adannidomddigalaonssnmlfidetayeding

Tou

f/ ﬁiﬁn 23
mﬁ&uﬁ 73G-CHEM-2548
‘qmmjﬁnnaﬂuﬂu 1l 2548

Wi Iy an e
wnanﬂitmﬂmﬁ
* ngamwa

UNTIAN 2549



\\
b
WAl - N
- y S
\
i
A = \
-
F - ) -
’ A 3

; d T [
aLIveYRly g TR Aans hisunavey
v + ) . \ \ -

- mewauduln o ougITInAIn n15) anuaamyu lutendls

~ ] d - o
FH3IN L LHIDNAITUUANUAALHU
R = & o/
VUAIMUAAVHYDIADTIUY
3

rr
It

O EUMIEUIMT
- ARINIaiNYINgNa



Tty

Tasens Woa 73G-C

Uy szasiatse ANl 254s

T -

Vo

i J
DSBS :
AT Ineae

UNTIAN 2549




matly

ni
WU 2. 4 N/N 2
b - 37
Tagszaedlasims | 8
e 1 SIE TR T S g IR i Fufiwmsiludr 9
NuaEreveINanWITERlee WA 10
suanalasinsfazinluaed @ 12
sutizanm 13
LBNEITENES 14
synamadineu 16

ROUUIMNIUIANS ¥
ANRINTUNIINENRE




WU 2%, 4 N

WULTIEMANATIIMaesMs TR lagy NMTARURRY
ENSEEATMINUWIANEMNNNTUAITHEAFMNTTA Nial Basic and Strategic Industry

lassms3dusas (mwlny)  misuensdisamdsfiaslosasanljisudssefine

-E"a-mnﬂqa Tnsdwrt (Insans)

1 WA WsNINT 2186869 (2186877)

2 wagale twilrzom

2186869 (2186877)

o A e N

avia :12-\"07/

(WIUUTILIIR WENTNT)
SALWAN
W 2548

e o - -
WilamuastBuaiNeI TUHRNUATINA
N . 1

1. Jagdszssdvaslarams
amjmrnLﬂ‘i'uumunrwmuumwunLi}g'lﬂu'[ﬂﬂn'rinu%muw‘lﬂmmunﬁ‘lﬁum
e TN UINT
aﬂluaemﬂﬁmn

unmm’nUﬂ‘lﬂmmmwuw"lwmmﬁvﬂumum'lmlunmauuimau 1 UnAY

[R%“@:W'ﬁﬁ’% PR TR0 £ 1R



2

e
¥
|

L e 2

S

i

T

RO T R R R

e S

UNKI

LT INAITA (Cio-Coo) n‘Junﬁmﬁm*ﬁﬁ'ts‘fmnm‘snﬁ'mf‘zﬁ’uﬁu'lwzmqmmqﬂizaiwa 160-
300°C waanwd Wi WFidudawiainissnuddims wananitasnaiudams
ﬁamﬂ:ﬁl.%'mwﬁaﬁwaﬁ'\ﬂmmmﬁﬂﬁ'[ﬂuﬁ’ﬂﬁﬁ?mﬁmma{iﬂm (Fischer-Tropsch Synthesis
wia FT8) Faiuliftonndwaflnasuvaslalonanussafuauunuanladvdoufadanmed
(Syngas) ﬂ‘lﬂmnﬂgnsm Steam reforming Y8IWARTTINTA nIam SLN"I“.‘ﬁnﬂmn’mﬁu WILTRI
Wlugui 1 Bandedimadi ldnnUgiten Fs selinuuigndye bibuRudaiowaedan
dWasenldaswidon 19u damad SewuluBamaediaaiidaninduiu

Natural Gas

or

-25%

Coal

= a & &
31"1 1 LHRAINTIIATIZWLTALN

JINRAN (selectivity)
2 SR } o o

¢ synthesis  Aillutasnafl limusawdfstulasle tesannis

Wwulavasmaldlalasmivan wocarbon chain graw‘g_gl gnALRulaoninnIM

N im:m‘ RN e
kinetics mu‘ﬁmm bilge AUBINRANTUN
nUizen FTS fa finu 100%, C-Cq Tmaﬁm*ﬁs%, unzﬂmau:&s% Boiwdsdimdo8% uaz

el N AR

1. pslansaiiseiidlelaiifuasdusenay [2-24]

AELHT mmnmmaw uwuﬁ:ﬁ
'lm_l;]mm Fischer-Trop

luga9l 19802000 vwisuAiigadesiulfiion FTs ldgastulimedumaiiunanio
& = - ’ = @ i 3 L 0 o ' an -l -t
damwaauudn (gasoline) fnmiandlelavianlfidudwlsznavludusalfisin desend

TalanBauaunsolly  molecular sieve 7l swidtudEInleTouaNEUTIwATTR




e R T———t

)
4

- )
ot

HAANTWN LU C-Cq waninitaananuaansaidu molecular sieve W87 SoWLTIHRGT WA LT
o an ) . a w e '
nniisen FTs lutwaenwsnueduezgn wiswiladlassine m gendanaiaslailunms
a aaa o4 = o= o
Walfniowesdlolavisfianiiunia  (zeolite acid sites) fiflarwaansalunmslaou

lalasasuevwuumeasaiiulalasausuuunau (branched) kazuuuag (aromatics)

o - 8
2. mslfiniasyinsofiuy 2 1% (dual reactor) [25-27]

.
=

v o a & L vﬂ A e v € oo -t -~ o ¢
maldieTasfnsalbuy 2 wldgnihunldifeifundanusiuialaiu lovuRanusd wax A
L Ed 8 . i el d = J . " A“ﬂ
19muiten FTs lusuusnazgnasdalildaeiaslnanifiaas (catalytic cracking reactor) il

Tolavistia HzsMm-5 Iwdasnjiden edessmmiuadanmaiufalofudely adiolsfionw

- : T Y = 2 - o ¥ e ¥oa o '
7=]Jﬁﬂ-ﬂﬂa']11ulﬂu'nuﬂuluﬂﬁ?']nﬂu'r‘]“nqﬁ & uu‘wumnﬂ‘muﬂl{agmn
4 -

luilhaiu  uwalduwas  Fischer slumssseTzRihudLR
> - - & oy iy

AN TTTINIR imndluiuivinglnandaliign

. a i 3 &= Hd A -

vanlfleloniraouvsuulan ST HERARTa

& o e " 3 The . .

WainRsdira ldunin 25% 95t niRdadneuasaTnau®

lalavifia gwguiloweudn

a4 L3

Twwas e ldaueveslisg | : _
a A 4 = A - EAVOAYN L A e

molecular sieves TN dzninruaingd #38 desopordus ldpnsstamzArulas nduiniduuas

) - %

i %‘fq\hﬁs Tonil MCM41 q

- o A e g - 1 3 - a a -
dunislussnguitn leTuanng M_G&-'Muqmanﬁm fin @
Tmnamiane swIeLFuim

fmﬁﬁ‘:ga (apadutszanoy
guinaFaaTzd lalugag 2-10
RnMzATiaY (thermal) uazAIABT (Y
UFRIMAMIRAUATIEY  MCM-41 &%nﬁ'ﬁ_[ﬁn'.
MCM-41 mmmﬁuﬂ'ﬁlﬁarjwni‘mﬁjﬁjﬂj@mfg fdaudio g fialunsi MCM-41 an
ﬂizqn@ﬂ.-ﬁ'ﬁue'f‘:L'i«uJ.f]ﬁ“ﬁgi‘]:iséhér-Ttﬁpéch:Jﬁ%ﬂihﬁﬂﬁﬁ'ﬂﬂﬁﬁﬁ sHeRI U TEeTE MCM-41
Husudsznaufienu b i terae: e

alasenfuauiilnainin H'ﬁﬁ,«ﬁ

- - g
FLTRNUINYY

e .

