DESCRI PTI ON CATALYST FOR PRODUCI NG HYDROCARBON FROM
SYNGAS AND PRODUCI NG METHOD OF CATALYST Techni ca
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 nmet hod of the PRSGREPTISW a produci ng

met hod of hydrocarbon using the catal yst. Background
Art In recent years, on the back of emerging
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such as a pipeline and an LNG plant, requiring a huge
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Background Art

In recent years, on the back of 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 ratic as compared to other
hydrocarbon fuels, a cocal or the like and thereby can
ab;te 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 circumstancss, 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 undevelcped 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
SuoH agsker gsbpelime gasdoiin HalG nglevce) | zeguiring a huge
transportabi|ity and handling _characteristics by .
REIQHYE uSE ofnBepLEE@YY - §PEp sYRERES Srpeheyorpeing
re not aggressively in rious places. This .
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exotherm c reaction, where it 1s extrenely inportant
tomeefd BEbictalvye r damed dpAehitome st thar@o 8t allesearches
operation of the plant. As tinme- proven reaction

pict e s lopre ptar & gasa phasdnaynglyesiisn pvbdedsethe

&: a f]jxed bed, entrained bed, or fluid bed) and a
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ase synthesis proCess =t
ShiwH Yabedeirss gahBeiddy) @hkeBlilonsavanyg hekB811ent
researched and devel oped strenuously for the reason
thamspoekhithil sty bBinghdiahdatl menohargctéfisitdnoy by
but avoids the accumnul ati on of generated high-boiling
B@Hﬁn%yﬂﬁﬂxﬂ%oﬁ i aqhe galalopsichs symdilepssg reaction,

e R T RC R

pref epglle, p 2L neSReFE 8hkn 1dvhRRMPFPE 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 £luid bed) and a liquid-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
efficiancy but avoids the accumulation of generated
high-boiling point hydrocarbon on the catalyst as
well as a reactocr tube plugging caused thereby.

Generally, needless to say, a higher catalytic
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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

&t yvites ¥ papifemabipes agfd caspleysiasl 1pr tite the case
Fi scher- Tropsch _synthesis are approximately | (kg -
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AOLEE bhompd hevahayeadesed i Rad pVi LWPQ Sl B8 MNWery state,
patent docunent 1). As a nethod for inproving the

cad atphitc tdod | Yhiteaddeln ithe tepallytsiyi agttihaityhes an
reduction in sodium content in silica used as a
Suppoenely efmporiteny SEactNen-pat dncmocseent )ocess
however, _the conpari son was nmade only between the
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Further, generally, t'he particle diamgter

tatda y8h rbem Abe Fi sEhei: JeepsCheyYP) hay mésactirdNview of
is preferably small as practically as possible from

tthe ppeducsiiovdugitey af pddgudidi hydovawmrbbnt kef a carbon
di ffusi ons of heat and matters cone to a rate-

GAMRF nPhig §3VB| 2 tHARR B, WhiFR €388%% PResald always

enough from the above-described viewpolnts (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 support is effective (See
Non-patent document 2}, however, the comparison was
made only between the silica of the sodium content
below 0.01 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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- 3 Fischer-Tropsch synthesis reaction in the slurry
bed, out of the generated hydrocarbon, the
hi gh-boi ling point hydrocarbon is accurmulated in the
reactor, inevitably requiring a solid-liquid
separating operation for separating a product from
the catalyst, so that there arises another problem
thachao-Toars ¢bt sofntthesd ssdacpieni die dhanstleerry bed,
reatl¥ ﬁreduces the effjciency of the separatin
0

er R F ofihe HRREFSTED tRY dree 2P alystth rhéﬁ@%mmrng
N b ' ti,cl e dj aget
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abgi 228 1RMre QL1300 £0sBMit@- pPAUY 4150 PANAS: Ay
average particle dianeter, is considered to be
desdirabi en Moveveepaasatshewa heteducthefomayhlee datalyst,
case where the catalyst is caused to be fractured and
sfonwddratl thenmeanisaml dartp®n iprebdieancteati thde
couyrse of the reaction, reguiriqg%a caution.

e

55&ﬁ*¥§5!ﬁf ﬁntPﬁe%ﬁ%%E SFtopSth SyamrEey greatly
%@%&é@?lkﬂé egiégg%h@g cft@%ém$%$%%§¥%égeﬂgﬁgation.

requent | y per n extreme

m&%:wp@féi,ci@érveh@cida/téfg-slc r&érsemnds)mﬁeythwd, there

the catalyst particles clash furiously with eaC

shizarl diubenar hept eadin gpa ko ipdssi di gmeedicerbheie, and
particle dianmeters during the reaction when the,
FRPS Rl 181 r iy hrafg abEasmonbesitstZhenm( tesi abawde 250 um,

L SRBRT i 2he, ML B i CEa e erammpart it
diameter, is considered to be 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 operaticn is
frequently performed at an extremely high material-
gas superficial wvelocity {(»0.1 m / second), so that
the catalyst particles clash furiously with each
other during the reaction to possibly reduce their
partlicle diameters during the reaction when the
Physical strength and abrasion resistance (resistance
to be powdered) are insufficient, causing an
inconvenience sometimes in the separating operation.
Further, in the Fischer-Tropsch synthesis reaction,

volumes of water i1s generated as a bhy-product,
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Further, in the Fischer-Tropsch synthesis reaction,

vol unmes of water is generated as a by-product,

however, in the case of using the catalyst with | ow

wat er resistance, which deteriorates in strength to

be fractured and powdered with ease due to water, the
particle dianeter of the catalyst is possibly reduced
hretwe ee i nd rpoviler céure ngft ks imepcthen caatysg with low
someti mes the inconvenience in the separating

YFerE | BR SiHF R RCtane efhefede Bhovart ok HRostinRrgth to
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need, also froma viewpolnt of ext
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catalyst for the slurry bed is frequently put into
§ﬂmﬁﬂtmesu$@¢wianMxﬁmﬁepaﬁximhtbaghepsraeing
control way of a grinding to have such an
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resi stance, |eaving a problem’that the catalyst
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it difficult to separate the generated high-boiling

paems hydr segchonal semtemcat aldewpohien whdektanding the

Fi scher i sch, s nthesis reaction in the slurry bed.
destioh Ig hi:'sl el Krd@nPiftta rel ativel y

Furthermore, generally, the catalyst for the
slurry bed is frequently put into practical use by
being prepared through a size controel by way of 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 toc generate fine powders and makes it
difficult to separate the generated high-beilling
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 & porous
silica is used as the catalyst support for the

Fischer-Tropsch synthesis reaction, however, the size
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hi ghl y-active catal yst can be obtai ned when a porous

silicais used as the catal yst support for the

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

H9§qlé?>35ebamder°me§h§t srcendang siseqdends to the
fractured omder wat er exists, easil
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provide a catalyst for a Fischer-Tropsch synthesis,
FANEHL NP PEGY oY | BEPGF LBl LHe IdbvRed63&S bed the slurry
g blems and exhibits a high activity w thout

& driorating its catalytic strength and abrasion
resis e; 0 f al yst,,and a
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Fi scher-Tropsch synthesis exhibiting a high strength
and a¢NbW1Batanpr@mmmmgnMHEMdJofGh&nceta@#ﬁn @ndhua
a produci ng_net hod of hydrocarbon usi ng the catal yst.

