;<=e3e/ @v, ttutv: FvpvevT@ 3 0 APR 1003'T 1 t 1 e: STAR SHAPED ALUM NA
EXTRUDATES AND CATALYST BASED THEREON The invention is directed to
transition alumina extrudates) suitable as catal yst, or as cat &l 0/ARR 2003
support, and t he use of such extrudates in chem cal reactions, In
catalysis alumna plays an inportant role, both as 5 a catal yst support and
as catalytically active material. As is nmentioned in Kirk-othmer, Third Ed.
Vol . 2, pages 230-232, alum na can be used as catalyst in a C aus process,

2l conol  and “TRE 1 ovil Se PRER I IRUACERTREpRIESTHE' HREN TSt Bl e on o

olefins, As interacting catalyst support alumna may play a role in
hydrorefining catal ysts) e.g. in cobalt or nickel-nolybdenum oxi des on
alum na. As a support alumna is frequently used for precious netal
catal yst, such as i FhsHa¥ankamlips dd rectiedr to5trdaphydpngahaminh

reactions. AstsRAds fRuRcdblidals caltaliyal | brY BarHIFEt support, and
i n(de) hydrogﬁnatl on reactions suc for fat .an hydr ogenati on, for

as oils
hydr ogenat i 6RoPSRY FHTH i PEFHRES it CheRiGrat FE2C5RBBANds or for
ol i gonmeri sati on of drefdataly=2i> Hiardhaugllaye ah tihpostpporicle, ebotheadBET

surface zr eg, ctaQ%lgpﬁeédﬁo@da&A"eaﬁO%ra%a\ing%%&qgggg}:gg{gi_ RReel Pl

i nportant aspect of I"um na or _al um na“base VI éwW O
activity andSs&ed&ianed in Kot -Pubeesi gfhirdeEcn albd -t 8 hedgean2 i uid fa
product thahliusmign tdih one Wl 25 HtdhstPeRoWs c1kul. phadéls, arbar ge

vol unme in I%rﬁg&d&ore.s, anﬁi t. hat _.has a good chani cal strength apd
stability. AT Pk RPN r SR Bfe S PRRBUSFLORI PFi 2tF12RD
reconci | e WErbmeadlvatdier .ard flixedveedeprecesies, shapedlbodies cite al um na
are 30,fy eqt . . } . L i h endency
of the 1& esg%rgy%rl%ﬂfgﬁl%eft %%é&%t ?‘%gﬁ&‘?&%ﬁ%%ﬁecﬁﬁ%gﬁa %@%nl y
used in fixB4UBedeamAY G:AY . r9ke in hydgoxpRipdng mehabagies2 orderi®o

mnim se presbale @OmidKed Usaydestal osdidpedoaxtnyaahes woul d be noat

sui tabl e. However, star_ s ed bodies, .extrudate end t e prons. to
attrition duo to t heispraesse%%éjr&f %ﬂﬁglhﬁoﬁﬁt gregFg{‘ﬁgys‘f%?c? %}‘ RO o4

di scl oses shakadhgedd dessul fardiy asi dm exhabgst sataliyghs yopofous star shaped

cat al ystss, haw)) B GRAh RGN AR LR o3’ CRG Bugperst 2Bk 4ty @k& NPhtalyst
disclosed. [t i6 an object;. of the inventigon {0 reconcile these varljgéjs
requi r ement 3T FRPhES d5Ac%b Ml 08 FREiogeaR taPENTRACEAPREISEED Favid BBt

careful |y bahdneed ssefydogurendidn, egotuhiiebgehpedbn andf atvaMBgesl o | |
oot or rod cRBoRtmEEEd REFaBr S THEMFRIBAEI 86 87 baReaoTHE O ERAL the
i nventiors fa®&imew been able to provide a star shaped al um na extrudate,
herringgop the ono hard saRuerbiRabrsthECklpgods, | Ddbcatid mbp\RIANtEoON ' the
other hand grgggdt %!%Q%%héize and the pore volume distribution, forms
an important aspect of the alumina or alumina based catalyst.
In view of activity and selectivity it would be highly
desirable to have an alumina product that is on the one hand
25 highly porous, i.e. having a large volume in large pores, and
that has a good mechanical strength and stability.
Unfortunately these are requirements that are difficult to
reconcile with each other.
In fixed bed processes shaped bodies of alumina are
' 30 freguently used. An impoftant aspect therein is the shape
dependency of the pressure drop. Tablets and extrudates are