SRATTRUafnIAMAN WMz Y8Y

SOUUINLUSNNS
AN TANYIINEAE



e ——

o

Hexagonal Array with
Hexagonal Liquid Crystal

Silicate Layer

Rod-shaped Micelle

\

Pathway 1
—_——

Preorganization

Calcination

Fy

v Pathway 2

P R 4
E:J'n 2 LRSI IR

e
3. nwddniiiadasiuaansallf idh s 'maf- 1171 -4 iuesflsznoy

Tull 2002 Panpranot WURsgib: (31 fﬁl .
$295ULLY MCM-41 Iﬂuﬁﬂmuu

s iisenlauoaduuan

=t

Shilganmanalgisgend

ﬁats‘eﬂgmmuuummnnu Fnlaadidrsassy o 33TWATAINETINL I MINIEY
m1|aa'[av..'[ﬂuaw"luamtanauumsmm}!m:! | nau'[ﬂuamﬂwmmﬂumfm

aw A o4 v e | - N R L = a . aaa
4.mmw’nmmvaanunangwaammamm rans s ssUfsen lul ARy

was-Insl

Tasy Wautia uilunseuss
s aﬁ@ﬁﬂmmﬂ%ﬁﬁmm

Faaduaslfinszwinelansuazaasasiy (me’@i.suppon tmeraﬂn) Ruel uaz Bafthelomew

oo N RS R R E AT I VEE R RGED,

T=u‘la‘[mm$uauumwamwuﬁnu'ﬂmmaﬁwm-uaam'saﬁu luowidnuas  Iglesia  [35-37]

MuuITmstRaniiates C., 'Fhmnmanmuaomfmnnwaaauummamumwu_anﬂwaam

w o = e e A — o g s " A o Ko
sammLmnmanuTmufn'l'nmamsgwmmmmﬁnuw (intermediates)  UWBWWHHIUDIA I
UiiTmuendnny  adnslsienudasiundoweuasgwsuaglugionii  (wide pore size
distribution) anfiigu axgiiwy &&n1 Tnvuile wasweslaudie dnvildifendadueilalasanfuau

w



i S —

s

S et s

finannwang mslimsidluweuasgwsuuay (namow pore size distribution)inadadimsidan
iievsndanmaians glul it foweiing

Uslamiianainorlasy
- a 0y a a =l . aaa . a oA
mafunsrdauaTandsdah ldlasassnnufison FTs dlumssadunumsndsiiiasan
dunsseruaenludjifonmsuenasiouss wax Ralildiwawmddiasdaiuwlffisodaiiasen
- oo = P & a s HW o A = = T PO S w o ot
ﬂ{]ﬂ‘i!.l"l FTS anniavud f.‘ﬁﬂI.'Nﬁh]ﬂl'ﬁﬁﬂ\lﬂﬁlzt}ﬂ'ﬂl\lﬂ‘iqwﬁﬁ\!‘lﬂdLﬂﬂﬂﬁﬂaﬂﬂuﬂﬂ&ﬂu Luaamn‘luu

t v o o & a = & ¥ owoa A e ' . -
m’iﬂn#'l"l\'ll.‘iEIlI'HL'Plf!ﬂuﬂﬂl‘ﬁﬁlﬂﬂdﬂl‘ﬁﬁﬂiﬁﬂﬂﬂﬂT‘i ﬂﬂ“u’?u“ﬂu-ﬁ"l%'}ﬂﬂ'ﬂdﬂﬁ'\?mﬂ"l'ﬁﬂﬂﬂl‘ﬁlﬂﬂﬁ'ﬁ

wawsuurasanssljidonuuulng  (Robust  Catalysts)  Aimwnsadnenaidvlevassald

lalasmduau (Limitation of Hydrocarbon Chqirﬁ‘ neae deuwamadansmanesinly

1 aanmtnmlﬂmmm'nmamw
(Desired Product) Tﬂu‘lmnﬂﬂ;jn'mwamw_ﬂnmnm‘nﬂ ndesired Product) @38ti14
wanlfizoasnamldun UGAToneen @ ]

Ungnaldléfulfitondn 9 Adasmsdanams

n of Methane) 2a3iiinu

WasiafizenliiAnsamuaavionss
[ & e

afuaulasanled (Judu

- - g - % i -I" 3 & y ;3
Tumeinljismanamzuuufnsading il Akq\mﬂ §9 ua*lﬁamﬂmwaa
_ _ w}; 'ﬁm'nnﬂﬂﬂmmmaﬂ

v oa e o o J . e
amu'lﬁuammﬁﬂwmﬂtmnman LTS RGO LN, aiall  atelsfenwan

aotﬂﬂ"ﬂuuuﬂmﬂ‘ﬂmﬂmﬂaBu'mﬂm ﬁﬂum'ﬁauf Wax lWbensnudniuniteinltiie
m'l'ﬁmu'lua'mﬂana'n 'mnmwamaam'l'ﬂﬁm}wmﬂ:l' iiEEns s aarmansnunanianad
2Y .:‘.lﬁ'lﬂ'uﬁﬁ% YDIHRANUN
=7
PINMIAMIFUATIA UL maﬁmﬂmuﬁuymm""‘"f“ WA SiuyBIngial
#iau (CH,-) muﬂuuaﬂuaoﬂgn‘m’m}‘smu'ls'[mwu_tﬁﬁmmauuauan'l&nﬂ (@Hydrogenanon) Al
mmﬂumu'[fmuﬂ‘num'rnaam*sﬂ‘s.nau‘laTﬂ'smsuaunumwmammummnwaaﬂgnmﬂwa
waslsduiiRadu HEAATUIT muhagr&ﬂ %%a?fm l qufﬂﬁ Rup%dwaﬂgn:uwﬂﬁ
msnrﬂumnmaumﬂﬁ?é ml:lnmwg @wﬁﬂ@aﬁnfnuﬂl ﬁﬂ'smm'nmwm

ATATIIIMIRA LI UAILA 10 — 20 Brea T uaqg'lamﬂsh maﬁﬂnﬁmmu‘lﬂmaaﬂﬂmmiw

‘ﬁmnﬂsm‘fué’jﬂf Rﬁ ?#‘i ;ld?ﬁag‘]:s ﬂf)v
quan'rsl.nm'danlhart mm ot’n u.ihﬁ nnmam‘u

lalasansuau {L?Fnitaﬁon of Hydrocarbon Chain Growth)

._w‘

P i s e as ~ ‘
Tasamsideiiuanaindunsmiuwamenianagnt (Strategy) lumsindamsidulevasaols

s v o & o oo . a 3 e
‘].E‘Iﬂ‘iﬂ'lﬂ_lﬂu‘l‘ll‘l"lﬂdl"ﬁalﬂﬁiﬁI.']SElkﬂ"i'l-lu'ﬁdEi"'t%ﬂ"’lu']‘in‘i’l'l‘].ﬂqﬂﬁﬂﬁ‘ilﬂﬂﬂ%ﬂdﬂﬂftﬂau‘ﬂENG"I'H.‘N

- o At el N el - w 4 A -
CUifenfiflasilszneufimanzsy lasawzmsldmsssiufimanzauanaiilinmsinanmaule
0 o v, & il Lo v w € o Lo o o

'ﬁ_ﬂﬁmﬂ‘[‘ﬂlﬂu‘lﬂ.lﬂdﬁlﬂ‘ﬂu 7N ﬂqmluﬂﬂﬁuu\lﬂNn"l“jﬂ'ﬂl;ﬂ's"l:“ﬂ')‘iﬂﬁ‘fuﬂqd ] ﬂusww'ﬂu"lﬂﬂﬁlunﬂﬁld



g _._{Mesopomus Materials) ﬂaﬂmmmac‘mg&ar‘.‘imha 1.5 10 wiluiuas -I’fwmam"mniﬁwmw
' ; ﬁx_iumazﬂué’mﬂsmﬁ'mlumsnﬁ'ﬁnmwmwnﬂumqa (Molecular Sieve) fidaamsdsaziiunny
Iﬁ'\ﬁa‘uw]wﬂmTuLar}aﬁgngaiﬁ'uua:muaanmnﬂmﬁmﬁmm‘ﬂﬁmn'min'lﬂ wanamnasmlsznauses
Fnliienud smazssjien wn annpil Anaeu uaztam Allenudiidydemsdansu
O sasdenneiiieduinge  adslsiemonuidsifuimstamaafismfmnsadmiy
 UiEmdsndniluwan

AOUUINBUINT )
RN ITUNINE AL




- - a [ o - e
FIHRTIDHAININUHRITHATINNTIURIYBINTITIDY

(1) Januszaduaslasams

= - av & x e e i Yy . ar : - o
dlumsansddsugmlumsiamndnsufidoussnsuaumsiniumsdahdudios
= o g ana : & e ;
Afltuzdudrand fizodsmes InslWiusanirngedu

SONUUANBUINNS )
NRINTANMNINEAY




A o - B
TURTIBBAAYINUHRINWANNNIMIIVBINTIVY
‘ aw o @ - o . - v &
(2) apdenaFrufisysznitununwidsiaue Llulassmsnunuddedldduiunsluud nalu
' = P =
fuvastluyszunm 2547 (lasunah 1-4) uazihudszunm 2548 (lasunadi 5-8)

