentration in

sunnort. 76 2 B1
SUPPOFL

10 117

rnnrpﬁgi%kion in duphord 1B gl10C15[16D27] 2%E ( %pn‘ G
Pe xpndénmett ¢on | DOt 25 1 Wt
ppm AhumbncentratloﬁyPL éﬁ%porﬁgb4 §% i 16% 5D 10
(mrfﬁ?f;%a ONMo | 235 | 330 | 110 | 346 | 430 | 341
Pore volume 1, g119.81]1.13|1.00]1.16|0.82]1.20
(ml/g)
Na concentration
in support 120 | 105 | 110 | 180 | 176 | 316 |1480
(wt ppm)
Ca concentration
in support 75 32 51 110 | 111 | 187 41
(wt ppm)
Mg concentration
in support 13 8 10 15 16 27 22
(wt ppm)
Fe concentration
in support 25 20 13 20 29 33 15
(wt ppm)
Al concentration
in support 94 62 42 34 92 103 50
(wt ppm)
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)

What is clained is: 1. A catalyst for producing
hydrocarbon froma syngas, conprising a catalyst
support on which a netallic conmpound is | oaded,
wherein an inmpurity content of said catalyst is in a
range fromO0.01 mass%to 0.15 mass. 2. The catal yst
according to claiml1l, wherein an alkali netal or an
al kaline-earth netal cogteyiMgn said catal yst support
isin arange fromO0.01 mass%to 0.1 mass% 3. The
catal yst according to claim1 or 2, wherein said
catal yst support satisfies a pore dianeter in a range

Whatrém Fhailme@d0iAm a surface area in a range from 80
n2/g to 550 nP/g and a pore_ valune in a range from
0.5 nifig 3L 210 SH/ §OTSIHPERRAAE| YA R CHRB Rt REPE 2
accordi ng ta any one of clai 1 ~ to 3, erein

syndfq’ SPyd e Hans: €3 Ha035 T SuRBOT & BngrEhrl 2

met&f‘igl yséol\tr}ﬁ‘é%r?dfft?‘:tl%é&gdm powering ratio of 10%
or~ bel ow

en an ultrasonrc’wave is enmtted for four

h%Hér@Eﬁiéﬁoﬁﬂﬂﬂg@f9t%ﬁhﬁgﬁ%“&f i YS8htalyst is

di spersed in watér. 5. The catal yst. according to “any

in Dneadige| Abdw 10. 00 hayber @i $aid Gad akyst support

is silica of a spherical shape. - 27 6. The catal yst

accor dfhg toatay vate atcodmdiEglto claim 1,

wherein an alkali metal or an alkaline-earth
metal content in said catalyst support is in a range
from 0.01 mass% to 0.1 mass%. |

3. The catalyst according to claim 1 or 2,

wherein said catalyst support satisfies a pore
diameter in a range from 8 nm to 50 nm, a surface
area in a range from 80 m?/g to 550 m?/g and a pore
volume in a range from 0.5 mL/g to 2.0 mL/g,
simultaneously.

4. The catalyst acceording to any one of claims 1
to 3,

wherein said catalyst support in use is one
letting said catalyst have a fracturing or powering
ratio of 10% or below when an ultrasonic wave is
emitted for four hours at a room temperature to said
catalyst dispersed in water.

5. The catalyst according to any one of claims 1
to 4,

wherein said catalyst support is silica of a

spherical shape.
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to 5, wherein said netallic conpound contains at |east
one kind selected froma group consisting of iron,
cobalt, nickel and ruthenium 7. The catal yst
according to claim®6, wherein said netallic conmpound
iIs made froma precursor of netallic conpound of the
al kali nmetal or alkaline-earth netal content of 5

nMass% ofg bel@yy &at 10U dBAHOLoOb N & At 3F Yolaims 1
described in any one of claims 1 to 7, erein the

GU5JC conmpound is | oaded on a catalyst support
aﬂer geHeMHmntolmmr an inpurity
beast

concent FEEXGH Tofs & H1é @SFéﬂ}éFfﬁﬂﬂﬁﬁ?"?s°°B&4%ﬂ§mﬁF
thg %atl{’irycftsec’i' B%”d[ £% m@e%%&g B%l'%ﬁﬂ%’ 8F ih%n,

cata accor I ng

prebb%@tﬂlerﬁld:ﬁellaﬁldn&-dt&ié&@h Ieast one of acid
and an ion- exchanged water. 10. The produci ng net hod

of the %atawystcanaiydtngccordumgnﬁb(ﬁlelmwﬁereun

the catal yst is prepared using a catalyst  support
obt ai neth¢%fhg ﬁrﬂﬁéf e tad bicorogponnd s matg fgem 2

f‘lﬁ?&bg%%@”grﬁé@&%i?@ ?.-%QWJurP {? g?ﬁé% ﬂIaPle'%‘_&al or

sal Podyct i on s ep o e ca support
Th@l@é@ﬂﬂ@'—@&r"ﬂﬁ heele gf. bb@t@&ﬁ@ldfﬁts Aaserdicly Bl ey

one of clainms 8 to 10, wherein the catal yst support is
of a s@heﬂkxprodﬁelng method of the catalyst descrlbed
in any one of claims 1 to 7,
wherein the . - metallic compound is loaded
on a catalyst support after a pretreatment to lower
an impurity concentration of the catalyst support is
performed to the catalyst support.
9. . The producing method of the catalyst
according to claim 8,
whereinrthe pretreatment is rinsing using at
least one of acid and an ion- exchanqed watef;
- 10. The producing method of the catalyst
accordlng to claim 8 or 9,
wherein the catalyst is prepared using a catalyst
support'dbtained usih§ rinsing water of an alkali
metal or alkaline-éarth metal content of 0.06 mass%
or below in said production step of the catalyst
support. . |
11, iﬁe producing method of thé.cétalystm
-accofdingrté ahY'one of claims 8 to 10{

wherein the catalyst support is of'é:éphericai



( I L shape shaped: by spraying nethod. 12. The
produci ng net hod of the catalyst according to any one
of clains 8 to 11, wherein the catal yst support is
silica. 13. A producing nethod of hydrocarbon,
‘wherein the hydrocarbon is produced froma syngas
usi ng said catal yst described in any one of clains 1

shape éhaided by spraying method..

12. The producing method of the catalyst
according to any one of claims B-to 11,

wherein the catalyst support is silica.

13. A producing method of hydrocarbon,

wherein the hydrocarbon is produced from a syngas
using said catalyst described in any one of claims 1

to 7.
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