¥BEEaft aY PL d@s]cr[%{JPQﬁ W 116Be grlesented hereinafter.

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 detericrating its
catalytic strength and abrasion resistance; a
producing method of the catalyst, and a producing
method of hydrocarbon using the catalyst.

The prasent invention relates to a catalyst for a
Fischer~Tropsch synthesis exhibiting & high strength
and activity, a producing method of the catal}st, and
a producing method of hydrocarbon using the catalyst,
Mcre detail description will be presented hereinafter.

{l) A catalyst for producing hydrocarbon from a
syngas, including a catalyst suppert on which a
metallic compound is lcaded, in which an impurity

content of the catalyst 1s in a range from 0.01 mass%
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(1) A catalyst for produci ng hydrocarbon from a
syngas, including a catalyst support on which a
netallic conpound is |oaded, in which an inpurity
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 netal or an alkaline-earth neta

Eontent S magste. catalyst support isin a range from
1 mass% The catal yst accordj ng

0.01 'ﬁ s%to

to (1) 3 15¥, aTFaJV\:ﬁ'FEh ’égi"ﬁlgysrto pportin which an
ty) d { 50
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R0 @iad v EsNBPBFR il ainf @gﬁaﬁ?ﬁmﬁoﬁn 'Tb/.@l_t Ghasst to
2.0 nmL/g, sinmultaneously. (4) The cafal yst according

0o lanyagad.of (1) to (3), in which the catalyst

support in use is one letting the catal yst have a

fract dr3|)nnga)¢ poveli Y@t ASAQr@ing0%er (bel ow whah, ain
emtted for four hours at a room

bﬁrgf C wave | s

at iPe GOF F1E5 Tc ZRBRT tdiset 884 %i5n w%Fe Hameter
t rdi t.o a 0 % % [

\Nﬂl &a{ﬁggat yst gsﬁ%pof ?é g’i Cél (%' )rfta sphe Ecaalrkn 2
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(5), in which the netallic conpound contains at | east

paege nfireal dctedntygmta g2 oQpmdong) seimplofanheensly.

cobal t, nickel and ruthenium

(4) The catalyst 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 te (6), in whieh the
metallic compound is made from a precursor of
metallic compound of the alkali metal or alkaline-
earth metal content of 5 mass% or below,

{8) A producing methoed of the catalyst described

in any one of (l) to (7), in which the catalyst is
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(7) The catal yst according to (6), in which the

nmetal lic conmpound is nmade from a precursor of

nmetal lic conpound of the alkali metal or alkaline-

earth netal content of 5 mass%or below. (8) A

produci ng nmet hod of the catal yst described in any one

of (1) to (7), in which the Catalyst is - 7 |oaded on
aoatedyshn fuppdkelafatersuppedtty caf et @ predweatament to
urihéac ncentgation of the catal yst, support is :

et B AFIHEEH AYSTeBEEAACR(SF AR prodaiish
SERHGEE AR HEPEB LR PECREY Matdivde slgpUsE "

ment i rinsin aci'd
and an g)onrhexphanpedt Vaheme 404 B¥e Phedual Ly st
met hod of the catalyst according to (8) or (9), in
dificcirdhsgcdtal Y81 ,i sin prlepahedthusi pged red thyat is
support obtained using rinsing water of an al kal
FetALRg HERAIT netededst nengl oneid ¢ind. 88 ARIs%

. bhelow i,n the _production step of the catalyst
gﬁd&)Q?eﬁlfTH%%E‘production met hod of the catal yst

accordnig ' any L OF 168) ALch D od Nl %@édéﬁst

cat al yst 'support is of a spherical shape shape

speayw diPn gethkod(s { 13k T¢e) pr @AUGIH DanMehOd At at R&t is
catal yst according to any one of (8), to (11), In
pReplané@ uedined yat cadpplr$ti supipoch. optIFimed using
Eggg%ﬂggwg%g¥xtgfagygfﬁgﬁgo%eéglmglcglkaline-earth
metal content of 0.06 mass$% or below in the
producticn step of the catalyst support.

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

{12) The production method of the catalyst
according to any one of (Bﬁ te (1ll), 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, obviously, 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-

Tropsch synthesis reaction exhibiting a high
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t he hydrocarbon is produced froma syngas using the

catal yst described in any one of (1) to (7). According

to the present invention, obviously, it is possible

to produce a catalyst for a Fischer- Tropsch synthesis
with extrenely high activity wthout deteriorating
strength and abrasion resistance of the catal yst, and
hydraearhra mMBsedsct ipmpsahesyartkeds neatheéogatalyst.
exhi biting a high hydrocarbon production rate backed

by the catalyst. Brief Description of the Draw ngs

Eided béserqr@Proﬁh%Vf hé b%'a%}iirs)@sbetmen met al
CO conversion.

Det ai Fed ,Depci kplal Qe HHnt BH W Bh§r hed- SHediE Y Stween
Herei nafter, a nore detailed description wll be given
vitle popsemt s nVanti cupéth aflostilkaokaat a CO
inmpurities contained in a catalyst, the present
FRVP&RI0OF5ORave found that a substantial increase in
catalytic activity is possible by reducing the
inpurities, and that a catalyst with high strength

ARY Ar a31 ¥e srﬁ' g#.@gse.of@hgelgﬁ@g%%ﬂémgaimﬁgts

SUppoRkrelihd foakl,y AthakB ddieaPreseded B¥ERHIUN Aill be
catal yst according to the present invention is not

gp&erf ichl thel ipweednto isonentdems | ong as the

catal yst contains netal having an activity for a

Fi schBEHr dhsehosgntleeksateddtp bhitdme tpessained in a

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 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 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. Fer the preparation method of the

catalyst, a common impregnation method, an incipient
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catal ysts containing iron, cobalt, nickel, ruthenium

and the |like are acceptable, and as for a support,

preferably, a selection is made from porous oxides or

the like made of silica, alumna, titania and the

i ke appropriately to use the selection for the

catal yst support. For the preparation nethod of the

cuitah¢st, meetootnn a mor eghgtiteat hehhod tfaod|, neimi o - -

9 wetness nethod, a precipitation nethod, an ion- .