2.1) lugaslasanafi 1-2 vesilos47

| fanssanaawns lasua | lasung | laswna | lesing | lesuna | lasang | laswna | lasune
ATNREWITH 1 2 3 4 5 6 7 8
Anvawalienans SURNHES T el i S

aLas

m“?nuqﬂn‘nﬁua:ﬂ'ﬁmﬁ

FuaNt MCM-41 e |

| Faamed Co/MCM-41

FUATIER Co/SiO,,

ColAlLO,

Fuanzv ColTio,

[___’ uinnuispfieuwe lilulasams

ae "
- niTenTlaaTa \)
-

SONUUINBUTNT )
RINITUNINENAE




2.2) wgslasunait 3-4 va9d) 2547 uszgaslasanad 5-8 vaell 2548

|
i
|
[

fonTsau/dwaawns lasang | lasing | lasue | lasing | lasina | lesana | losng | lasana

AR 1 2 3 4 5 6 7 8

ATIVFALANWUSYBIAILTY

#3714 FTS Reaction System

@37930 Activity/selectivity

aglﬂnaua:ﬁ'mumu ' -
Waszindnmueaanss T KR i‘\.\
| UjAn SN
; ar LS man A T\ “: " - .
: Fupniaassljise Co P o :‘
! v, W,
with promoters o— - N\
ATIVFIUANHIUTYDIF T 94 (R 4 N
. bl e
| 777270 Activity/selectivity S

s - &
ﬁnmnwaam*smu;‘lﬂa

waaslu Co/Tio, e
e —;u deji o) ;4
s o s Y '
anIFsUANMTYAITIT | Y& o

752979 Activity/selectivity

a;ﬂnmm:{mﬁﬁwq’m

I — —1 -
L AN NI INENRE




a ] as o . -l'lua - '1 1
TMgandgaingINuEaNRaNMImEInlaaiwnTlluaa
(3) Muazndueuasmadduilddninnslluga

(3.1) Tugatlusn Euiszannwsiuduil 2547) waonddod lasniivnsloug S8

—

L2 - s d o s et 3 - e )
funimdayslumsiteifateisadisasiuuazeaiisl fidemnnsasdnaszing
[ P w a a = - o

wisuUnIniuasRaFemnadiielaSsudTesuuazausaliite;

3. 1@3HNA2TE9TU MCM-41 .

4. Fuanzieusalfismlevaaduuaasaciy ldud CoMCM-41, ColSiO,, ur: Cormio,
laeAT incipient impregnation method [13] .

5. @5IROUANWIL (Characterizationl oo le

6. &34 FTS Reaction System L} vity/selectivity 7836139
jiFefiedonls

7. @799 Activity/sel

8. afuvuneanulunae

9.

(3.2) Tugaeiifizas (& @uiunisluds deail
duatndayalu NsasaaLlszin

2! U5

3, solanlddatuauu R

a.

5,

6. @RuunaNlu TR

7. spduauszdeynTaMe T

-

SONUUMNUSNNS )
RN IRl INeae

i




(4) masmildonTasenmsideit
. Taunan 9 uf2eddsaananidneliifansnuidsnd dsumsaRatlunsa ey
' WA 3 Fas -":‘iqau"luﬂwil'wwac ISI &4 impact factor TIUAWYINAL 2.349 TinanLe
"'Hﬂﬂﬂ"lﬂﬂfﬂuﬂ’]lﬁ'ﬂﬂgﬂfﬂ’] ﬂ"lﬂlﬂﬂ..“ﬁullﬂ'ﬂﬂﬂﬂ?ﬁ\ﬂjﬂﬂfﬂq uﬁh.ﬂﬂn"l‘fﬁnﬂ:ﬂﬂ'l'ﬂd?aﬂ‘l'luﬁ"ﬂ"l
' m'smamnwaqmmﬂgnsmLﬂu‘lumuu'nmqmwmﬂuuum"mﬂummuuu Tausiluwuinms

danlsivEnwsssdaalfisnmunsaildles msldasasiuInmifloAlinanas wasldn
- ARUAYY (promoter) mi’lmmmnu mslEasasiy MeM-41 axdasrluannizitildiAemslsney
-um[nuamua ﬂ']‘iﬁ#iﬂ'{ﬁ'ﬁﬁﬂﬂﬂﬁ

& ) e Y] e o e a
una TN SUMIARAR U T TIEA LAWY

rmg CO hydrogenation of

[1] “Dependence of crystalline phases in
Co/TiO, catalysts”, Materials Chemi. : (20 5Jerd Jongsomiit,
. Chitlada Sakdamnuson, and Piya ) '

—
e

iy e SN T
e

ettt L Ees il i
LS

[2]’-'Me_ta'|'-su_pportinteracrion inm sifed 4 o558 ' cher-Trapsch catalysts”,

7 Tropsch catalyst”, Reaction Kinetics & 2 is Left [Bunjerd Jongsomijit, Chitlada

-:--Salkdamnuson. Joongjai Panpranot, and Piyasan Prase ac'aclor(lSl)=0.618

SONUUINYUINNT :
e IalNNAInenae

----




e Tt — o A
e

'
:

TRl

TaL

szantlunlszanm 2548
Tasinnsidaides "meduasviidawdsfizalagnssanjisefnaeiins

seszidgnsulssunmnisiag daiunmunNeaulsEanes o

AT e,

i3

18019 sutlezanm
_Q’Jﬁ\“‘l 1 17'| 2 nﬁﬁ"ﬂ 3 ﬂm'?aéu
(umn) {uw)
1) susiiunig B
. ANIAANABLLNY !
Amauunuinade c 61,060 61,060
) T o -
HAUIGATNDTIBIAITN 1
A doninide 2 Au ~ B
(ﬁ'ﬂﬂﬁutﬁﬂuﬁuaz 6,360 LW/1e8 ; :ﬁ"; “ E : - 152,640
nuInAN IEaey 7 A TR 4
Andaiuiuazdnnsenuy 5,000~ 5,00 - 10,000
x - e =l B
| Allewdidsna roma ?E; - 20,000
o= - [ ¥ J” I
AATIzsaaeing 1 8,45 ] - 176,900
P T e o’ ( 7 A -
RaIAATTHG aEE -
AasaidwiLsTansosaljiven qu 7 0 - 100,000
Awdaluntsidgmeen (Y o - 50,000
13 - J -
Ariandunifes Ardenuy . . 40,000
2) wRnu ﬂ m
a ¢ 3 .
RHINATAN
Taint Qs P _ _
& = - &
gauneRuuRy (mvﬂ L 2747 74,7 ?OQj r g1]0‘6§ 610,600

WNINLRY




£

® o A »w N

e

10.

Ak,
12.
13.
14.

15.
16.
8

18.
19.

21.
22.

23.
24.
25,

lan&1701989 (References)

Anderson, J.R., Structure of Metallic Catalysts, Academic Press, New York,
(1975).

Bessell, S., U.S. Patent, 5,16,377 (1992).

Bessell, S., Appl. Catal., 96, 253 (1993).

Bessell, S., Stud. Surf. Sci. Catal. 81, 461 (1994).

iric, J., J. Catal., 56, 274

Springer-Verlag, New _
Gormiley, R.J., Rao, UNM.S. JAnderso

R.J., J. Catal,, 84, _
Verma, R.L., and Jotnix
Chen, Y.W., Wang, F
Chen, Y.W., Wang,
303 (1983).

VR Ay Y1 U A
sprty g g l)

OukacﬁR.. Sayari, A., and Goodwin, J.G., Jr., J. Catal., 102, 126 (1986).
Oukaci, R. Sayari, A., and Goodwin, J.G., Jr., J. Catal., 106, 318 (1987).
Oukaci, R., Wu, J.C.S., and Goodwin, J.G., Jr., J. Catal., 107, 471 (1987).
Oukaci, R., Wu, J.C.S., and Goodwin, J.G., Jr., J. Catal., 110, 47 (1988).
Ohtsuka, K., Chem. Mater., 9, 2039 (1997).




T T e s e S sl

Lri b s L P | g R L

26
27.
28.

29.

. Panpranot J., Goodwin, J. G,
. Panpranot J., Goodwin,
. Reuel R. C,, Bartholom
. Vanhove D., Zhang Z.
. Iglesia E., App. Catal.
. Iglesia E., Soled S.
. Iglesia E., Soled S.

Hagg, W.O., and Huang, T.J., U.S. Patent, 4,279,830 (1981).

Kuo, J.C.W., Final Report, DOE Contract DE-AC22-83PC60019 (1985).

Beck, J.C., Chu, C., Johnson, Z.D.,Kresge, C.T., Leonowicz, M.E., Roth, W.J,,
and Vartuli, J.C., World Patént W091/11390 (1991).

