20 January 2006 TITLE ALUM NA COWPOSI Tl ON, PROCESS FOR BREBAB&?@b&ﬁE SAVE
AND USES THEREOF 5 TECHNI CAL FI ELD The present invention relates to a
process for preparing an alum na conposition and an al um na conposition
obtained by the process. Mire particularly, the invention relates to a
carrier for a petroleumrefining catalyst, an-alumna 10 conposit’ion
suitable for a catalyst, a process for preparing the alum na conposition,
an al um na conposition suitable for alnonolithic nol ded product used for
an exhaust gas purifying catalyst or an absorbent, a process for preparing
the alum na conposition, and a catal ysjyq@lz @ nonolithic nol ded product 15
formed fromthe al um na conposition. BACKGROUND ART It has been heretofore

known to useAL@SING COMEOSIIN GO EROCHSE PORRREDEN IR P ﬁguéﬁé

gel obtained by hydrolysis 20 of an alum numsalt (U'S ent

2,915,475), netallic al um num (JapaneggirRxiognt Publlcatlon No. 166220/ 1985,
Japanese Pat ent Lai d- Open Publication No. 24824/1993) or an alum num al
koxi de (Japanese Patent Publication No. 166220/ 1985, Japanese Pat ent

Lai d- Qpen Publication No. 10535/1995). 25 An alumina carrier for a
hydrotreéting catal yst used for . FECHUICAN FEELDI ng is desired to be
controlled in its specific surface area, pore volunme and pore size:

di stribution, andhgspPresgatubryenbben ®latesatard paocass Bor psdepnmg

obt ai ned fronlpieudoboehnlte
umina comp051tlon and an alumlna comp051t10n obtalned

by the process. More partlcularly, the invention relates to

a carrler for a petroleum refining catalyst ~an alumina
10 compos:Ltlon su:Ltable for a catalyst, a process for preparing
the alumina COIIIpOSlthn, an alumlna compos:Ltlon suitable for
a monolithic molded product used for an exhaust gas purlfylng
catalyst or an absorbent a procesa for preparlng the alumlna
' composition, and a -catalyst or a monolithic molded product

15 formed from the alumina composition.

BACKGROUND ART

It has been heretofore known to use, as an alumlnum source

to prepare an aqueous alumina sol, a gel obtained by hydrolys:.s

20 of an aluminum salt (U.S. Patent No. 2,915,475), metallic
~aluminum (Japanese Patent Publication No. 166220/1985,

_Japanese Patent Laid-Open Publication No. 24824/‘1-993) or an

__alum_'in_umalkoxide (Japanese Patent PublicationNo. 166220/1985,
Japanese Patent Laid-Open Publication No. 10535/1995).

25 An alumina carrier for a hydrotreating catalyst used for

~petroleum refining is desired tobe controlled in its specific

~surface area, pore volume and pore size distribution, and as



prepared by hydrolysis of an alumnumsalt in an alum nu ous
sol ution has been heretofore enployed (see Japanese Pat gzﬁﬁakgﬂa%ggn

Publ i cati on No. 71456/1971 and Japanese Patent Publication No.

26512/ 1986). In the above nmethods, haewever, there is a problemin that a

| arge anobunt of energy is consunmed and wastes are produced. The present

i nventor has proposed before an alum na sol and a process for preparing

t he sanetiWo¥)8R8%/) caByithe akeniofa t bbsadhed narsol psahdoboehmeftdi gh
specific surface area can be obtained, but it is difficult to obtain

al um na BFSREERC BV Jhetrodiysdist Pé 30r phieeimpesgsalitn igddint pdnminpm | sekdpensi ve
al um num source such_as gi bbsite ca}gmot be used alone, On the other hand,
a nonol i ?HF%O?ipSOEHFé?Qs%aEaﬂ%G&, e oL Lﬁrgglcfy&d a' &t af $RINT R

pur | 1y1 Nga exhAUS, Gadd-OMAALTIBLL on ISRET Al O, SAUnGE, JRgeds. & corpl | cat ed
preparation process onprising nmolding 1nert” cordiefite or st ess st eel

into a ookt t hupisebstpat ewaindokben, £9a¢) Ng thhecsdr fack Ol ndfiogsubstrate
with a carrier material mainly containing alumna by wash coating.

DI SCLOSURE e THERMAENTS ON ghebemcasstiat Hr epage Ngnaun ol i éeergy
conposition according to the invention conprises addi ng water and

opti onal +§ HBHGIShSNE Fesdesr are spxeiucad at | east one al umi num hydr oxi de
and/or alum nga selected fromthe following substances (A).to (C: 20

January 2006 *3° (RfeATHU- LBRTHT N Ml RARHRARhYRIGEdS D Bt BiPL heat i ng
a'”m'“”%ﬁﬁd5°§hﬂ%€§%tf§}p£%382%?n8f6%&“%5%@5k%039ygzsl7). By the

use of this alumina sol, alumina of high specific surface area
can be obtained, but it is difficult to obtain alumina of much
higher specific surface area. In addition, an inexpensive
aluminum source such as gibbsite cannot be used alone. On
the other hand, a monolithic type catalyst carrier, that is
used for a catalyst for purifying exhaust gas from a mobile
generation source, needs a complicated preparation process
comprising molding inert cordierite or stainless steel into a
monolithig substrate and then coating the surface of the
substrate with a carrier material mainly containing alumina

by wash coating.

DISCLOSURE OF THE INVENTION

The ©process for preparing an alumina composition
according to the invention comprises adding water and
optionally a monobasic acid or its salt to at least one aluminum
hydroxide and/or alumina selected from the following

substances (A) to (C):



or its salt, (B) acid-containing alum na obtained by treaigpguay 286¢/M na
and p-alumna in the presence of a nonobasic acid or its salt, and (O
bayerite,to prepare a reaction m xture having a k value adjusted to be in
the follow ng range, said k value beisng represented by the follow ng
formula (1): 0.0001 :- k < 0.20 k = (b/a) x (b/c) (1) wherein a is a nunber
of noles of alumna in the reaction mxture in terns of Al1203, b is a
nunber of nol é8) of ag¢fldcontaimimnl talumhdic |lsydrowidser dftaioless dfy wat er

t hen subjecting the reaction mxture to sol-formn reaction at a

t enper at ?%tb?gH%Pmﬁﬂﬁﬁbpyﬁﬁ8ﬁ19§0€PtEﬁ%ﬁﬁ%ﬁﬁ?n9%1O%qae@9§0%@%h¢nﬁxgél, and
subjecting EPe agleous al um na sol and/or the aqueous alum na gel to,
optional?y alkati-treat nent and nol di ng, then drying and calcining. In the

above processygf o D EAfllioNB XLULRLRY O5:a 00 ongl | ¥, added,a B
sel écte

structure controlling agent rom an oxygen-contal ni ng-organic
conmpoundaaiidi@d &N@ Gl 16ninROlDASHL Wed ShncE e PrHCRSS I sitdhedvestion, in
anot her enbodi nent, conprises adding water, a nonobasic acid or its salt
and a pbte satuctamre controlling agent selected froman oxygen- containing
organi ¢ conpound and an inorgani c pol ybasic acid to 20 January 2006 4

x- al um na haviify &BAdeplheul® NnRYEBAPE eparecacisacthbrt et breing a k

value adjusted to be in the following range, said k wvalue
being fepresented by the following formula (1):

0.0001 £ k £ 0.20

k = (b/a) x (b/c) (1)
wherein a is a number of moles of alumina in the reaction mixture
in terms of Al;03, b is a number of moles of acid or its salt,
and ¢ is a number of moles of water,

then subjecting the reaction mixture to sol-forming
reaction at a temperature of not higher than 250°C to obtain
an agueous alumina gel, and

subjecting the aqueous alumina sol and/or._the agueocus
alumina gel to, optionally alkali-treatment and molding, then
drying and calcining.

In the above process, to the reaction mixture may be
optionally added a pore structure controlling agent selected
from an oxygen-containing organic compound and an inorganic
polybasic acid.

The process of the invention, in another embodiment,
comprises adding water, a monobasic acid or its salt and a
pore structure controlling agent selected from an oxygen-

containing organic compound and an inorganic polybasic acid to



having a k value adjusted to be in the range of 0.0001 <- - said k
val ue being represented by the above fornmula, then subj ezcdt(%aﬁléargﬁé@ﬁr eaction
m xture to sol-formng reaction at a tenperature of not higher than 250C
to obtain at least partially an aquequs alum na sol and/or an aqueous
alum na gel, and subjecting the aqueous al um na sol and/or the alum na

gel to, optionally alkali-treatnment and nol di ng, then drying and

cal ci ni ng~allthe rar deesisigofartdhep-iaivanitniaoro iprepards there gebiosh Mentture
conprises adding water and an inorganic nonobasic acid or its salt to

al um na having a p-eaist addpisust ure 4o ipr epar ecanger eattd @O0 Xt wr &€ havi ng
a k value adjusted to be in the range of 0.01 <- k < 0.20, said k val ue
bei ng reprélentaddby t¥elughovelind orpprasentrcth Bubjtbéet i algpuchef vmasis,on
mxture to sol-fornming reaction at a tenperature of not higher than 250C
with stHreR n@u}a%%%‘hﬁé—hi‘é‘@ bye ot steafi Mg W t Aobr E_IM¥NT ngcad-1agbt ai n at

| east parti al Igg an ueous_al um na sol and/or_ an alum na gel,

and
subj ecti Ay Fh&ESHETEDUE Sl Uni WAL ot IR/ B2 He 0 dquedd Pt uhita fdst o,

opti onal | kali-treatment an nmol_di ng then, drying and cal cjni.ng. The
nol ded %ﬁﬁ% cc%?diaﬁ{ble%str?g‘uimﬁ\?gntslog[n FRAG a%ﬂe%"q“}ﬁ?uﬁol%élﬁﬂ ni xt ur e

Sroan: - o7EL" kg s AR BN AL LRG0 o1 NS SLUNGHLORE LRGN A

amount of 0 to 95 % by we terns 0 e sol | er, salrd al um na

sol and/g&1 ak g ppt 20nJBNHaL Vi 2006 & 188k £beiag m&qingﬁd e Q&ﬁ%‘; of a
zi rconi um conpound as theé inorganic polybasic acid. The porous ‘structure
accor di ngnhd accdiRgningention is
The process of the invention, in a further embodiment,
comprises adding water and an inorganic monobasic acid or its
salt to alumina having a p-crystal structure to prepare a
reaction mixture having a k value adjusted to be in the range
of 0.01 £ k £ 0.20, said k value being represented by the above
formula, then subjecting the reaction mixture to sol-forming
reaction at a temperature of not higher than 250°C with
stirring accompanied by no shearing or without stirring to
obtain af'least partially aﬁ'aqueous alumina soi and/or an
alumina gel, and subjecting the aqueous alumina sol and/or the
aqueous alumina gel to, optionally alkali-treatment and
molding then, drying and calcining.
The molded product according to the invention is obtained
by molding & mixture of an alumina sol and/or an alumina gel
and a functional compound in an amount of 0 to 95 % by weight

in terms of the solid matter, said alumina sol and/or alumina



obt ai ned by nolding a m xture of the alum na sol and/or tiU%mﬁiu?bE@%”a gel
and organi ¢ m crocapsul es and then calcining the nolded produc

catal yst according to the invention conprises a carrier made of the

al um n&-"conpodsition obtained by the above process and a catal yst conponent -
supported on the carrier. = 10 BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1
shows conponent ratios of a reaction mxture using nitric acid as the
nonobasi ¢ acid and having an alumina éoncentration of 1 to 70 % by wei ght
and a k value of 0.0001 15 to 0.20. Fig. 2 shows pore size distribution

curves of al Elﬂﬁe S Lepa EX es, 25 to 56. ST

FOR CARRY] N aut TﬁEa%ﬁ#%%ép %e[%?eégn ? %Cerﬁjludnh OISR éf PEutBg of .
t he follomnngnorégﬁgg pBYLBESic(Akig matter related to an optinmum materi al
used as an -alunminum source in the preparation of the alum na conposition,

a k value as a pr@@@dﬁ%t@ﬂsCQthEtQBe ﬁggbkdﬁﬂgokgatﬂgrgnvgﬁtgg tral ling

agent, and other con ions, 20 January 2006 a matter relafed to

plasticity ofbtéenedusy n@oleg@eslﬂﬂmxaéﬁ%ﬂ%s% QfLuPnEﬁaCQHP()éhdJ’QP Eﬁ‘é' ng
advantage of its mechanical. strength, and (3) a matter related

hydr ot reat i nglwet s wsil God bhganbcpeldebEapsnres r.\slrftgthleﬂ @:Qlélnlng the
speci fication, the synbol ."% means "@6by wei ght "
molded product. o : |

The catalyst éccording to the invehtion comprises a
- carrler made of the alumina composition obtained by the above .

process and a catalyst component supported on the carrler

10

BRIEF DESCﬁIPTION QF THE DNAWINGS
'Fic_:l;.‘ 1 shows component ratios of a reaction mixture using
nitric'aoid as the mooobasio acid-and having an alumina
concentration of 1 to 70 % by welght and a k' 'value of 0.0001
15 to 0.20,
| Flg 2 shows pore size dlstrlbutlon curves of alumina

comp081tlons prepared in Examples 25 to 56

| BEST_MQDE FOR CARRYING OQUT THE INVENTION
20 The presenteinvention is constituted of the following.
three matters:
(1) a matter related to an optimum matetial used as an
aluminum source in the preparation of the alumina composition, -
a k value as a preparation condition, addition of a pore

25 .controlling agent, and other conditions,



unl ess otherwi se noted. Process for preparing alum na cormpﬁlhﬁér?%oé 1)

Al um num source 10 The al um num sources enpl oyable in the 1 nvention are
preferably (A) acid-containing alum num hydroxi de (sonetinmes. referred to
as "atd-treared al um num hydroxi de" hereinaf ter) obtained by heati-ng
speci fi ¢ al um num hydroxide in the presence of a nonobasic acid or i ts
salt, (B) acid-contai n| ng alum na 15 (sorretlrres referred to as
"acid-treated alum na" hereinafter) obtainedby treating specific activat ed
alumna in the presence of a nonobasic acid or its salt, (C) bayerite, and

(D) specific y- algm na or g al um na.. The al um num sources are descri bed
bel ow in detail. (2b aAM@hEey) ﬁ%ﬂﬁ%h?ﬁr@%ﬁaélFbFYt A& -BBRJdad8MLEANi ng

al um num hydr oxi de. (A), gi bbsite yerite i s used, and i bbsite or
bayerf e s SRR EFos %@cﬁﬁa%w?fre e Shppesissse tekitaedrestage of a
nonobasi ¢ acgid. or 'ﬁs sal I af, t| ng is carried out in a closed vessel
to prevent evapor%‘f ot 2% 5%?% buf ijf a nonobasic acid salt having | ow

vapor pressure pre e g carried o in.,an open -
system 20 Januarcj Solﬁgggeﬂsﬁet eeg%letg)l r%yda ?qili/eaéftéd’gaf:ﬁﬁf’r]réfs&sgarfé?ethe
aci d- cong ai En;% m na or p-alum na having a specific surface
area of aboadt Oto Zr%% %/&?J‘g#l s effective, though such alum na could not
be used in the CONYVERL kAP c I REASHoP, 28 Y G-e_ i na is
heated at a tenperature . ofcolto 350C i net pc?iezen(?eéo bghﬁegc acid
or a nonobaging e idt HAhdisAGidtdd eat ment of p- aVI um na at OC contributes to

Process for preparing alumina composition

(1) Aluminum source
10 The aluminum SOu_J_:ces employable in the invention are
'.pre'ferably (A) acid—containing aluminum hydroxide (sometitnes .
referred to as "acid-treated aluminum hydroxsl.de" herelnafter)
obtalned by heatlng speci flC alumlnum hydrox:Lde in the presence
-'o—f a monobe51c ec;d or ltS salt, (B) acid~containing alumina
15 (sometimes referred to as "acid-treatedalumina® hereinafter)
obteined by treating specli fic activated alumina in the presence
of a mpnobasic acidor its salt, (C) bayerite, and (D) specifie
y—alumina or p—~alumina.
The aluminum sources are described below in detail.
20 Ae the al_uminﬁm hydroxide for the acid-containing
alumimim hydroxide (A), gibbsite ot bayerite is used, and
gibbsite or bayerite is heated at a temperature of 150 to 350°C
in the presence of a'moﬁobasic ecid or its salt. The heating
is carried out in a closed vessel to prevent ex}aporation of
25 acid, but if a monobasic acid salt having low vapot pressure

is present, the heating may be carried out in an open system.



increase in the specific surface area of the resulting alyjafgary 3666
nonobasi c acid used for the acid treatnment is, for 10 exanple, nitric
acid, acetic acid or a salt of a nonobasic acid, such as alum numnitrate,
and t he-amount thereof is in ‘the. range of usually 0.05 to 1.0 nol,
preferably 0.1 to 0.5 nol, based on 1 nol of A1203.. The bayerite (O is
equal to the bayerite used in the 15 acid treatnent for preparing the

aci d- contai ning al um num hydroxide (A7 In the present invention, bayerite
having been subjected to no acid treatnent can also be used as it is as

th | | - al

spgmaf Iu(r:n ng(r)n 2831[ g‘ge ]a;:éga of%&hff&t Iesg‘%ah naaz%](}szIé aé};(rfpo?rﬁet av:'alngm'ana is
| h | t d d W97/ 32. 817.
alum na havi Bgia-BofthikahS LGNS, (L 08hl th%y %Lg% HepiRa 255

Sinmilarly to the bayerite, “they can tsed

sources Wit hQEEcE@hEQsiﬁH?h@Et&Peé B AL rl%%t TEY 50 %éég ﬁshgf?ﬁ%%%e,

invention, it is pOSSIb|etO use a m xture two or

subst ances (Amough(sla)chaemmaawmamtM&&&:m%@le%%?% ﬁc%flg ok8)

Reaction-m xture of standard conposition First, conmpositio reacti on

m xture (sonesiareslunehemnr eshice as e’ standand 4 gagtEQh Xt dhSaratur
hereinafter) for obtaining an acid aqueous al um na sol and/or an am?i

aqueous 5 abfifi ha 33°d s$ndegscpirbednceher é%&q@ﬁ&!ﬁmlaciﬁtﬁﬂ Ram&RbbasgLor |
the aci d aqueous -.alumi.na gel referred to hereinis any one of an aqueous
sol 7 acid s_a;l.t. Acid treatment of p-alumina at 0°C contributes to
| 'increaeeinthespeqificsurfeceareaoftheresu;tingalumina.
| The menobasic acid used for the acid treatment is, for
10 example, nitriclecid, acetic acid or‘a salt of a monobasic
_ acid, such‘ as aluminum nitrate, and the afnount thereof is in
the range of usually 0.05 to 1.0.mol, preferably 0.1 to 0.5
"mol based ‘on 1 mol of A1203
The bayetlte (C) is equal to the bayerite used in the
15 acid treatment'for preparing the acidncontaining aluminum
hydrokide (A}. | Inthe present :anentlon, bayerlte havingbeen
'subjected to no acid treatment can also be used as it is as
- the aluminum source.: | |
| ‘The specific y-alumina (D) isy-alumina having a specific
20 sQrfaEe area of not less than 250 m?2/g, and the p-alumina is
'aiumina having a bfcrystal‘structure, that is described in
WO97/32817, Similarly to the bayerite, they can .be used as
tthey'are_as_aluminum.sources without being subjedted.to acid
treatment. |
25 . I._n the present invention, it is possible to use a mixture
ef two or more of the substances (A) to (D) as the aluminum

source.