S%xFanrge emitioican@nhet hpkd ideh @anelst ogeRlomeds It is

djfficult tao defiine a | oading  amunt in that the

B ECRR NS HERGRR 1y R BRI PIPENLL: F Do HhA She

[ v I t wee 1.0 a t

Shifr, BRUHEL s RGANNELRG M SRl L MR e e petals

W clls 6aUPRSravEeNt 1d brid heB ®fdfiwe8AC RYRLiMENA amount

reaction due to a sharp drop in the dispersion of the

gxhiieliéhgl heaacat brysly suppebbverahne v lsading amount,

acceptabl e. For instance, when the cobalt is in use,
oAl Ses i A cea Ykt icdm o fdsdRneysgowdsshy @

d ferably, f 10 %t o, 40 Ln _the,
ERAe T So iRt SoA R EnEFhgL" SRRIGHLBBEIARGR OF the

QAN PR AI 9Rd 5 éﬂygﬁeéﬁﬁ o%e the.agpunfy is

above the range, the dispersion ps to [ ower

wddepaabor ef frekrengys0dntlRe agbaht theadedhantt s in use,
cat al yst support uneconom cally, being unfavorable.

Afteeramopnécur sotnofthexct rapgeetiatoms 5| opdegtohca 50 mass%,
catal yst support, calcination and/or reduction is/are

&G orPEaLET apbYopditate, 18omaeat ateatddl yB2SF8r t hbr the
case of the amount below the range, enough activity
cannot he 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 precurseor of active metal is loaded on a
catalyst support, calcination and/or reduétion is/are
performed as appropriate, so that a catalyst for the
Fischer-Tropsch synthesis can be obtained.

After due diligent efforts, the present inventors
have found first that the reduction of impurities,
which is other than the active metal and an element
compoesing the support, in the catalyst toc contrel the
impurities to be within a certain range has a great
effect to improve the activity. For instance, as an
example, in the case of employing the silica as a

support, in general, the silica frequently contains
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Fi scher-Tropsch synthesis can be obtained. After due
diligent efforts, the present inventors have found
first that the reduction of inpurities, which is
ot her than the active netal and an el enment conposing
the support, in the catalyst to control the
inpurities to be within a certain range has a great
&1t ezl kedii mprogd tsheclacesviay,. #For ailksthiwer- ezasrtahn metal
exanpl e, in the case of enploying the silica_as
2%%@£gr

s“i}’pﬁ}br?s @ g%h@rb?lgr t3ed eaaéfnttilyecémk@,nsas the

Lkal i S an al kal i nes
N ER ks IO 2 o o s HrrthE e s
HE%iéﬂPH“ﬂﬂeﬁet%Hq(ﬁégﬁﬁ Q% §Saﬁ@“ﬁ§thﬁsé¥€ive
reviewed in detail using t t as an active
mited ], agdd tit s:&omzwathaﬂ ad g.eaa@@rﬁm@ﬁn&;h&:f the
al kali netal and/or al kaline-earth netal causes a
ﬁéﬂﬁiécmewd%/du@ddn1ahhaEmnﬁﬁnafthpwﬁm5ynthm§ss a
reaction. those, jt is found together that the
&@%eéﬁtéﬁffieu deWhel B ebhewdths sharmB 5 apesi aﬁmtahesis

older to use a eS|rabI gat aL yt.i ctivity,
ERaEr T E e LR ¢ ot Eark yEPUBRL T aS B bx HRE the
el Eﬁs%éf%cbaéyﬁ bEtg@ethHéﬁyso@fﬂmtlbscontalned.
above the range, the activity decreases |argely,
bei ngIextumdety tdi seslvaet agade Fovavdle @AtaQ¥OESSi ¥etivity,

reduction of the inpurities | eads to diseconony, so
Fh@t astn?metepaﬂalrempmm}rﬂwsamumhe ncatthd yatabystuid be

L15=rr$ss% agJ It is difficult_tolimt the
FHﬁ 94 yt9 mﬁ |ﬂaﬁﬁ§rﬂ%chﬁé&”1ﬁ If the impurity
amount is above the range, the activity decxreases
largely, being extremely disadvantage. However, an
excessive reduction of the impurities leads to
diseconomy, so that a preferable impurxity amount in
the catalyst is 0.0l 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 active metal, 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
the impurities of the catalyst, the elements causing

the most negative impact with respect to the activity
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netal lic conpound, since it depends on the | oading

anount and the type of precursor, however, in order

to reduce the inpurity anount in the catalyst, it is
effective to curb the inpurity anount in the

precursor of active netal, especially, the alkal

metal content or the al kaline-earth netal content to

5 etk éo omtiadl pot Burd hehe as ka resmet adf and dible gent
efforts made by the present inventors, it is found

Phdta 1 bpe -6 rh emﬁﬁﬁk1t|€§n@€¢r® §@kﬂ®%@n PH§WEEH the
el ement u3| n nost neqat.ive, i rrpact Wt
Fespect §F8 %C?FviﬂfselTe(ﬁlﬁh% cétﬁ@@?°§reQ$ESlllca
aldepl 4 aBt @:lor?@éirgﬁ.%n gl &gkl ng &pr g t%ese

rel ati on between t concentrations o ta s

isyrec pelpper trectibinGa wipDdha bER sP8Y¥ ey Omysed dd 3of the
Fi scher-Tropsch synthesis reaction, which beconmes an

ardiicat by off ttee aﬂﬁa&gytofmauaeaaamwﬁd ansl the result
exam ned and the result is shown in Fi It is

&&u%ﬁ%wﬁréﬁtﬁkﬂdr&wlufttﬁﬁtOQMkﬁth%RRmtéﬁPSQﬁaWing
e ne al s e in_the , ran 0.01 mass% or bel ow
RS Bhehe S LR el PES el ade Sne s R sl o the
Hdﬁd@ obowewq‘mﬁegﬁ JPQEeQE%"EﬂQe ﬁ g;oﬁﬂfgfeand

01 mass, the activity lowers gradually. a resul

nfnet hel BHDY gre o5 € € hbath LY gwtede Bikallie /ehawever, when
content or the alkaline-earth netal content in the

Shesporarar én fre¢ erablge Ootemasdté of . D&l aa ssh¢ roree

referably they are 0.07 nmass% or bel ow,. and nost
EF lowers gradually. As a result of the above-

described review, the alkali metal content or the
zlkaline-earth metal content in the support are
preférably 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 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 support leads to
diseconomy, the alkali metal and alkali-earth metal
may exist in the catalyst to the extent of theix
contents not affecting adversely the catalytic
activity. As described above, when the alkali metal
content and alkaline-earth metal content in the
support are reduced to 0.01 mass$ or below, enough

effect can be obtained, so that the alkali metal
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they are 0.04 mass% or bel ow. When the inpurity
content in the support cones to 0.15 nass% or above,
the activity of the catalyst falls largely. Also
here, in the same manner as above, an excessive
reduction of the alkali nmetal content and al kali -
earth nmetal content in the support |eads to
dorcentmand hel khRdlrnie neaait amie bhRaldoreaehh mRtal
may exist in the catalyst to the extent of their
SR eRrFabdot Gf P ecmaff hdosr fZVEnErem A yEPSL

ctiyi . _As descri bed above, when the al kali netal
E%E%%Mgﬁ %ﬂ?h?”ﬁ?%ﬂﬁth metal content in the

supporgty, %ﬁerEgléceedofot@reo%lag?é%torwl?fé }N’Cr?e g#gppfé:duced

effect can be obtained, sot the a

edrtiegi t adshpad Kat yne-eaf 4hi il o s 0Nhettheédl Broduction
preferably 0.01 nmass% or above from a cost
pardee pance okedpbiynta devibke lgasttolst presfiepabile to take
whi ch can be produced w thout jnpurity contamnation