Beck, J;S., Vartuli, J.C., Roth, W.J. Leonowicz, M.E., Kresge, C.T., Schmitt, -
K.D., Chu, C.T.W., Olson, D.H., Sheppard, E.W., McCullen, S.B., Higgins, J.B.,
and Schlenker, J.L., J. Am. Chem. Soc., 114 10834 (1992).

. Kresge, C.T.,Leonowicz, M.E., Roth, W.J., Vartuli, J.C., and Beck, J.S., Nature,

359, 710 (1992).

Today 77, 269 (2002).
. 211, 530 (2002).

atal. 9, 327 (1984).

-

7]

SONUUMUSNNS )
RN TR INENRE




Page 1 of

by IS| Web of Knowledgesy

? ittt

2004 ICR Science Editio

A RETURN 10 - |
e a‘en GF saguce

9! Impac: Factor Trend dGyaph: MATERIALS CHEMISTRY AND PHYSICS

Click on the "Return to Journal” button to view the full journal information.

MATERIALS CHEMISTRY AND PHYSICS

1.8
1.6
1.4
1.2

a.8
a.6
8.4
8.2

Impact Factors
-

N,

yith which he "average article” in a journal has been cited in a particula
al's refativ . ortance, especially when you compare it to others in the
on this and other journal titles click on the "Return to Journal” button.

The journal impact factor is a measure
year. The impact factor will help you evalua
same field. For more bibliometric data an

NOTE: Title changes and coverage changes may result [n’nojmpa&ﬁihm‘ for: nne or more years in the above graph.
Aiiia JIJ j 1 N i
2004 Impact Factor RN TN
Cltes in 2004 to articles published in:2003 =498 [umber of'amde& Eshed ﬁLZD&B =735
2002 =609 g A4 2002 =260
Sum: 11078F JSLEsl Je :,.:..,,’j’ um: 995
‘Calculation:Cites to recent articles 1107 =1.113 . — —
Number of recent articles995 T T

2003 Impact Factor

Cites in 2003 to articles published in:20
20
Sum: "EBS

Calculation:Cites to recent articles 685 =4.183
Number of recent articles579

2002 Impact Factor =y —
Cites |l'l 2002 to articles published in‘ZDU:‘I. = 18§ Nuhﬂaercf artides pﬂbﬂshed in 200:1 319 T

OIdp 4231 LJ 0 O L) U #0ob ~.222
Sum: 421 i Sum: 541 O 7

Number of recent art!cdes 5‘43‘.

Calculation:Cites to recent articles, 421 =0.778 _ L L WS )
V6 € £ B la¥ o ,\'.- .".' —~
s.‘ y 1 B % ] i . R ',"- _-"._ ] I_ I_'. [ :

2001 Impact Factor '
Cites in 2001 to articles published in:2000 =154 Number of articles published in:2000 =222
1999 =157 1999 =189
Sum: 311 Sum: 411
Calculation:Cites to recent articles 311 =0.757

Number of recent articles411

2000 Impact Factor

Cites in 2000 to articles published in:1999 =70  Number of articles published in:1999 =189
1998 =211 1998 =269
Sum: 281 Sum: 458

2 Calculation:Cites to recent articles 281 =0.614




Avalilabie online at www.sciencedirect.com - e
SCIENCE @nlnscr-

Materials Chemistry and Physics 89 {2005) 395401

MATERIALS
- CHEMISTRY AND
"~ PHYSICS

www.clsevier.com/locate/matchemphys

Dependence of crystalline phases in titania on catalytic properties
during CO hydrogenation of Co/TiO, catalysts

Bunjerd Jongsomjit*, Chitlada Sakdamnuson, Piyasan Praserthdam

Depanment of Chemical Engineering, Faculty of Engineering, Center of Excellence on Catalysis and Catalytlc Reactwn Engineering,
Chulalongkorn University, Bangkok 10330, Thailand

Received 20 July 2004; received in revised form 7 September 2004; accepted 20 September 2004

Abstract

The present research showed dependence of crystalline phases in titania on the catalytic properties of Co/TtO; catalysts during CO
hydrogenation. A comparative study of anatase TiO,- and rultile-anatase coupled TiO;-supported Co catalysts was conducted. It was found
that the presence of rutile phase {19 mol%) in titania resulted in a significant increase in the catalytic activity during CO hydrogenation. [t
was proposed that the role of nutile phase was to increase the stability of the support. The impact of water vapor produced during reduction on
the formation of cobalt species strongly interacted with the support was prebably inhibited by the presence of rutile phase in titania leading

to a decrease in the reducibility foss during reduction.
© 2004 Elsevier B.V. A!l rights reserved.
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1. Introduction

In Fischer-Tropsch (FT) catalysis, supported cobait {Co)
catalysts are preferred because of their high activities dur-
ing FT synthesis based on natural gas [1], high selectivity
to linear long chain hydrocarbons and also low activities for
the competitive water—gas shift (WGS) reaction [2,3]. Many
inorganic supports such as Si0; {4-8}, Al,O3 [9-14], TiO;
[15—17] and Zeolites { 18] have been extensively studied for
supported Co catalysts for years. It is known that in gen-
eral, the catalytic properties depend on reaction conditions,
catalyst compositions, -metal dispersion, and types of inor-
ganic supports used. Thus, changes the catalyst compositions
and/or even though the compositions of supports used may
lead to significantly enhance the catalytic properties as well.

During the past decade, titania-supported Co catalysts
- have been widely investigated by many authors, especially for
" the application of FT synthesis in a continuously stirred tank

reactor (CSTR) [15-17]. However, it should be noted that .

. titania itself has different crystalline phases such as anatase

* Corrcsponding author. Tel.: +66 2 2186869; fax: +66 2 2186877.
E-mail address: bunjcrd.j@chula.ac.th (B. Jongsomijit).

0254-0584/% — scc front matter © 2004 Elsevicr B.V. All rights reserved.
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and rutile phases. The different crystalline phase composi-
tions of titania could play an important role on the catalytic
performance of titania-supported Co catalysts during CQ hy-
drogenation as well. Thus, the main objective of this research’
was to investigate influences of different crystalline phases
of titania supports on the catalytic properties during CO hy-
drogenation of Co/TiO catalysts. In the present study, the’
Co/TiO; catalysts were prepared using different crystalline
phase compositions of titania supports. The catalysts were
pretreated, characterized and tested in order to evaluate the
catalytic properties during CO hydrogenation.

2. Experimental
2.1. Catalyst preparation

A 20wt.% of Co/TiO; was prepared by the incipient
wetness impregration. A designed amount of cobalt ni-
trate {Co(NO3)-6H, 0] was dissolved in deionized water and
then impregnated onto TiO; {contained 100 moli% of anatase
phase calcined at 500°C, obtained from Ishihara Sangyo,
Japan) and onto TiO; (contained 81 moi% of anatase phase:
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and 19 mol% of rutile phase, also obtained from Ishihara
Sangyo, Japan). The catalyst precursor was dried at 110°C
for 12 h and calcined in air at 500 °C for 4 h.

2.2. Catalyst pretreatments

2.2.1. Standard reduction

Standard reduction of the calcined catalyst was conducted
in a fixed-bed flow reactor under differential conditions at
1 atm using a temperature ramp from ambient to 350°C at

1°Cmin~" and holding at 350 °C for 10 hina gas flow having ‘ |

a space velocity of 16,000 h~! and consisting of H. The high
space velocity of the H flow was applied to insure that the
partial pressure of water vapor in the catalyst bed produced by
cobalt oxide reduction would be essentially zerd. Thereduced

catalyst was then passivated at room tcm@for
30 min prior to taking it out. / -

2.2.2. Hydrothermal treatment
In order to evaluate the stability of ca S
of water vapor during reduction, hydrotherr :
also conducted during standard reductio
tion, besides using pure H;, mixtures
por (5-10 vol.%) were also applied separa
reduction condition as mentioned in Sectiof

2.3. Catalyst nomenclature

The nomenclature used for the catalyst samy
study is as follows: -

« Co/T!: titania (100 mol% of anatase phase)-supposted Co
catalyst; \. E
e Co/T2: titania (81 mol% of anatase_nilﬂscand 19mol% of

2.4.3. Scanning electron microscopy and energy
dispersive X-ray spectroscopy

SEM and EDX were used to determine the catalyst mor-
phologies and elemental distribution throughout the catalyst
granules, respectively. The SEM of JEOL mode JSM-S800LV
was applied. EDX was performed using Link Isis series 300
program.