the materials commonly used in fixed bed applications. In
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15 The invention is accordingly directed to far shaped al um na extrudates
with a pore volune in pores of dianeter of over 1000 nm as determ ned by
mercury poroeilinmetry of at |east o0.06 nmho, a side crushing st 5&%209& at
| east GU N and a, hulk crushing strength of at least 1 MPs. Surprisingly,
this sot of properties can be nade available in one ZO material, thereby
providing s material with which chem cal reactions can be nade nuch nore
efficient, resulting in higher activity and/or selectivity. Al so the
material of the invention, when used i gled reactores, provides a
decreased pressure drop conpared to regul ar “extrudares having s cylindrical
shape. 2G The BET surface area, as determned by single point adsorption
using the BET aquation (as o.g. described by G Sandatede et.al , Chem Ing
Tech. 32 (1 90@er tou8ininksmpredsbe dyop) wsvseldf am@medaﬁmhmdnieﬂ'mogldcbe nci des
uh o Lhe e ROSUIBRRD oyt ! e Bl Ndibe Bl dd £ bdphar 1B

I ncl udi ng

alum na Suita um na I’IOL]S'[I’ nsition umna

y-al um na Soaw‘?}kgi"ﬁ&“ the prasapeeof e ARt &PEni na A- al uxni na and
t-al umina. There al uEPR&:(sDOBUERS Bisbhswsﬂar&ﬁi sdidéadfuriipeidh @ealertd. |y in

t he tangog of P 33
The pore voI uﬁghws)p&rg%l ur 'ﬁ'estrﬂ@gdjaggagg% %Q@fi %'V\ﬁmr%%aj 591{ nlg?‘(%%‘gt he
one hand |ﬁp5ﬁ%‘é¥ axanot digclonn pore voI ume, as determ ned by nercury
intrusion is sufficiHnklag dhjéntgiithﬁlﬂw&atioheboeb&ﬂfcﬂbahdaet#ﬁﬁoﬁeﬁe pore vol une

in pores of E éméﬂﬁomri'ﬂefiﬁf—ﬁsof a t%'zt?s?ﬁﬂﬂta]'l@mrp@ aﬁfzg f@gf €
s ast

volune. In a gter ﬁ%t or %
ml/ g, wherea WPFFEE%J Regi0hiaets and g 85311&%96 begerge fHRa o
total poi@ v ﬁiommhs Erdloiwinp debaigtidy o hiherinventitmant thé préformdumbvalimewtag
those properijg&3afas 10 good properties in terms of reactant accessibility,
whi ch makes I't very iwtablefor aft kinds of catalytic r actlons reqwrlng
good di f fusi on of Be dnventignishaged, thayeem theighhe ingentogshays npwdr
el : m nat i gg deeHmspmmda abtagtdhaped ahithidrFesudate hading@astihel dhe Hand h@ por e
vol ume an r <] I r

peﬁﬁﬁg £l R %gﬂ&isa bl efntm&,'% dikef AN %yg&gﬂ sSRAEEh

neasur e Uer.o
66(8), 1rrg 9) pages 1%%?’%" °éﬁﬁ%1$li""&? ﬂ?’qlﬁﬁl cat ed

above, the usbtr@ﬁabqsamtbwapm mlmmadmpeseeznf dxsmanqmﬂmat 1000 noy,re@ of
pressure dr ogetddmifkd byQReke ﬁsﬂﬁﬁh@&rb' 69atdbadtl RO RIFS, BAide UhlgRg OF the

