20 January 2006 1 TITLE ALUM NA COVPCSI TI ON, PROCESS FOB ﬁ%ﬁ#ﬁg'THE
SAME, AND USES THEREOF 5 TECHNI CAL FI ELD The present |nvent|on tes to a
process for preparing an alum na conposition and an al um na conposition
obtained by the process. Mre particularly, the invention relates to a
carrier for a petroleumrefining catalyst, an. alumna 10 conposition
suitable for a catalyst, a process for preparing the alum na conposition,
an al um na conposition suitable for a honolithic nol ded product used for an
exhaust gas purifying catalyst or an absorbent, a process for preparing

the alum na. conposition, and a Catalyiéﬁg%tﬁ monol i t hi ¢ nol ded product 15
formed fromthe alum na conposition. B ND ART It has been heretofore

known to us
gol ot ai ned by T o M6 PR chS D o B AR R Sl kR s
2,915,475), metallic aIun1nun1(Japanesﬁoﬁgggnt Publ i cati on No. 166220/ 1985,
Japanese Pat ent Lai d- OQpen Publication 24/ 1993) or an al um num

al koxi de(Japanese Patent Publication No. 166220/1985, Japanese Patent

~Lai d- Open Publication No. 10535/1995). 25 An alunina carrier for a

hydrotreating .catal yst used for mgtﬂgtguﬂ1pggLﬁlng is desired to be
controlled in its specific' surface area, pore volunme and pore size

di stribution, an&hasp2sdatuniye0D6n 2<1he 3l tlcmanpréaéébefor prapana n
obt ai ned fron1pseudoboehn1te prepared by hydrolysis of an alumnumsalt in
an aIunlnunﬁmaBﬂuma@@eomequﬂunman1amaBaMeeﬂuhehetobmpes&tﬂb@yaﬁtéiﬁ%d

Japanese

by the process. More partlcularly, the invention relates to

a carrier for a petroleum refining catalyst ~an alumina

10 - comp051t10n sumtable for a catalyst, a process for preparing
the alumina compos:l.t:l_on, an alumlna composition suitable for
2 monolithic molded pr.oduct used for an exhaust gas purifying
catalyst or an absorbent a process for preparlng the alumlna

| comp031t10n, 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-aluminum‘source
. to prepare an aqoeoos alur'nina sol, agel obtained by hydrolysi's )
20 of an aluminum salt (.U.S. Patent No. 2,915,475), metallic
_alum‘inum (Japanese Patent Publication No. _166220/1985,
Japanese Patent Laid-Open Publication No. 24824/-1‘993) or an
:aluminum:alkoxide (JapanesePatent PublicationNo. 1766220/1985,
Japanese Patent Laid-Open Publication No. 10535/1995).
25 An alumina carrier for a hydrotreating catalyst used for
| ~ petroleum refi.ning is desired to be controlled in its specific

surf_ace area, pore volume and pore size distribution, and as




Pat ent Lai d- Open Publication No. 71456/1971 and Japanese ,,Rat ent
Publ i cati on No. 26512/19816). In the above nethods, howe2\9<=,‘,a ua[r%a?o(g is a
problemin that a | arge anount of energy 1is consuned and wastes are
produced. The present inventor has prgposed before an alum na sol and a
process for preparing the sane (W97/32817). By the wuse of this alumna
sol, alum na of high specific surface area can be obtained, but it is

di fficul théo abirdina abaather of amedinahi ghesispecition Spséadeadtdtel N

addi tion, an inexpensive alum num source such as gi bbsite cannot be used

-~ al one. Qarepdesdhtthehyhardysasnohor tdiwningye sedtalpsan cakuiigrym taedtt i s

used for a catalyst for purifying exhaust gas froma nobile generation
source, PORIRUS Eohptiut BAS pPEFRr RSTEHOFPEE e SEPIOYREr | (Siehy TRIANSSE i nert
cordieri or. stai.n] ess steel.into. a nol it hi trat d then coating
t he surf%%%e% tlhaeld ?ﬁﬁ?tr P%l%\ﬁ;?%l%nc T eﬁﬁ%?éiylﬁ n%ri“ﬁl ?acpﬁﬁ]teﬁieni ng

al um na pRYeN¥AS tﬂ’uﬁ@%&é@ﬂon DlN%CL®%SJBlEZH:9d8-%_)|E ! WENEHQO\laﬂ;B€e prn%ct%%%isf,or
preparing an alum na conposition according to the Invention conprises