2.4.4. Raman spectroscopy
The Raman spectra of the samples were collected by pro-
jegting a continuous wave laser of argon ion (Ar*) green
514.532 nm) through the samples exposed to air at room
grature. A scanning range of 100 to 1000cm™! with
lowof 2 cm™! was applied. The data were analyzed
using the Renishaw WiRE (Windows-based Raman Environ-

‘!’ mcm}mwa;"wmch allows Raman spectra to be captured,

calibrated, and analyzed using system 2000 functionality via
Galactic GRAMS interface with global imaging capacity.

-,
2.4.5. Temperature-programmed reduction
_TPR was used to determine the reduction behaviors and

- ﬁmbﬂmes of the samples. It was carried out using 50 mg

_efa Sample and & temperature ramp from 35 to 800°C at
Qmin ™, The carrier gas was 5% H, in Ar. A cold trap was

%&d before the detector to remove water produced during

reaction. A thermal conductivity detector (TCD) was used
the amount of H consumed during TPR. The

' ili consumpnou’ﬁwas calibrated using TPR of Ag,0 at the

conditions. The reduced samples were recalcined at

the original ealcination conditions prior to performing TPR.

“The lation of reducibilities was described in elsewhere
922,

2.5. Reaction [‘J

rutile phase)-supported Co cataly%,"'
¢ (C): calcined catalyst sample;
s (RW0), (RWS5)and (RW10): reduced ca yst samples with
no water vapor, 5vol.% of water vaper, and 10 vol.% of
water vapor, added during standard reducticm, [esP-ecﬁver.

24. Catalyst characterization AN _'|1 Q I9

2.4.1. BET surface area

BET surface area of the samgles after various pretreat- -

ments was performed, o ine if. the total sbrfice area

‘changes upon the variots [!rem:atmenl Conditions, It Wasde " ¢

termined using N adsorption at 77K in a Micromeritics
ASAP 2010.

24.2. X-ray diffraction
) XRD was performed to determine the bulk crystalline
_phases of catalyst following different pretreatment condi-
tions. It was conducted using a SIEMENS D-5000 X-ray
diffractometer with Cu Ka (A = 1.54439 A). The spectra were
scanned at a rate of 2.4° min~" in the range 26 = 20-80°.

Cco hydmgemﬁm-(JIZICO 10/1) was performed to de-
termine the overall Activity of the catalyst samples reduced at

various conditions. Hydrogenation of CO was carried out at
220°Cand 1 atm. A flow rate of Hz/CO/He =20/2/8 cc min
in a fixed-bed flow reactor under differential conditions was
~used. A ml{ﬂwely high . Hp/CO ratio was used to minimize

Y dl,':adwahon due fo carbon &posmon during reaction. Typ-

wall; 20'mg of a catalyst samplc was re-reduced in situ in
flowing Hy (30.cc min—") at 350 °C.for 10 h prior to the re-
| action:)Reactor effluent samples were taken at 1 h intervals
; mdxgdnhlyzcd by GC Iq aI} cascs, s&eaﬂy#tatc was reached

“ within Sh.

3. Results and discussion

The present study was conducted in order to investigate
the dependence of crystalline phases in titania on the
catalytic properties during CO hydrogenation of Co/TiO;
catalysts. As mentioned, in general titania used contains
mainly two phases; anatase and rutile phases. Phase transfor-
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mation of titania depends on the preparation of titania such
as sol-gel or solvothermal methods and also calcination
temperatures. However, it was proposed that the different

" phase compositions in titania could play an important

role on the catalytic properties during CO hydrogenation
of Co/TiO; catalysts, Section 3 is divided into two parts
as follows:

3.1. Catalyst stability during reduction under
hydrothermal treatments

_ Itis known that Co metal rather than its oxide or carbideis
the active form of supported Co catalysts during CO hydro-
genation. Thus, reduction of Co oxide precursor wiwf_uimd

in order to reduce it into Co metal form. Water
byproduct of reduction of metal oxide. It is also kn
water vapor also has impacts on the reduction of al
supported Co oxide probably in two ways: (i) faeilitat

and (ii) inhibition of well-dispersed CoO intérz
alumina support, posssibly by increasing the
interaction [22]. Mereover, Co-Support co

alumina [19] and silica [21] are used as the sit

catalysts. Thus, in orderto evaluate the impaet: apor
on the stability of Co/TiO catalysts, hydrotherma e
during reduction of the catalysts was also pesformed. /
various pretreatments, the catalysts were characterized usi_ﬁﬁi
different techniques. XRD patterns of samples are shoyn-in.

Fig. 1. It can be observed that the T1 support contained pure—

\I/

. 397

/) 10 20 0. 4@ S0 6 0 88 %
—
uf.&- ” Degrees (2 theta)

¢

pam@ o'f%"l and T2 supports, and catalyst samples pretreated
comﬁms.

anatase TiO,, whereas the T2 support is composed of & mnlq ‘at. 5@,‘ d 397¢em™! for TiO; in its anatase form. Be-
(19 mol%) and anatase (81 mol%) fo XRD patterns of  ‘sidestheic ‘bands as shown for the T1 support,
T1 showed strong diffraction peaks at 26,37, 48, 55, 62, 69, thzmsuppatt lxa:xhibited a shoulder band around
71 and 75° indicating the TiO3 in its ana - 44y its rutile form. The Raman spec-
tional diffraction peaks at 27, 36, 42 and'57’ can been seen traforcalnmeﬂmplgg th T1 and T2 supports exhibited
in XRD patterns of the T2 support indicating the presence similar Raman bands, at 640, 514 and 397 cm™! as seen in
of rutile phase in titania. The cobalt speeies on both sup- those for T1 and T2 orts solely including two shoulders

ports exhibited the similar XRD patterns regardless of the
pretreatment conditions. As expected, Co304 were detected ™
at 36, 46 and 65° after calcination ofsamplea “Hdwevet; after )
reduction and passivation, only diﬁ'mmon peaks at 37. and
63° corresponding to CoO were observed. Ba.s:cally, after
reduction of the calcined samples, Co3O4 species was re-
duced to Co® metal. Howéver fafier psassswtmn with afir, thin )
layer of CoQ species was fm'med at the ‘catalyst surface fo |
prevent rapid oxidation l-.uijou metal when exposed to air as
also reported [19,20]. As mentioned above, Co® metal was
formed after reduction. However, Co” was present in a highly
dispersed form, thus, invisible by XRD. The similar results
were also reported [19,20]). Reduction process is conducted
in order to transform Co-oxide species into the active Co?

. metal for catalyzing CO hydrogenation. Raman spectra of

all pretreated samples are shown in Fig. 2. The similar trend
in Raman spectroscopy was also observed as seen for XRD
tesults. It was found that T1 support exhibited Raman bands

at 690 and 480cm ™!, assigned to Co304 [9,19,20]. Raman
spectra of all reduced samples showed the Raman bands of

() titadia (T1 t:r*’IZJ 4nid the shatilders at 690 and 480 cm™.
| |/These can be assiga
rather than CoO (dc(ected in the bulk by XRD) since Raman

" spectroscopy i§-more of surface techrnique [20]. SEM and
‘EDXWére also petfomnied i érdettd study thic morphologies

[ to Co;(h present on catalyst surface

', and elemental distributions of catalyst after various pretreat-
ments. However, no significant changes in morphologies and
elemental distributions (not shown) were observed upon var-
ious pretreatment conditions used in this study. In summary,
it should be noted that upon the various pretreatments even
with or without hydrothermal treatments, the cobalt species
on both T1 and T2 supports, essentially, exhibited the sim-
ilar characteristics detected by XRD, Raman spectroscopy,
and SEM/EDX. No surface compound species between Co
and titania, if present, can be detected using those above
techniques.
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'mﬁmmmonﬂ to the partial pressure of water vapor

1g reduction [9,19-22]. For the T2 support, all

~ - pmtreated samples alsorexhibited only one reduction peak

- TPR was performed to study mdqu&l behaviors and to (max. 2t 510°C). er, it should be mentioned that there
measure reducibility of catalysts. TPR mﬂ'mmpmn the reduction temperatures upon
and Co30y4 are shown in Fig. 3. It v found that TPR the hyﬂroﬂlmm ent during reduction indicating a

profile of titania supports (not shown) for both T1 and T2
supports exhibited no reduction peak at this TPR condition.
Only one strong reduction peak (max. at 430°C) can be