in which fibrous boehm te obtained by the hydrothermal t3eahiR)bodd

di spersed, an aqueous gel in which the fibrous 10 boehmte forns a

t hree-di nensi onal network structure and a mxture of the sol and the gel.
I n the present ‘Thvention, the acid aqueous alunmina sol and/or the acid
aqueous alumna gel is sonetines referred to as an "aqueous al um na sol
gel" or an "aqueous sol gel". 15 In the.present invention, the alum num
source, water and a nonobasic acid or 8its salt are mxed in a given ratio
by nmol to prepare a reaction mxture. The reaction mxture is allowed to

under go sol - ferm t ypder. given conditions . to obtain an acid
aqueous al un‘i((r%z)img%%cg%%ﬁo?ﬂ%r? aci aoigqsﬁte rcgdzoémﬁﬁ%ﬁl%l conpri si ng

fibrous boehm o Parbic! 8smplad (Tyfior Al L0 POLYeeh LIS, ol YL A%. Lhe, el d

and water in the reacfion xture 1 sindicate

the fol I ow , ' 1,Xt ' . K value_in a
Fixed range 15 proparsd 2 & ey morhrel Trt TR A et o

i s a nunber ebtaRhesqfn aldid &@;élédhé alqufmgt% gamcﬁ Sl AL Hglflg{g?glm’

b is a nunber of 20 January 200 9 noles o e nonobasic acid

salt, -and ¢ asuainanper isfdaskespeld.water. In the present invention, the k
value.is preferabhly in the following range. 5 0.0001 - k < 0.20 Wen

nitric acid i's uskuk ascideaguaobasatuathd asd 4h8/oal HRkNACEANGeRkbali on i's

in the range of 1 to 70 % by weight, - _
.+ alumina gel referr_ed to herein is any one of an aqueous sol

| 1n which fibrous boehmite obtained by the hydrothermal
treatment is di.slpersed, an aqueous gel in which the fibrous
iO_ boehmite forms a three-dimensional network structure and a
_inixture of the sol and the gel. In the present invention,
 the acid ‘équeoqs alumina so_i and/or the acid aqueous al‘umina
gel is sometime_s referred to as an "a‘queoﬁs alumina slol ‘gel"”
" or a-n _';éqﬁe'ous" sol gel”. |
'1'5 . ‘In the pre-sent invention, the aluminum source, water and
a mOnobésic aci'd or its salt are Vmixed in a given ratio by
‘mol tolp_repare a reaction Iﬁixture. The reactién mixture is-
, ,allcwed toundergo:s O'l—fo_-ﬁrmip-g reé}::ﬁion under given conditions
'fo obtain an aéid ‘aqueo‘us alumina sol and/or an acid aqueéﬁs-
©20  alumina gel ‘comprisin-g fibrous boehmite particles.
The molar ratio between the alumina, the acid and water
~in the reaction mixture is indicated by a k value defined by
"the following formula (1), and a reaction mixture having a
_ " ‘-k. value in a fized range is pfepared.
25 k= (b/a) x (b/c) o (1)
In the above formula,  a is a number of moles of alumina

in the reaction mixture in terms:of Al,03, b is a number of



the above relation is graphically illustrated in Fig. 1. dywepdheo@mounts
of alumna, water and the acid are 10 controlled so that the k"value is in
t he above range, an acid aqueous alum na sol conprising particulate
fibrous-"boehiit® of high nonodispersibility is obtained. Fromthe al um na
sol, an alum na conposition. having high specific surface area and | arge
pore vol unme can be obtained, and from such an alum na 15 conposition, a

nol ded product having hi gh nmechanical $trength can be obtained. Wen the k
value is less than 0. 0001 the resulting boehmte conpri-ses non-fibrous

| arge partic n exceeds 0, 20, |brou -boehmte is
obtgingbleI %ﬁ?e?xggb%é% g%aglg Fé& | 8%t 6t§gﬁﬁgFErﬁP SndScenbHnkera

| arge amount,pf37.009bQghait e component. In each case, the resulting
alumi na conposition has snall" pore vol une and IS difficult to nold, and

besi des, the nmechaqigal ﬁgéégﬁﬂr&ﬁgeékégéﬁﬁ; oya gﬂihe b Qgﬁégggg5|tlon i's

| ow. 25 Exanpl es of the nonobasic aci

i ncl ude i norgadi £01DHP Iﬁaﬁ%éds such as n|tr|c aC|d and hydrochloric
acid; lower aliphatic nonocarboxylic 20 January 2006 .10 acids, such as -

for m' C agid, acet¢.m@Exl K apdpgopponi c acid; and salts of nonobasic acids:
cont ai ni ng these acid radicals, such as aluminumnitrate, basic aluninum

acetate and amomihen rddetiat &ciEhase usRORASEEe AGbASHABICSAELE ME
singly or 5 in conbination. Wen the acid used is an inorganic nono aS|c
acid or i ts algmlina clhadentalatd drs mmiﬁ tHefranafel i o tde or angg @1&,@001 '
the above relar;on is graphlcally illustrated in Fig. 1.
When the amounts pflalumina, water and the acid are-

10 controlled so that the k value is,iu the above range, anlacid
aqueous alumina sol comprising particulate fibrous boehmite
efhighmonodispersibilityisobtained Fromthe alumina sol,
an alumlna comp051tlon havmng'hlgh specific surface area and
large pore volume can be obtained, and from such an alumlna

15 -comp051tlon,~ a molded product_: having high mechanical strength
can be obtained.
Whenthekvalueislessthan0.000I,theresultiugboehmite
comprises non-fibrous large partlcles 'Wheﬁ-the-kfvalue~~"~ ey
- exceeds 0. 20 flbrousboehmltelsobtalnable "but the boehmite
_20 is liable to agglomerate and contains a large amount of a
non~boehm1te component. In,each.case, the resulting alumina
composition has small pore volume and is difficult to mold,
.and besides, the mechanieal strength of a molded product of
the composition ie low.

25 Examples of the monobasic acids employable in the

invention include inorganic monobasiclacids, such as nitric

acid and hydrochloric acid; lower aliphatic monocarboxylic



to 0.05. Wen the k val ue exceeds 0.05, an aqueous sol gekLmﬂaﬁgggmpo
transparency is formed. However, if the aqueous 10 sol is inproved In
shearing stress in the subsequent kneading step, an effective alum na
conposition can~be obtained. Wen the acid used is .a |ower aliphatic
nmonocar boxylic acid, the. k value is nore preferably in. the range of
0.002 to 0.20. If the k value is less than 0.002, an opaque aci d aqueous
sol 15 gel is fornmed. However, by the Hddition of the | ater-described pore
structure controlling agent, an effective alum na conposition can be

obt ai ned. The 3l once 1.0 the reactipn mxture is-- preferabl
QL1§n't %%'fgj %%bgb\%gﬁgh?cllﬁ’t@: leacjz‘é S PFORAIH ¢ Rt‘?éléium n;

in the range o

concentrati ognisshess 6?%&0%&0 \%%1%@ Ftll ﬁgeoﬁt%g%radﬁlcglﬁagﬁ'qa&ﬁ

wat er - sol ubl e- conponent becones |arge,

al um na vyi el duchgs élhﬁnﬁ‘ldﬁﬂhﬂ%ra@%nCﬁ@éiéyl%nﬁlﬂ chpgaeaanr%am 64 to 70

% by wei ght, a powdery product is Obfalné rt1ron and

aqueaus 25 agweRibZeal t ehebBansbbi 9181 N1 d€AGHd Qﬁl%edafé'tnf‘é?d ‘é%nyolﬁg%”?l on

make t he nol di ng operation possible, andinthiscase, an alum na
havi ng. speci ihccambfiage ianea hi gher than that of 20 January 2006 11 an
al um na conposition obtained when the alum na concentration is lower than

60 % by wei ght i sWhbhaimedhcivhasetihts alnifhddgafeBCRPEEBLE DA £XGeeAS 17Q % by
wei ght, the resulting hydrated alunmina has no plasticity, and the nolding
operatlon besabbs thedk ffdlus tis ot @rerataay Hinxtheeranbenbaaohegbng .
hi gher™” solublllty than crystalline boehnmte may be added 1n an anmount of
not to 0.05. When the k value exceeds 0.05, an agueous sol gel
having no .trensparency_ is fo;:med. However, if the aqueous:
| 10 sol is improved in shearing stress in the subsequent kneading
. step, an effective alumine composition can be obtained. When
the acid used is a lower aliphatic monocarboxylic acid, the.
N k value is more preferably in the range of 0.002 to 0. 20 If
the k value is less than 0.002, an opaque ac1d agqueous sol
15 gelis formed. However, by the addition of the later—desc‘_ribed
pore structure "co'ntrolling agent, an effective alumina
compositien can be ,obtained.‘ |
The alumina concentration in the reactioh' mixture is -
preferab’ly in the_ range offl to 70 & by weight in terms of -
200 Al,03. Whenthe alumina conc‘enltrat-ion is lees thanl$% bly weight,
the pro;ﬁortioh of a water—soluble» component becomes'latge,
resulting in a problem of low alumina yield. Whenl the alumina
concentration is in the range of 60 to 70 % by weight, a powdery |
_pro’duct is obtained. However; addition of water and aqueaﬁs
25 ammonia after the so,l—forming reaction and intensive kneading .
- make themol'dingo’perationpbssible, andin this case, analumina

composition having specific surface area higher than that of



nore than 95 % by weight in terns of A1203, based on the 1 our ce.
Exanpl-es of such alum na include gibbsite, 10 pseudoboehn%%!tjgi,qﬁd?y%()é
non-crystalline hydrated alum na, x-alum na, vy-alumna and i-alumna. .In

t he preésent invention, to the reaction m xture of the aforesaid standard
conposition for form ng an aqueous alumina sol, a pore structure
controlling agent may be added in order 15 to inprove properties such as
specific surface area. By. the additildn of the pore structure controlling
agent, a part of fibrous boehnite particles are crosslinked to forma gel,

and hence a,m e lLum -sol ,and an aqueous al um na gel
s obt ol ned Sa ot nan Ba e Ea B e R e e S e ST e e i ipe
controllin i gen: +aJ; 1l ni.c_conpound,, an_j norganic
pol ybasi ¢ ga%igg{g%%éaﬁ(%nnp%owuﬁd%\%%ahs@ g%s%%lg\%eléle’ldn eF RS P btRa an

| nor gani ¢ POSRAShExeich SAMIEY O BICSUIRENLEENELEL DS 0N £ o

conpounds 25 include carbohydrates, arch, —agar-ag

mannan and GMumivdehRydhol §185tPELYDY HAE ﬁéﬂg@g%“g;ﬁ%%?#ﬁ%%?égéﬁés

hi gher aliphatic nonocarboxylic acids, aromatic

nmonocar bexyldicf faipdulls, . oxycar boxylic acids and oxypol ycarboxylic acids.

These oxygen-containi ng organi c conpounds nmay be conpounds containing

sodi um amoni umTo themearmion mivet bikealamihena IRNRDYEEF & AN £y @

ketone or -an ester is added as the oxygen-contai ning organic corrpour%l, t he

product obttdiame¢rys tal ldpedehalit meysde afdkd M hirs aaeset dre i ect
more than 957% by weight in terms of 21,03, based on the aluminum
source. Examples of such alumina include gibbsite,

_10 pseudoboehmite,non—crystallinehydratedalumina,x—élumina,
y-alumina and n-alumina. |

In the present invention, to the reaction mixture of the
aforesaid ‘srtandard c_émposition for 'forming an aqueous alumina
sol, a pore structure contrlolAling agent'may be éddeﬁ in order

15 to improve‘properties such as specific suffacelareé, By,the'
éddition ofAthe pore structufe controlling agent, a part of
fibrous -bo‘ehmite particles are cro‘sslinked to form a cjei, and
1henceandxtu£eofanaqueousaluminasolandanaqueousaluminaa“
ggl is obtéined'aé the sol-forming reaction product.

A20' The pore structure controlling agent is an
oxygen-containing organic ¢ompound, an inorganic polybasic
acid, or a compoﬁnd which is dissolved in water-to produce
an inorganic polybasic acid.

.Examples of the oxygen—containing organic compounds

25‘ include carbohydrates, such as starch, agar-agar, gelatin,

mannan and CMC, 'monohydr,i(: or polyhydric al_.cohols, ketones,

esters, higher aliphatic monocarboxylic acids, aromatic



of increasing pore volunme of an alum na conposition Obta”ﬂﬁﬁnué%?ﬂ% ¢ he sol
is high though the effect of increasing specific 10 surface are ereof is
low. In the use of a higher aliphatic nonocarboxylic acid, the specific
surface-area and the pore volunme are increased. In the use of an

oxypol ycarboxylic acid, a hard aqueous alum na gel is formed, and this
alum na gel increases specific surface area of the alum na conposition

15, but decreases pore volune thereof.12ln the use of an- . oxynonocar boxyl i c
acid, apolyhydric alcohol, apolycarboxylic acid or a carbohydrate, an

effect of in i rface area '-.and pore vo|lunme of the
ﬁBﬁBEhQEo§|§ﬁ9J a%l © SRy SRR & éas‘gl‘%%r?ddnds contribute to

al um na conposition is-observe

maki ng the pekﬁpé&§@ar%9x9ﬂiEr Efon %H bqug%BOEﬂ%E§§%ﬁgénggﬁgﬁﬁga|

oxygen- cont ai ni hg 0rgani ¢ conpoun con

strength of abzuﬁbﬁadavtn%dbept:e%%hﬁds' tco'n%aR %%'cﬁ Srrg g.%t%?t hgmb 2 part |

oxygen-cont ai-ni ng. organi c nmpound nt of™
by melght batedinen drpahk ka@E|ght of the alunlna material in terns. of
alumna. - If the amount thereof exceeds 0.2 part by weight, the pore 20

January 2006 13 wiednemoholgerarRos 8soh1t let | 0 i on
is ‘increased, . and hence ne?ﬁgnlcal streng?ﬁk%?%g H%ange%qlga % 5@@?
fromthe conpostheomxy@gnbeohoMEﬁEﬂg EBQaQX&QQBmﬁeﬁhalntﬂg grgante Conpound
is thought to 5 participate in the formation of primary particle of .

boehni t e *ambteriowsd u.atamgqueausladmm‘fnat 561 ialpicoLis thrixéSé@éé,l Bﬁe@ﬁ’é’&ﬁ e .

particles. ‘of_lncrea31ng pore volume of an alumina comp051tlon‘obta1ned
from the sol ié high though the effect of increasing specific
10 surface_area thereof is low. 1In the use of a higher eliphat:io-'
: monooarboxylicracid, the specific surface area and the pore:
volume are increased. Inthe use of an oxypo.lyca‘fboxylic acid,
-a hard aqueous alumina gel ie'foimed and thlS alumina gel
_increases spec1flc surface area of the alumlna comp051t10n
15. but decreases pore volume thereof. In the use of an
oxymonocarboxyllcac1d apolyhydrlcalcohol apolycarboxyllc
ac1doracarbohydrate,aneffectoflncreaSLHgspec1flcsurface
'oarea ‘and pore volume of the alumina comp051t10n-1s observed;~
and-some of these compounds contr_ibt;te t:o making the pore size:
20 'distribution sharp.

Most of the above oxygen-containing organiec compounds
‘contribute to improving mechanical strength of alutnina molded
products. |
| It is preferable to use the oxygen-containing organic

25 _compound in an amount of 0.0002 to 0.2 part by weight, based
on l part by weight of the al‘umina material in terms of alumina.

If the amount thereof exceeds 0;2 part by weight, the pore



Wien no pore structure controlling agent is added, the rgsuhtiPgoegs um na
conposition has, after calcined at 550C, 10 a specific surface” area
rangi ng from 100 to 250 n2/g and a pore vol une of pores having pore

di anet’er-of | ess than.60 nm ranging fromO0.5 to 1.0 m/g. On the other
hand, when the oxygen-containing organic conpound is added, the resulting
al umi na conposition has, after calcined at 550C, a specific 15 surface area
rangi ng from 200 to 300 n2/g and a por® volunme of pores having pore

di ameter of less than 60 nmranging from 0.5 to 1.2 m/g. That is, by the

addi tion of = C i.nLng qQrganic compound, the specific _
surface-area%Qﬁgmgfégﬁﬁig?n%?%gédgésh‘oﬁﬁéP@gggﬁﬁﬁf?ﬂén%ég%m%RﬁﬁQQQE)%ﬁ)‘
oxygen- cont SLHGQBANEACABROUNL R e The elfect due Lo the addition

of the oxygen-containing organic compoun

al um num soufFeemetor Adie t@{iﬁ%ﬂfpdﬂﬂ@d% : %eusfc?w brué%gl so when ot her
n

al um num sources for the conventional alunm na so ofmation are used 25
wi th adopting therhenmpasigtnoeoakstiRe '@%ﬁa Mg sthe, invention and
the sol -formng reaction conditions opéth .gg'Janu f§r§56€ %fgqﬁﬁinﬁ?pn.
That is, 2 hepaftéct patel D6 ransitaamaRaC be SHITALE pAIGR1Yf oENSoLERHLLI N0
alum.na is observed. Another exanple of the pore structure contro "t 8
agent that asdefrfeectliiveciiry rebeti BareRE8e0f i 5PS&S LirGssHN AR 18881 PeOf
alum na i$-an inorganic. pol ybasic acid. The inorganicC polybasic acid s a
pol ybasi ¢ adb@ircbetesni ng an el enent having an ionic potential of not |ess
than 4.5, such as B, ‘C,-Si, P, S Ti,V, Zr, Mo or W or a conpound
capabl e of forni ,{B-.en no pore structure controlling agent is added, the
resulting alumina composition h.a's, after calcined at 550°cC,
10 a specific surface area ranging from 100 to 250 m2/g and a
. pore volume of pores having pore diameter of less than 60 nm
ranging from 0.5 to 1.0 nil/g. On the other hand, when the
oxygen-containing organic compound is added, the resulting
alumina composition has, after calcined at 550°C, a specific
15 surface area ranging from 200.to‘ 300 m?/g and a pore volﬁine
of pores having pore diameter of less than 60 nm ranging from
| 0.5 to 1.2 ml/g. That is, by the addition of the
oxygen-containing organic compOund, thespecificsurfacearea -
is greatly improved as compared with the case where no’
20 oxygen-containing organic compound is used. |
The effect due to the addition of the oxygen—-containing
organic compound is observed not only when the aluminum source
- for the present invention is used but also when other aluminum
sources for the conventional alumina sol formation are used