- addi ng vaswesveand tratd anrald yposoumamohasithaciad Qirdd SansRid: oF alndrggst one
al um num hydroxi de and/or alum na selected fromthe follow ng substances
(A to (T :caumduany 20883 ¥y muiddkceont ai ni ng al um num hydr oxi de

obtai ned by heating al um num hydroxide in the presence of a nonobasic acid
or its salt, VB REFHRTontWIHIGRy dlamintersres hedose anealivmgnr- sallun na

and 7 SLAATS L LS PESEnCE O SuDBRRLe, <ol b8 sh PRl by 3R (O

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 contaiﬁing 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):




val ue adjusted to be in the follow ng range, said k valu in
represented by the followng formula (1): 0.0001 <- k 5 gmigﬁ%ﬂgz?%@a) X

(b/c) (1) wherein a is a nunber of noles of alumna in the reaction m xture
in terms of A1203, b is a nunber of les of acid or its salt, and c is a
nunber of noles of water, then subjecting the reaction mxture to
sol-formng reaction at a tenperature of not higher than 250" C to obtain
an aqueous al YAl Naagel-cafth S ECct ANgnidigh aRROUS: iUM 1 SHeqanddyor t he
aqueous alum na gel to, optionally alkali-treatnent and nol ding, then
dryi ng ahdatahgiaiwginum hykdeoabde eipridoe gssedemcehe fr eanbnobasi xtariel may be
optionally added a pore structure controlling agent selected from an
oxygen- cB8ht aFhi ¥Rt for gani ¢ conpound and an inorganic pol ybasic acid. The

process of the_.jnvention, .in_another epbodi ment, conprises adding water, a
nonobasi ¢ acigBLr Fe ARG Bi?%l%?rLéﬁaﬁ%?ggonggolFFﬁ@thﬂ%nt'éelected

from an - t al r i,G..C a I i.C l.ybasic acid
to 20 Jaﬁﬁégg&ad%%gdgigg uﬁ?ﬁggﬂJ%Fhgﬂgﬁﬁgthﬂﬁhﬁﬁéh?%ﬁ%%gﬁaﬁggg ?@éction
m xture hayi sgn®, knvwal ue adjusted to be in the range of 0.0001 <- k 0. 20,
said k value being represented by the above fornula, then subjecting the
reaction m xtU€e beysolitépron pgepeact monceaait iant empenataurieawingosd i gher
than 250C to obtain at |east partially an aqueous alum na sol and/or an
aqueous Bfba¢ nadigeredang Rfbj et ithg tivd lagiegusrandmi naasdl kandlore t he

| um n | t i onal | kali-tr nt and npl| di ng, then dryin and
'2arcin?nagfngtégpéggén%eg L¥ Eheafolfogﬁﬂgﬂ%ormula (1) : 9 yrng :

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 aqueous alumina gel, and

subjecting the aqueous alumina sol and/orr‘the agueous
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 contreolling 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 nwnobasic acid or its salt and a
pore structure controlling agent selected from an oxygen-

containing organic compound and an inorganic polybasic acid to




The process of the invention, in a further enbodinent, qﬁglseg(ﬁgdlng
wat er and an inorgani c nonobasic acid or its salt to al ?
p-crystal structure to prepare a reaction mxture having a k val ue
adjusted to be in the range of 0.01 - k < 0.20, said k val ue being
represented by the above fornula, then subjecting the reaction m xture to
sol -formng reaction at a tenperature of not higher than 250C with

stirringyacaenpanied by theheaningnar ¥ . St id riotdon ophaifiat | east
partially an aqueous alum na sol and/or an alum na gel, and subjecting the

aqueous Rhuihdaa SBI vane oidiredAGiedds idl WHN & GRle 10F pbbonal ky <
al kali-treatnment and nolding then, drying and cal cining. The nol ded
product @cz®r dsaddt & tTelienvieatnpnrésrebdmtiatedby byheolabovg afdvmilur,e of an
al um na sol and/or an alum na gel and a functional conmpound in an anount
of 0 to 9Ben, pybiesiing the t reastioh trhisxtsold dcomasobrfoaing ataatitiansol
and/ or alum na 20 January 2006 gel being obtained by the use of a zirconium
conpound®as?@t REMP PRV Eethi @f p‘b@%/tiélsqi’@racﬁ n THY Forteusehdtadne tadr  e@sdor di ng
to the |nvent|on is obtained mol ding a mi xture of the alum na sol
and/ or tHe" %ﬁk%ﬁn%ngéﬂuﬁﬁasoﬁﬁﬁﬂﬁeanl c%%%{ﬁ%saﬁn@qPﬁ@HScéﬂéWﬁPﬁg t he
mol ded prqpuct accordln to the in ent%%grc rlses a