- observed for bulk Co3O4 assigned to the overlap oftwo-step™

reduction of Co3Q4 to CoO and fﬁm © €o° FD—-%L Upoh‘

the TPR conditions, the two-step- I'ﬁl.l!;tl?ﬂ may of may not
be observed. For T1 support, only one reduction peak located

at ca. 370-620°C (max. at 520 °C) can be observed for the
calcined sample (Co/T1 -C)mndicatodihﬁt 1o, residuateobalt)
. nitrates remain on the ealtﬁlnad samples upon calcination
condition used in this study. TPR profiles for all reduced
samples with T1 support were also similar exhibiting only
one reduction peak located at ca. 400620 °C. The maximum
temperature at ca. 520 °C for Co/T1-RW0 was shifted about
10 and 20°C when hydrothermal treatment was performed
/' during reduction as seen for Co/T1-RW5 and Co/T1-RW10
samples, respectively. The shift of a reduction peak to a
higher temperature (ca. 10-20 °C) indicates stronger interac-
tion between cobalt and titania support. It is known that the
amounts of Co species strongly interacted with the support

lesser degree of cobalt-support interaction compared to what
we have seen for the'eBbalt species on the T1 support. It was
suggested that the presence of rutile phase (19 mol%) in T2
should msultin an incrcasc in stability of the titania support
. ,w@ thGugh ‘h rial teatment was applied during
tﬁdﬂcﬁon An m[cneaac in stability of T2 support could be

* the cause for a difficulty of cobalt to interact with it.
Besides reduction behaviors obtairied from TPR results,
Creducibilities of sarmples ¢anbe méastired bascd on the peak

0 jnma.Sabe[ow TPR curve (Qalﬂ:ratedvking ﬁ;g;O) which are

related to the amounts of hydrogen consumed during TPR
[9,19-22]. The calculated reducibilities along with the BET
surface areas of samples are shown in Table 1. There was no
significant change in surface areas upon the pretreatment con-
ditions used in this study. It was observed that for both T1 and
T2 supports, the reducibilities decreased when the calcined
samples were reduced and performed TPR indicating a loss
in reducibility of cobalt oxide species after reduction [25].
The loss in reducibilities can be probably attributed to a non-
reducible (at temperatures <800 °C) “Co-titanate™ species
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Table 1 35
Surface areas, reducibilities and reducibility loss after reduction of samples
aficr various pretreatments 390 - e
Samples Surfaccarea  Reducibility during  Reducibility loss £ 25 " s Co/T
mig™") TPR at 35-800°C  after reduction §
(%) (%) 2 20 -
Tl 70 0 = £ 5l
T2 49 0 - s _—e
CaT1 (C) 52 92 n/a E 10 =" cam2
CofT2(C) 3 78 n/a I —a
CoTI(RWO) 49 70 24 B o
CoT2(RWO) 37 74 5 \ ‘ [I
Co/T1 (RW5) 46 68 26 T L / - =
CaT2RWS) 37 72 - \/ / 0 5 10
Co/TlI (RW10) 46 64 30 ih,. / Water Addition (%)
CoT2 RWI10) 36 68 iy o 4- e
' 0 I during red e
‘mmﬁwedmp!swuemwkmedmmemmmﬂm s 4. 2 WCM;’::;Y i f&lyﬁ ng ;‘*‘0" with hy:
tions prior to performing TPR. The reducibility was eal ated base 7 ; \ CofT2 sampl
area below TPR curve, which was related to the amounts of —
during TPR (calibrated using Ag,0). ] 2__1- Catalytic Pk -

b Measurement ervor is 5%, p _

¢ Reducibility loss (%) after reduction was calculated fram [(redgicib
of calcined sample — reducibility of reduced samplc) 10 h
calcined sample. .

- Inm'derto detenhmamc effect of crystalline phases of tita-
. niaor Ewwalyueproaém.es of Co/TiQ,, CO hydrogenation
alsdpunduded ina fixed-bed flow reactor under differen-
oondﬁ;ons Results obtained from the reaction study are
'ﬁb!ej It was found that both initial and steady-

formed during standard reduction [25]. Howg¥e . L. Staté rates mcreasnd sgmﬂcanﬂy upon the presence of rutile
sidering the reducibility loss of the reduced samples without, ~ phasei j:lmiia as seen for catalysts on the T2 support. How-
hydrothermal treatment (RW0 samples), it was found ] i e in ed activities for catalysts on the T1 support’
reducibility loss after reduction for Co/T2-RWO sam ‘ depended on the pretreatment conditions used. For
only 5%, whereas the 24% reducibility loss after ¥eduction S on the T1 support, it was shown that decreases in

was observed for Co/T1-RW0 sample. A degree o redtféﬁ:.&-
ity loss also increased with the amounts of water vapor addﬁ:
during reduction for both T1 and T2 supports. In ordortn.
illustrate the reducibility loss upon the |
ment during standard reduction for bo g

al and steady-state activities were proportional to
s of water vapors added during standa.rd reduc-

Fig. 4 is also present. This is to provide 4 better idea how
the presence of rutile phase leads to an ineréase in stability
of the catalysts upon reduction and hydrothermal treatments
in term of the reducibility loss after reduction under various

for the T1 support. It was found
on the T2 support exhibited much

nally diﬁ'atmtﬁaﬁl
‘that activities for ca
higher activities than ose on the T1 support, especially, at

the same hydrothermal treatment conditions. Moreover, the

conditions.

Qs P
FA O 13 IANIEI8 IS ATS
Tablc 2 0 V -{._J [ J et W I:: U n 1_.l . k_: ) u- 0
Reaction study during CO hydrogenation of catalyst samples pretreated under various conditions
Samples co canvcmm (‘}ﬁ) e e Rae (x It)z gCH;gu,,h"’j" e = CH,; sclcgwgy (%)
-4 ) S — -
. lmﬁd‘ I EECAANEE )| !ﬁmi (81 | JVIF !nﬁial | ] ss
CorT1 (C) 3% O (iR o 0f T T T T
Co/T2 (C) 67471 54.9 25 21 94 96
Co/T1 (RWO) 1.5 0.7 0.6 0.3 68 65
CoiT2 (RWO) 60.8 53.1 23 20 94 94
Co/T1 (RWS) 0.8 0.5 0.3 0.2 71 70
(/T2 (RWS) 60.6 528 23 20 98 98
“ColT1 (RW10) 0.3 0.1 0.1 0.03 73 69
ColT2 (RW10) 60.2 52.6 23 19 95 96
' CO hydrogenation was carried out at 220°C, 1 atm and Hy/CO/He=20/2/8 comin ™.
~ ¥ Error £5%. Rate of -CH; - formed as same as molcs of CO converted repr d the rep g unit of all hydrocarbon chains in product stream.

- ¢ After S min of reaction.
4 After 5h of reaction.
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Table 3

" Influence of surface area of TiO; on catalytic properties of supported cobalt catalysts during CO hydrogenation

Samples Surface arca (m? g™1) CO conversion (%)* Rate (10? gCHy gea h=1)P
Initial® ss¢ Initial ss

~ CoT1(0) 70 3.7 21 1.4 0.8
" ColT3 (C)F 145 42.7 9.4 16 4
ColT4 (C)f 170 59.6 12.2 22 4
CalT2 (C) 49 674 549 25 21

3 CO hydrogenation was carried out at 220 °C, 1 atm and Ho/CO/He=20/2/8 cc min ™.
b Error :5%.

¢ After 5min of reaction.

4 After 5h of reaction.

© T3 is TiO; (pure anatase) which has surface area of 145m?g~".