25 with adopting the composition of the reaction mixture of the

invention and the sol-forming reaction conditions of the



a polybasic acid. Useful exanples of such acids include bgyj.a,dd)2a6kd,
carbonic acid, silicic acid (deal kalization of sodium silicate"wt
cation-exchange resin), polysilicic acid (hydrolyzate of ethyl silicate),
phosphofi€ acid, sulfuric "acid, sulfosalicylic acid, ammonium sulf ate;
peroxotitanic acid, vanadi.c anhydride, zirconyl acetate, nolybdic¢ acid, 15
nol ybdenum tri oxi de and tungstic acid. The ionic potential is defined by
the following fornula. 1lonic potential4 = (Valence/Radius of ion) In

case. of a polybasic acid containing a |ight-element such as B, Si or P, an
al um na conpasividn®@n.oravi Mgae SPechki r.face _ar.ea of 200,to 400nR/g
2® S thet et SERRIERNRR et bbeRniT At

can be obtained even by the addition in a smal

pore vol une kaseal idEelyet Qe@jﬂggpaasﬁgﬂiﬂy%ass%ége&e@l ybasic acid
Mb- or [ [

containing. a heavy el ement such “as increase in the specific

surface area of Bhethesubtamglalritha ﬁ@@%&fd%f% &%Er%aﬁﬁkvqegg%ﬁ&-%-

the addition in a small anount. However, if -the ybasi' ¢ aci ed in

such an anouhbathas ¢fifecohvenfonfthde Rotahasios sg%ic‘ifii'& !‘sp/gag'c%mgggﬁ'
becones al nost equal to the content. of 20 January 2006 15 an 3in
t he M- Wcatafysiuhbnaaipetnolieomgaefiocnipdd ybeatial ¥ehd.NafBLY i nd® 59-%0 % by
wei ght, .an al um na conposition ‘having a specific surface area o? 26 "to
400 ne/ g carielvbealaedidromudlylimieactdudntaitliengeh piasien ta6idihg .
desirably- 5 added in such an anmount that the atom c ratio of the polybasic
acid to .1 n? Hn¥F RprRbial hef anehi bass nthde 4 eactswch axtry ec, isijn the
range of O.QQZEEO 0.2. As the inorqgnic pol ybasic acid for usein the '
i nventi on, r S, Ti, V,_.Zr,..Mo or W, or a compound capable of forming
a polybasi_c'a'cid. Useful examples of such acids include boric
10 acid, carbonic acid, silicic acid (dealkalization of sodium
silicgte .witb cation—-excha.nge resin), polysilicic acid
(hydroly’zat.e' of ethyl silicate), phosphoric acid, sulfuric
acid, sulfosé}.iéj;lic acid, ammonium sulfate, peroxotitanic
acid‘, vanadic anhYdride, zirconyl acetate, molrybdic acid,
15 molybdenum trioxide and tungsi‘:ic acid.
The ionic potential is defined by the following fofmula.. :
Ionic potential = (Valence/Radius of ‘ion)
In cas\e’lo‘f-é-polyb'a'sic acid containing a light -element
- such as'_.B, Si.O'If P, an alumina composition having a specific
29 surface area of 200 to 400 m?/g can be obtained even by the
addition in a'sma'll amount, and besides the pore volume is
~ likely tobe increased. Incaseofapolybasicacid containing
aheavyelement such as Mo or W, iﬁcrease in the specific surface
‘area of the resulting alumina composition ié not obsérved by
.25 the addition in a small amount. However, 'if the polybasic

acidis added in such an amount that the content of the polybasic

‘acid in the alumina becomes almost equal to the content of



the above conpound may be used as it is, or a conpound capphhgary2008f
under goi ng di ssoci ation or deconposition in hot water to formthe above
pol ybasi ¢ conpound rmay be used. The sol -form ng reaction product obtained
by thé addition of the inorganic polybasic acid is nearly a white opaque
gel rather than a sol, but when a Zr conponent is added, an aqueous 15
alum na. sol is obtai ned When the anmount of the inorganic polybasic acid
is small, fibrous crystalline boehnitelSis likely to be formed. On'the

ot her hand, when the anmount thereof beconmes. |arge, crystallinity of

P01 ybast ¢ ac o 28" aicl e o GerosnE AT ARG of BAnFc PECRAGHD i HaNesed

pol ybasic acid "20 and The oxygen-contai ArA

in conbi nat t uecontrlbutes to increase .in the
P19 e P TR b Aoy SR R conRasatient  due

specific surface area

to the addi thgﬂlﬁaatgt%éi@iggﬁlr%awzylt@g%f %Sc agbgrfﬁlzzg& rvegtggtgsg\r’u]en

when the al um num source for- the resent i nventi on

ot her al um num sopf&Rxhd %dxheez:‘é%\i%“ hgLion are used
with 20 January 2006 16 adopting the co{rQr%(é)1 ﬁ%%%fctsafglc{r gaga?% ﬁsi%’ure

of the isnveatided iandutheamydicaiietRBE BYOLRRIS f?ﬂﬁb%f’ eFEOi?tg S the

invention. That is, the effect of increasing specific sur

resul ting alamidido & notser\vRl.ator 3F S allQRTHAGH f 436 k@ﬁct@oh%z@t%ﬁ%
i nvention, the reaction mxture .prepared as above is then subjecte

sol - f or m ng ¥®abn i e atamge t efipbr amar eo00. zot hi gher than 250C, pr ef erably
0Oto 250C
As the 1norgan1c polybas;c acid for use_ln the invention,
the a‘bove compound may be lused as it is, or a compound capable
10 of undergoing dissociation or decomposition in hot water to
form,the'above polybasic compound may be used.
Thesol—formingreactibnproductobtainedbytheaddition
of the 1norgan1c polyba51c ac1d is nearly a whlte opaque: gel
‘rather than a sol but when a 2r component is added an agueous
15 alumlna.sol is obtalned. When the amount of the inorganic
polybasicacidis small, flbrous crystallineboehmiteis l:Lkely
tobe formed. Ontheotherhand whentheamountthereofbecomes.
1arge, Crystalllnlty of the boehmlte tends to be lowered.
In the present 1nventlon, the inorganic polybasic acid '
20 and the oxygen-containing organic compound may be used in
cembinatioh, and the combination use contributes to increase
in the specific surface area of the resulting alumina
.COmpbsition,
The effect due to the addition of the-inorganic polybasic
-25- acid is observed not only when the aluminum source for the
p_rés,ent invention is-used but also when other aluminum sources

for the conventional alumina sol formation are used with



nore preferably 50 to 220C. \Wen the tenperature for the df580l5hb8M Ng
reaction is not lower than the boiling point of the reaction nixture, the
sol-formng reaction is carried out in a pressure vessel such as an
autoctiave; and 'Tn this case, the sol-formng-reaction is carried out under
the so-called hydrothermal synthesis condition. In order to prevent 15
sedi nentation of the starting alumna-and to increase heat transfer
coefficient during the reaction, stirriéng i s sonetinmes necessary. The
stirring, however, has a disadvantage that the resulting fibrous-boehmte

particles aretiedinto,tiedintohyndl al um na obtained therefromsuffers 20
| ow qual ity \%ﬁéﬁ%gggd%g§ Sogg’ﬂ‘%lgrl.onﬂ?eﬁ' s &eadtel ap i L ridaet i on

ani ed by, no shearing or wthout

houl d be cakr LN gL L
SEPrnoe SoihvEfath MhNeRE B e A 0L o RaPASFIPRE O Sbe of

stirring. The in

the reaction;,§Qntk if stinring.is. performed .25 until_the

Legpe[ﬁturel%gacﬁggag'g!%%%EEEWSQ%égf%cgn ?Pcfﬁ@§§88§§ﬁﬁgﬁﬁii§Erf;ceh 3
ydr ot her mal 3 syAt hesifei scAREYGEHE .hqut, i.rring, bundle-Ilike boehnmite
is hardly formed.. On ?hig go JgﬁuagghgggGEsli%gggg , wet grinding at a

| ow 't enper at yz e SbPSEotRiRAG PBYcthencarried out. The wet grinding is
generally carried out by introducing a given anbunt of water, a nonobasic

acid, ~a powdery B whegFeseutCenvanti OR} itg{@lr'e)éctﬁ_op%fxﬁﬁfra%P%[?a%eﬂ :
controlling agent into a 3. 6 liter porcelain pot mll contarnin ) Kg of
zi rconi a balds dlewiagia thamesesiottd® s51BoandorAlabi PhacthBnMak! 4at 90
rpmfor a given period of tinme at room tenperature. _
temperature of not higher than 250°C, preferably 0 to 250°C,
morg preferably 50 to 220°C. When the température for the
10 sol-forming reaction is not loﬁer than the boiling point of
the reaction milxture, the sol-forming reaction is carried out
in a pressure vessel such as an autoclave, ahd,in fhis éase,
thé sol—forﬁing_reaction is carried out under the soféalled
hydrothermél synthesis condition. In order to prevent
15 sedimeﬁtation of the starting alumina and to increase heat
‘transfer coefficient during the reaction, stirring is-
sometimes necessary. The stirring, héwever, has a
. disadvantage that the resulting fibrous boehmite particles -~
afetiedintobundlesandthealuminaobtainedtheréfrbméuffers
20: lquualitywhenuSedasacarrier. Therefore,thesol—formihg.
reaction-should be car;ied out with stirring accompanied by
 no-shearing or without stirring.
The influence of the stirring is small in the initial
ustage of the reaction, so that if the stirring is performed
25 until the temperature reaches a given teﬁperature and if the

subsequent hydrothermal. synthesis is conducted without

'stirring, bundle~like boehmite is hardly formed.. On this



The sol-formng reaction on the |owtenperature side PeQ%ﬁmﬁu Rgoperiod
of time, so that this sol-formng reaction 10 is utilized for the purpose

of enhancing the thickening effect due to the initial sol-formng reaction
and effectively  pronmoting partial fornmation of boehmte. This sol-form ng
reaction is favorable for inhibiting sedinmentation of the powdery alum num
source and controlling the physical 15 properties. The sol-formng reaction
to conpletely form boehmte is preferi@ly carried out through hydrothernal

synthesis at a high tenperature and hydrothernmal treatnent after the
eous alum na sol and/or an acid

159 L Stk S P By B TR LT e T 27
IR MO e e
prcemi o lin Smat ST T o i R il
and 20 Janugéy 2006 18 the Iike. AS§ t e_rghctlon S?ne ?%rﬁrgﬁﬁﬂf_,r§he
crystal | isni tcyon'ofolDﬁn@agémtti%iﬂ%Qﬂﬁslimélhﬁ&t:%é‘fgiﬁg??o %%”éoﬂgg}lgﬁgff' of

havi ng hi gher transparency is obtained. \We e rea n"tine i

the reacti orb kenps ztasoe iisbh s mﬁ;@abafaxﬁetér|o<zvvi@rn¥r§ﬁ§hbif@tatin% |
pseudoboehm te. However, if the alkali "is added to the boehmite t0 perform

hydr ot her maltite Bat rertt 90 rpiefcor y stiatdn i+ Yo@btdige 4 DEBUR hAGUTL G LS,
' mproved and‘ The sol-forming reactioh on the low?-temperature sid,e.-
needs a long period of time, sd that this sol-forming reaction
10 ié utilized for the pur.pose of enhancing the thickening effect
due to the initial sol-forming reaction and effectively
promoting partial formation of boehmite. This sol-forming
* ‘reaction is favorable for inhibiting sedir.r_len,tat.ion of ﬁhe_
powdery aluminum. soﬁrce and cbntrol_lihé thé physical
15‘ . properties. The sol-forming reaction to completely form
boehmite is preferably clarri_ed out through hydrothermal
-synthesi's at a high‘ temperature and hydrothermal treatment
:éfter“the addition of alkali. ~ - ““" ~4_ S ““” l'” e
As Aa res.ult, an acid agqueous alumina sol and/or an acid
20 ‘agueous alumina gel wh_érein fibrous crystalline boehmite
particles are monodispersed is obtained.
When the particle diameter of the aluminum source as a
starting material is small, the reaction time becomes long,
and the sol-forming reaction proceeds even at normal
25 temperature (0°C). The reaction time depends upon the type

of the aluminum source,.particle diameter thereof,

acid/alumina ratio, concentration; reaction temperature and



enhanced. Wien no pore structure controlling agent is addggh,l, &m%ﬁ@
reaction m xture, the product obtained is an aqueous al um na %aV|ng pH
of 3 to 4 . This aqueous alum na sol has properties that it swells when

m xed W-th water, and, can be diluted to. ‘any concentration. The aqueous
alumna sol is alnost. free fromsedinentation of a precipitate, and a so
havi ng been 15 diluted to have an alum na concentration of 0.1 % has |ight
transmttance of 1 to 80 % in the waveld ength of 570 mm The viscosity of
a sol having an alunina concentration of 10 % is not |less than "10. nPa s.

The boehmi t t. D hi gh di bilit d by

el'ectron m cFHedais 26l FoSek s ofh Troba Proupadste s SFY B BABR o
ticles h dj d lengths of 0.0

bserved. Acob: F‘%gb?%ﬁ ?éyﬁ% Bred Resiery Sprce c?ég‘%aw.ﬂiumeﬁngm o
t fhe Lhe ol ecul

Formil a Al20p 558! hg%ﬁ%%ak#hﬁ%?%?ﬁ?ouse%%ﬁéﬁﬂ%ﬁ. net oeﬁ'%ﬁ*”%’e?%%gﬁgoam er

of crystalliganbofs sHord08rt 94005, cap n YA 98 M AASLA a1

crystal lization, 20 January 2006 19t ous st

mai nt ai ngd W & hosk—c sy 811 e bpokaRobbRAMS £ NeXiowdpLodi Sperse Qf‘i&éif' es
obtained in the present  invention and bundle-Iike particles ‘are descri bed.

5 The m)nodls@@mdmﬁhthebeahth@eGSOO?éﬂEBEﬁl lh*dfck&ei‘rﬁﬁ’ﬁrﬁf@é‘trﬁ’éﬁtthe
particles-that take the formof one or two paralleled fibrous particles

Through obsaﬂuat¢rwstml1hm1tyn@ﬁdthpefsbr&hatBoéumﬂﬂeeigciﬁpﬁoﬂbarQ%@Qpe
it is found that
enhanced. '
| When no pore structure controlling agent is added fo th:e
lq reactioﬁ mixture, the product obtained is an aqueous alumina'
sol havingpHof 3to4. Thj_;s aqueous élumi-na sol has properties
that it swells when mixed with water, and can be diluted to.
any cdncentrétion. The agqueous -alumina sol is almost free
from sedimentation of a precipitate,., and a sol having been
15 diluted to have an alumina concentration of 0 1 % has l:Lght
transmittance of 1 to 80 % in the wave length of 570 mm. The
viscosify of a sol having ah alumina concentrafion of 10 %
‘is not less than-10. mPa*s. - The boejhmite“part‘icles_ in t‘he‘s_Qi
have high moriodispersibility,‘l and by an ele.ctron microsc'ope,
20 highly crystéllizéd fibrous crystalline boehmite particies
~ having diémeters of 3 to 50 nm and lengths of 0.03 to 3 pm
are observed. Accordlng to X-ray diffractometry, the
crystalline boehmlte contalnlng water of crystalllzatlon is
represented by the molecular_formula Al,03-1.05-1.3H0. The

.25 fibrous crystalline boehmite loses water of crystallization

at 200 to0 400°C, and even after losing water of crystallization,



even a nonodi sperse sanpl e occasionally aggl onerates on @ayaﬁ5§gogyrlng
the preparation of the sanple. In this case, also the agglonerated
particles, a part of which fornms paralleled, are regarded as nonodi sperse
particles as far as their extended parts are each in the form of X or Y.
I n such nonodi sperse boehmte particles, the proportion of the nunber of
the fibrous 15 particles which are disposed in one or two rows to the
nunber of primary, particles is in tH8 range of .70 to 100 % On the ‘ot her
hand, the bundle-like particles are fibrous particles which- are dlsposed

in three to {gp-erdpause and bBeyyLogic sl 8 s AR AR IR D

appear ance. en an oxygen-containi ng organ

pore structL@@ff@@iﬁglﬁkggegg§25erg m xture of an aqueous alunlna sol and
an aqueous al um na gel as pHof 3to 4, is obtained. In the use of

an inorgani c pol ypast C ﬁ@ﬁéﬁlS?@§§eOﬁaEE§CPEQdHB£a?Hé§'Eﬁdthé $%e§gH%QUS

alum na gel. 25 (4) Neutralization and hydr ot her mal treat nent

aqueous al ummn;@ioxan&lﬂ@rb&ﬂwléqsl_lkéqgs%&lééUHkQadQEErQBEa' ned by the
above- process may be nol ded as 20 January 20 20 such-to forma cat al yst

carrier. sln th|sThﬁmmoﬁmﬂmﬁpérs@eﬁaéﬁﬁlt@fp@ﬁtﬂglgscggﬁgiﬂgg §heggkn,
dehydration due to drying after the nolding process brings about
shrinkage, dmdrdrenice eleythe perdtdipsothst teke et FRRIECYObHEE Hftbout
0.5to00.7mM /g5 is obtained. Therefore, the acid aqgueous al um na sol
and/ or thepaﬁaikﬁﬁ&ﬂnﬁihﬂquﬁrpﬁ@ﬁﬂclssneuﬂmwughubhmdﬂv&ﬂlaﬂI@ﬁlthe

mhereby t he pore volunme of the resulting al um na conp05|t|on can be
i ncreased. monodisperse state by an electron microscope, it is found that

evenzamonodlspersesampleocca51onallyagglomeratesonaigrld
10. during the preparation of the sample. In this case, also the
agglomerated particles, a part of which forms paralleled, are
regarded as monodisperse particles as far as their extended
parts are each in.the'form_ofrx or Y. In such mohodisperée
bdehmiteﬁarticles,theproportionofthenumberofthefibroﬁs'
:15 parficies which are disposéd.in one or two rows to the number
of primary particles is in the range of 70 to 100 %. On the
othgr hand, the bundle—like partibles are fibfous particles
which are disposed in three to-ten?odd-rows, and they look
like a white suSpénsion in appearance.
20 When an oxygenwcontainiﬁg organic compound is added as
the pore structure controlling agent, a mixture of an aqueous
‘alumina sol and an aqueous alumina gel, which has pH of 3 to
4, is obtained. In thé use of an inorganic polybasic acid,
" most of the produét obtained is an aqueous alumina gel. |
- 25 (4) Neutralization and hydrothermal treatment
The acid aqueous alumina sol and/or the acid aqueous

| alumina gel obtained by the abo#e*grocess may be molded as



The al kali is preferably amoni a gas or aqueous ammmoni a jbojaﬁﬁg?,bg g@dded in
such an anmobunt that the ratio of a€”mmpnia to the whol e anbunt o %e aci d

in the sol and/or the gel beconmes not nore than 1.5 (ammoni a/ acid nol ar

ratioy:"’If the anount of the alkali is in this range, control of the pore
vol une can be nmade according to the amount added. 15 After neutralization
with an al kali, the sol and/or the gel is subjected to hydrothernal

treatment, whereby an al um na corrposizPi on having a nuch |arger pore vol une
can be obtained. The tenperature of the hydrothermal treatnentis-desired

to be in thencRReEDn § 42250 cpF£f &F ablpy 70; & Qagé(?@:oww&;,gﬂegg?gge

al kali addition and the hydrothermal treatnent, an alumna conpoSIitTion

having a poref wel aoedofoRtabnée the&éﬂd,gdbﬁya%%ii@,%ddueTt*&?d&!gr' 8ACL £le
material remaining after the sal-formng reaction is convert cli into

boehni te, anithe e bibixbyri peobesONBEingd AGWEOUShALWREHE, 08hd REndd bS1y
presuned that, by the hydrothernmal treatnent, the fibrous boehmte -
particles arempbldetypboddet ladvimgia pkpetwolumad it Absuband ke POWaR1 y§si sts
t he shrinkage power due to 20 January 2006 21 capillary condensation” of

wat er i n3t hd lebyaiaridon Bherrkedodeyi hige atiap agecuzatlantiangeo P /or
structure can be held.. (5) Drying and calcining After the neutralization
and the hydrid¥hécisl aguesuseatl ung nar gedpisonabt yataredadi tutan taiskagueous
alum na sol and/or the aqueous alunmina gel is dried at a tenperature of 50
to 200C an&’%ﬁ‘@%’yc’éh@i Regearo-Hne gfetheuresel ti0g albuyiyoC compagtittdion a -

y-al um na c%rg%o%iet ii%rg:.regset(;]-e aqueous al um na sols
The alkali is preferably aﬁmonia gas or aqueous ammonia
lb and is added in éuch an amount that fhe ratio of ammonia .‘to
the Whole:amount of the acid iﬁ'the sol and/or the gel becomes
not more than 1.5 (ammonia/acid molaf ratio). If the amount
of the alkaii.is in this range; control of the pore volume
can be made according to the amount added.

15 | After neutralization with an alkali, the sol and/or the
gel is subjected to hydrothermal treatment, whereby an alumina
composition havintj a much larger pore volume can be obtained_r.

"$he‘temperature of the'hydrothermalgtreatment~is-desired-to
~ be .in'the range of 0 to 250°C, preferably 70 to 250°C. Through
20  thealkaliadditionandthehydroﬁherméltreatment,analumina
compoSitionhavingapmrevolumeofO.Gto1.2ml/gisobtained.
The unreacted material remaining after the ébl—forming
-r'eé-c‘tion is .con‘verted into boehmite, and the boehmite becomes

an aqueous alumina gel.