a

carrier %dtﬁ¥ j§|% ﬁSEE%nﬁ%%ﬁ%q %HHPEPnEB &198eess and
taly t.h RlEF SCRI T|CN OF THE
DRAW acfg%;ngpogﬁggcg%gﬁgonen o aties arrl%%d TSP x (0P8 Gvige i

DRAW N Ti0Sor Ca reac nitric
aci d as fhe Jmnohasi,c acid and haV|ng an al um na concentratlon of 1 -to
7.0 % by melght and a k' value of 0.0001 15 to 0.20.

The process of the invention, in a further embodiment,
comprises adding water and an inorganic moncbasic 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 s 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 aﬁ‘least partially aﬁ‘aqueous alumina soi and/or an
alumina gel, and subjecting the aqueous alumina sol and/or the
aqueocus alumina gel to, optionally alkali-treatment and
molding then, drying and calcining.

The molded product according to the invention is obtained
by molding a 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




Fig. 2 shows pore size distribution curves of alumna c Siti

prepared in Exanples 25 to 56. BEST MODE FOR CARRYI NG aﬁ@%ﬁ“ﬂ@@%‘n ON 20
The present invention is. constituted of the followwng three matters: (1)

a matter - related to an opti num material used as an al um num source in the
preparation of the alunlna conposition, ~a k value as a preparation
condition, addition of 'a pore 25. controlling agent, and other conditions. -
20 January 2006 (2) a matter related t6 plasticity of the alumna

conposition and uses of the conp05|t|on taki ng advantage of its nechani cal
rotreating catalyst for the 5

strength, and %%% a nat %% hgg

petrol eum reff %ﬁn$r9 P@a??ﬁ tth FIRAWGHIT CRBRAYIGY 2gethAt "
unl ess ot her cess for preparlng al um na conposition (1)
Alunlnunlsou¥%§ §58%§ pgfﬁ fRufm 85dPces enpl oyable in the invention are

f bl A hyd d f dto
Bl et roa ed HenPatas e aL L8 RGP0 SR R PRl g |

specific al %@Hﬂ@& csifq tah%fgt‘gg?%% cRE 21RAGRASLE BE4 R i S

salt, (B) aci d- contal ti mes rre

aci d-treat eth T @hih 1 Bﬁﬂ%f‘ééﬁfé)mé%éé oy atnrdeégéﬂgcﬂ’c?fﬂw they

activated alumna in the presence nobasi c acl
bayeri te, ammbidadfﬁmﬁdﬁ¢@ y- alunlna or p-al um na. The al um num sources are
described below in detail. 20 As the al uni num hydroxide for the

aci d-cont ai ning THerdataystdrapdsid {4y , tQi BRs| {8yt Y Bk Sﬁri§e§5§d and

gi bbsite or bayerlte is heated at a tenperature of 150 to 3 '
'rcarrl_er made of the alumina composition obtained by the above .
p;ocess and a oatalyst component sgpported on the carrier;_

10

BRIEF DESCRIPTION OF THE DRAWINGS

AFigrv' 1 shows component ratios of a reaction mixture uSing
nltrlc ac1d as the monoba51c ac1d -and hav1ng an alumina
-concentratlon 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

comp031t10ns prepared in Examples 25 to 56

BEST MODE FOR CARRYING OUT THE INVENTION

20 | The'presenteinventiOn is constituted of the foilowino,
three matters:
{1) a matter related to an optimum mateﬁiai used as an
aluminumsourcelethepreparationkxEthealuminacompdsition,-
a k value as a preparation condition, addition of a pore