S Ghed pR6¥dE3 bne fprilesindaidEicn oy thegdvwpriaritites sin the
r.ef .e tqg take such a devisal of not including
?’ﬁ%ﬂn‘%ﬁ%?f‘i EEF 5 BRe  production process. For

e SR, shae ETK sy 00ty of
hdwsitg wherd i NSi 06 i RheBOH LI dhBEng WU iibbRSTt of
such as industrial water is used, a |arge anount of
BAgurda i eBoweme ns Wherher §npporg ,watesi mpnthéning
g%gﬁf@égegcgﬁgﬁyagofﬁﬂ&sL%&%ﬁ)@agggn%s used, a large
amount of impuritles remains in the 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
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 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 an ion-eXchange resin or the like,

however, it may be obtained by a production through

an ion exchange using 2 silica gel, for example, when
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unf avorabl e. However, with the use of rinsing water

of lowinpurity content or no inpurity, a favorable
support of silica of a |esser inmpurity content can be
obtained. In this case, the alkali nmetal content or

the al kaline-earth netal content in the rinsing water

is favorably 0.06 nass% or bel ow, and the content
#ENvEogiog massidlicadsa s othiee swppoate isinbe the silica

impurity content in the support of silica, which
égge§sa$ﬁﬁﬁﬁéﬁﬁﬁlekﬁﬁelﬁ%#&ﬁ%a?&%ﬁq%taeﬂ\kk®e as a

f ||
Sisch i smetaan, bovte anfaugrale, iedlvconcres
thee | ORp %ﬁ@i‘@@dl‘i’{attﬂ{e MRy oS bt ghred bd'uﬁeto an ien

productlon usi ng an i on-exchange resin or i K

lovelvengel batbyebn Gtdiogdnd)im #reduEn®OD bhAr A surface

an ion exchange using a silica gel, for exanple, when

Dﬁuihewmh%m¢@ anﬁlamaimpmﬂﬁtﬁuppnn, Btaoedimegly, even

&g |ca generated in the S|I|ca production |ine
sﬁ%ﬁﬂa Hna%Q%I%atPﬁtQQ%F§ nifg sippygrities to a

uf e I MRUL| & rinsin due to

G Rl 5eRb SARERE hy dode | Amaia TeREe S v
%&fé\?@ﬁ?tea‘c ttawessfnb B gt an y rwﬁh*surpgl pH of the

ccordingly, even if it is the rinsing wa

cdntsd ngngaitgptr tbi @dvWeora atthextenin @xeﬂmﬁgéﬁoﬁon
the inpurities can be prevented to sonme extent by
agun n@lpﬂﬂl{ﬂltﬂecmmnga\wm gnolugvier . L Burdtther ,

an exchan ed ion _anount |npur|t%.contan1nat|on

BRSRRICEEN (10 pbBRoAMYMLE o OFh e BRoaAT SHD 9 hE 2t Rged,
ﬁ@t%hé@eghe reduction ¢f the impurities in the silica

can be realized by reducing the rinsing water, in
cthexr 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 support by performing a pretreatment without
largely changing physical and chemical properties of
the catalyst support, such a pretreatment is
extremaly effective for the‘improvément 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 support of silica, rinsing
with an acid solution such as a nitric acid solutien,
a hydrochloric acid solution, an acetic acid solution
or the like, and rinsing with an lon-exchanged water

are effective. After the rinsing with these acids,
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so that the reduction of the inpurities in the silica

can be realized by reducing the rinsing water, in

ot her words, by increasing a usage efficiency of the

water to the end of the water rinsing. Wien it is

possible to reduce the inpurities in the support by
performng a pretreatnent without |argely changing

pinegi cal pand ichenkcdld prapebhilesy ofn the calipppitt comes to
support, such a pretreatnment is extrenely effective

P& amecbaprsidetenfusthigre rissing ywith trlearamatier such
Such, a pretreatne t he one appropriately

[ gt n%y be, >
88 P RECHATTRSi HGFem L8 §EH9TELNE, an alkalis
rinsi qn? he, i ke, w 4 X e, Iinsi .
t he sgglpor ?‘Léf_ é"ihlel%paggrggﬁsr{l%;gg gml?hqpcaan' a%lgg%slo %?%Lg% s
gy pen 81) tfd S£8ehe SN hAN.a 1 PYILAHY OFECpRGHTIcle
solution, an acetic acid solution or thé |ike, "and
stoasEmgthj t Rramcobvéxghanfjed watwefacareidfdesli wvecoup and
After the rinsing with these acids, - 14 when a
phet ild kaci d Hareyarng Whes hshsuppot eipskdson ol sheemformed

bst acl furth insing Wth cl h

B e ARBEE Vi oF OPE U LRE 521 FEI TR, JPEAST
chahged e .

PRERYLIReR, (ilbabfey W ofile'ey LGNSR 0, L {F

Skea et f ag@rsid Pl GOUMENdi1tihes | | KRcdPVEYBE1yY, even
when the calcination is performed in the state of

téntdins mgorfeltdte veupploartges £ isiduirca i &s, dempflormed to
el ements are captured into a skeletal structure of .
rRdusie jEhe ASRHEE RYl gondent, it is difficult to make

the reduction of the impurity content. Hence, when
wishing to reduce the impurity content by rinsing the
support of silica, the use of a silica gel without
calcination is 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 an active metal and
silica as a support.

In order to keep the metal dispexrsion higher teo
thereby improve contribution efficiency to the
reaction ¢f the active metal loaded, it is preferable
to use a catalyst support having a large specific
surface area. However, in order to increase the
specific surface area, there are needs to decrease a

pore diameter and to increase a pore volume, while
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if rinse of the support of silica is perfornmed to
reduce the inpurity content, it is difficult to nake
the reduction of the inpurity content. Hence, when

wi shing to reduce the inmpurity content by rinsing the
support of silica, the use of a silica gel wthout
calcination is preferable. Wth the use of the

el YAt raa JLS6Ei Rek SHoYRo fdctsSrpossHade te aobtain

a catalyst exhibiting an extrenely high activity in

triesd UG t dloer -iM opbeh alsyans hesi ssaehstiroce Spadi Sitgmhyth,
the effect is renparkable when using cobalt as_an

2QiNe HELAVARAP 1§ i S ad Featibpbr oL 19H@rddd tgpnt

Kk tal dispersion higher_ to, _thergby. i,nprov.