I Th I ff b St
e et 1 Btrenat B Y bRk SN P TR BENE kLR e RS e, oL
part or core, WI t h tHnrprionglypthistel afproperties @h shmadd agailehlviinmeon t he
ci rcunf eﬂ@ncﬁnﬂﬁﬁﬁaﬁtﬁ)ermroﬂitﬁﬁé hIREteM? WIER WhINARE I 2%} FehbiBRs cQﬁ‘“Heng

five extensions rov des he ,0 al. ance between str
porosity, pr&ﬂsq.?r@uaﬁd’bor&ﬁcﬁg%t‘EB §§‘?"l} ?"‘%%@’r‘“ﬁ'&%ﬂ@% BRIVIRY. cfg@gty of
the star shapkeimateriplivbihesnventitm wduerf ’aﬁﬁd ichBxed bal rauctars ofrovidesrmal
surface areadberedpddifPesstird fch @R E&%%ﬁﬁﬂhf‘éﬂmhﬂaﬂ%?aQ&hndrmal
conventi onal ﬁXI% indrical extrudates or tablets. The ratio o I engt h of
the ext rgdat es to the dbaneter is preferably between 7. and 3, whereby as
di amet er285 the di st ahe SEEsnfaes avea; apdatermineshbyeingle phindedsarptiin her

side of the axinguleBET eqdnfioh ER éoe&cﬁbbaw@asanmméﬁapfo R, ﬁ?,ég[)'o%

o side crusniedh B Gy e%?éﬁh%cﬁﬁ? O et gl T D eg o
?t least 1 I\/if’é’tgl’aslé43 W@; Hapinga ’Iﬁi’@sféﬂﬂ ﬂbllﬁmﬁamtmts‘lﬁ oralmmieabasi s
for the suitBhiflableyalviminh® rstvhe ¥at0es bamsitien Bl Ga RS (-aRchess, |1 ke

in the — ext.ru s neet he e Legy enent s,
they can %e g ‘ghjg“ljjéT'1h*Ju‘gﬁcew[?]&l 5%%%“}%2&1 ’?ﬁgf ‘i: \?i Q?ﬁj
materi al . Thelumita'shavhs heyrezet BERgufate ares) @hertﬂlylﬂn uhbu'ahgﬂgf Eﬁn.tzﬂ@t his
defined as faldrewhanTine mi/ge crushing strength (SCS) of extrudates is
defined as the pressure (in Newtons) at which extrudates of 4,5-5.00 mm

| ength are crushed, when treated under pressure between two flat plates on
a' Al KOH, 9500 series tester. 15 The bul k crushing strength (BCS) of a
catalyst is defined as the pressure (in Megapascals) at with 0.5%fines
(i.e. particles less than 0.425 mm) are forned when treated under a piston
in a tube. For that purpose, 17 m of catalyst particles, presieved on a
0.425 nmm sieve, are |loaded in a
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20 cylindrical sanple tube (dianmeter 27.3 mm, and 8 ml steel beads is

| oaded on top. The catalyst is subsequently treated at different PR 2003
(increasing) pressures for three mnutes, after which the fines %\pé ‘
recovered and their percentages is determ3ned. This procedure is repeated
until a level of 25 0.5 wt.%fines is reached. Another aspect of the

strength of the nat e,meall?;%u%eluq\g L t| og Lch%r %LF‘%OU onnt %I‘?éﬁlmfﬁt ﬁ‘réa’lal% t hat

may break off of the ext tes upon use UFR§Ta
accor dance WhﬂrMMMSHBT—h%M drande flanpaiyitypnive theds tHearn @@ 15 pmlre%

more in partiSihag, |§§5dét’ﬂé’:‘hlx?ed/\’tby°/°rne%r§u YRR S ‘i%ats‘?&f'l% \ﬁ%ﬁr Wth a