25 . controlling agent, and other conditions,




in the presence of a nonobasic acid or its salt. The heat{ IS ried
out in g cl osed vessel to prevent evaporation of 25 aci d,é(E‘%Puwzgég
nonobasi ¢ acid salt having | ow vapor pressure is present, the heating my
be cas#ied out:dn an open system 20 January- 2006 7 As the specific
activated alumna used for the acid-containing alunmina, y-alunina or
p-alum na having a specific surface area of about 150 to 250 nR/g is
effective, though such alumna could got be used in the conventi onal
process as an alum num source. The alumna is heatéd at a tenperature of
0 to 350C in the presence of a nobnobasic acid or a nonobasic acid salt.
Aci d treatnent of F%)laaun@tfaeétr‘@tﬁt:@ﬁttbbpﬂ.estioity.bﬁcthaselhminlae
specific surface area of the resulting alum na. The nonobasic acid used for
the acid trcMRMELFE0N (P UBRPeRdnphe, campppétiendtakteyiadeentage @f salt
of a nonobasjic acid, such as alumi humnitrate, and the amount thereof is in
the. range oftuIEFr3nEcdb $Hrangthol angreferably 0.1 to 0.5 -m)lEj baseﬂ
‘on 1 mol of A1203:, The erite (Q .is ual to the bayerite used in the
115 acid treat msnej)f Brm?){:_) %ﬁﬁ%é#t&?gg@&ﬂ%%tﬁ@%%ﬁ?%ﬁt Ryarde de
(A). In the resent 1 nvention, bayerite having been subjected to no acid
treat men% cg'}n% SoBe U éldl%ég‘it is as the alumnum source. -The spfam fic
-alumna (D) is - i A pegi f suiRface apga of not | ess
Uhan 250, 1ol g, SdCRER e Rt R L R T gt
structure, thaled ﬁﬁ%{]‘h@ ddted097/32217. Sinilarly to the bayerite,
as

they can be. use they are as. al um num sources wi thout being subjected

to acid treatment. RRcedd #41e PFESEPInk WEREIRD. chhpssSiPSi bl e to use a

m Xt ure

(1) Aluminum source
10 The alﬁminum SOu;ces employable in the invention are
preferably (A) acid—contai_ning aluminum hydrox,ideA('sometillne_s :
referred ,toa-rs "acid—tteated aluminum_hydroxidé " hereinafter)
: obtained by h‘éat'ing sbecific aluhinum hydroxide in the p:_:esenc"e
, o:'f a monobasic a'cid or ifs salt',' (B) a.cid—containing alumina
15 (sometimes referred to as "acid-treatedalumina” héreinafter)
obtainedbytreating speci-fic activatedalumina in the presence
of‘amonobasic_: acidor its salt, (C) bayerite, and (D) specific
. y-alumina or p-—‘allumina.‘
The aluminum sources are described below in detail.
20 o Aé the al_uminﬁm hydroxide for the acid-containing
aluminum hydroxide (A), gibbsité oi: bayerite is used, and
gibbsite or bayerite is heated at a temperature of 150 to 350°C
| in ‘thé presence of a‘moﬁobasic. acid or its salt. The heating
is carried out in a closed vessel to prevent e\faporation of
25 acid, but if a monobasic acid salt having low vapof pressure

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




"of two or nore of the substances (A) to (D) as the alumlgg? sou?&ﬁ; 20
January 2006 8 (2) Reaction m xture of standard conpositi FLE
conposition of a reaction mxture (sonetinmes referred to as a "standard
reacti-on-m xture” hereinafter) for obtaining an acid aqueous. -al um.na sol
and/ or an aci d aqueous -5 alum na gel is described. The acid aqueous

al um na sol and/or the acid aqueous alunina gel referred to herein is any
one of an-aqueous sol in-which fibroug boehmte obtained by the

hydrot hermal' treatnent is dispersed, an aqueous gel in which the fibrous
10 boehmite forns_a % ree-di sional, network structure and a m xture of

the sol and the géF T RE é§eﬁFQ%ﬂﬁ§ﬁq(ﬁ%umﬁmﬁeuﬁ§4jf§GUééus al uni na

soI and/ or t g %ggeous ahunlna g is,sometinmes. referred to as an
" aquUeous alunlna S8t AGLN% A LA Ay u doad UBHRa gBF " P~ AN Hea B RG et

d It are
e Q§e§5r‘f§?.” UL EACE e, éi%&%ﬁﬁ&ﬁ?.%ﬁg me%?zﬁ:l@ 3%5'@5%3&.0?6

mxed in a gi

mxture s ghboys t@lﬁmﬁ@@cmdm <S83 Hhanander gl ven condi L1 ons

to obtain an aci- aqueous al um na sol
d,(%)etween t he

gel conprs si g8 fi Qiﬁﬂin%eélmf@epaﬁtﬂ éfﬁmﬂ% EQEeEI%tﬂ TP HITS K

alum na, the acid and water -in the reaction nl uareisin

val ue def | nesit loyto e d ohlthd pgebanpul S¢ %jrﬁondad‘a‘gbl% Si‘ﬁ r?g)rﬁ%r%lﬁfsel avi ng

a k value in-a fixed range is prepared.
above formilacidadls.a ﬂ@ﬁbletr@itxﬁ@he&)pf; éii#ﬂlﬂé atl 0°th§oﬁ€f‘%h9@s 'E&(t ur e
internms of -A1203, ‘b is a nunber of

1lncrease in the spelc_lrflc surfece area of the resulting alumina.