SR DR e PEERERY, TaVERt s aopavan £1¥pHe S Treas 2
T ob LAY ahS WAL SLABIEL 40 P3RAAD! h)¥ntion,
support having a large specific sufface area.
lHesey es a titk OF IRy t@gdii€ase tgwrespaeinid€esuimcthe range
area, there are needs to decrease a pore dianeter and
fadmchk eage to pbPenwgl aTespRkilifile 48rfidwe i ace@asen ofhe

t hese two factorszleads to a Eeduction in the
RS of TP8s i B9 aRcédak sscf?%n@tﬁgr @é?q‘lgauﬁPaF\R)r‘éBIlB.me in

ol P e B S RS e 7Bl "l B e
PAARE Sl L RERes, [l hne bl SR, | e
pie e 8pBAN,| ctisatl ack id £Qing thegethrge fHoMp@G a2/ g

to 550 n2/g, and a pore volune in

diameter in the range from 8 nm to 30 nm, the
specific 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 te 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 metal decreases to lower the contribution
efficiency to the reaction of the active metal, being
unfaverable. Above the specific surface area of 5530
m?/g, it is difficult that the pore velume and the

pore diameter satisfy the previously~described ranges

tegether, being unfavorable.
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the range from0.5 nL/g to 2.0 nL/g, as physica

properties thereof, is extrenely preferable. Mre
preferably, that satisfying together the pore

di aneter in the range from8 nmto 30 nm the

specific surface area in the range from 150 n2/g to

450 nR2/ g, and the pore volunme in the range fromO0.6
nm/g tt 115 pogsibhe rostipeekersbl yhet sqiecific surface
sati sfying together the pore djanmeter in the range

AR 828 gftlbezsoﬁm dhangsed fie éeﬁ%aﬁleahwwerr when

AN e oran APIpdR e 1eipe T Bolhly F PR L AR amount
Qbfaw ﬁtcaﬁ,aaxﬁstcaef%él g'u% eaneua@trﬁﬁév' L:hJT(ﬂ’ltESn be

Fi scher-Tropsch synthesis reaction, the spec

sfaceocanaa shbyl-¢hed8tni/rg enerrm%chwd@rrdﬁwah
~specific surface area, the dispersion of the | oaded
Pt hgsdreanses ctd dromet st Iq@mmtiabiut:’imntheﬂ:f itdienbydrogen

to‘%he reaction of the active nmetal, bei
' VBPSMQ9r?ﬁﬁv@%ﬂﬁ#%ﬁémﬁﬁ?@sﬂﬁfiﬁf%ﬁﬁaﬁﬁs%ﬁﬁs

W/ heubl e ALLLLEU Lhat Lhe porgavol e aod dliee oo

pore dramnet er” s vt ousty-déstr f

gt Heen m%@gaUW¥aﬁéﬁb @reiaf pHéééhPQSQﬂﬂﬁhéoznner
i ncrease the specifi'c surface area as the pore

gicanei en icef delieecpeaty, hbedver unfevroddielpore In addition,
di ameter cones to below B nm a |arge anount of [|ight
eyt RAEBSYE serhrasened hahbe werrearsdedhehydgiotarees in

SR RURE R VS N S
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, 50 that the dispexrsion of the active metal
decreases, being unfavorable.

Preferably, the pore volume is in the range frOm‘
0.5 mL/g te 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.

As described above, the catalyst for the Fischer-
Tropsch synthesis, which is for the slurry bed,
regquires the abrasion resistance and strength.
Further, in the Fischer-Tropsch synthesis reaction, a
large amcunt of water is generated as a by-product,

so that the use of a catalyst which 1is fractured inte
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and the carbon nonoxi de have di fferent gaseous
diffusion rates in the pore, and, as a result, the
hydrogen has a hi gher partial pressure in the inner
portion of the pore, being unfavorable. In addition,
the diffusion rate of the generated hydrocarbon in
the pore decreases and, as a result, a superficial
reaede v natder stbausedi s benmeero iswadldr beusgs an
unfavorabl e. Further, above the pore dianeter of 50
ARCPRVEEIARFT cabt dsthéPessP T herspeci A IS RCR
area, . so thg%?the di spersion af the %ctive

, |
Hafeidls  Mesotaindiants, % FEFIRLASE Ao thouse a

LS a 0. g
\Sgioﬂeﬁrsachhrﬁl}?%?Sitg %g%f)érr{ég%éi f%‘%%{at ‘i%%%?i $ yaq% he
RBaIEp 8t aneirera aghatth@ réfesithivc irbagR 6 81N i ehaving
above-descri bed ranges together; and above 2.0 nl/g,
ttheacksendt higlet priodrat £$isybsimmnvhdlcly, a behagp angle
unfavorabl e. As descri bed above, the catalyst for the
tihgreel Tegkthtoysitctes, awdasterge #ad themsvaky When

requires the abrasi on resistance and stre

bed t h.
PRI InE, b BPEETCAT ofLPP it hesi T F BHLATHPR a0

I unt er Jj t ed a = RE t
e tlodRY i JERSHUE] 852 JUERIalh ;. wnen
prbdudongerss ¢wHer ithal eéugb@me OF Watiefc£aHIRS B a

I nconveni ence as described before, requiring a

pautt bnl e Addamie hglty o ff tapprpxainetiablle 20 use &o 250 um,
support having a spherical shape rather than a

the spraying method is appropriate, by which the
spherical support of silica exhibiting excellent
abrasion résistance and water resistance can be
obtained.

A producing method of such a 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 insocluble to, so
that the sol becomes to & gel; and the silica gel
goes through an acid treatment, a2 water rinsing
txeatment, and & dry treatment. Here, as an alkali
metal silicate solution, a sodium silicate solution
is desirable, in which, preferably, the mole ratio of
Naz0 : Si0; is 1:1 to 1:5, and the concentration of

silica is 5 mass% to 30 masss. As an acid to be used,

a nitric acid, a hydreochloric acid, a sulfuric acid,
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support of a shattered structure potentially having

cracks at high probability in which a sharp angle

thereof tends to suffer a danage and renoval. Wen

produci ng the spherical support, a granulation or

sprayi ng nmethod is applicable, and specifically, when

produci ng a spherical support of silica having a

pamt Pelge i anetérd ,of oapphexilvek el g s2Gpwl i @280 pnvhereas,

the spraying nmethod is appropriate, by which the _

shher Pt Sibporc it 18| pes fsmrble fF e®cal VdRwpoint that
si.o esj stange, apnd water resistance_can be

2%{1 i ﬁé‘g'.fru’fb\lﬁrggd‘cq ng° e oF 883 % §lpfortentaliner

Si&8a W Idh Depdesnld Penbel QW o 8sSild £ a1 8Qhels® no organic

generated by mxing an alkali netal silicate sol Ut

amgit 8er aeilh sdl ut iTe usdaicdrier seRdin i®n themattid 4@,

pH 10.5; the silica sol is sprayed into a gas medi um

@refarergan cisolttent rahigeh fhemsadl mesl fhstbuldl @ mol /L.

so .that the sol becones to a gel; and the silica gel

JRAeEnEo Ry aR98ei R PRFRGHS SR &t &he | Hslagion slows

tye at, a dry,treatnent,. Here, as al kali. .