25‘ : It is presumed that, by the hydrothermal treatment, the

o fibrous boehmite_particles'are firmly'bonded.at'their knots,

and this bonding power resists i:he_ shrinkage power _due to



and/ or the aqueous alum na gels obtainable in the inve”tiﬂﬁhn&9§30§9
and/or a gel having an alum na concentration of not |ess than. o by

wei ght can- be nol ded as such by extrusion nolding or the like. Therefore,
after "riniding of the sol and/or, the gel into a desired shape, drying and
calcining can be carried out. 15 It is effective to decrease noisture
content in air introduced into a calcining furnace because the specific
surface area is increased. The al um n&lconposition obtai nedby-the invention
has @a specific surface area and a pore volune in extrenely wide 20

. and Lhs;$pecifd is in th f 100 to 400 n2/g,
he ot vol tre: SP e RGP E Rt Bt M g R E e L R otom e i i ne

the pore volu

range of 0.5gtgnl. 2oMhde ang. e n iameter .is.i he range of 50
to 300 A Nblde% prgduct 25 Iﬁr?%épbresgﬁgﬁﬁﬁgghiQﬁﬁ QﬁnﬂﬁLiTnc nol ded -

product s and(5ﬂnbg?gngrgggchglbqnggﬁious forns such.as cylindrical, plate
and ot her desired toris can be produced by the use of the aqueous 20

January 2006 22 mf i Rthe aku@R@N ek a8 ngNEe US ﬁw%%&%}o@}@%ﬁgée‘ﬁy the

above process. The aqueous alunina sol and/or the“aqueous alum na ¢
obt ai ned shy de @uOb@sSIDy EherisVCsyt KON @hESuS! Bl GHina SODMTIE:
particles. Hence, properties.of the fibers appear strikingly, and the sol
and/ or 'the ¢ggle haprexce|dmbiphagel cl4 ydricol ghabi | ¢ dnvparik r dh s Povger .
The fibrous crystalline boehmte particles can be kept in a fibrous state
with a fi ber200°C and then calcined at - a temperature of 400 to 700°C to
‘ ‘obtai:n a y-alumina composition. Of the aqueous alumina sols
and/or the aqueous alumina gels obtainable in the invention,
10 a sol and/_’or a gel having an alumina concentration of not less
than 30 & by weight can be molded as such by extrusion molding
or the like. Therefore, after Vmolding'of the sol and/or the
- gel ihto a desired shape, drying and calcining can be carried
out. | |
15 It is effective to decrease moiéture content in'aif
introduced into a calcining furnace becaﬁ_se the specific
- surface area is increased. |
e ‘fhe alumina composition obtained by-the invention has-
a spe}cific surface area énd a pore volume in extremely wide
20 raﬁges, and the specific surféce area is in the range of 100
to 400 m?2/g, the pore vol'urrie of pores having pore diameter

of less than 60 nm is in the range of 05 to 1.2 nl/g, and

the mean pore diameter is in the range of 50 to 300 A.

Molded product
25 In the present inventi_on, monolithic molded products and
molded products in various forms such as cylindrical, plate

and other desired forms canbe produced by the use of the agqueous



|l ength of 0.05 to.1 pm even if they are converted into Mﬂﬁhﬂ&&?@oé@ by
calcining at a tenperature of not |ower than 400C. Accordingly; the nol ded
product obtained by the use of such fibrous crystalline boehmte particles
exhi bits very excellent mechanical strength. An aqueous alumna sol and/or
an aqueous alum na gel 15 obtained by the use of a zirconium conpound as
the inorganic polybasic acid function%pg as a pore structure controlling
agent contains plate boehnmite, and if nol ded product obtained therefrom
is calcined at atenperature of 500 to 16509C, a zirconia-al um na nol ded

product havi aduerheemelly ahidglo r2@ heeehaieal ShiEMH edaphe ol itffckhe
Therefore, if a nolded product in the formof coating film 'sphere,
cylinder or tbbseopracessalithic nolded product is produced froma
conposition obtained by adding nore than 0 % by wei ght and not nore than
95 % by wei ght (iﬁheeaqeeoﬁsZélsmindséolﬁaﬁdf@mQﬂkﬂ@@ué@@%D@Qﬂﬁiggpgeqs
zeolite, copper oxide or barium hydroxide-to the zirconium containing
aqueous 20 Jahtiaipedobs the prosiess sd tared/iovegslior hmeswd imig rmlsled
product is useful ‘as a catalyst, an absorbent or a catalyst carrier. If a
conposi t i%on B8eBMAEE Prbiehadng Hercei hymyse hioetaridfe thei fhbergaappear
m crocapsul es_is molded into'a filmor nolded 5 product and then cal ci ned
t aki ng_advant SGEXbRIPY opBftiss e handype theaees hasexdedlding: takehcbuep
after calcinin? an .extra-l%ﬁht,nnlded.product having a porous structure
having por d*@F9P b LY ptid r BANEEng ePeIER T enBhenf HhEOwS derwstgldine0. 05 to
0.5 g/nt ca o) iined. -A structure obtained b ‘
g ri:)(pgh.mlpé %ar%lcles can be kept }Ln a fibr%us state with a fiber
length of 0.05to 1pum, even if they are converted into y—alumina' :
10 by calcining at a temperature of. not lower than 400‘-’C.
Accordingly; the molded ‘product obtained by the use of
such fibrous_crysrta.l'l_ine boehmite particles exhibits very
excellent mechanical strength. |
An -aqueous alﬁmina sol and/or an aqueous alumina gél
15 obtained by the use of a zirconium compound as the inorganic_
polybasic acid functioning as a pore structure controlling .
agent contains plate boehmite, and if a molded product obtained
therefrom is calcined at a temperature of 500- to 1650°C, a
- zirconia-alumina molded product having extremely high
20 mechanical strength can be obtained.
Ther‘efoj:e, if a molded product in the form of coating
film, Sphere, cylinder or tube or a monolithic moldedprodu—ct
j.s produced from a composition obta‘i—ned by adding more than
0 % by weight and not more than 95 % by weight (in terms of

25 - soliqs) of a functional compound such as zeolite, copper oxide

or barium hydroxzide- to the zirconium-containing aqueous



10 coating a surface of a cordierite nonolithic nolded praguct. vwheh the
above- nenti oned conposition containing the organic nlcrocaszFZ as a
function of capturing DPM (diesel particulate material) contained in
exhaust-~-gas of 'di esel car. Catalyst 15 The catalyst of the invention using
a carrier of the alum na conposition is obtained by nolding the alum na
conposition obtained by the above process into a nolded product in an
appropriate shape and then allow ng tH nol ded product  to support a
cat al yst conponent thereon. 20 Mre specifically, the nolded product is

regnat ed conve nmet hod, or the
:aggeogs al u%‘,‘lhgug%l&af %Pg*?ofh%ngq&?b%geaﬁmmv &dngpﬁ‘i’?@ﬁtvﬁst rsgful

t al yst t | di d I
e, 75 doo Baqee EalATybReT AR AR B i tsa Vet 08T o Lo add a

catal yst conponent ¢,Q. 4,4 #36b) 851:5‘1’1‘1% biddud @:8 Cﬁéuo%gﬁ%gmge

exanple, a hydrotreatin yst eun1r

contai ni ng MpitMV8fg éﬁ'ﬁc%Qlé%&ﬁ?gugggelszﬁoi?gg e ga%fiﬁ{s&rcrggfgngnt s

added to the reacti on m xture romthe reaction m xtureé an agueo

al um na sol pﬁ@ﬂ@étkﬂﬁitﬂGHQﬂﬂﬁcfﬁé%pﬂa%ﬂﬁﬁta&§aﬂtg?@&ﬂﬁg?éph@%l Ofgs@i d

nmet hod, then the sol and/or the gel is subjected ry|n and 5

caIC|n|ng, aﬂwetfmbemsaaﬂ@dh@r@ﬂycbrb&eﬁ|beéﬁdaf@e§UEBQ&En§n cahpal yst -
conpanent such as Ni,.Co or the like thereon by an |npregnat|on met hod.

The cat al ystextitat hisghtyndldesd prrachsst hadS ngahi 5066 O It Aett Wi-é i 185y h as

desul furization activity and nuclear hydrogenation activity. Even '"iT the

cat al yst ‘pore size of submicron_‘tofseveral tens ym and a density of
0.05 to 0.5 g/ml can be obtained. A structure obtained by -

10 coating a surface of a cordierite monolithic molded product
with the above~mentioned:composition containing the organic
microcapsules has a function of capturing DPM (diesel
part‘iculate materialj 'c'ontained in exhaust gas of diesel car.

| | - Catalyst |

15 - ThecatalystoftneinventionuSingacarrierofthealumina
composrtlon is obtalned by molding the alumlna composition
obtalned by the above process into a molded product in an
'apprOprlate shape and™ then” allowing the molded product to-
support,a'catalyst'component thereon.

20 Morespecifically,thenwldedproductisimpregnatedWith
a catalyst component in a conventional method, or the aqueous’
alumina sol and/or the aqueous alumina gel is mixed with a
catalyst component and‘then subjected to molding, drfing and
calcining. Thus, a desired.catalyst can be.obtained. It is

25 alsopossibletoaddacatalystcomponenttothereactionmixture.

In the productlon of, for example, a hydrotreatlng catalyst

‘for petroleum refining, a compound .containing Mo, W or the



10 conponents such as Mo, W N and Co are added to the ngﬁﬁhhﬁ?zoggxture
at the sane tine to prepare a desired catalyst, an inert nickel alumnate
or cobalt alum nate conmpound is not forned. A conpound of My, Wor the

li ke, e’g-,.mlybdic acid or 15 tungstic acid, is. useful as an inorganic
pol ybasi c. acid serving as the pore structure controlling agent, so that if
such a conpound is used as the controlling agent, it functions not -only
as a controlling agent but also as a cdtal yst' conponent, and this Ieads
to sinplification of the process for the catalyst 20 producti on.

speci fi c exalilke of a betaayaltysbmpandydr t I
conposition of 4.0 wk% N AYBLYStmpanONEIIH RAALAD chR' AL AN "qﬂs‘% Wt %

MD03/ A1203 afdom theciéactsohf AERtaFreaan Of 12004 & 1RA% 1P/ epared by
i npregnating the aforesaid 25 al unm na conp%5|t|%;?%mt ﬂﬁ3§5 {rlp% onent -
conpri si ng Neawegousra Gamibaigela icopreph readly @b@ﬁeré@é{‘&l Cg]ﬂjz &AL gLYSE
hydrotreati ng reaction of straight-run gas oil was conducte 0 ‘January
2006 25 andths aotleasundlfort hbecgedl yst sexhebttadebi gh1des Ifagyiap ?
activity. As another exanple of the catalyst, a hydrotrea I ng al'yst
havi ng cénpo%%?b%l%gr 430dv\t19ml®ﬂ_$lﬁedvt;%dm&31 Als2Q3 1 e A £6 %ﬁp@?@ al6.5

wt % Mb03/ A1203 pr epar ed b%/ m xi ng the 5 aforesai d aqueous al um na gel
obt ai ned af t&Rt %’Q&'ﬁ‘f‘ FRPRBAT Seh an Migudsusrsghet Lakeothsirekal bacghat e
and ammoni um nol ybdate, or cobalt acetate and ammoni unnol ybdat eas cat al yst

conponent s ‘antt SHP} e iR t hdha wamed vise pbtdingd ldyytlmgs prskess

cal ci ni ng: ni tal.yst had a cific surface area of
S 9 F{Hs? s(a%lsf%ctory actlegtles such as desulfurlzatlon activity

and nuclear hydrogenatlon actlvs.ty ' Even ‘1f the catalyst
10 components such as Mo, W, Ni and Co are added to the reaction
mixture at the same time to bPrepare a de51red catalyst, an
1nert nlckel alumlnate or cobalt alumlnate compound is not
formed |
A compound of Mo, W or the lJ.ke, e.qg., molybdlc acid or
' 15 tungsticacid, is useful as an 1norgan1c polybas:Lc ac1d serving
as the pore structure controlling agent so that 1f such a
compound is used as the controlllng agent, 1t functlons not
'_.-only as-a controlling agent but also as-a catalyst component -
and thls leads to 51mp11f1cat10n of the process for the catalyst
20 productlon
aAs a spec1f.1c example of the catalyst, a hydrotreating
catalyst having composition of 4.0 wt$ NlO 16.5 wt$ MoO3/A1203
or 4.0 wt% CoO- 16 5 wt$ MoO3/A1203 and a SpelelC surface area
| of 200 to 300 m2/g was prepared by 1mpregnat1ng the aforesaid
25 alumlna composition w1th acatalyst component comprising Ni-Mo
or Co-Mo in a conventionai method. Using the catalyst,

* hydrotreating reaction of strai_ght—:;un gas oil was conducted,



10 250 to 450 n2/g, and as a result of desulfurization t

straight-run gas oil, this catalyst exhibited high acti vie‘?{/{aﬁﬂﬂzgoqurt her

exanpl e of the catalyst, a hydrotreating catalyst having the sane

conposition as descri bed above was, prepared by adding conpounds of Ne, W

Ni and Co to the reaction nmixture 15 containing an oxygen-cont ai ni ng

organi ¢ conpound as the pore structure controlling agent and then

perform ng the same hydrothermal synt®esis and the sanme subsequent

operations as described above. This catalyst had a specific surface area

of 300 to 40 L9, 5304 resul.t -of desulfurizatjon test 20 of

strai ght-r un%é-l?sza%i ? t @'cgﬁhﬁ %gﬁza&k’ﬁitb?%‘ﬁbbﬂ:%‘ﬁ h el fupimatiar THE

| NVENTI ON By LQeess .f i n mn onposition according to

t he anentioﬁ%ﬂgﬁggﬁﬁni%gE%%ﬁ%%%??%gﬁgﬁgfﬂﬁggﬁfﬁﬁaﬁé%Hﬁp%bW%F8t§G@¢déélarea

and | arge poeatullysrehsainge: ' tdi 3 o8 HIl ROSI L [ _

suitable for a cafalyst ca?ri'_C:;ahlri‘%‘i“cg’éuis’%:;%}ri1 %@%é@ﬁt&é@u&gig%ﬁ%@%@ y.

20 January 20064 .Q6+1% @od s 8 wHINRCOMNOSHL 1,94, : m']?%l | thic

nol ded product useful as a catal yst ca?&?eé&%gggdaﬁgééggéﬂ%ﬁ 0 Qgikgﬁ%t

gas froms fafedesaitcaqoeotsBhithens QWE L&A iHdy a?/%%F:bﬁQEtEQE19§t§§%di ly

produced by nol di ng.. Moreover, a 5 porous z irconia /alumna nonoli'thic .

nmol ded produeithawnnggbeghs sedhaiiondlo s it ;e td 0480 ARGy havi ng

a porous structure having pore size of subnmicron to several tens pm

whi ch has beealybateuior ¢cabaibt dcetataandambe ph ABUGBHat 4G FXAMRLEs  The

present invention is further described with reference : '
components and then subjecting the mixture to molding, drjring

and caicinir‘l_g; This catalyst had a spécific surface area of

10 250 to 450 mz/g,- and as a reéult of desulfurization test of

straight-—run gas oil, this catalyét exhibited high activity.

As a .furt.her example o.f the catalyst, _a'hydrotreating catalystl

hévipg the same composition as desc‘ribed ‘ab'ove was prepared

by é_dding compounds of Mo, W, Ni and C-o‘to‘the reaction mixture

15" contéining an oxygen-containing organi-c compound as the pore
str_ii’ctﬁre controlling agent and theﬁ performing the same

hydréthermal synthesis anld the same su‘bséquent'.. operations as

describg‘d'above, | This catalyst 'ha& a specific surface area - -« -~

of 300 to 400 m2/:g, and as a result of déSulfp:iZatio’n' test

2.0 of straight-rungasoil, this catalyst exhibited highactivity.

EFFECT OF THE INVENTION

' By the process for p‘reparilng an ‘alumina composition
~ according to the iijwéntiDn, an alumina c';)mposition having high
25 specific surface area and large porer volume can be obtained,
and this alumina c‘omposit.ic'n’;n is suitable for a catalyst carrier

used in the petroleum refining 'in_d}lstry'.



to the follow ng exanples, but it should be construed thaj .k, bpygent i on
isinno way limted to those exanples. In the foll ow ng exanples and
conparative exanple, the 15 synmbol "% neans "% by wei ght" unl ess

ot herwi-5&- noted.- Exanple 1 To 174 g of ‘an aqueous sol ution containing-28.4
% by weight of A (N03) 3, 535 g ofgibbsite having a nean particlte -
dianeter of 0.5 pm (C 3005, available from Sum tono Chem cal. Co., Ltd. , _
20 adhesive noisture content: 0.17 % & (OH) 3: 99.5 % inpurities such .
as Na20: 0.35 % was added, and the m xture was subjected to heat

treatment at 250Cpig0kHal d-tr ed. .al.um nyr droxide.. To 352g of
the acid-treated al _urr?‘i num %}J/‘g@é%adé:%%i r?stlgi’]ﬂ]'oﬂﬁ%'vﬁs AR e il of
i on- exchangenyatel pPod@cORiA A, R JLact L xture .havi an_al.um na
concentration of 30 % by wei ght. - 2% %%ﬁ%]é yﬁ(ﬁd%rl%‘%fﬁg RUFiSirataen |
cal cul ation baseghonst h@ast gFdh g MBRI&LY I . t rreaction m xture had
a HNO3/A1203 nolar ratio of 0.20, a HN(%AI%Z%S% é‘rn‘gé’tlﬁg 3PU6 06 aRd a k-
val ue of 0. &OSArbdhtscanepet reAdI Yt BE-EaWRsaPLICRA1HI A8 T ressure
vessel and 5 subjected.to hydrot her’?ra. synt hesilog %soPngfm%rJfg{%%g%ﬁoﬁ)_ at
160C f-or 524 pouwess witricondbatalngieny 86 3 €t hid m&de@?ﬁ&&ﬁict %%%%ﬁ%ﬂrﬁ{m na
sol gel was obtained. To the aqueous alum na sol gel, aqueous a nra of
the same noleschanidml strengthcorasislotastappedutt hhoisgl a0pbr ¥R added
to neutralize the sol 10 gel and to convert it into an aqleous gel. The
aqueous gel SHARECES detwidia ponedsdtzte pifabubneakoRNtoaéedShLL fodnd AQUT S,
then, kneaded and extruded through-a die of 1.5 MmO to prepare _

which has been difficult to mold so far, can be produced.

10 | ' E;.XAMPLE'

The present invention is further described with reference
to the following examples, but it should be cohstrued that
the invention is in no way limited 'to those examples. - |

In the following éxamples and COmpérative example, the

15 _symb‘bl "%" means "%'by weight"'unless otherwise noted.
Example 1 | |

Td 174 g of an aqueous sdlution containing 28.4 % by weight
of Bl {NO3)3, 535 g of-gi_bbsite having"a mean particle diameter -
of O..'_5 pm (C-3005, available from Sumitomo Chemical Co.' . Ltd.,

20 adhesivé moisture content: 0.17 %, Al'(OH)3: 99.5 %, impurities
such as Naz0: 0.35 %) was added, and the mixture was subjected
to heqt t;eatment at 25'07°C to obtain acid-treated aluminum
‘hyd‘r‘ox‘i‘de. To 352g of the acid—tre_ated aluminum hydroxide

in terms of Al203 was added 720 ml of ion-exchange water to

25 obtain a reaction mixture hafring an a-lumina concentration of

30 $ by weight.



a cylindrical product. The product was dried at 140C and { ned at
560C to prepare an alum na nol ded. product. 15 The al um nzgﬂng‘ﬁhgggb% oduct
had a specific surface area of 171 n2/g and a pore volume of 0.90 m/qg.

. Exanple: 2 To 535 g of the sane gibbsite as used in Exanple 1, 106 20-g of
nitric acid having a specific gravity of 1.38 was added, and the m xture.
was heated at 150C in a closed vessel and then heated at 270C in an open
system To the resulting acid-treated & unmi num hydroxi de, water containing
glycolic acid was added. As a result of calculation 25 based on the

starting materi al i has an,Al1203 content, of, 35 %
by weight, a gl y,cgtéfﬁqwaeci ?Ca?ﬁ%%nla%é\%%r%fegd%thff%¥wg Pabed 368 o. ’

025, a HNO3/ AL2QB T aEak@lich @f xOurdfa s HN@;//JX@%)% xHBi%E.xfa%&ioo 9“0.%-00,32

and a k value of 0.001. This reaction mxture was” pl aced in a closé

vessel , subjerNesd/Ho hyduet het Bl oS YNNEShad(SU vhLEI HF 0 8AL{d ON)ry % at
170C for. 6 hours and then further subjected to the subsequent operations

under the sageacefidntnorsuraswdesgrabed in £x0S ﬁé:gsis%r@% 521985

al um na nol ded product. The al um na nol ded product a specific surtace
area of B80lsnBfjgcand GophydrvehuerRadfl sOntheBlisg(s40-EX2MRhE BedBtion)

i on- exchange wat er, 320 g of alumi na having a p-crystal stfucture
(avai | abl e fabrh &l fomp2 Chenimalvi€h. rotating AhROBess88. 6 Bhby, wei 8Bk 4
content of inpurity such as Na20: 0.3 % by -

_ aqueous alumina sol gel was obtained. To the aqueous alumina
sol gel, aqueous ammonia of the same moles as that of nitric
acid contained in the sol gel was added to neutralize the sol

10 gel and to convert it into an aqueous gel. The agqueous gel
was subjected to hyd:othermal treatment at 135°C for 3 hours,
then kneaded and extruded through a die of 1.5 mm@ to ﬁreparé
a cylindrical product. The product was dried at 140°C and
then calcined at 560°C to prepare an alumina molded product.