The menebasic acid used for the acid treatment is, for
10 exempie, nitricecid, acetic acid or.a salt of a 'monobas'ic
_'acid such as alumini.lm nitrate, and the amount 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 bayerlte (C) is equal to the bayerlte used in the
15 acid treatment_.for preparing the acid-containing aluminum
‘hydrox'id'e {.A)' . Inthe present 1nvent10n, bayer:Lte having been
subjected to no acid treatment can also be used as it is as
. thealuminum source:- |
o ‘«The .spec‘j'.'fic y—aluinina (D) isy-alumina having a speCific'
20 Surfaee area of not less than 250 mZ/g, and the p~alumina is
'alumlna hav1ng a p~crystal structure, that is descrlbed in
W097/32817 Slmllarly to the bayerite, they can be used as
l_they_ are as aluminum sources without being su‘bjec'tled to acid
treatment. |
25 . In the present ,invention, it is possible to use a mixture
ef two or more of the substances {A) to (D) as the aluminum

source.




20 January 2006 9 noles of the nonobasic acid or its salt n hs. a
nunmber of noles of water. In the present invention, the:%L@%ﬁﬁgz?éb
preferably in the following range. 0.0001 S k S 0.20 Wen nitric acid

al um na-concentration the above relation is-Wen the anounts 10
controlled so .that the is used as the nonobasic. acid and the is in the

range of 1 to 70 % by weight, graphically illustrated in Fig..1l. of
alum na, water and the acid are. Kk valsue is.in the above range, an acid
.aqueous alum na sol conprising particulate fibrous boehmte of high

nDnodispersinlih% i%.%btahn d. Fromthe alumna sol,  an alumna
conposi ti on. .\ 2hatTh§ ﬁl&hmﬁ§;HHQ<9-lﬁq%ﬂﬁﬁ%ﬁé%mEWqu%%@e pore vol une can
-conposi tion,. a nol ded product

be obtained, and f <3lymina - 15
aving hi gh mechahLEat: SEPBRGEH IO Afe SobERCIaan MeRunse (EPRadnes | oos

havi ng hi gh nechanic

t han 0. 0007. NG |t onpri ses, non-fibrous |arge
particles. Tihen Rt SuAl os EHad L 188UB o8 R s PG 4 for
obt ai nabl e, ) s ' | & . | Q ate and.contai.ns a
ar ge amount Cor L Eaa Feakd & st 3kihd SR NER S acsActnerrige

al um.na- ybn@pﬁmiﬁgngggsignaggcggbgdyolune and is difficult to nold, .and

besi des, the nechanical  strength of a nolded product. of the conposition is
low. 25 Exanpl es THe tdei doaghasis 3§hﬂ§n§”§$?y§Qa?o£ntﬁQeacid aqueous '
: " alumina gel'referred to hérein is any one of an aqueoﬁs éol
| i_n which fibrous boehmite obtained by the hydrothermal
treatment is di;persed, an aqueous gel in which the fibrous’

10 boehmite forms a three-dimensional network structure aﬁd a
_mixture of the sol and the gel. In the present invention,

.,the‘acid_équeoqslalumina soi and/or the acid aqueous aiumina |
.gel is sometimes refgrred to as an "aqueoﬁs alumina sdl'gel“
R or én_“équeous”sol gel". -

.1‘5 _ ‘In the présent ih‘ven_tion, the aluminum source, water and
a‘mOnobésic acid or its_Salt‘arelmixed in a given ratio by
mol toAprepare a reaction ﬁixture. The reactién mixture is
‘alldwedtoundergdsol*foimipgreébtionundergivenconditions

 ‘£0 obtain an aéid aquebps7alumina sol and/or an acid aqueéﬁs 

.20  alumina gel'comprisiné fibrous boehmite particles.
The molar ratio between the alumina, Ehe acid and water
"in the reaction mixtuﬁe is indicated by a k valué_defined by.
' the following formula (1), and a reaction mixture having a
_ :7k-value in a fixed range is pfepared.