SEEh Tt by M FERY S Qi neRiaeda, el dhion

irslosbaaltle, tbp Which, £ Br gfer i epleatd

N’Zrzogz 502 is 1: ﬁ%‘bltg %fﬁd@%)ﬁglggnh%eﬁ%atbiegnd%fleg:c'llEd

Ed ithats ab dess¥elid PRyEassl Asrépeadiyd volhe used,

a nitric acid, a hydrochloric acid, a sulfuric acid, -

FLLEhcHldante & dobbritted ) i keiing appfiacapteble. Further,

ereas,, the sulguric acid is preferable froma ,
WRsPofAPRtERY the method of 'spraying into the organic

solvent, as an organic solvent, kerosene, paraffin,
xylene, toluene cor the like can be employed.

The spherical support obtainable by the above-
described proddcing method barely deteriorates 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

"evaluatieon, in which an ultrasonic wave is emitted at

a temperature in the range from a room temperature to
400 °C while dispersing the catalyst intc water. As
an ultrasconic generator, that of 47 kHz in freguency
and 125 W in output power {(manufacture: Branson
Ultrasonics Corp., product name: BRANSONIC Model
2210J) is used, and 1 g of catalyst not containing

particles below 20 pm is dispersed into 3 mL of pure
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the sulfuric acid is not corrosive to a contai ner
used in the production process and | eaves no organic
matter behind. The concentration of the acid is,
preferably, in the range from1 nol/L to 10 not/L.
Under the range, the progress of the gelation slows
significantly, and above the range, the gelation
pedgressthet od fassond dheldi emiatiedt atb@ combmol | ed

Eo that a desired Ehy5|cal property val ue is difficult
§™RE Wbt d4F fed, O bef AY furlt 2 BFabland FRABEE o Ff nhbe

t h tho of =P ay into.the o
§Q9E1§@eésﬁg$i”gam &0 ve%gglﬁﬂ%éﬁﬁe ﬁéﬁgFfﬁﬁ defined
gl@ufraekuﬁaa<%rt?%1&&@19@&*%%@f@'oy%% {hS s
spherical support obtainable by the above- descri bed
praduc nhonebhae daseal et Retboai esiby itthecogEdshed that,

bet ween the catal ysts, by the fracture due to water,
W@ Th\E heef galotearT edt iooh PUThEes ized vaatdes is 10 mass% or

ntification hods for the fracture and
HEE0un A1 BRL YA BF SwHiTHE e SHAURER: bRR FRBPES DO

gggpﬂgﬁifﬂ QQ%ﬁ;QE E%%l%égﬁ%&%%%%bgfp?gﬁg?%gg high-

al uat1 on soni C

BoiedRey PHULAt hidLobdNWoh " 8Fot P LRAREI Ryl e t1Ch the
400 C while dispersing the catalyst into water. As

gesepasdhia gemerlyot, shtadiwg fhekHzriaotliregleaey and
125 Wi n output power (manufacture: Branson

RRIVesihed aitpe predudthakd: merebONEB evbyeparation
FER BT et SRRSO SEARINRY,

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 detericrating strength and abrasion
resistance of the catalyst, can be obtained.

Further, with the use of the catalyst foxr 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
Fischer~Tropsch synthesis reaction is carried out
using the catalyst obtainable by the present
invention, a selectivity of a liquid product having a
carbon number of five or above as a main product is
high, and the production rate of the liquid product
per a catalyst unit mass (production rate of

hydrocarbon) 1s extremely high. Furthermore, the
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water, the ultrasonic is emtted at a room

tenperature for four hours, and nmass% of the

particles below 20 pmin the entire sanple is defined

as a fractured or pulverized ratio. In this

eval uati on based on the nethod, it is confirmed that,

when the fractured or pulverized ratio is 10 mass% or

b2 bal vyt atcs ubkredey i pullive i zedy alnetl catis@ysto activity

problemin view of the separation of generated high-
FFTRGSS0i T HeddocHRrdbA Mo t hE d& allysuse,n shethat the

t al t. show the f t yr,
SoEatl a3, P L LTS ey tomcuce.
affigi eR@sd aF @8y (U OPSt heipgs HHE%\L%%%%EQ}NnégMﬁssis

use of the conposition, structure and

meidotlian descrbbedaboved awatwiysat Hidfshér efficiency at

Fi scher-Tropsch synthesis, which exhibits higher

davert gomtthout deteriorating strength and abrasion

resi stance oE the catal yst, can be obtai ned. Further,

with tHEER1IEF T he catal yst for the Fischer-Tropsch

synt hesj ing Lo _the present,. invention . .

ot odu b SAERERAY FOaARA oty tird BPeAiRtigRs a1l be
NEdwsbE rAaCtbPRsWHd Dholere i SEf bals@NEYo RN .

ﬁ(E,!f)(f-sts. Specific%lly, V\%egh?ﬁgt%ﬁgchgﬁ ro%@c%fﬂﬁies'

fyveresrs dactpoasientcal nveditildn s Mt heisdttalysto

obt ai nabl e by the present invention, a selectivity of

ihespi axpAediRE - having a carbon nunber of five or

above_as a nmain _produ [ [ and t he_production

{ hi gh, .
rate HF&W% ?PqﬁqfiﬁgaﬁEfO%égnal&ﬂ%ﬁ9§ﬂ ¥ kumgsef 300
fRS,0CET 8% T PsPh, catalyst (support of silica is

manufactured by Fuji Silysia Chemical Ltd. and of a
spherical shape having an average particle diameter
of 100 pm, and Co loading amount is from 16 mass3 to
30 mass%) and 50 mL of n-C;¢ (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 agitator at
800 rpm by introducing a syngas (Hy/CO = 2) at a flow
rate of W (catalyst mass) / F (syngas flow velocity)
= 5 (g-h/mol}) except as otherwise specifically
provided. A CO conversion, a CH selectivity and a
C0z selectivity are calculated by the formulas shown

below.

amount - (mol) | | at - reactor - outlet - (mol)

Supplied - CO J_ [CO -amount - in- gas ]
Supplied - CO - amount - (mol) 100

CO - conversion - (4) = [
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hydrocarbon) is extrenely high. Furthernore, the - 20
catal yst is barely pulverized and catal yst activity
decrease is very snmall when it is in use, so that the
catal yst has a longer catalytic life, as a feature.
Wth these features, the Fischer-Tropsch synthesis
reaction can be carried out with higher efficiency at
| Quer costs. - EXabpbagd. ¢l Skt ! further detailed
o@gcrﬁe&cffﬁﬁ"\(\%ﬁ%n%i%gﬁﬁﬂ i nventi on

based on exanpl es”®*HSieve P WPesent invention is

not limted to these exanples. UBing an autocl ave of

Che) %ﬁgﬁ.@?,@g}gﬁéﬂ@ﬂf%@z moupt §mob) CatSi 2 cat al yst
(support of $i17 credched DOVEkRERL{RABNDY FUj i Silysia