T T4 is TiO, (pure anatase) which has surface area of l?Om{&f‘;

This is suggested that the hydrothermal trea
used have no effect on the catalytic activiti

presence of rutile phase in titania resulting in ag
of Co-support compound formation (Co-SCF) [If
titania support [25].
Since the surface areas of the T1 (70m? g 4)
(49 m? g~') supports were slightly different, one # |gh!‘t5mE:
that a change in surface areas of the supports probably has'thg
effect on rates as well. In order to cIuc;datc this douhlg;c&c‘:-'
tion study was also conducted using tlta supports (anatasc '
form only) with various surface areas. lts obtained from

"lectmr.y ofpmducmas

. e
7 CMWVM of products during methana-
tion, which is in Table 2. It was found that cata-

lysts on the T2 support exhibited higher selectivity to methane
ompared to those on the T1 support. This was suggested that

¢atalysts on the T1 support produced more long chain hydro-
carbons than those on‘the T2 support. This indicated that

gnditio l- - {ﬁefrresence of ratile phase on titania probably resulted in

adesser amounts of long chain hydrocarbons. In general, it
been known that catalytic activities of supported Co cat-
depend only on the number of surface reduced cobalt
atams ayailable for catalyzing the reaction. Mostly, changes
{rf catal ytic a‘étm do not alter the selectivity of products
: nly the'm r of active sites change, but the nature
sites \fi@uld be the same. However, in this case, we
slight change in product selectivity. This indicated
resence of rutile phase in titania affected not only

onar Co/TiO; catalysts, but perhaps also on the se-
. In order to give the best answer
e phase affects the selectivity of

the reaction study are shown in Table 3 [tavas found that ba-
sically, both initial and steady-state acuwnbﬁ increased with
increasing surface areas from 70 to 170 m? g~! for catalysts
on pure anatase titania. This should be™due to higher Co
dispersion in larger surface areas of supports leading to an
increase in the number of reduced surface Co mietal atoms—
available for catalyzing the reaction. THiS, if ane considered
the dependence of rates based op, the surface ai'esh solqu, d
catalysts on the T2 support, which had smaller surface areas
would result in lower actwmcs due to a decreased surface
area. However, it is not, thie ﬁar Wwhat Wwethave fould'in this |

present study. Essentially, wen though ﬂle @.Irface arga of W0 O~

the T2 support was only49m? g~!, which was smaller than
that for the pure anatase ﬁtania, acu'vities of catalysts on the
T2 support were still exceptional high with the presence of
rutile phase in titania. This indicated that the presence of ru-
tile phase in titania can result in an enhancement of catalytic
activities of Co/TiO; catalyst during CO hydrogenation. In-
creases in activities were probably due to: (i) high stability
to the hydrothermal treatment of the support used; and (ii)
the presence of a higher number of reduced Co metal atoms
resulted from the lesser amounts of Co-SCFE.

S h enation, a rigorous study should
be ﬁnﬁm’mhﬂ,m more details. It is recommended
that techniques such as steady-state isotropic transient ki-
netic analysis (SSITM or other surface analysis techniques
must be applied in order to provide more details on the sur-
face intermediates. Thus, this is not the main focus of our

-] present study atthis {ime. Bésides, influences of rutile phase
in titania; on pratluct distrf,buﬁrons an investigation of how

the mole ratios of rutile per anatase phase affect the catalytic
properties will ‘be‘our main focus in the near future,

4. éo'ncllusiolns

The present study has shown the dependence of crystalline
phases in titania on the catalytic properties during CO hydro-
genation of Co/TiO; catalysts. The presence of rutile phase
(19 mol%) in titania resulted in significant increases in the
catalytic activities during CO hydrogenation. This is mostly
due to an increase in stability of the titania support with the
presence of rutile phase. It was found that the presence of
rutile phase enhanced the stability of the titania support and
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-aiso catalysts themselves leading to lesser degrees of a loss

in reducibility after hydrothermal treatments during reduc-
tion of catalysts. It was proposed tha* the presence of rutile
phase in titania stabilized the catalysts probably due to two
reasons; (i) block the formation of Co species strongly inter-

+ acted with the titania support or Co-SCF; and (ii) inhibition

of the impact of water vapor produced during reduction.
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15 for prepanng CW ‘ise psch catalysts has been explored [3-7].
Compared to amg;pﬁpu;xsﬂlc 1pported catalysts with similar Co loading, Co
mesﬁporéué materials 1 b
n of I mMeso| ture [8]. However, stronger
iEse catalysts were often found,
n this study, the effects of pore
(8 nd icle size on the metal-support
interactionl in supported Co F-T catalysts were ifivestigated.
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EXPERIMENTAL
Catalyst preparation

Pure silica MCM-41 was prepared in the same manner as that of Kruk er al.
[9] using the following gel composition: (1.0 Si0y): (0.317 TMAOH): (0.45
CTMABr): (66.7 H,O), where TMAOH denotes tetramethylammonium
hydroxide and CTMABTr denotes cetyltrimethyl ammonium bromide. High
surface area $i0Q, with similar pore size to MCM-41 were obtained from Grace
Davison Company. The series of supported Co catalysts (MCM-41 and SiO,-
supported) were prepared by the incipient wetness impregnation of the supports
‘with an aqueous solutlon containing desired amount of different cobalt
precursors such as cobalt, nitrate/ (Aldrich), cobalt acetate (APS), cobalt
ich), and cob ide (Fluka). The catalysts were dried
overnight in an- thy calcined at 500°C in an air flow
for 2 h. Elemental ana ysﬁ was carriedout for all the catalysts after
calcination. Fhe€tbalvloadi wasﬁmﬁwbc approximately 7-8 wt.%.

Catalyst ch .\r\ _ \"5.‘_

The BET gfirfaée Arga m;w%i 1me, average, pore diameter, and pore size
distributios he fCatn u?t;mmwd by N, physisorption using a
Micromeritic. )0, aut system. . Each sample was degassed in
the Micro AP 2000 ﬂ-’lSO"C or 4 hprior to N, physisorption. The

XRD spectra of the catalysts were'measured using a SIEMENS D5000 X-ray
T, 1 O ra ith a Ni filf.er in the 2-8° or 10—80029

angular reglons Temperature progm e

in-house 5'.3,f.¢.tt:rn'aucl‘db emp ' e-ramp of 5°C!mm from 30 t0 300°Cin a flow

connected to a thermal
ured by analyzing the

‘ — et — _. et e e - - I.':I
351 S |
Reaction
E 1 _atm fotal pressure in a
fix ks . f ;é‘nverswn conditions. A

a[‘yplcally 0.2 g of the
catalyst samples was reduce‘d in situ in ﬂl:mfmg Hz (50 cc/min) at 350°C for
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analyzed by gas chromatography. Steady state was reached after 6 h time-on-
stream in all cases.

CoS-Ac

CoS-AA
sebidnaburt ORI C T TR RV S

CoM-AA

_-_'_I'm

3 snt-S1Ey-and-MEW-T ] -Supported Co catal

RESULT&ND

Two types of'silica slrpponed Co catalysts (Cm'SIOz and Co/MCM-41) have
ipieft ! z._ﬁf.;rs i n method in order to
pore structure of (the supports on cobalt

and catalytmpemes for the Fischer-Tropsch

0 W“m%d e

stu
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diameters of the original supports and the catalysts are given in Table 1. The
significant decrease in surface area of the original support material suggests.
that cobalt was deposited in some of the pores of the supports. The XRD
patterns of Si0; and MCM-41 supported Co catalysts after calcination in air at

Table 1
Characteristics of SiO, and MCM-41 supported Co catalysts

Catalyst Co (wt%)* BET S.A.° (m%/g) dp° Coy0y4 (nm)
717 . "
7 9 ’ 562 ‘ w/a
\\ 595 : w/a
/ 17.6

164

n/a

\. B ' 15.0
5N N&EN 6.3
etroscopy « "Ea ﬁhﬂd ned catalysts.

ysts prepared from cobalt nitrate
\peaks of at 28 of ca. 31.3°% 36.8°,
esence of Cos04. The catalysts

prepared from orge d'

not exhibit any dtszmct:ﬁ A : -‘ is suggests that the crystallite sizes of
Co304 preizared ffmﬁfufgnﬁb recursors Were much s

form ino;

Temperafire-programmed feductior PRy profiles of Si0,- and MCM-41-
supported catalzslsam shmmig . In-ger neral, the reduction of Co;0,
composes of -step reduction of Co; and then to Co® [11,12].
TPR profiles for supported Co catalysts however, are more complex than for
bulk C0304 duc ous auses such as va{}auou in metal parﬂcle size, metal-

sup resulting in differently
redu % % 3 R profiles of silica
suppo is study were f und to be dependcnt on the

organic“eobalt precursor uch as cobalt

qﬁﬁiﬁfﬁh’“‘%"’fmﬁ MNEANE
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acetate and cobalt acetylacetonate which could result in very small cobalt
particles and stronger metal-support interaction showed a large portion of Co
species that was reduced at higher reduction temperature. Any Co not
reducible during the H, reduction up to 800°C is identified as “non-reducible”
Co silicate [15,16]. However, for a given Co precursor, Co/SiO; and Co/MCM-
4] exhibited similar TPR profiles. The results suggest that pore structure of the
supports (Si0, or MCM-41) has little influence on the metal-support interaction
on silica supported Co catalysts.