15 - The alumina molded product had a specific surface area

of 17-1 m?/g and a pore volume of 0.90 ml/g. .

--Examp-le- 2 _

To 535 g of the __sa'merrgibbsite as used in Exémple i, 106
20 g of nitric acid having a specific gravity of 1.38 was_add_ed,
~and the mixture was heated at 150°C in a closed _vess-e'l and

'the‘n heated at 270°C in an open system. | ..
Tc the resulting acid—treated aluminum hydroxide, wl'ater
contaiﬁing glycolicacidwas added. Asaresultofcalculation
25 ~based on the starting material used, the reaction mixture has

an Al,03 content of 35 % by weight, a glycolic acid/alumina



15 weight, noisture content: 6.1 % by weight) was added Qﬂﬂﬁhﬁ&% obgth 62.5
g of alum numnitrate nona-hydrate, followed by wet grinding I?' 8.8 ¢
of 70 wt% glycolic acid and 85 wt % phosphoric acid were added to prepare a
reaction’ im xture. The reaction m xture had an al um na concentration of- 30 %
20 by weight . Asa result of calculation based on aluninumnitrate used,
the reaction m xture had a HNO3/ A1203 nolar ratio of 0.17, a HNO3/H20

mol ar ratio of 0.013, a k value of 0.6822, a glycolic acid/alumna weight
ratio of 0. 02 and a P/Al atomc ratio of 0.0014. 25 This reaction mxture

(501 Tt ar mng s ot Ea Y B B85 07 e S LAt e MR, 16

(sol -form ng reaction)

hours 20 JaqH@Ié(IZQQQlOngl B 3339t alhogary Shale 40 PRigi n an acid aqueous

al um na sol ".gel. To the acid aqueous al um na %6 gel” Wds added aqueous

ammoni a of -such - npﬁ§§ A8abeYbhali 268r40,X508 18Ik G 4G tained,in the
sol gel. The resulting p?oduct was sﬁ%j Sé%ehlg %81 %nd%ofd“%grg%ngl %tre nt at

135C for 3 hawfectden:&Neadedtnafit BXS fhidedsi ot £ Ef’&f Fﬁé%aéfjﬁggﬁg of

1.5 mm The product was dried at 140Cand t hen ca ci ne at and
600C. AS & ate3ub P falrehon o ieeh o gduehs Nav - 6Reebithe s d @:g.gen@r eas
n

of 270 n2/g, 252 m2/g and 233 nR/ g, respectively, were 10 obtai
Exanpl e 4 Thepemte gaalumden the ssed dondaiphe =5 Wascagpddi n 9t ampyed er
at 65C to obtai'n al um num hydroxi de which was identified 15 by X-ray
di ffractionlas ta:l' reRATdyan oal@éimminnds'ydéldvpﬂgdact :
The alumina molded product had a spe01f1c surface area
of 301 m?/g and a pore volume of 0.71 ml/g |
10
rExamEle 3
" To ion- exchangewater,320g;ofalum1nahav1ngap~crystal
structure (available from Sumitomo Chemlcal Co., Ltd. » Aly03:
93.6 % by weight, content of 1mpur1ty such as Naz0: 0.3 % by'
15 weight, moisture content 6.1% by'welght) was added'together
with 62.5 g of aluminum nitrate nona-hydrate, followed by wet
gr‘indi‘ng." Then, 8.8 g of 70 Wt glycolic acid ahd 85 wtg"
.phosphorlc acid were added to prepare a reactlon ‘mixture.
: The reactlon mlxture had an alumlna concentratlon of 30 %
20 byweight. Asa result of calculationbased on'alumi'num nitrate
used;thereactionndxturehadaIﬂKh/Alghnmlarratioof0.17,
a HNO3/H,O molar ratio of 0.013, a k va.lule- of 0.0022, aglycolic
acid/aiumina weight ratio of 0.02 andra P/Al atomic ratio of
0.0014. | | |
25 This reaction mixture was placed in a pressure vessel
andsobjectedtohydrothermalsynthesis(solnformingreaction)

first at 100°C for 48 hours and then at 140°C for 16 .hoors



bayerite crystal structure. To the alum num hydroxide haviggn,gybayerite
crystal structure, a nitric acid aqueous sol uticon prepare. a tontaining
oxalic acid di-hydrate was added to reaction m xture having an Al1203

cont ent-of 35 % by weight, 20 a HNG3/ Al 203 nolar ratio of 0.20,. a
HNO3/ H2O nol ar ratio of 0. 021, a k value of 0.004 and an oxalic acid

di hydrate/alum na weight ratio of 0.02. This reaction m xture was

subj ected to. hydrothermal synthesis2fsol-formng reaction) at 170C for 6
hours in the sanme manner as in Exanple 1, to obtain .an acid 25 aqueous

o na ol g SV UBIQUS PORMILE 1o 41 ROUSOUS shumne, 20

gel was added aqueous ammohia o0 e sane

itri id i i-d 42 1t al § he sol gel.
The. resul | e 57 odaer s aub Jerode BEoRIR PRer dat TP St St o
3 hours. Theihm@ihia &M néh 'Rboed P& OHHEEr%Z%QE:g@r gdokny§ pe; Sane saanner

as in Exanple 1. 5 The alum na nolded pro a specifrc surrace area
of 267. M2/ g itk iR enMHdIBB1fel 0. Eﬁléfkégulgfﬁayx%cﬁm@w%% fleted
p-alum na having a nean particle dianeter 10 of "3.pm 106 g of nitric acid:
havi ng asspew hiydrgteiring 10t redta8nangt 503 9° ©ffd08- B¥&RAN A MR 16T AL S
added to prepare.a powdery product having an Al1203 content of 65 % by
wei ght, a ENOBéALPGGedtingo a atyild nofr iGa 130y odudiNGF H2OmAD! arhé grdcnic 0. 15
and a k value of- 0.045. The povwdery product was subjected 15 to
hydr ot her mawasydrhedias 240 iecam‘d bhef dwlrined ath®0GAE 550°C and 600°C.

As a resul_t, alumina molded productsr having specific surface

éu;eas of 270 m?/g, 252 m2/g and 233 m?/g, respectively, were

10 obtained.

Example 4
" The sgrﬁe p-alumina as used in Example 3 was agéd in hot
wa’tei‘ at 65°C to obtain aluminum hydroxide which was identified
15 by X-ray diffractibn as aluminum hydroxide mainly haviﬁg a
bayerite crystal structure. To the aluminum hydroxide having
a bayerite érystal structure, a hitric a;:id agueous éolution
""éo'nta'ini‘ﬁg oxalic acid di-hydrate was "é'dae_d to prepare a
- reaCtioh mixture having an Al,0;3 g__c_;_nté'ni_: of 35 % by weight,
20 a HNO3/A1203- mo.la_r ratio of 0.20, a HNO3/H20 molar ratio of.
0. 021, a k value of 0.004 and an oxalic acid dihydrate/alumina
we'ight ratio of 0.02. This reaction mixture was subjected
to hydrothermal éynthesis {sol-forming reaction) at 170°C foi
6‘-hours _in the same manner as in Examplre 1, to obtain an acid
25 agqueous alu.min-a sol gel comprising fibrous boehlﬁite. To the
aqueous alumina sol gel was added agueous ammonia of the same

moles as that of the total of nitric acid and oxalic acid



manner as in Exanple 1 to prepare a powdery reaction prodyfianuari@obée
powdery reaction product was added dilute aqueous ammonia to obtain an
aqueous -alum na. gel. - The aqueousalum na gel . was sufficiently kneaded
and exXtruded. Then, the nolded 20 product was subjected to the sane :
treatnents as in Exanple 1 to obtain an alum na nol ded. product.” The

al um na nol ded product had a specific_surface area of 308 n2/g. 25
Exanpl es 6 - 13, Conparative ExanplesSQ - 4 Alum na nol ded, products were
prepared using alum num sources shown in Table 1 andadjusting the alunina

concentrat i qiorh ipsanyt 0861 Gl an@tﬁéﬁﬁeélﬁwlﬁe)dx%'dﬁ@tn@aé@uﬂjaéé&c& 0

those of Exanple 2, in the sanme conditions of Exanple 2. The al'um na

conposi ti ongo dhidiotith @i Setediandit | At Taph e Lfob 3 k@oué@ 20rHeuagy 2006
32 Table 1 Oxygen- Specific Pore containing surface volune Aci d organic

area Al m nainsdure eolldealt peotucanpasnsréaped dliitbeTypae W ghér s ddr-/ 9
ratio
Example 1.
5° The alumlna molded product had a specific surface area

of 267 m?/g and a pore volume of. O 75 ml/g.

Example 5

To 375 g of p-alumina heving a mean particle -diameter

10 ef 3 pm, 106 g of niﬁric acid having a snecific gravity of

| 1. 38eand‘59 g of ibn—exchange water were added to prepare a

rrpowdery product hav1ng an Al,03 content of 65 % by welght a

HNO3(A12Q31molar rat;o.qf 0;30, a HNO3/H201nolar ratio of 0.15

and a k value of 0;045. The powdery product was subjected

‘15 - to hydrothermal synthesis at 180°C for 6 hours in the same

manner'as in Example_l'to_p;epdrezapowderf'reaction.produet.

-TotheppwderYreactionproductwaseddeddilnteaqueousanmonia

_ﬁo_obtain-en aqueous.alum&navgel. . The aqueous alumina gel.
wasrsnfficiently:kneaded,and extruded. Then, the molded

20 product‘was subjected to the sameltreétments as in Example

1 te obtain an.alumina molded.product.
The alumina molded product had a specific surface area

of 308 m2/g.

25 Examples 6 -~ 13, Comparative Examples 1 - 4

Alumina molded_produets were prepared using aluminum

-lsourcesshowninTablelendadjustingthealuminaconcentration



Ex.6 bayerite Untreated not . - 230 0.63 added Ex.7 -y-g ﬁ? oblg r eat ed
not - 224 0.57 added Ex.8 y -alum na 270C oxalic 0.02 244 0.56" acid Ex.9
p -alumna Untreated oxalic 0.02 270 0.75 acid Ex.10 pseudoboehmte
Untredfred not - 218 0.57 *1 added Ex.|1 pseudobehmte Untreated oxalic
0.02 233 0.45 acid Ex.12 Al .salt thermal Untreated not - 223 0.60

deconposition added product *2 Ex.13 Al salt thermal Untreated oxalic 0.02_ '

249 0.64 deconposition acid product 3Konp. gibbsite Untreated not - non
sol gel Ex.| added Conp. rhombic 270C not - non sol gel Ex.2 boehmte

dded Co 2 ; : d d |
2700 not ! uf BEe (0 82k pel e T ke 0P bR, 42 B e ot Chden
Co. *2: 290%&@4@ CORRQMRCHSt LENERBRGUE! 20T b L Mm% 2 Lol ¥; 5996

obtained are set forth in Table 1.

10

15



33 As can be seen fromthe results of Exanples 1 to 13, ajgyghfdy 2006
conpositions having effective pore structures could be prepared by t he use
of acid-treated al um num hydroxi de, bayerite, pseudoboehmte, y-alum na
and an.--Al salt thermal 5 deconposition product as al um num sources.
Especially when an oxygen-containing organi c conpound was added, 'the
specific surface area was further increased. On the other hand, in
Conparative Exanples 1 to 4, although 3l uni na conpositions were prepared
by the use of acid-untreated gi bbsite, rhonbic 10 boehmte, x-alum na and

i -al um na through the process of thg |nv§nt|on any sol gel was not
obt ai ned, and hence an alum na nol eg product was not prepared. Exanple 14
15 The sane p-alumna as used in Exanple 3 was washed with a dilute nitric

aci , ; [ :
oxallic acid tq prepare a liqgyid having an al%du¥eRr congépecdfioh &6r85|% by
wei [ A12G3 nolar rfatio of 0.20 andhtaindxali¢ s@xaifdce | volume
di - : rati o] 20 x&up,OZ TheRg aﬁf@ |i flui dr-q@as pubjected to:
wet {grindi ng qta; QLB od.W¢r abuLe Lo 0 holr s..4f tef the grinding, {he
resgl ting proguct exhibited ertles 0 belnS tﬂlcke ed at - nprnal
t emp: and the sol-forE% EALti%| tire—prpducts
aqug¢ous ammonia of the same foles as tha alm0§3ni rFt/%c)d
andjoxal ic ac{d contained inf[the product hd at thaf tinme,|the
R Th ) n
e 0E B 0| S 9EL=dES S[PHEET ST T rOGggTrgg en
: added '
Ex.7 ¥ —alumina - Untreated not — 224 0.57
. B added | .
Ex.8 y-alumina |  270C oxalic| 0.02 244 0.56
, ‘ acid
Ex.9 p-alumina | Untreated |oxalic| 0.02 270 0.75
' ' ' acid . '
Ex.10 pseudoboehmite Untreated | not — 218 | 0.57 -
: . *1 1 added
Ex.11 pseudobehmite Untreated |oxalic| 0.02 233 0.45
' . ‘ ) acid S )
“Ex.12 Al salt thermal Untreated not —_ 223 0.60
decomposition : added '
_product  *2 : .
Ex.13 |Al salt thermal| Untreated |oxalic| 0.02 | 249 0.64
. decomposition acid
__product _ ]
Comp. ‘gibbsite Untreated hot: o non sol gel
Ex.1 [ . L _added |
Comp. rhombic - 270C not — non sol gel
Ex.2 boehrite added
Comp . x —alumina - 270°C not — non sol gel
Ex,3 _ added
Comp. n-alumina - 270C not - non sol gel
Ex.4 N " added |

*1: Pural _SCF-—SO‘_available from Condea Co.

*2: 290T3thermal decomposition product of Al (NOs)s



12 hours . Using the gel, an alum na nolded product was pjd%{l (? the
sane manner as in Exanple 1. The alum na nol ded product had a spécific
surface area of 225 n2/g and a pore volune of 0.58 m/g. .5 Exanples 15 -
19 To-400- g of ‘4“he sanme p-alum na as used in Exanple 3, ni tri c acid
aqueous sol utions having different concentrations showmn in Table 2 were.
each added. After aging, ion-exchange water 10 was added to prepare
reaction m xtures (each: 1,070 g). Eash of the reaction m xtures had an
al um na concentration of 35 % by wei ght, a HNG3/ A12G3 nol ar ratio. of 0. 20,
a HNOG3/ H20 nol ar _ratio of .0.021 and a k value_of 0.0Q0042., The reaction.

mxtures were subFEETERE SEOR IR RBE RS ttene fbwampl essbEofloh 28UménAs 15
th bt d |
soi - gel 5 TP o nLCEpl RA%EBe° éffectirf&ra#ﬁg%ﬁ:ﬂt&a l"i%&%%u?pglm%naeea
d EX 1 d th f f
e of tneTEREEEE PROERE, B3, Br agﬁ ErtasRl” n EURBE hviteadhortn i n

areas of th

g)ellb\lf\gl 3ht )Zoaragm%n% Exﬁggéaigb%ﬁffg&gc %ﬂg{%o«%&d ?E;f’c' f%f}@ﬁ”facg 38%

220 Ex. 19 Qﬂecﬁfﬂﬁ:@@lgﬁﬂ%ﬁ’o&?@@ as aluminum sources. Especially when
an oxygen contalnlng organic compound was added, the spec1f1c
surface area was further 1ncreased On the other hand in
Comparatlve Examples 1 to 4, although alumina comp051tlons

| were prepared by the use of acid-untreated gibbsite, rhombic
10 bOehmite_, x—alumina and n~alumina thtough the process of ‘the
inirehtion, any sol gel was not obtained, and hence an alumina

molded product was not prepared.

Example 14

15 - The same p-alumina as used in Example .3 was- washed with
a dilute nitric acid aqueous solution, and thereto were added
water, nitric acid and oxalic acid to ptepare a liquid havihg
‘an al;u_miha concentration of 35 % by weight, a HNO3/A1,03 molat

“ Alratfio‘ of 0.20 and an oxalic acid 'di—'hydrat_e/Alzo;a, molar ratio.

20 ‘offO_.02. Then, the liquid was subjected to wet g'rind.ing at
'normal temperature for 20 hours. After the grinding, the
'r'esulti‘n‘g product exhibited properties of being t.hri-‘ckened at

-normal temperature, and the sol-forming reaction proceeded
To the product, aqueous ammonia of the same moles as that of

25 ‘the trota_l of nitricacidandoxalic acidcontainedinthe product

| wae add'ed and at that tlme, the product changed to a gel.

The gel was subjected to hydrothermal treatment at 160 C for



35 As can be seen fromthe results shown in Table 2, by E%hﬁ?%b&s
treating alumna with a nitric acid agueous solutlon

concentration, alum na having high specific surface area was obt ai ned even
at ordimary tenperature. 5 Exanples 20 - 22, -Conparative Exanples 5 - 9 To
560 m of ion-exchange water, acetic acid was. added or not added. That

is, a water containing no acetic acid (Conparative Exanple 5), acetic acid
agueous sol utions each 10 containing 634 g of acetic acid (Conparative
Exanples 6 - 9), and acetic acid aqueous solutions containing 19.1 g, 48.7

g and 84.7 g 4 iC respectivel wer e
prepared in O?;I%gfé té%%g? § nHT&”éﬁgﬂmb?a%ﬁ& 4%&9@%9 es@reparsstic
acid and citriC 36 ¢ ﬂﬂﬂgq apgunt s 15 in Table 3, and then
385 g of .the sane alﬁﬁﬁagl aving a p cr f%f O']s‘tructure as used in Exanple
3 was further addefle LOuRAFERANELG res _each .having an A1203
content of 36 % by melgutl_ ﬁ@ a %gﬁg%§§€?g1%éél zﬁﬁﬁﬁ#ﬁ%QMﬁ PP Sof
0:-02. Then; ong@ﬁnﬁzyglgﬁg gr?gggtgowg&% B&ega%%d i, t he sanme manner as 20
in Exanpl e 4. The specific surface areas, pore V6l ) § and conpressive
strengt hss of the al um na nol ded products are set forth in Table 3. 25 20
January 2006 36 Table 3 Molar ratio, Additive Ex. k val ue

: Examples 15 - 19

| "To 4-.00 g of thersa'me p-alumina as used in Example 3, nitric

acid aqueous solutions having different concentrations shown

in Table 2 were each added. Afﬁer‘aging, ion-exchange water

10 was;éddedtx>prepareVreactionlnixtufes (each: 1,070 g).‘ Each

_ 6f'the reaction mixtures had an alumina concentration of 35 &

by weight, a HNO3/A1203}nolaf ratio of 0.20, a‘HN03/H20‘molar

ra£io of 0.021 and a k value of 0.0042. The reéction mixtures

were subj ected to hydrothermal treatment at 135°C for 28 hours

15 - 1nthesamemannera51nExampLa1toobta1nac1daqueousalumlna

solgels. 051ngthealum1nasolgels alumlnamold@dproducts

-werepreparedlnthesamemanneras1nExamplel and the specific
'sqrface-areas of the molded products were measured. The

_;eSults are set forth in Table 2.

20
_ Table 2
‘EXampie Nltrlc:ac1d.concentratlon Specific surface
| _ (3 by weight) area (m%/q)
Ex.15 ‘ 7 192
Ex.16 : 12 , ' 201
Ex.17 ' 20 . 206
Ex.18 ’ 30 : 220
Ex.19 : .. 61 ' ] . 233



Conp. Ex. b/a b/c K Type Wight ratio Conp. - - glycoli Ex. 5
Cbgg 0. 03 0.003 0.000%8 not gdded - Ex.6 gP Cbnpg %3 0:§6%88g8%8%g

glycolic acid 0.02 Ex.7 Conp. 0.03 0.003 0.00009 oxalic acid 0.02 Ex.8
Conp.. 0:03 0.003 0.00009 citric acid 0.02 Ex.9 Ex.20 0.09 10.009 0.0008
glycolic acid 10.02 Ex.21 0.23 0.028 0.006 glycolic acid 10.02 Ex.22 0.40.
10. 046 10.019 glycolic acid (0.02 (Continuation of Table 3) Ex./ Specific
Conmp. surface area Pore vol une Cbnpres%ﬁve strength Ex. 11l nRg m /g Kg.