Chem cal Ltd. and of a spherical shape having an

average particle dianeter of 100 pm and Co | oadi ng
amount is from16 nass%to 30 mass) and 50 nL of n-Cl6

(n- heeeine)f twer ¢ ashafgbelctherfeitte, pard ait efntiiaition
a Fischer-Tropsch synthesis reaction was carried out
Wridet BEndiasoRsbest Wishe and ey bewpeIc tine| sestikesngt

' or_.a 800 rpm by introducing a syngas (Hz2/CO
%’lﬁﬁ%@%% falnoc\i/vargf’@ﬂgq‘r‘bg?@ateéf%?iﬁass) I F (syngas
flow. V(@:-P&:hf:!)e 173 5 (gh/mol) except as otherw se
specifically provided. A CO conversion, a CH
sel ect A ymaB@dia o CRoseHAEL LY Préncal Ui edtbw

the formulas shown bel ow.
silica having characteristics as shown in column A in

Table 1 and a Fischer~Tropsch synthesis reaction was
carried out. As a result, the CO conversion was
75.9%, CH, selectivity was 5.3% and CO; selectivity
waé 1.4 %.

(Example 2)

A 20 mass%¥ of Co was loaded on a support of
silica having characteristics as shown in columan B in
Table 1 and a Fischer-Tropsch synthesis reaction was
carried out. As a result, the CO conversion was
75.8%, CH; selectivity was 4.6% and CO; selectivity
was 1.0 %.

(Example 3)

A support of silica having characteristics as
shown in ceolumn G in Table 1 was rinsed with a
hydrochloric acid solution and an ion-exchanged water
to obtain a support of silica as shown in column C in
Table 1. A 20 mass% of Co was loaded on the support

of silica and a Fischer-Tropsch synthesis reaction

- 22 =



Supplied CO (CO amount . in gas CO conversion - %
= amount (nmol )) - at - reactor - outlet - (nmol )) X
100 Supplied CO -anpbunt (nol) - 21 CH4 selectivity
(%9 = generated- CH4 anmount (nol) x 100 reacted CO
amount (mol) CO2 - selectivity (% = generated- CO2
ampunt (not) x 100 reacted . CO anount (nol)
MR Bi Rafteredapudf fand, of st e peevdrit, i WvenCilorcomvklrsion
desqgri.ned wi.th _a.reviegw of the results of exanples
gﬁads aﬁdr‘?‘g%a’riég%h EedRAEL VEEYaA® 4y BR 2N%aSS% of Co
was1 & eaded upPog t4 Of pqilLga having -
characteri st c§a§s&sﬁ%v\% in Ef:do {L:Jfr;r%rA ianl{] argﬁlaégllc’%nd a
RechetaHapsel s3y Hmest $ngeact i Q L& Liaqh 0L -
As a result, the CO conver?ﬁon mage75.d§b CHE 4t the
Fatemt teimpe xvasuse3desc: OO sdbefbire twaswaarkedbt cut,

%Erangle %) A 20 mass% of Co was | oaded on a support
dsthecd 1antRgech@BcPErivat teeds ratoanwas cuasmrBd as

i_n T 1 and a Fischer-Tropsch synthesis reaction
fasregghii’ef%%t mags F3eif tOPfstHﬁ%r AR ePSi &P W or

0 | i vit 0 tivit .
£33 IO G BRADY, TRITUREHY wncor
tlaat dséehi shifedtedShthe G 4P En EJAPLB 0D VRSurs was

rinsed with a

collected, and a measurement was made for a particle
size distribution. BAs a result, the mass ratio of
particles of 20 pm or below was 0.00%.

(Example 4)

A 20 mass% of Co was loaded on a 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%, CHy; selectivity was 7.8% and CO, selectivity
was 1.0 %,

(Example 5)

The same reaction as in the Example 3 was carried
out only by letting a 30 mass% of Co to be loaded on
the support and letting W/F to be 1.5 (g*h/mel). As a
result, the CO conversion was 74.7%, CH, selectivity
was 3.7% and CO; selectivity was 0.6 %, and the
production rate of the hydrocarbon having a carbon
number of 5 ox above was 2.1 (kg - hydrocarben/kg -
catalyst * hour)

(Example €)
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hydrochloric acid solution and an ion-exchanged wat er
to obtain a support of silica as shown in colum Cin
Table 1. A 20 nmass% of Co was | oaded on the support
of silica and a Fischer-Tropsch synthesis reaction -
22 was carried out and, as a result, the CO
conversion was 74.1% CH4 selectivity was 4.8% and
Coz Beldttmapsy} s 300vws Fueeded <m absagimwct of
istance test e a sugFrsonic wave at the

o ¢
Pooh TenBBr AN o RESG T BOPEIE 1S & 188¥BuAn column
&nq of he,f g acturedgor @ﬁé%ﬁéég%féﬁgcﬂas%ﬁ?%%%g% FPeaction

a result, the mass ratio o arti es’o

Relsove yps i 8 0Pt SEityl ls i { RET e Hew gt Ay SheWhi &N a5 4

had been subjected to the reaction for 1000 hours was

telslect pedt handC@ ceaswrenpoh was NALe7RQr GHpasélebeivity

size distribution. As a result, the mass ratio of

Baet idd 8% 8D 22 1BEItdW ey 9300% - [ EXanpded 4:ha

20 ss% of - Co was |_oaded on a support of silica of a

RO P S Pe A0S 3BEniiR RBAR AP0y fRY EhFn ST SR s on
Fseher- T, h thegi s,y eacti Was _

Rl SR R e N S T S

48c4%y ¥ -sgleGty vity was 7.8% and CO2 sel ectivity
was 1.0 % (Exanple 5) The sane reaction as in the

ExanpkBxamypalse cairied out only by letting a 30 mass%
of Co to be |oaded on the support and letting WF to
be 1.8 @émmﬁﬁyi Af £0 was loaded on a 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 4.93% and CO; selectivity was 1.1 %, and the
production rafe 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 support of
silica having a large amount of impurities as shown
in column G in Table 1 and a Fischer~Tropsch
synthesis reaction was carried out. As a result, the
CO conversion was 24.0%, CH; selectivity was 8.3% and

CO2 selectivity was 0.84 %.