above propertjes can be prepar.ed m xing transition al um na po
, 'suitabl e HrHRRr3PY PR &ber e Ihlagufcﬁ‘e BEFA Ivfl\hmeermotpc’&ﬁsa(ﬁfeous
sol uti onsof @&vetrneoab ﬁtﬁl ﬁbmmta @Hb}hﬂamdlallopo&tlﬁx ifl i & ofa Inigodec

acid, toform ast I exth di f the e|nth |red
star form us?ﬁ me. ‘fn 3 %(ﬁé& léat%lggg oz%fned cu htcﬁlg‘d’%t Gded
strands of nb&@sst aO 50 mh@ T etherescs Ité1$gtz‘ﬂt1@pt0|f0|¢éiel yaca:fa e)rolclm;a ng the
ertrudates agle-cal Gk neglr 'todoS B Rt ahO gt LIS - st Y P f% 13,5 dal

materials, such as those based on silica of alum na. es are
silica, watdtglBIBE BRaR QR4 - (AN |a§“atlé‘ﬁepﬁé’&nﬁot6’§éeal?rzﬂﬂﬂﬁtﬁﬁso

bi nder ao a dpddeprépettiss rﬂnmeed\sdu:rfl &eaealaeﬂtnetddenslwllﬂyprmm@mg and
mai nt ai ni ng thk reqwred SINEEl % gﬁg %d%fo swt bIe bi_nder_.s stem
S diide

is 10 an al UWA&° bt RdST ¥ Hatt are ot f tf(fr &GN
usi ng or ganixe@aix hog gIeed Mﬁ@lom@famawa@ﬁSblam@erpnmhmHsalthxsm@h n the

preparation ofe t2E.RAS & dliAletys ettqnh%ae&hgueectfwslmnvq% qRd{ ng on the

type of material_and the required strength Generally it wll not be in
excess 15 ofPBRPIRMS, 2HJBH DT ROSEIWPL%ei ght of bi nder and al umi na
t oget hens The i nventTl&n pirld m\NnheaﬁBupbﬂét ed zendt ge rhasics opf a&@ exanpl e.

EXAMPLE 20 I mniumtrih cont a| n| n % Al2

with an averd;egte %3 ?égl 17 8¢ ?5% ﬁttrg M-xe& q\eﬁ%&' 4% 51SC§I %ﬁdna
bi nder. The powlerRouguernlxeat et GWSlPMGIEy&\AhPPélsldO\ﬂhFWaddlﬁﬁq 8di, 1. 99dd,
agueous H%a%@m%wt Wing %e"/meﬁbe&}hae?eaeao&lhe wei ght of the

total anount alum na._There na bi nder ed. M is
continued until ar Satll’\%cy:‘tcﬁ% bf’?{&uct: BsU86t SFn8&23*t ﬁg’ Pﬁfsiefe?féa'?‘éﬁegs
product 2ps e rirmorteitgira tenenss ofeyrexsundedrof0 iequielpedon th a di e
P R R R I R G i
hour. AttactedarRlayd & itfirdesinnied H“\éﬁéFé@Eaﬁ%fﬁﬁl&ﬁl @)FPMG&‘Fe #5aghown
fromtwo di fipiped eghefates can be defined as objects having some kind
of central part ox core, with three or more triangularly
25 shaped extensions on the circumference thereocf. Most
preferred are star shaped extrusionsg having five extensions,
as this provides the optimal balance between strength,
porosity, pressure drop and accessibility. Another
advantageous property of the star shaped extrudates is the
30 fact that the ratio of external surface area to volume is
more advantageous than in the case of conventional
cylindrical extrudates or tablets.
The ratio of the length of the extrudates to the
diameter is preferably between 1 and 3, whereby as diameter
35 the distance is meant between two parallel planes on either
side of the extrudate.