Conp 158 0.42 not nore than 1:0 Ex..5 Conp. 145 0. 37 not nore than 1.0

Ex. 6 cOrrp 169 0. 44 Roln Y SddiPEdod t1RX Zo&RIPs 468,941 PO, Lose fhan

1.0 Ex.
pr‘ev1ously treatingaluminawithanitricacid aqueous solution

‘of high concentration, alumina having high specific surface

area was obtained even at ordinary temperature.

'Examplee 20 - 22,' Comparative E‘.xam;dles 5 -9
‘To 560 ml of ion- exchange water, acetic acid was. added
or not added. That is, a water contai_ning no acetic acid
(Comparative E}ganiple %), acefic acid a_iqueous.rsol-utions each
10 centaining 6..4 g of acetic acid (Compdrative Examp.les‘ & - 9) ,~
and acetic acid aqueous solutions' containing 19.1 g, 48.7
g and 84.7 g of acetic acid (Examples 20 - 22), respectlvely,
' _we.te preparedin ordlnary temperature. Toeachof them, oxalic
ac;d, glycolic ac:Ld and citric acid were added in amounts shown
15 "inTable 3, and then 385 g of the same alumina having a p-crystal
's'tructiJre as used J.n EXample 3 was further added, to prépare
reactionmixtures each having an A1,0; content of 36 % by weight
-and a carboxylic -aclid/alumina weight-ratio of 0.02. -Then, -
alumina molded products were pPrepared in the same manner as
20 in Example 4. | -
The specifi_c’ surface areas, pore volumes and compressive
‘'strengths of the alumina molded prlodtl'cts are set forth in Table

- 3.

25



Conp. 172 0.40 not nore than 1.0 Ex.9 Ex.20 198 0.54 2. E¥u£%1§&% JO 75
(2.2 Ex.22 248 0.59 2.7 20 January 2006 37 As can be seen | e

when the k value was snmall as in Conparative Exanples 5 to 9, only an

al um na nol ded product having insufficient specific surface area, pore

vol ume and conpression breaking strength was obtained, while the k value 5.
of 0.0008 in Exanple 22 contributed to increase:in the specific surface. :
area and the pore volune. Exanples 23 36 24 A case where glycolic acid was
added was conpared with 10. a case where glycolic acid was not added. In

both cases, the same alun1na as in ie 2 was used, the al um na
concentrati ulting ||nuld was_subjected to

sol -form nglreactijpn, ne ?%%ﬁl%%ﬂﬁqon and ydrotherrnﬂddutneatnent in tHe

same manner | a&¥in Exanple y.3 V?hbﬁ al um na 15 nol ded products were prdgpared-
2 Tha tion.conditions and tHe

in the sane| femBer /iu 2—Fhe—fpie
a ngFe K 0 25 PrPganuary Rdebt 38tialfl e 4

results are|sék.fqr 4. :

'} Comp. [— - — glycolic acid 0.02
Ex.5 , N
Comp. | 0.03 0.003 [0.00009 |[not added —
Ex.6 ) : . S .
Comp. [0-03  10.003 [0.00009 Jglycolic acid 10.02
Ex.7 b ' :
Comp. 10.03 10,003 [0.00009 |oxalic acid 0.02

. Ex.8 - ' :

- Comp. |0.03 0.003 {0.00009 {citric acid 0.02
Ex.9 a ' : : :

Ex.20 {0.09 0.009 |0.c008 glycolic acid 0.02

| Ex.21 | 0.23 0.028 ]0.006 glycolic acid 0.02

Ex.22 | 0.40 0.046 [0.019 glycolic acid 0.02

(Continuation of Table 3)

Ex./ Specific

Comp. surface area { Pore volume Compressive strength
Ex. '

| m’g o " ml/g Kg
Comp. |158 oo r10.42 : “'-‘.not'mofe'than 1.0
Ex.5 ‘ . ‘ ,

I Comp. | 145 0.37 - | not more than 1.0
Ex.6 | :

: Comp. 169 0.44 not more than 1.0
Ex.7 ‘ )
Comp.. 166 0.41 ' not more than 1.0
FX.8 . '
Comp. [172 ]0.40 © [not more than 1.0
Ex.9 L '
Ex.20 [ 198 10.54 2.3
Ex.21 | 230 ' 0.75 2.2
Ex.22 | 248 Tose (2.7




Ex. Alum na A1203 Acid/Alum na type Concentration type e
ratio | I '"Ex. p -alumna 2 nitric 0.8 0.002 23 acid @%uﬁpgkr)#naz

nitric 0.8 LO. 1.124 acid (Continuation of Table 4) 5 Ex. Gycollc acid
Speci fi.e: Pore Volune surface area Weight ratio to alumna (n2/g) (mM/g)
Ex. 0.02 261 0.68 23 Ex. not added 225 0.65 24 10 15 20 January 2006 39

Exanpl es 25 - 28, Conparative Exanples 10 - 13 To 560 m of ion-exchange
water, 61 'w%nitric acid was added i3 anounts of 55 g, 109 g, 219 g and
437 g, respectively, to prepare four kinds of nitric acid aqueous

| ut f 5 t t h | ut I d,
o yool 16 aci d and 8 FACPEOPReet EOARRS ﬁ»’%w&mﬁ b E e BB To

glycolic acid and Cit

each of the E‘s@ﬁéSﬁpE%Q%lge(%(%r\gbﬁe agggaé ughfy an g A mglgedfatr%lduct

structure as used I'n
having insufficient specific surface area, pore volume and

compres'sion breaking strength was obtained, while the k value
5 of0. 000.8 in Example 22 contributed toincrease in the specific

surface area and the pore volume.

tE_ﬁxambles 23 - 24
| A case where glycolic ac:Ld was added was compared w:Lth
10 a case where glycolic acid was not added. In both cases, the
same alumina as in Example 3 was used the alumina concentration
was- 2 s by welght and the resulting liquid was subjected to
sol- -forming reactlon, neutrallzatlon and hydrothermal
"treatment in the same manner as in Example 2. Then, alumina
_15 molded products were prepared in the same manner as in Exarhple
2. |
The preparation COI’ldlthl’lS and the results are set forth

R 0% Table 4.
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to prepare reaction m xtures each having an A1203 content o by

wei ght and a carboxylic acid/alum na weight ratio of 0.6%2&?%%y?§%%;ion

m xtures were subjected to sol-.formng reaction at 135C for 28 hours in

t he san® manner as in Exanple 1.. Then, alum na nol ded products were
prepared in the same nmanner as in Exanple 1. 15 The specific surface
areas, pore volunes and conpressive strengths of the alum na nol ded
products are set forth in Table 5. 2038 25 20 January 2006 40 Table 5 Ex.
Mol ar ratio Additive Conp. Kvalue Ex. b/a b/c K Type | Wight ratio Ex.
25 0.15 0.016 0.0024 not added Ex. 2670 %g %%016 0. 0024 glycolic acid 0.02
Ex. 27 0.30 0.034 0.010 glycolic acid B.B . 28 0.60 0.077 0.046
glycolic acid 0:.02 Conp. .1.20 0.205 0.245 not added - Ex. 10 Comp. 1.20

0. 209 0. 250 %i yTpi q acTr g 02—Ex—%+% QW@—G—E@Q—G—Z—S@—&)&E&J—I—G—. — - - acid
0 02 Ex. . 1pEX- Alumina Al,04 - Acid/Alunina
type | Concentration ' ‘
- type Molar K value
. . ratio
‘Ex. { p-alumina | 2 nitric { 0:8 - | 0.002
23 ' o : acid : .
Ex. |- p-alumina | . 2 ‘nitric - 0.8 0.002
24 IR o acid IR
(Continuation_ of Table 4)
5 .
Ex. Glycolic acid Specific - Pore Volume
. o surface area . ‘ '
Weight ratio to alumina|{ (m?/g) (ml/g)
Ex-| 0 o.02 R 261 0.68
1 23 | x - o
‘Ex. | ‘ot added 225 0.65
24 . :
10

15



Conmp. 1.20 07.209 .0.250 citric acid 0.02 Ex. 13 (Cbnthﬂﬁgh&ﬂ% Table 5)
Ex. Specific Pore volunme Conpressive Conp.Ex surface area st gt?}
m/9 Kg .... Ex. 25 175 0.84 2.2 Ex. 26 247 0.83 2.3 Ex. 27 238 10. 65 3 5

Ex. 28.227 0.50 3..0 Conp. 211 0.44 1.2 Ex. 10 Conp. 232 0.45 broken- Ex.
11 during calcining Conp. 232 0.46 broken Ex. 12 during calcining Conp.
235 0: 45 broken. Ex. 13 during cal cining 20 January 2006 41 As can be seen
fromthe results shown in Table 5, a p¥eferred alunmi na nolded product
(carrier) was obtained in Exanple 28 by virtue of the k value of 0.046. A
pore size digtr i.0R Ccur vg, of . t he alunln- cO -05|t of Exanple 25 is
shown i's Fi g.%:g{ hBte QS ;e L f - 16. Al umina
nol ded products wapeg ne, alu having. a stal
structure as used 5 ﬁxarrplcgpg'%ﬂ %{éhhéﬁl % wgted' ‘%it%tqjctrg'c‘fd‘p ‘F{é
anmount s of tB@déEla{ﬁ bi@unts of 55 g, 109 g, 219 g and 437 g, respectively,

to prepare four kinds of m_trJ.c acid aqueous solutions of

-5 ordinary temperature. To each of the solutions, oxa.lic acid,
glycolic acid and citric acid were added in amounts showﬂ in
Table 5. To each of the mlxtures, 385 g of the same alumlna
hav1ng a p— crystal structure as used in Example 3 was added
to prepare reaction mlxtures each having an Al,053 content of

10 _36 by welght and a carboxyllc acid/alumina welght ratio of
0.02. The reaction mixtures were ,subjected to sol-.formlng
reaction at 1_35"_’C for 28 hodrs in the same manaer as in Example
1. Then, alumina mol'ded,products wei:e preparedin the same
manner as in Example 1. |

15 Th_e specific surface areas, pore volumes and compressive
etr.englths of the alumina molded products are set forth in Table

5.
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materi als, k val ues,

hydr ot her nal

al um na concentrations,
oxygen-cont ai ni ng organi ¢ conpounds and the inorganic

reaction) conditions,
neutralization are shown in Table
al um na nol ded

synt hesis (so

treatnent. conditions 15 after the alkal
areas and the pore vol unes of the

6. The specific surface,
products are set forth in Table 6. 20 25 20 January 2006 42 Table 6 Ex.

A1203- Monobasic acid Conp. Ex.

-form ng

concerd- Type Mol ar

types and amyuiihsa

he

polybasf% aC|ds

rati o K val ue

Ex.29 8 jnitric acid 0. 43 0.0029  Ex.30 15 nitric acid 0. 30 0.0029
1 52 nitric acid 0.115 0.0028

and hydrothernal

rati on

029
29

Conp. Ex. 15 nitric acid 0. 30 0.0029 tﬁﬁafx §
Conp . Ex. 5p—hittieracid—0—115—0-0028 22 37 nitric.acid 0 16 0.0
Conp. Ex 37| B¥tric jhcid 0. 18olax @290 16 Ex. 37 nitrRddacivwk 0. 16 0. 0Q
Ex. 34 37 ni{edmpacid 0. 16 0.0020ueEx. 35 37 nfitric acid 0. 16 0.0029
| Ex. " b/a b/c . K Type Weight
' ratio
Ex. 25-{0.15 0.016 0.0024 {not added —
Ex. 26 {0.15 0.016- 10.0024 [glycolic acid 0.02
1Ex. 27 l0.30 0.034 0.010 {glycolic acid 0.02
|Ex. 28 ]|0.60 0.077 -] 0.046 glycolic acid 0.02
Comp. [1.20 0.205 0.245 not added - —
Ex. 10 ' '
Comp. 1.20 6.209 0.250 glycolic acid 0.02
Ex. 11 : ,
Comp. {1.20 0.209  10.250 [oxalic acid 0.02
Ex. 12 1 o
Comp. |1.20 10:209 0.250 citric acid 0.02
Ex. 13 ' '
(Continuation of Table 5)
Ex. Specific Pore volume Compressive
Comp . Ex surface area strength
- m¥/g. - " ml/g TR e -
Ex. 25 |175 | 0.84
Ex. 26 |247 0.83
Ex. 27 |238 0.65 3.5
lEx. 28 227 0.50 3.0
Comp . 211 0.44 1.2
Ex. 10 : , _
‘Comp. '?32 0.45 broken
1 Ex. 11 ' during calcining
| Comp. 232 0.46 broken
1Ex. 12 _ during calcining
| Comp. 235 0,45 broken
|Ex.13 o during calcining



Ex.36 35 nitric acid 0.16 0.0026 Ex.37 35 nitric acid ()?g% Ex. 38
35 1nitric acid 0.16 10.0026 Ex.39 35 nitric acid 0.16 GQ%QQEQWQO 40

acetic acid 0.40 0.023 Ex.41 40 acetic acid 0.25 0.0082 Ex.42 40 acetic
acid ..10,25. 0.0082 concent- Type TWolar ratio K value ration Ex.43 40
acetic acid 0.25 0.0082 Ex.44 40 acetic acid 0.25 0.0082 Ex.45 40 acetic
acid 0.25 0.0082 Ex.46 40 acetic acid 0.25 0.0082 Ex.47 40 acetic acid
0.25 0.0082 Ex.48 35 nitric acid 0.164i0. 0026 Ex.49 35 nitric acid 0.16
0.0027 Ex.50 35 nitric acid O. 16 0.0029 Ex.51 35 nitric acid 0.16 0.0032

Ex.52 35 nitri 2006 43 tinuat f Tabl
6 Additive B PR BEeRN PSR SR O e TSR oo R G o

gx 030 lacti Caﬁ%h‘in% R%ld‘éﬁ”BrEéuéé ‘i‘bg}:@{ !QE?S OobotzalnEe(d 3'1]h lE.%c(fa:[rrllpcleaCZIBd

by virtue of the k value of 0.046.

Apore sizedistribution curve of thé alumina composition

5 of Example 25 is shown is Fig. 2.

Ex:arr_lples 29 - 52, Comparative Examples 14 ~ 16.

| Alumina zﬁolded'produets were prepared using the same

alumina having a p- crystal structure as used in Example 3,
10 'nltrz.c acid and acetic acid. The amounts of the starting

materials, k values, alumina concentrations, types and amounts

of the oxygen-containing organic cempou‘rids_and the inorganic

polybaéic arci_ds,' hydrethe;:ma“l .synthesis '-'(sol—foq:'ming

react_ion) conditions, a_nd-"hydrothermal treatment conditions
15 after the alkali neutrali-iétion are shown in Table 6.

The SpelelC surface areas and the pore volumes of the

alumlna molded products are set forth in Table 6.
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Comp. Ex. 15 ammpniumnitrate 0.02 Ex.32 lactic acid 0.02 mﬁ%gyggﬁ &@_
achanide 0.02 Ex.33 acetone 0.02 Ex.34 butanediol 0.02 ) Paurlc

acid 0.02 Ex.36 sodiumgluconate 0.02 Ex.37 adipic acid 0.02 Ex.38
sucrose-0:;02 Ex.39 gelatin 0.02 Ex.40 glycerol 0.04 Ex.41 anmonium .
tartrate 0.015 Ex.42 citric acid 0.015 Type Atomic Ratio Ex.43 boric
acid 0.075 Ex.44 silicic acid 0.035 Ex.45 phosphoric acid 0.015 Ex.46
sul furic acid 0.010 Ex.47 titanic aci4 0.025 Ex.48 vanadi c anhydri de _
0.028 . Ex.49-tungstic acid 0.016 Ex.50 tungstic acid 0.032 Ex.51 tungstic
acid 0.065 oxalic acid(weight 0.02 ra%§%15X652 carbonic acid 0.1 .5 20

January 2006

Ex. Al,03-Monobasic acid

Comp.Ex.
concent- Type Molar ratio K value
: S ration :
- Ex.29 |8 nitric acid }0.43 - |0.0029
Ex.30 ]15 nitric acid [0.30 - [0.0029 -
Comp.Ex. |15 nitric acid |0. 30 0.0029
14 _ _ S
Ex.31 [52 - nitric acid |[0.115 . 0.0028
Comp.Ex. |52 nitric acid [0.115 0.0028
15
Ex.32 {37 nitric acid |0.16 - °10.0029
Comp.Ex. {37 {nitric acid |0.16 0.0029
AP : :
Ex.33 37 nitric acid 0.16 0.0029
~Ex.34 |37 nitric acid [0. 16 0.0029
Ex.35 |37 ~ |nitric acid |[0.16 . 0.0029
Ex.36 |35 nitric acid [0.16 10.0026
Ex.37 |35 nitric acid |[0.16 0.0026
Ex.38 35 nitric acid 0.16 0.0026
Ex.39 |35 nitric acid |0.16 0.0026
Ex. 40 40 acetic acid 0.40 0.023
Ex.41 {40 acetic acid |0.25 10.0082
Ex.42 40 o acetic acid. {0.25 . 10.0082
~concent- | = Type Molarratio| K value’
ration - ' o
~ Ex.43 |40 | acetic acid [0.25 = [0.0082
Ex.44 |40 ‘lacetic acid {0.25 0.0082
Ex.45 |40 acetic acid {0.25 ~{0.0082
Ex.46 |40 acetic acid ]0.25 0.0082
Ex.47 |40 acetic acid |}0.25 0.0082
Ex.48 |35 nitric acid |0.16 0.0026
Ex.49 |35 ' nitric acid 0.16 0.0027
" Ex.50 35 nitric acid  |0.16 10.0029
Ex.51 {35 nitric acid 10.16 0.0032
Ex.52 [35 _ nitric acid |0.20 10.002




44 (Continuation of Table 6) Ex. Hydrothermal Hydrothernmed, %@_5&5b&3Pore
Conmp. Ex. synthesis of treatnent surface volunme reaction a area

m xture neutralization C hr C hr n2/g m/g Ex.29 135 28 135 3 247 0.80

Ex. 30 135 28 135 3 235 0.77 Conp.Ex.14 135 28 135 3 180 0.82 Ex.31 135 28
135 3 225°0.71 Conp. Ex. 15 135 28 135 3 .178 0.83 Ex.32 135 28 135 3 236
0.61 Conp.Ex.16 135 28 135 3 177 0.80 Ex.33 150 8 135 3 209 0.86 Ex.34
150 8 135 3 216 0.85 Ex.35 150 8 13548 224 0.85 Ex.36 135 28 135 3 220

1.01 Ex.37 135 28 135 3 .206 0.80 Ex.38 135 28 135 3 242 0.82 Ex.39 135
224 0.48 Ex.41 150 14 110 .5 249 -
n2/g mM/g Ex.43 135 28 135 2
2 237 0. 88

28 1353 220

0.64 Ex.42

253 1.09 Ex.44 13. 28 135...