-
=
=
S
5
g_ Co-Acetylacetonate
E -
E- _..-oc-..._
c
=] Ceo-Chloride
ja s
Co-Nitrate
800 1000

€ reported in Table 2. It was
- O Hydrogenation rate than all

y is study. Th “activity of such catalyst reflects the
relatively High dispersion of cobalt on the catalysts. The catalysts prepared
from cobalt chloride showed very low activities due to' their Jow Co dispersion

and i I i 0 acti 10]. e low activities of the
cm% !o t 6& tyl acetonate were due
probably to th le’ small~Co orming Co silicates during

reduction in H, and reactions™ w/

IR ASUUBIINERE
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Table 2
Results for CO hydrogenation®
~ Rate (gCH,/ geat./h) CO Conversion (%) Selectivity (%)
Catalyst
Steady-

Initial Steady-state Initial state CH, C; G,

ColS-Ac 0.012 0.010 2.1 14 95 4.5 0.5

.ColS-AA 0.013 1.6 96 35 05
Co/S-Cl 0.007 08 - 84 130 3.0

Co/S-NO 0.176 22.7 95 5.0 -

Co/M-Ac 0.025. 91 7.0 20

96 34 06
97 25 05
82 60 20
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ROLES OF RUTHENIUM ON REDUCTION BEHAVIORS OF
RUTHENIUM-PROMOTED COBALT/TITANIA FISCHER-TROPSCH
CATALYST |

ToRRETAT

Piyasan Praserthdam \‘ ' l///

Bunjerd Jongsomjit , Chitlada Sakdamnuson, ai Panpranof, and

ABSTRACT

Roles of ruthenium on reduction 7

Jiors |
were investigated. It revea]fd that‘R'ﬂ c&uI(I’ only
no effect on water produced g TeauCtion:

J" :

Keywords: reduction; cobaﬁ catalyst; 1

1 INTRODUCTION] 1171 111791/1157))3

Due to their high activities [1], high selectivity to linear hydracarbons and
ow s} F BEPAFATIE bkt 40 DG VR 2y
supported coBalt (Co) catalyst is considered to be one of the most important
catalysts for Fischer-Tropsch synthesis (FTS) as well as carbon monoxide
(CO) hydrogenation. During the past decades, titania-supported Co catalysts
have been widely investigated by many authors, especially for the application

of FTS in a continuously stirred tank reactor (CSTR) [4-6]. In general, to



increase the catalytic activity of the Co catalysts, many promoters such as
ruthenium (Ru), zirconium (Zr), lanthanum (La), rhodium (Rh), boron (B),
and platinum (Pt) have been investigated. It has been reported that a variety

of these promoters can increase the reducibility of Co, preserve the activity

how: R promotes the reaction.

ata S(St prbp}rtles could lead to the

of Ru promotion on the reucﬁm o@ the absence and presence of

water vapor was also mvest_lgated’(./, ,‘_@‘- _ !

. EXPERIMENTAL ==
AL =5

2.1Catalyst prgparaho{ i —~— ﬂ

The unpromoted-Co/TiO, and Ru-promoted (CoRufT 10,) catalysts were
W PN

prepared by thei ipeipient s lg ation balt nitrate [Co
(NOs)e6H,0] an& ruthenium (%II) mtr;t;% mtrate [Ru(NQ)(NOg,)g,] as
i S AR YR Y w19
mole% Of rutile phase (Ishihara Sangyo, Japan). The catalyst samples
were dried at 110°C for 12 h and calcined in air at 500°C for 4 h.




2.2Catalyst pretreatments

2.2.1 Standard reduction
Standard reduction of the calcined catalyst was conducted in a fixed-bed

flow reactor undcri_éfif differential condition (gg : fcﬁ’t";tﬁiié“&aﬁi?éyé‘a)

at 1 atm using a temperature r_zﬂﬁ »m ambient to 350°C at 1°C/min and

holding at 350°C for 10 h m:;l\}ia a space velocity of 16,000

h" and consisting of nace Velocity of the H, flow was

er vapor in the catalyst

wm\ﬂ’d.Qsennally ZEro.

' @J dmpacts of water vapor
so conducted during

; ot using pure H,, mixtures of
H, and water vapor (5- C uﬂ%} @ applied separately at the same
reduction condlt:lon as meﬂtm,’ds‘;d in 2@"—

1sed for the catalyst samples "

Co/Ti : Unpromoted cobalt cata]yst on the titania support

CoRu/Ti : cm mum ﬁ%ﬁ%&ﬁaﬁia—ﬁuppoﬂ

(O

‘RW‘@W i @mﬂ%ﬂwm R

vapor, 5 vol% of water vapor, and 10 vol% of water vapor added during

The nomenclature 1s study is following:

standard reduction, respectively.

2.4Catalyst characterization

2.4.1 BET surface area: It was determined using N, adsorption at 77 K in
a Micromeritics ASAP 2010.



L2 Y‘; Vo

2.4.2 X-ray diffraction: XRD was conducted using a SIEMENS D-5000
X-ray diffractometer with Cuk, (A = 1.54439 A).

2.4.3 Raman spectroscopy: The Raman spectra of the samples were
collected by projecting a continuous wave laser of argon ion (Ar’) green
(514.532 nm) through the san% j, ,a osed to air at room temperature.
2.44 Temperamre-progmmﬁ lon#TPR of calcined samples was
carried out using 50 mmph: Merature ramp from 35 to
800°C at 5°C/min.

2.5Reaction

CO hydrogenation™ (
overall activity of the
out at 220°C and 1

fixed-bed flow reactor

.

ummar ' in Table 1. It was

observed that upon Co Ioadmg and Ru promotion there was no significant
change in the B?‘ Wﬁp& ?fﬂﬁ ockmg or phase .
changes in 'the 10, suppoﬁf a not shown) (g}ﬂl calcined

samples df, m 4 (T ﬁ" . 27, 36,
42, 1;7“ (Ti? in mmﬁ ?e?ﬁLﬁquweﬁgieaks of
Co304 species were also detected at 36, 46, and 65° after calcination of
samples. However, after reduction with or without water vapor added, only

diffraction peaks at 37 and 63° corresponding to CoO were observed. Thus,

XRD revealed that Ru was well dispersed in the catalyst samples. The



similar trend in Raman spectroscopy was also observed as seen for XRD

s
e S5 R PR AR S e N

4

samples showed Raman ban
at 690 ‘and 480 Tcm 7

o ot

o pegp gL e 2,

ones_indicatin

o Jah e T S hEmas

ACE! ‘der~t6"determine the number of
7 £ misorplioiwas performed as seen in

. : ‘ r%gr:du\cu'ah apparently resulted in
éd Co'd Ea_]ﬁgﬁiqe atag?&nd reducibility due to

L T .
) as T edin our previous works

reduced Co metal surfacesator
Table 1. It indicated
both lesser number of réc
Co-support compound for
; [7, 8]. It should be noted"

N . .

tesult in enhance activities

ithout ch g selectivity of products due to
‘-‘4( . :

increased number of reduced @c@cﬁ atoms. Roles of the Ru

promotion can be discussed ﬁrgtf;@_ bafemﬂne TPR profiles as shown in
= :

Figures 1 (for thegtam omoted catalysts) and 2

catalysts). “‘F - j;'

il
It can be observed that Ru can only facilitate the rf'%uction of cobalt oxide

species due to %ﬁiﬂﬁﬁiﬁi £ glzj@.%nn,g in.lower reduction
temperatures. It i%\‘ﬁda' afer \ja?n Ebylroud;%:t of a reduction
P Q/

F e T DR T T

introduc g reduction in order to investigate the roles of Ru promotion

the Ru-promoted

as well. As seen from Figures 1 and 2, increased amounts of water vapor
during reduction had no effect on the reduction behaviors for both
#"“ unpromoted catalysts and Ru-promoted catalysts indicating no shift of

reduction temperatures. In summary, Ru promotion can only facilitate the




reduction of cobalt oxide species, but had no effect on water vapor produced

during reduction.
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/ Reaction Rate CHj Selectivity
Samples BET Surface Reducibility | Chem g | gCH; g cat. h™")* (%)

Area (m%/g)* (%)° : t.)“?% Steady-state’ Initial Steady-state
TiO; 49 - - '
e i 51 Y 5
Co/Ti-RWO 32 20 94 94
Co/T1-RWS 32 20 98 08
Co/Ti-RW10 30 19 95 96
CoRw/Ti-C 37 36 99 98
CoRu/T1-RW0 37 36 98 98
'CoRu/Ti-RWS 37 35 97 | 97
CoRu/Ti-RWIi0 | 36 34 99 99

' Measurement error is + 5%

b Reducibility was measured during TPR at 30-800°C. Thg“ du

© H. chemisorption was performed to dztermine the number of reduced Co surface atoms.

9 CO hydrogenation was carried out at 220°C, 1 atm ﬁd H;/CO,’ﬂ:" 20/278 cc/min.

HIUTIEUINNT

 After 5 min of reaction

TAfter 5 h of reaction
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