Industrial Applicability

As has been detailed in the above, according to
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result, the CO conversion was 74.7% CH4 selectivity
was 3. 7% and CO2 selectivity was 0.6 % and the
production rate of the hydrocarbon having a carbon
nunber of 5 or above was 2.1 (kg - hydrocarbon/kg -
catal yst hour) (Exanple 6) - 23 A 30 mass% of CO was
| oaded on a support of silica having physica

phépdrite #engs ighoentiiwrool annatBliys Talflog 12 aRdsgher~

|scher Trog h s ntheS|s reactlon was carried oyt by,
tﬁ<¥ \Fﬁ%ﬁ SpeWhich pgxRibidey gn @t eemely high

ggg Lon v, e T S8 SLY s Addande

y Wwas an i onT rate
EE%eWEIQCQh*athE‘@é{bEBna f@ébgaaweefofuﬁe Ofa2BAUSst, and
was 1.9 (kg - hydrocarbon/kg catalyst - hour)

& EXdrgultee 7'} T ofs ¢S s Ynafh €6 wax dapatiédnore h Sbprddg 2
of silica having physical properties as shown in
L rYers Mﬁﬁomleon xR FEionercar opsem yat hagisied out

%ggétkgb arried out by setting the WF to be 2.
%uF?tﬁ ®O conversion was 74.8% CH4
selectivity was 4.9% and CO2 selectivity was 1.1 %
and the production rate of the hydrocarbon having a
carbon nunber of 5 or above was 1.4 (kg -

hydr ocarbon/ kg - catal yst hour) (Conparison exanple
1) A 20 mass% of Co was | oaded on a support of
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silica having a | arge anmount of inpurities as shown
in colum Gin Table 1 and a Fi scher-Tropsch
synthesis reaction was carried out. As a result, the
CO conversion was 24.0% CH4 selectivity was 8.3% and
CO2 selectivity was 0.84 % Industrial Applicability
As has been detailed in the above, according to - 24
Thelw esent i nvention, a catalyst for a Fischer-

Tﬁﬁp&ﬁh—§7ﬁ+h€5+8—“ﬂhi‘h ept Hs—a—exterety—hi-gh
Ct: A\H tu 8 ha ’DrCMuvvd M iE rouHt ﬁ L r:\ffl ‘Z\E! F G
dtré& Gl{] dhaME5eEi oh 16Si StﬁﬂlCE ofotregmt al 3131 angl 10
d Clrér‘hgr(nﬂnn;gh Sy thesils readtion exhi hJ_t|nr| a
W r cAFB8n pf odyst|i gt al cariied
%Lgh théggjzglvqt gahle %EELAB%%EF"ggPe d?gﬁe ggio 341
1010F@3R 0820 u re 023533041 ©43 1.Surf pge q;
Hor e vol(mﬁte’(gBmll qﬁ% géljgclj}s%é"é ?f# 1Nalig 6%8211.20
qéerentnaeindiratnismpport 1201051101801763161480
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 B 10 15 16 27 22
(wt ppm)
Fe cencentration
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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(wt m Ca concentration in support75325111011118741
(wt m My concentration in support1381015162722 (wt
ppnm) Fe concentration in support25201320293315 (w n)
Al concentration in support946242349210350 (wt ppm
CLAI M5 What is clainmed is: 1. A catal yst for producing
hydr ocarbon froma syngas, conprising a catalyst
support on which a netalli €hi8und is | oaded,
‘wherein an inpurity content of said catalyst is in a
range from0.01 mass%to 0.15 mass% 2. The catal yst
di;ng claim.d, wherein an alkali nmetal or an
gﬁig [ rlig- eéair)??’}mer?etlaﬁ‘ content in said catal yst support

is inma raggeadd ppse. %ﬁﬁ%ﬁ&zﬁémo&rﬁg@l from a

catal yst according to cla el n sa
iy s, TPPEL sdaid Séi eatalPpse sAipPBEer o Wwhi8AJQ

from8 nmto 50 nm a surface area in a range from 80
MY gal dissompguant Bs pdraded,

wherein an impurity content of said catalyst is
in a range from 0.0l mass% to 0.15 mass®.

2. The catalyst according te 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 2 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 according to any cne of claims 1
to 3,

wherein said catalyst suppeort 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 teo any one of claims 1
to 4,

wherein sald catalyst suppoxt is silica of a

spherical shape.
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volune in a range from0.5 nL/g to 2.0 nl/g,

simul taneously. 4. The catalyst according to any one
of clainse 1 to 3, wherein said catal yst support in use
is one letting said catalyst have a fracturing or
powering ratio of 10% or bel ow when an ultrasonic
wave is emtted for four hours at a roomtenperature

to saigd cahal ysit«goer satkdpdi@lerto Sanyhe @t dkyelaims 1
according to any one of clainms 1 to 4, wherein said

¢ B yst support is silica of a spherical shape. - 27

6. The catalyst according to any one of clains 1 to 5,

wher ek &8 4 mBadid i BeEs dCEBRCAHE @enitapkas dfe least

ki nd | ected from.a gQroup_consi sting._of, iron

S50 FERH BEAS GhAS, drthl Amd SRS BECRaIA§Rs of iron,
ROMU T NOnlie I A1 BHG £ UbRERLR,Al d Metallic compound
is made froma precursor of netallic conpound of the

al kal 7 .metphe Oka tal kpbt ng-s # 01 At &lo CODhERE ®©f 5

mass% or below. 8. A produci ng nethod of the catal yst

descr Wbetein galcdmebhldlia nesotipomrid ibemgidet fgom a
is |l oaded gn a catal yst _support after

!
%?t@?cr%‘?a%ﬁénpﬁ Febadl idh FApEOHIA eEntdm &l Kad lometal ox
Eaiaﬁﬁgyggrsc%pﬁés:alls t‘.pgrrli:granEdOEOS mass% or below.

8. A producing method of the catalyst described
in any one of claims 1 to 7,

wherein the catalyst is loaded on a catalyst
support after a pretreatment to lower an impurity
concentration of the catalyst support is performed to
the catalyst support.

g, The producing method of the catalyst
according to claim 8, | |

wherein the pretreatment is rinsing using at
least one of acid and an ion-~exchange water.

10. The producing methed of the catalyst
according to claim 8 or 9,

wherein the catalyst is prepared using a catalyst
suppert obtained using rinsing water of an alkali
metal or alkaline-~earth metal content of 0.06 mass%
or below in said production step of the catalyst
support.

11. The producing method of the catalyst
according to any one of claims 8 to 10,

wherein the catalyst support is of a spherical
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the catal yst support. 9. The produci ng nethod of the
catal yst according to claim8, wherein the
pretreatment is rinsing using at |east one of acid
and an ion-exchange water. 10. The produci ng net hod of
the catalyst according to claim8 or 9, wherein the
catal yst is prepared using a catal yst support
shanseghagaty PynsPmpwbRer neftwdal kal i netal or

al kal iine-earth netal content of 0.06 ss% or pel ow
"n sald -pro%ﬁet PHP L EH G RISk a%g‘?hes%&&&hwh.

i 0 e t S C ding to any
%%%%gg#gi rn?g: gg{,g %&%f v%grglﬁ%jtﬁ% ?:att% 30/12{’ support is
of a ghlerdLal t2@ SHERE yFAPSHApRY AT AYi 89 1R H0d.
12. The producing nethod of the catalyst according to

any oié.of Xl prerlficinglhetivder eifn Hdrcatalhyst,

support is silica. 13. A producing nethod of

hydr oW&edoni nwhseeihy d heciarh on adisop ¥ edpeeduchrofr ansyngas
a _syngas singtSfid catalgst descri bed in any ane of
EF%W@ §aid,catalyst described in any one of claims 1

to 7.
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