(Bsftinbs 0Ty Fi g,

2 234 0.98 Ex.45 135. 28 135

224

)

C hr

-

Ex. 46 .6 135p28-135—2—224+—0—++— ——
Additive
Ex. Type ' Weight
Comp. ExXx. : ' ‘ ratio
Ex.29 ' lactic acid 0.02
Ex.30 _ lactic acid 0.02
Comp.Ex.14 diethylamine 0.02
FEx.31 lactic ‘acid 0.02
Cbmp.Ex.lS ammonium nitrate 0.02
Ex.32 lactic acid 0.02
Comp.Ex.16 acetamide 0.02
Ex.33 acetone 0.02
Ex.34 butanedlol 0.02
Ex.35 lauric acid 0.02
Ex.36 sodium gluconate 0.02
Ex.37 adipic acid 0.02
Ex. 38 sucrose 0.02
1Ex.39 gelatin. 0.02
Ex.40 glycerol ‘ 0.04
Ex.41 ammonium tartrate 0.015
Ex.42 citric acid 0.015
Type ' Atomic
‘ o Ratio
Ex.43 boric acid 0.075
Ex.44 silicic acid 0.035
Ex.45 phosphoric acid -0.015
Ex.46 sulfuric acid 0.010
Ex.47 titanic acid 0.025
Ex.48 vanadic anhydride [0.028
Ex.49 | tungstic acid 0.016
Ex.50 tungstic acid 0.032
Ex.51 tungstic acid 0.065
oxalic acid(weight 0.02
. ‘I raio)
Ex.52 - Jcarbonic -acid {10.1




Ex. 47 135 28 135 2 203 0.88 Ex.48 150 8 135 2 243 0.97 z%ﬁ%é§ggé 135 2
245 0.85 Ex.50 150 8 135 2 262 0.58 Ex.51 150 8 135 2 263 52 170

6 135 2 248 0.75 5 20 January 2006 45 Exanple 53 To 547 ml of
I on- exchange water, 61.7 g of acetic acid and 8.4 g of oxalic acid

di hydrate were added, and then 160 g of the sane al umina having a
structure as used 5 in Exanple 3 and 231 g of gi bbsite described

p-crystal
in Exanple 4 of W97/32817 were furthér added to prepare a reaction
m xture. This reaction mixture had an al um na concentration of 30 % by

wei ght, an acetic acid concentration of 6.2 % an oxalic acid
concentration of 0.60 % - -an acetic acid/alumna nolar 10 ratio of 0.35, an

et a6 Yok e i o and 3 valle of 0,610 The

reacti on nfxture—was—Ss .y
reaction) pt¥150C for Xiyﬁéﬂ%qwqih HydpgEhaEmads Specikien)Bore T
an al um n Gr@méledEisrod Synfhegds srfephredtivanthe saneswmfaer ddlunkx rrpl e
4. The al um na nol ded|pesdiidtorhad af 3peeirfic surfademwsea of [154 n2/ ¢ and
a pore vollume of 0.78 finigtuBlel s spefhéutrsli zaceonrlea was |arger by [47
ek A I 30 G M OV A L
_ Ex - ] 135 28 135 3 247 0.80
: Ex.30 135 . 28 | 135 3 1 235 0.77 - o
Comp.Ex.14 | 135 28 135 3 180 0.82
Ex.31 ) 135 28 | 135 3 225 0.71
Comp.Ex.15 | 135 28 135 3 178 0.83
Ex.32 . 135 - 28 135 3 236 0.61
Comp.Ex.16 [ 135 28 135 3 177 0.80
Ex.33 1 150 8 | 135 3 209 0.86
Ex. 34 1 150 8 [.135 3 216 0.85
Ex.35 1 150 8 | 135 3 224 0.85
Ex.36 135 28 135 3 220 1.01
| Ex.37 - 135 28 | 135 3 206 0.80
|Ex.38 - 135 28 | 135 3 242 0.82
Ex.39 135 28 135 3 220 . 0.91
Ex.40 . 135 28 125 5 224 0.48
Ex.41 | 150 14 110 5 249 0.64
Ex.42 | 150 14 110 5 244 0.64
| o 1€  nr C “hr m’/g ml/g
Ex.43 135 28 | 135 2 253 1.09
|Ex.44 138 28 135 . 2 234 0.98
|Ex. 45 1 133 28 135 2 237 0.88
| Ex.46° 135 28 | 135 - 2 221 0.71
1Ex.47 -1 135 28 135 2 203 0.88
Ex. 48 150 8 135 2 243 0.97
Ex.49 | 150 8 135 2 245 0.85
Ex.50 150 8 [ 135 2 262 0.58
|Ex.51 ] 150 8 135 2 263 0.49
| Ex.52 170 6 135 2 248 0.75




Exanpl es 54 - 55, Conparative Exanples 17 - 20 Using thejﬁﬁgﬁ ha
havi ng a p-crystal structure as usedi nExanpl e3, acetic aci gﬁgﬂg?qnic
acid, reaction mxtures 25 having alum na concentrations of 15 % by wei ght
and 52--%-by wei-ght and k val ues-of 0,.00008,- 0.002 and not |ess than 0.2
were prepared as shown in table 7. Using the reaction mxtures. 20 January
2006 = 46 al um na nol ded products were prepared in the same manner under

the sane conditions as-in Exanple 15. 49¥he pore volunmes and ‘the conpressive
strengths of the alum na nolded products are set forth in Table 7. 5 In
cases of the_ alunm na concentrations of 15 % by weight and 52 % by wei ght,
it can be sESfAMRER When the k val ue was .0.00008 or not |ess than 0.2, the

pore vol une was I n t he conpressive strength was | ow, and when the k
val ue was O. oozﬁrﬁéﬁ&&ewﬁoﬁaﬁﬁe&ﬁ 3GE WBRBFestivé SiPEMERtiRracido

ot 9T act o ynd 5,23 cESeRIENRY 200817, Table JALAOS Mngbesiey
Comp. - EX. 17, 15 M Ptk G OO, O 000090 Bt NS T el O- 25
5 in Exgmple_3 and 231 g of gibbsite described in Exampie'4 of

W097/32817 Qere further-added to;prepare a_feaction.mixture.

This réaétibn mixture hadian:alumina concentration of 30 %
by weighf, an acetic acid concentration of 6.2 %, an oxalic
acid Cohcentration 6f 0.60 %, an acetic acid/alumina molar

Iﬂ ¥atio of 0.35, an acétic acid/water'molaf ratio of 0.029 and.
a k value of 0.010.
The reaction mixture was subjected to.hydrothermal
' éynthesis'(sol—forming reactién) at 150°C for 24 ﬁours.in the
same manner .as in Exampie 4. Tﬁen, an alumina molded p_roducﬁ
15 was prepared in the saﬁeznanner'as in Example 4. The alumina
molded product had a specific surface area of 154 m?/g and
.a pore volume of 0.78 ml/g. This spécific surface areaAwas
larger by 47 m?/g than the 'specific surface area 107~m2/g-0f'¥

the alumina containing no oxalic acid, ‘that is described in

- 20 Example 4 of W097/32817.

Examples 54 - 55, Comparative Examples ‘17 - 20

Using the same alﬁmina‘having a p—crystal structure as
uéedinExample3,aceticacidandnitricacid,reactionmixtures

25 Vhaving alumina concentrations of 15 % by Weight and 52 % by
weight and k values.of 0.00008; 0.002 and not less than 0.2

werepreparedasshownintable7. Usingthereactionmixtures,



Conp. Ex. 18 15 acetic acid 2.30 0.094 0.22 Conp Q%ﬁéﬁb hbes aci d
0.02 0.004 0.00008 Ex. 55 52 nitric acid 0.10 0 020 0. 00 .20 52

acetic acid 0.75 0.275 0.21 5 (Continuation of table 7) Pore Corrpressive
Addi ti ¥e Vol ume strength Type Weight ratio M /g Kg Conp. Ex. 17 lacti-c
0.02 0.39 Not nore than acid 1.0 Ex. 54 lactic 0.02 0.70 2.3 acid Conp.
Ex. 18 lactic 0.02 0.43 Not nore than acid 1.0 Conp. Ex. 19 lactic 0.02
0.37 Not nore than acid 1.0 Ex. 55 Mactic 0.02 0.76 2.6 acid Conp. Ex.20
lactic. 0..02 0.45 Not nore than acid 1.0 20 January 2006 48 Exanpl e 56

To a nixture f 755 f.ion-ex han water, 75 61 W% nitric acid
and 7.4 g of? %W%I%Oﬁedd%?a‘}l& Pr&PSFeﬁl iy &?ﬁen% arie Mk upgder

PLoEeTe R SRS LA POV 5, T BT TR0 ORBECRL, 20, 2 2y
mxture was tljig %ﬁ{fﬁ%stsouf@ r%%%; h@agfz&mﬁ@rﬁin%o%olded products are’
set forth in Table 7. o ' . |
5 : In cases of the alumlna concentratlons of 15 % by welght
and 52 % by weight, it can be seen that when the k value was
0. 00008 or not less than 0 2 the pore volume was small and
" the compre331ve strength was low, and when the k value was

0.002, the pore volume and the compressive strength were

10 satisfactory.

15.
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with rotating the reaction vessel. Then, the reaction m

subj ected to hydrothermal synthesis (sol-formng reaction(ﬂﬁ@5m£?6%§5c for
28 hours in a stationary state. To the resulting product, amonia for
neutrald:zation was added in such an amount that the nolar ratio of amonia
to HNGB woul d becore 0.0 (not added), 0.5 or 1.0. Then, alum na " nol ded
products were prepared in the same manner as in Exanple 15 1. Pore size

di stribution curves of the alumina nolffed products are shown in Fig. 2. As
can be seen fromthe conparison wth Exanple 25 in which oxalic acid was
not added but the reaction mxture hagd,sjm4ar conposition, alumna
conpositions having sharper pore size distribution curves were obtained.
20 Exanpl e 57 The sane reaction mxture as used in Exanple 56 was

subj ect ed tp—sot=formngreactiorat66€-For—28—heurs i A—t-he—Ssare— r
as in Exanp] e 56. To th 15 | ting pr : @%g ad ed i su h an
anount t hat| t he annnnla/ggtﬁﬁc acid IQ é§6 Ta icWH% d Pecone f d jt he
m xture was| subj ected td cdpyelipt hernBé{cfcg eat ment} ,af 4 JQ70 @ (,gﬁgehours taQ
obtai n an %Iunina 20‘Jaruary 2006 49 conpositigm ualng t+he—atur-na
conposi tion ] an al um-na [ridedn @)odquct was prepargd,i kh% same janner} as

in Exanple |L. - The alumjna nol ded prjoduct had a speC|f|c surface area (f
261 nR/ g aq a poOTE VOILHE_OT O 7971 g——S-Exampie—S58—Adi-tute—attress
sol ution ofdﬁhpBEﬁpdnvmrsllcate Wdhitricacid|0.05 0.0016 0.00008

lex. 54 |15 1" |hitricacid|0.25 0.008 £ 0.002
Comp. Ex. 18|15 : aceticacid|2.30 0.094 0.22
Comp. Ex. 1952 |nitricacid|0.02 0.004 0.00008
Ex. 55 52 |nitricacidlo.10 0.020 0.002

| comp. Ex:20 |52 ; aceticacid|0.75 0.275 0.21

5 = (Continuation of table 7)

Pore - |Compressive .
Additive Volume | strength
| ‘Type |Weight ratio| Ml/g Kg |
{Comp. Ex. 17|lactic |0.02 0.39 |Not more than:
| acid | | 1.0 .
Ex. 54 |1actic |[0.02 |0.70 2.3
, ‘acid '
Comp. Ex. 18] lactic 0.02 0.43 Not more than
| L acid ) R j1.0
Comp. Ex. 19| lactic |{0.02 0.37 Not more than
acid 1.0
"Ex. 55 _ lactic 0.02 0.76 2.6
acid
Comp. Ex.20 |lactic. {0.02 0.45 Not more than
Jacid e x 1.0




passed through a cation-exchange resin to obtain a silicify; f‘%fﬂ geieous
solution containing 3.0 % by weight of Si®2. To 10 269 m exchange

water, 290 g of the silicic acid aqueous solution, 54.4 g of acetic acid
and 295._-g of the same alumina having a p-crystal structure as used in
Exampl e 3 were added, to prepare a reaction mixture.. This reaction

m xture had a Al 203: CH3COOH: H2O ratio of 36 w%5.4 W% 57.0 w% a Si Q2
15 content of 0.86 % by weight, an inp8rity content of 0.12 % by weight, a-
CH3000OH Al 2Q8 nol ar ratio of 0.25, a CH3COOH H20 nolar ratio of 0.028, a k

val ue of O. 094 Igmfl a5§|/AI atomc ratio of 0,02. Thereafter, the reaction
m xture was e—u%r%e{e-ed—to 20 hydrothermal synthesis at 135 C for 28 hours in

th hout stirrin US|n the resulting

prgeiﬁg{n,3 m;ngielri c@éco %‘%ﬂrﬂg a?uyrr\%%a jrfrD‘P]geJtJmﬂ) '%fgq&‘zn%s Bt hi nZéC?no t he
Exanpd n produc

:3?$agfem2$<raa 25Ehof 226 (FC}Q %l%-% p'g]% egvgfu%gadlo g Cglé rﬁ]ﬁby&%‘( éégﬁ 20

J 200 %a

2dded. " and ther Gigouafng (LT RRReE Bl rthate M BEp Ly 3B A ALUELIBERG) 1

48.1 % was émrélhﬁﬁlr&ddﬁﬂlcéﬁ‘@ré@ﬁe'ﬁtbfg3o|i d,bpghan A1203 content of 38
% by wei ght, a HNO3/A1203 5 nolar. ratio of 8&% f(ghCHSOOOI—V A1203 nol ar

ratio of 0.11, aInZmhdl sahmreddticn Qfesfbéﬁ@lsa%e%i érrp%x‘é%lﬁleé‘tl Ofth?e3 %
by wei ght The reaction nmixture was subjected to hydrother nal _
reaction mixture was thlckened to not less than 20 mPa at 80 °C
with rotatlng the reactlon vessel. Then, the reaction mlxi_:ure
was subj ected tohydrothermal synthesis _( sol-forming reactio;n )-"
.'IO at 135°C for 28. hours in a stationery.state.
To the resulting product, ammoniai for héu_trali zation was -
added in such an amount -that the molar ratio of ammonia to
HNOs would become 0.0 (not added), 0.5 or 1.0; : Then.,- alumina
molded products were prepared in the same manner as in Example
15 1. Pore size distribution curves of the alumlna molded
products are shown 1n FJ.g 2. Ascanbeseen from the comparison
w1th Example 25 in Wthh oxalic acid was not added but ther
reactionmixturehadsimilarcomposition, a‘lumina compositions
having sharper pore size distribution cu_rves were obtained.

.20

| Example 57
| The same reaction mixture as used in Example 56 was
subjected to sol-forming reaction at 60°C for 28 hours in tﬁe
s_-ame manner as in Example 56. Totheresulting product, ammonia '
25  was added in such an amount that the ammonia/nitric acid molar
| retj_.o would. become 1.0,. and the mixture was subjected to

hydrothermal treatment at 170 °C'forf6.._1r_10urs toobtain an alumina



synthesis at 170C for 10 hours in the same. manner as i“i@‘ﬁﬁiﬁ’éxgzo 3to
obtain an acid aqueous alum na zirconia sol gel. The sol gel ubj ect ed
to nmonolithic extrusion nolding, then dried and calcined at 500C to obtain
a nonol4:t-hi c nol ded product having a pore structure with a specific
surface area of 210 n2/g and a pore volunme of 0.46 m /g, a wall thickness
15 of 0.2 mm a nunber of cells of 480/square inch, a nunerical aperture
of 60 % and a | engt hwi se conpressive grength of 35 kg/cn2. Further, the
aqueous alum na zirconia sol gel was mxed wth barium hydroxide in an
amount of 10_% of BaO based, on the soljd matter (in

terms of an O géfmfﬁg?hel(ﬁs"%il%gﬁ a%ﬁle‘"’rﬁ%&?f?%o%'él%%b]aé‘égéﬂnﬁrﬁ%ﬁGFiﬁt hlh c
t i d at 500'C t t

ol ded. pr od@%gﬁﬁ‘g‘."n‘éggn%géésg?rgﬂgpﬁég g?weameagsfff Pg &0 F&é@pﬁﬁrﬁgoo? ﬁbg

nR/ d 5 . 60 T

aqugoﬁg a?uﬁ‘lo:]: \z/ﬁ%%“g&l% 'Hécg plgorde“cgigz grg 89@&\/\%‘%%?%%%?% t he

water to giver spby afd/Padt ggépé%f égs'%F% 3 by wei ght. The sol

gel was mi xed wth Mat'sunoto M crosp er VI ny i dene
chloridesacrylonitrile) in such an anount that the solid matter vei ght

rati o woul d beconme 1. 1. The m xture was placed-in a nold, nolded under
heating, drim¢hmpldess gradually heated for the prevention of crack, and

cal cined at 500C 10 The resulting alumina zirconia nol ded product had t he

| A dilute aqueous solution of No. 3 sodium silicate was
passed through a cation-exchange resin to obtain a siliéic
'acid.aqueous solution éontaining 3.0 % by'welght of 8102 To
10 269 ml of ion-exchange water, 290 g of the silicic acid aqueous
solution, 54.4 g of acetic acid and 295 g of the same alumina
‘having@apncrystal structure as used in EXaﬁple 3 weré added,
to pfepafe a reaction miXtﬁre._ This_reactioh mixture had a .
Al,03:CH3COOH:Hp0 ratio of 36 wt%:5.4 wt3:57.0 wt%, a $i0,
1S cbntent éf 0.86 % by weight, an impurity-conient of 0.12 %
| by weight, a CH3COOH/Al;03; molar ratio of 0.25, a CH3COOH/H,0
molar ratio of 0.028; a k value of 0.007 énd a Si/Al étomic
‘;ratiO'of 0.02. ‘ ‘
Thgreafter, the reaction mixture was subjected to
.20 hydrothermal synthesis at 135°C for 28 hours in the same manner
as in Example 3 without stirring. UsihgthefesultingprodUct,
a silica-containing alumina molded product was 6btained in
the same'mahner as in Example 3.

- The alumina molded product had a spe01flc surface area

25  of 226 m2/g and a pore volume of 0.98 ml/g

:Example 59




foll owi ng pore structure. The pore volunme of nacr opor es hz’:@/ja\agm,8
dianeter of 1 to .100 pmwas 2.4 nm /g, the pore.. volune res having
pore di aneter of | ess than 60 nmwas 0. 45 m/g, "and the speC|f|c surface
area was 208 n2/g. 15 Further, the m xture before placing in a nold was
diluted with ion-exchange water to give a lowviscosity slurry having a
solid content of 5 %by weight. Then, a cordierite nonolithic nolded
product (produced-byN ppon ' Gaishi; w0l thickness: 0.25 nm 102mmD x 200
cells) was coated with the slurry by 20 awash coating method and then
calcined to- form@n uneven coati m Qf alum na zirconia on the

cordierite surface- The TAG anﬁFegﬁéﬁrmP&&Fl&@M a\ﬁéjspt‘ﬁéﬁmﬁfﬁénﬁ"@({@on an
exhaust ventadgéda ghgs%he aﬁﬁ%n ln%%r |3(O;I'ﬁyot C%rl gg &ea ure 1DE|M[ g;

t he exhaust Qas. re I

hi gher capt Uy £. @ffcg €06 haqgalma o] hi roodu hayin
coating' film 20(Ja?1uar 51 2006 52 Exgﬁ%l Iefeg%%f Sgdg%d?heﬁsl%ngga g}ﬁlﬁlg

having a p- cIygholl RbaUSHUAL,0AT A b EXAITL & er ﬁit‘erqu"'}p{lzfgfﬁo g

of a 0.25 %nitric acid aqueous solution to re

conponents 5 meld Ai redid ot e 1%34%”@%(?@@@1@!503{‘%1%@: E%'E?Loof)f6§019 Wgs
added to a mixture obtained by dissolving 70 g of alum num nitrate’ .

nona- hydr at ezfRll 7agomicoxatic afid. oBehyfaakezird, 3Bdhtht obs i 9N3 exchange-
wat er, and.thereto was further added 73.4 g of nol ybdenum oxi de to pfepare
a reaction nmedtghite.. The 10 reaction mixture had an al um na concentration
(in terms -of A1203) of 32.4 % by weight, an oxalic acid/alum na wei ght
rati o : The reaction mixture was subjected to hydrothermal
synthe31s at 170°C for 10 hours in the same manner as in Example
10 3 to obtain an acid aqueous alumina zirconia sol gel.

- Thesolgelwassubjected tomonolithicextrusionmolding,
then dried and 'calcined at 500°-C to obtain a monolithic molded
product hav:Lng a pore structure W1th a spec1flc surface areg
of 210 m2/g and a pore volume of 0.46 ml/g, a wall thickness

15 | of 0".2 rpm, a number of cells of 480/square inch, a numerical
aperture of 60 % and a lengthwise compressive strength of 35
kgl/cmz. | | | |

| 'Fu'r-ther,‘" the aqueous alufni-na zirconia éo-l gel was mixed
with _ba:_:ium hydroxide in an amount o‘f.lO % by.weight in terms

20 of BaO based on the solid matter (in terms of‘ an oxide) 1n
the sol gel . Themixturewas subj'ected tomonolithicextrusion

. molding, thén driedandcalcinedat 500°C to‘-obtainémonoli'thic
molded product having a pore étructure with a specifi'c surface
area of 192 rﬁz/g and a poré volume of '0.42_.ml./g'.