3 0 APR 2003 6 The final product has been analysed for its physical
properties with the following result: N2-HET surface area 106 m g2 Total
.pore volune 0.56 m/g 5 Pore volume in pores over 1000 nm o. 07 W@AQ&@M
crushi ng strength 65 N .Bulk crushing stremgth 1.0B MPa F A

2003 7 Cainms 1. Star shaped alum na extrudates with a pore volume in pores

of dianmeter of over 1000 nm_.as det y I r at

| east 0.05 nl/g, a s# JBo&-G&t nagSps CE{-'egngc’t %(])71% gg‘éleggsii %3 (Ig’l Eghg)é%ﬂzn
crushi ng stremgt hleb athd exstergth Mlaracterdsthas.ud@t daddcededi aove 8l ai m
1, having a Lepgth, %hﬂ%}gy%&lgm Sy 3 2t ea%dacacwuqlkn&ﬁ@hehel m 1

or 2, having a Ien% to dianete at1 o of betvveen 1 and 3.
Extrudat es aEEEABRY &Ff Atailerat 3 Nitreradien aafentdea h&?reem\/ol'r@ﬁéea

det er m ned byaFRi@wY <P rﬁﬁw ybé§1§)eﬂa&ee;meo s@la;radnm?c@r Bt gheS.
Ext r udat es accord| n% to clains 1- wher ei n .t he BET surf ar.ea ?‘S at

| east 75 nB/§* Lrydgtes faass ’afbc]oaf“&ﬁ%gscta(}eclrzﬁar?é:of% réfnt

attrition i npetmﬂéamcandddtﬁaTl\mwzﬁ)E&ékxt&dMﬁ e tS ttes¥, preferably

| ess than 3 % taly ISII’I L33l ti.call ctive
mat eri al sup%%r e% o%%:}f(rjlg ‘ex heu% ate accor ag nt %&e o O%f\%r%%c‘: I
accordi ng t otBRAI mepLiniee s Y t $ier g aﬁ%ﬂﬁl@aﬁlh v Ta& |5\Félerr§tréltﬁlhélng §t§épégbed

fromthe gr odpaOk HEBtRII% JWRIS i X sleSendt als W fides aa;nctoqqasmsnat i ons
thereof . 25 9. Use og]]ean era ru te accordi n%D Q- Ia| EZ t qr.a cat al yst
according to claim7i5® 4% £ rb‘-’als':rr«?é‘@t i SCEA A -pucates

.As& Al . AYH. A@fiSTled as the pressure (in Newtons) at whlch extrudates of
4,5-5.00 mm length are crushed, when treated under pressure
between two flat plates on a AIKOH, 9500 series tester,

15 The bulk crushing strength (BCS) of a catalyst is
defined as the pressure (in Megapascals) at wich 0.5% fines
(i,e. particles less than 0.425 mm) are formed when treated
under a piston in a tube. For that purpose, 17 ml of catalyst
particles, presieved on a 0.425 mm sieve, are loaded in a

20 cylindrical sample tube (diameter 27.3 mm), and 8 ml steel
beads is loaded on top. The catalyst is subsequently treated
at different (increasing) pressures for three minutes, after
which the fines are recovered and their percentages is
determined. This procedure is repeated until a level of

25 0.5 wt.% fines 1s reached. .”

Another aspect of the strength of the material is the
attrition, i.e. the amount of material that may break off of
the extrudates upon use. This attrition, determined in
accordance with ASTM D4058-87, should preferably be less than

30 5 wt.%, more in particular less than 3 wt.%.

The alumina extrudates having the above properties
can be prepared by mixing transition alumina powder with a
suitable binder in the presence of a liquid, usually water or
an agqueous solution of a mineral acid such as hydrochloric,

35 sulfonic or nitric acid, to form a paste, followed by
extruding of the paste in the regquired star form, using a



LMZ\ Yf } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! vxQRd;

@ g} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c%? égﬂ? (Z@]? ca]
ca] ca] ca]ca]cal]calca]cajcalcalcalcal: ; ?°AL W i

PY/ 0oq) *QSW wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
aJ ca] ca] ca] sajeabaal chle alrnn 4w irfdp e ¢lda psak-tdlewx BOkahag$4 f xaat i) aad ca] ¢
2l calcal ol gatoataphaalealsal gl Whatkethorherkerkeshag] cehealealcaloal cal e
=I>IFIG ! arg(telxdmedi.Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

5 : CalmenHit ##D
;gémg&gaggg:g&y%g\%ﬁgggﬁ vvr%’r?’]neg%]D cg%]ggla,]gg]é]ggg] ga 83] %gf%gﬁ %%1 cal ca] cfa] C

a] ca] calca] BafEaf-aaPFcaltHtt AT dhefe #PESPc SFc SfeaF@aPEapeBperal MR QE T =
(2(b(j (k(((&f) Ep2L DAY )911))9a ) M=xerigd adll, cakcallagkcajcal sapeaf ealen] cal ¢

aleal cal cal eal caleatealealoal saleal salcelealeal saladlonheel col saheal ) E'C
.o h, | w nhehdheahgaledjcialatalars] adlide] pabvdddapcahdapeahcal aahe afloa] ga] C;’vl] ca
N (= P P O - X- - o= -
? ?hﬂ \(/:v(rle ]migl\%égi%g L%]%%%@c';?gcn;fﬂgﬁ‘ggﬁ E’éf] Eaf(‘g‘%f@gf%g’%ﬁ?%ﬁ] 2 ﬁtcea"] claﬁ cajc
a] ca] cdlfca) 8] eapwapeadaldsy ddjata sTuyder acidic treatment, for
f$10% | & () edakBYd| &y h—di%gl%’\/{@aﬁéi@ oM 10ULEn k- Mr10%| $h€) amount of
$nM0% & () 4& %ﬂ,ln&' % % 5. £ ; h .
f1j° 5831094 PAREFE, PRS U6 i thpgPEGPREAELOP PE1BBRERATSS that is
P10 () ko b&leXei&ded Will vazpd@pbn?ﬂﬁng@hj tBE1O9D& ©F - atOfiG]( ) -
104] 104] 104k AQ78 ke S MMM cLhe 881078 88,6) 12t be in excess
15 of 30 wt.% based on the dry weight of binder and alumina
together.
The invention will now be elucidated on the basis of

an example.
EXAMPLE

20

1.5kg of aluminium trihydrate, containing 65 wt.% of
Al,0,, with an average particle size of 30-50 pm is mixed
with 0.4 kg of alumina binder. The powders are mixed
extensively while slowly adding diluted, agueous HNO, in an

25 amount of 2 wt.%, calculzted on the weight of the total
amount of alumina.

Thereby the alumina binder is peptised. Mixing is
continued until a relatively dry product is obtained. the
intermediate product is extruded using a one-screw extruder,

30 equipped with a die having starshaped holes and a cutting
device.

The extrudates obtained are dried at 105°C for
16 houxrs and subsequently calcined at 850°C for one hour.
Attached are two figures with photographs of an extrudate

35 shown from two different angles.
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nyohe! L ( Lovemi o+ To0R 112 HL BEOR () e, e ved ok Hts prybied)
] properties with the following result:

N,-BET surface area 106 m/g’

Total Hg pore volume 0.56 ml/g
5 Pore volume in pores over 1000 nm 0.07 ml/g

Side crushing strength 65 N

Bulk crushing strength 1.08 MPa
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to diameter ratio of between 1 and 3.

10 4. Extrudates according to claims 1-3, wherein the total
pore volume a determined by mercury porosimetry is between
0.5 and 0.75 ml/g.
5. Extrudates according to claims 1-4, wherein the BET
surface area is at least 75 m'/g.

15 6. Extrudates according to claims 1-5, wherein the
attrition in accordance with ASTM D4058-87 is less than
5 wt.%, preferably less than 3 wt.%.

7. Catalyst, comprising at least one catalytically

active material supported on an extrudate accorxding to claims
20 1-6.

B. Catalyst according to claim 7, wherein the

catalytically active material is selected from the group of
metals, metal oxides, metal sulfides and combinations
thereof.

25 9. Use of an extrudate according to claims 1-6 or a
catalyst according to claim 7 or 8 in a chemical reaction.