25



of 0.014 and a Mo/Al atomic ratio of 0.074. This reactio ] S
pl aced in a pressure vessel and subjected to hydrot hern%omg?/%#%ggﬂ%sa at

135C for 28 hours 15 to obtain an acid aqueous sol gel. To the acid
aqueous-.sol gel, aqueous anmmoni a was added to neutralize the sol gel. The
sol gel was subjected to hydrothermal treatnent at 135C for 3 hours, then
kneaded, extrusion nolded, dried and calcined at 450C to obtain a

Mo- cont ai ni ng al um na nol ded product. 520 Then, the M-containing al um num
nol ded product was i npregnated with a nickel -anmoni um conpl ex agueous

sol ution, tgen d&ieg and cal cined at 550C to obtain a catalyst having a
conposition %N O16. 5 W % MO ) /A1203, a specific surface

area of 319 n2/g ?Ed a]%ore vl une of 0.51 m/g. 25 The catal yst was
subj ected to sul f i aFfAYRH ﬁgd?‘ﬂd’e%uﬁipflilée? gglterprrseddia Branple.

Then, 1 parte. V.ol f .the catalyst, 20 parts by volume of straight-run
gas oil 20 J%%‘aarsydggggegg@tg})ﬁ?gﬁﬁi 91veAs B?fmvglmg Bfsdid gpraRat2400

parts by vol y of, d wer | aced in a_batchw,se,reactor, and
hydrotreatinggfggcfigﬁ &ggsgghduc?gdsﬁﬁdgﬁgtH%Sc%hﬂ??iBﬁghoMat§B@€F°5 MPa

The “catal yer CkRTBIten aedi iy or Iiteh RS Safe AL s Beh
S e g L R (e (L AR
g of oxali @l@@hﬁ}&im@y%ﬁtpﬂd@@iﬂiéwl\éﬁ%of@e& Iﬁ%dreersﬂlagi:.@gg, dried,
thengradually heated for‘the'prefrention-of crack, and calcined
at 500°C. | |
10 The jresult:i.ng alumina zirconia molded product had the
followi_ng porestructure. ' The pore volume of macroporeshaving
| pore diameter of 1 to 100 pm 'was 2.4 ml/g, the pore volume
- of pores having pore diameter of-less than 60 nm 'was- 0.45ml/qg,
and the specific surface area was 208 me/g.
15 _ Further, the mixture before placing ina mold was diluted
with ion~-exchange water‘to.girve a low-viscosity slurry having
a solidcontent of 5% by weight. Then, a cordiérite monolithic
.molded proﬁduct (produced by Nippoﬁ-"G_aishi;'-wall t_hi,ckne-s_s:
| 10.25 mm, 102mm@ x 200 cells) was coated with the slurry by
| '20 a wash coai:i'ng method and then calcined to forman uhe.ven coating
film of alumina zirconia on the cordierite surface. The thus
treated molded product was then mounted on an exhaust vent
of a diesel passenger car (Toyota Carina) to‘capture DPM of
the exhaust gas. As a result, this monolithic molded product

.25 exhibited higher capture efficiency than a monolithic molded

product having no coating’ film.



solution, 57.3 g of nolybdic acid and '374 g of the sane .l‘ziHh;ﬂ'g fHaving a
p-crystal structure as used in Exanple 3 were added. 15 eres F?I ng

m xture had the followi ng conposition. The alum na concentration in terns
of A1203..was 35.5 % by weight, the HNO3 concentration obtained by
calculation of only a conponent converted fromnitric acid radical of
alum num nitrate excluding nitric acid radical of nickel nitrate was 20
3.5 % by weight, the content of all H2& was 51.9 % by weight, the content"
of Ni (NOB) 2 was 3.5 % by weight, the inmpurity content was 0.1 % by

wei ght, the M&ml ar ratio was 0.160, the oxalic acid/ H20 nolar
rati o was O. R val ue was 0031, the oxalic acid/alumna weight

ratio was 0.014, ’ %r@g thef [Al 25 atomic ratio was 0.050. Then, operations
of , hydr ot her mal syntfest’s, "ol Mg 1na, RN e E1STdde S UGt uase
sane nanner ' anpl.e 2 nuary, 2006, .5 d a sligh unt .of Na
cont ai ned vvag&r%ﬁ%&éﬁ)’/{%\ng&hﬁz%g"?&el'hg)épggjuﬁpﬁgl% Heﬁfﬁgdéé%ézrdﬁ ed

L 140C to Ohieain duodydEBneabing, FaLALYSL 1AM, 3. 5PSE TS colace ar e

of 261 nR/g and a pore volume of 0.

strai ght - §Unceasa@hbdCeAt BHBI RBumind 7 59 syl fur 400 parts
by volune of hydrogen ~were pl acrg%’l%n gf at chv Qésgégc?‘%‘)?g %‘ﬁgbda(?g was

hydr ot r eat i ngdgeactbon -mm@%ucf@n%%ﬁsﬁeengi[ d&gsoﬁ‘&.@ﬁbf)? 9{1 ﬁe% 25Bngnuft VP

and stirring. for 1 hour. 10 As a result ©f analysis reaction.

pr o?u_ct , OIt henitanabysdnexhybrbed desul Wi s3bqe 5818 K -rihraed i$UBbY
cont ained. ml of ibn&exchange wéter} and thereto was further added 73.4
g of molybdenum oxide to prepare a reaction @i#ture. The
10 réaction mixture hadién alumina concentrafion (in terms of
Alo03) of 32.4 % by weight, an dxalic acid/alumiha weight ratio
of 0.014 and a Mo/Al atomic ratio of 0.074.
Thié reaction mixture was placed in a pressure vessel
and subj egtéd to -hydrothefmal synthesis at 135°C for 28 hours
15 to obtain an acid aqueous sol gel. To the écid aqueous 361
gel, aqi:eous ammonia was added to neutralize the sol gel. | The
sol gei was subjecfed‘to hjdrothermal treatmenf at 135°C for
3 hours, then kneadedQVextrusion-molded, dried and calcined
at 450°C to obtain a Mo-containing alumina molded prbduct.
200 Then, the MOerntaining aluminum molded product was
impregnated with a nickel-ammonium complex aqueous solution,
then dried and calcined at 550°C to obtain a catalyst having
a composition of (4 0 wt3 Ni0-16.5 wt$ MoO3 )/A1203,. a specific
surface area of 319 m?/g and a pore volume of 0.51 ml/g.
25 - The cétalyst was subjected to sulfiding with hydrogen
sulfide_at-a.temperaturé bf 400°C. Then, 1 part by volume

of the catalyst, 20 parts by volume of straight-run gas oil



20 January 2006 55 Clainmed: 1. A process for preparing WJ&E&&?‘Z@%.
conposition, conprising: adding water and optionally a nonobasic acid or
its salt to at |east one al um num hydroxi de and/or alum na selected from
the follow ng substances (A) to (C: (A) acid-containing alum num hydroxide
obtai ned by heating alum num hydroxide in the presence of nonobasic acid
or its salt, (B) acid-containing alum na obtained by treating % alum na
and p-alumna in the presence of a norf@basic acid or its salt, and (C
bayerite, to prepare a reaction mxture having a k value adjusted to be in
the foll ow n . sal d  k val bei n e sent e the fqllow.ng
formi a: 0. 008t5aenin¥t oh! LBy FerhEpe SR Tarurentt pafts Runder e
nmol es of al ugkng hRoLRE JeSact] ) xture,in terns of A1203, b is a nunber
of moles of ac?g o?%its ggl%t fdlgin% c)i::ns aabr?yr%le“?l-soq‘ ol €< ot er, then
subj ecting thoqreaebheint XLHELi bR Wl z:tg%ﬂlc%%dt LEAGH e TonRnGT BT €

5 rera a ufﬁfna

of not higher than 250C to obtalin at |east pa y an aqueous

sol and/or apspagyesugpal HAUNt3rindN¢osuR GChi N9 the aqueous al umina sol

and/ or the aqueous alunmina gel to, oOptionally alkali-treatnment and

nol di ng, s - -As a result of analysis of the reaction product, the
catalyst exhibited desulfurization rate of 80.5 % of sulfur

contained.

_Example 62

10 In448ml of ion—exchénge water, 70.6gof aiuminum nitrate
‘nona-hydrate, 56.7 g of nickel nitrate hexa-hydrate and 7 g
df‘oxalic acid di-hydrate were dissolved. To the resultiﬁg

. solu_tion; 57.3 gof molybaic acid and 374 g of the same alumina
' having a p~crystal structure as'used in Example 3 were added.

15 The resulting mixture had the following composition. The
alumina concentration in i:_erms of Al,03 was 35.5 % by weight,
the HNOé concentration obtained by calculation of oenly a
component converted from nitric acid radiéal‘df aluminum -« -

 ‘nitrate excluding nitric acid radical of ﬁickel nitrate waé

20 3.5 % by weight, the content of all H,0 was 51.9 & bf weilght,
the content of Ni (NO3 J2was 3.5 %$byweight, the impurity content
was(L].% by weight, the.HN03/A12031nolar ratio was 0.160, the

~oxalic acid/HZOJnolar ratio was 0.0196, the k value was 0031,
‘the oxalic acid/alumina weight ratio was 0.014, and the Mo/AT

25 atomic ratio was 0.050. |
Then, operatioﬁs<xﬁh?drothermal synthesis, molding and

calcining were conducted in the same manner as in Exanple 4,



then drying and calcining. 2. The process for preparing %ﬁtﬁh&ﬂ&@@06
conposition clainmed in claim1, wherein a pore structure controlling agent
is added to the reaction m xture. 20 January 2006 56 3. A process for

pr epar.i.ing. an al um na conposition, conprising: adding water and a nonobasic
acid or its salt and a pore structure controlling agent selected froman
oxygen- contai ni ng organi ¢ conpound and an ‘i norgani ¢ polybasic acid to

x-al um na and p-alumina to prepare a r¥action nixture having a k val ue
adjusted to be in the following range, said k value being represented by

the ol | ow ngof Qr gyl g O=AB0Le <ok 1 Qoo o (L b LALE L PELSI R 15

nunber of nmoles .of alumna Iin the reaction mXxture’in terns-o bis

a nunber of §RLesesAl t2RLImBEdbbS §31:{£1ctaﬂgscdf§ecfl‘ %% Oft RS,

water, then subjecting tRe reaction mxture to So rm ng reactlon & a
tenperature pi,dretrBhéhey &Q@Bl%é@%é@lﬂ?bﬁ %b@c&tflbeééméétéﬁéé yoia@r?l

aqueous al um ha sol and/or an aqueous um na gel-, and subjecting t
aqueous aIunmhﬁgsgﬁda@dﬁ@fetb@laﬂ@e@gsg abuping., gel to, optionally

al kal i -treatment and nolding, . then drying and calcining. 4. A process for
prepanrmﬁan aIunTnaanmgmmﬁ$byﬁoMHMEHf§tﬁglght~rungas01lcontaln1ng
1 17 % by welght of sulfur and 2400 parts by volume of hydrogen
“we:eplacedzjlebatchwlse;eactor,andhydrotreatlngreaqtlon
waseonducteduudertheconditionsof350%L'SMPaandstirring
for 1 hour.
10 o Asla-result of.ahalysis of the reacfion.product, the

catalyst exhibited desulfurization rate of 74.7 % of sulfur

contained.



addi ng water and an inorganic nonobasic acid or its salt 5¢Q, ﬁb(?'tf" havi ng
a p-crystal structure to prepare a reaction m xture having a al ue
adjusted to be in the following rangg, said k value being represented by
the following formula: 0.01:< k < 0.20 k = (b/a) x (b/c) wherein ais a
nunber of noles of alumna in the reaction mxture in terns of A1203, b is
a nunber Jc_)f. m)ci_es of acid or its salt, and c is a nunber of noles of

wat er, 26 ‘:’J%lnrlleueiry 2006 57 then subjecting the reaction m xture to
sol-formng reaction at a tenperature of not higher than 250C with

stirring;accogpan] n hearing ar without stirring to obtain at |east
partially an ggug)org)(sqeg um%ﬁ% SO r%%adrflgg an™ aqﬁzgrﬂlsnaal uion: °Sgle *C%nd
subj ecti ng t heorgisans: al um na sol and/or the aqueous alumina gel to,

optional |y al kalird reaLrentqand, il dhnd o thesy,dryi 0g and. caloifhng. 5. The
process for preparing an alumna conpdsition as ¢l ai red i n any one of ‘
clains 1 to 4tevitterlegntt ¢ee radawtinon hydnaxide asdfMmmxeduwninh sdlgritedm

hydr oxi de and{Qy, ahunkoa .. nayi | gher, ii.ty than boehmite in an
anount of not rlrnore t han 095%\5b3§/g]\3\§?gCl%qe bé%ggé%ﬁct)ﬁe alumna in the

reaction nixt (ke #:idacprbrsiand orapireami nghatroalidei naobdeipedi t bun,
conprising: addi ng,aLaG. 810RNABAS I ACKT40r 14S SALt ARG ROT Bf

monobasic acid or its salt,
(B) acid-containing alumina obtained by treating ¥~

alumina and p-alumina in the presence of a monobasic
acid or its salt, and
{C) bayerite,
to prepare a reaction mixture having a k value adjusted to
be in the following range, said k value being represented

by the following formula:
0.0001< k < 0.20
k = (b/a) x (b/c)

wherein a is a number of moles of alumina in the
reaction mixture in terms of Al,04, b is a number of moles
of acid or its salt, and ¢ is a number of moles of water,

then subjecting the reaction mixture to sol-forming
reaction at a temperatﬁre of not higher than 250°C to
obtain at least partially an aqueous alumina sol and/or an
aqueous alumina gel, and

subjecting the aqueous alumina sol and/or the agueous
alumina gel to, optionally alkali-treatment and molding,

then drying and calcining.

2. The process for preparing an alumina composition claimed
in claim l, wherein a pore structure controlling agent is

added to the reaction mixture.



structure controlling agent to at |east one al um num sog&g&&%ggé&d from
pseudoboehmte, an alum num al koxi de, netallic alum numand a er mal
deconposition product of an alum numgsalt to prepare a reaction m xture
having a k value adjusted to be in the follow ng range, said k val ue

bei ng represent ecbdvekbe fald owpRgpdimIul aan 0. GAQAisak <omPodOridn,= (b/a) X
(b/c) wherein a is a nunber of noles of alumna in the reaction mxture in
terns of “AI203 ™ is a nunber of moles of acid or its salt, and c is a
nunber of nol eddifyg watter, ahHen subpetdicn@gdife oreacki sal M Xidire gare

sol -form ng gggcti Qn at_a telr-ererature of not ﬁ?lﬁ he%rthan 250C to obtain
r

an aqueous al uml%]cécué:gl R e aa%%lgijs O el &Ad Qﬁy%eanﬁuary 2006

58 subj ect i ngetim iadugousraanini neongolundnd/malr  $ihe iaqueenisc ablybawicgel to

drying and calcjning. 7. The process for preparing an al um na conposition
as clainmed i ﬂCJcﬁpa't& i_aéu’fﬂ?n%, aﬁﬁerpéia mflﬁ‘éa p&Pe Bi%PEEFUre TEJHTYSI 1 ng

agent is at |easturenda@eapound sehest edidstem tanbexygemneombaiswing Or gani c
conmpound, an inorganic, , polybasic _acid and a conmpound produced hy

di s50ci at i ng BFOHectsbsf ngothe BRYBEn’ EBRTSATHTg 1 Ghit c LeLHPUAd or ¢ he
i norgani ¢ pol yeasila:acid in hot water. 8. The process of preparing an

al um na conposition as claimed in clains 1, 3, 4 and 6, wherein to the
aqueous al umi Ha?0%6 ko A8 the aqueous alum na gel is added an al kal i,

k = (b/a} x (b/c)

wherein a is a number of moles of alumina in the
reaction mixture in terms of Al,0;, b is a number of moles
of acid or its salt, and c is a number of moles of water,

then subjecting the reaction mixture to sol-forming
reaction at a temperature of not higher than 250°C to
obtain at least partially an agueous alumina sol and/or an
agueous alumina gel, and

subjecting the agqueous alumina sol and/or the aqueous
alumina gel to, optionally alkali-treatment and molding,

then drying and calcining.

4. A process for preparing an alumina cbmposition,
comprising:
adding water and an inorganic monobasic acid or its salt
to alumina having a p-crystal structure to prepare a
reaction mixture having a k value adjusted to be in the
following range, said k value being represented by the
following formula:
0.01< k £ 0,20
k = (b/a) x (b/c)

wherein a is a number of moles of alumina in the reaction
mixture in terms of Al,0:, b is a number of moles of acid

or its salt, and ¢ is a number of moles of water,



foll owed by hydrothermal treatment of the aqueous alum nazo%@mg@goé or the
aqueous alum na gel at a tenperature of not higher than 25

al um na conposition prepared by the gocess of any one of clainms 1 to 8.
10. A catalyst conprising a carrier made of the alum na conposition of
claim9 and a cat akyst sarpeRent s:uppaétaedloronultmf@aﬁ;bi 8b1- ABSTIACT

Di sclosed is a process for ari n an _al um na _ conposit havj ng hi gh

specific surfﬁ%gc%roéja aht | g?'@fgerﬁ'ﬁ" 61 &k, heghpt i Sy %?%[?ar‘i'htgj a

reaction m xt Etérhaeng Iagcam]ganﬁmal gl a6 siaddangebreeitiputoeebasing aei d and.

wat er by the ﬁ m_source such as cid-con ai ni n%r al um na
c

obt ai ned by raécg'?ﬁ%ﬁ %afr arPunt ntin %Wrogfl Y ﬁg ?’é%/ &%f an

aci d, bayeri teguécexsr ]a-laianra neelandnfierr] -al um na, optional I y adding an

oxygen-contai ni ng or gogﬁ) r}%qlle%{wan Ihar gani carpcg)oyéb%ﬁécag&éodu&as a pore
structure controlITn gen pertorm ng SO Srmi ng reactron;, and then

subj ecti ng t helupiredusgl obe ai neﬂldayaliﬂye sl0{alfiot neatgrenga Giridonme od izny
appropriate a u%{h additi on or heat dehydration
&{ s g?oi are a cﬁ%%I i ni

treat ment. so ‘di’s yst for petroleumrefining, a carrier
of nmonolithic type obtained by nonolithic nolding, and a nolded carrier

havi ng as por O, STUELUL e AAVI 09000LE 51 26 0L b CfpoLoc Agyeral tens

m cron particless, all of advant age properties of br ous
boehnite pr od%ké@@eﬁylﬂhénYame?fprcd@églg 1 to 4, wherein the reaction

mixture is mixed with aluminum hydroxide and/or alumina
having a higher solubility than boehmite in an amount of
not more than 95% by weight based on the alumina in the

reaction mixture.

6. A  process for preparing an alumina composition,
comprising:

adding water, a monocbasic abid or its salt and a peore

structure controlling agent to at 1least one aluminum

source selected from pseudoboehmite, an aluminum alkoxide,

metallic aluminum and a thermal decomposition product of

an aluminum salt to prepare a reaction mixture having a k

- value adjusted to be in the following range, said k value

being represented by the following formula:

0,0001< k £ 0.20
k = (b/a) x (b/c)

wherein a is a number of moles of alumina in the reaction
mixture in terms of Al,0;, b is a number of moles of acid

or its salt, and ¢ is a number of moles of water,

then subjecting the reaction mixture to sol-forming
reaction at a temperature of not higher than 250°C to
obtain an aqueous alumina sol and/or an aqueous alumina

gel, and
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subjecting the aqueous alumina sol and/or the aqueous

alumina gel to drying and calcining.

The process for preparing an alumina composition as
claimed in claim 2, 3 or 6, wherein the pore structure
controlling agent is at least one compound selected from
an oxygen-containing organic compound, an ilnorganic
polybasic acid and a compound produced by dissociating or
decomposing the oxygen-containing organic compound or the

inorganic polybasic acid in hot water.

The process of preparing an alumina composition as claimed
in claims 1, 3, 4 and 6, wherein to the aqueous alumina
50l and /or the aqueous alumina gel is added an alkali,
followed by hydrothermal treatment of the agueous alumina
scl and /or the aqueous alumina gel at a temperature of

not higher than 250°C.

An alumina composition prepared by the process of any one

of claims 1 to 8.

A catalyst comprising a carrier made of the alumina
composition of claim 9 and a catalyst component supported

on the carrier,