25 . k= (b/a) x (b/c) - (1)

In the abqve formula,’ a is a numbér of moles of alumina

in the reaction mixture in terms:of Aly03, b is a number of




i nvention include inorgani c nonobasic acids, such as nitrid% acigoﬁgd
hydrochl oric acid; |ower aliphatic nonocarboxylic 20 Januarﬂn%68 aci ds,
such as formc acid, acetic acid and propionic acid and salts of nonobasic
aci ds-cant ai nt ng these acid radicals, such as alumnumnitrate, basic.

al um num acetate and ammoni um acetate. These nonobasic acids and salts are
used singly or in conbination.. Wien the acid used is an .inorganic
nonobasic acid or its salt, the k valu@ is nore preferably in the range of
0.0001 to 0.05. Wien the k val ue exceeds 0.05, an aqueous sol gel having
no. transparengé IS fgkned. However, if the aqueous 10 sol is inproved in
shearing strB84eFnOfhENgUBSBRRESE K REd R isEepalan anfiect iveaahumbea
conposition can bﬁ gbt%ine Wien the acid used is a | ower aliphatic

nnnocarboxyl? S Phee SFalue is nore preferably in. the range of 0.002
to 0.20. If the k value is |ess, than 0.002, an opaque,aci d aqueous sol. 15
gel i's forned. I—b\%vg}]rlél %@eﬁméa]cfb‘f??tbho%'f E}f?eqﬂ nggﬁdé%PFBgﬂrabéb’eln '

structure copf Lokl g, agent. effective alum na conposition can
be- obt ai ned. . %hef a?ﬂnlﬁa aEgﬁéentration in the reaction m xture- is

preferablsy in thegrgnge ofxl<tg 49 % by weight in terns of- 20 A1203 . when
the al um na concentration is less than 1 % by weight, the proportion of a

wat er - sol ubl e- conpedie i HecONERS d &Hq s JL Y '%ngj’ﬂos?}gj%‘gbégﬁo ?ég%{’?o 70

alum na yield. Wien the alum na concentration is in range

OaA)ngyaV\Bi ght , a rurpwél &Ioh cepitddi4Clon is‘)@ha{ﬁ@%angl@wyfrto @gd%tﬁgmeqv%ﬁ’@} er -
aqueaus 25 ammoni a after the sol-form ng reacti-on and intensi

kneadi ng . istekeniidwes nimd K oo pes ak@Phpessi Pl £11 806 kBelinis pRGE, 180
al um na "conposition having specific surface area higher than that of -20
January 2006 . When the amounts of alumina, water and the acid are.

10 controlled so that the k value is.iﬁ the above range, an'acid
aqueous alumina sol comprising'pa:ticulate.fibrdhs boehmite
6fhighnmnodispersibilityisobtained. ETomthééluﬁinaSol,
an aluminércompbsition,havingéhigh specific surface area and
large'poré volume can be obtaihed, and from éuch an alumina

15 Qcompositionfizmoldedpdoduéthavinghighnmchanicalstrength‘
cén be obtained.

Whenthekvalueislessthén0.000l,theresultiﬁgboehmite
"comprises-non—fibrOUS'1arge'pa:ticles:7:Wheﬁ‘the k'valﬁe"“'““
| ‘exceedsO.éO,fibrousboehmiteiéobtainablefbuttheboehmite
20 is liable to agglomerate and contains a latge amoﬁnt of a
hbn—boehmite éomponent. 'In each case, the résulting alumina
composition has small pore volume and is difficﬁlt to mold,
.and besides, the mechaniéal strength of a molded pfoduct of
the composition is low. |

25 Examples of the monobasic acids employable in the

invention include inorganic monobasic acids, such as nitric

acid_and'hydrochloric acid; lower aliphatic monocarboxylic




I 1 an al um na conposition obtai ned when the al um na concgbtjr at i o] é; | ower
than 60 % by weight is obtained. Wien the alum na conce raton 8 ceeds 70

% by weight, the resulting hydrated alum na has no plasticity, and the

nol di ng-operati-on becones 5 difficult. To the reaction m xture, alum na
havi ng hi gher solubility -than crystalline boehmte nmay be added in an,
anount of not nmore than 95 % by weight in terns of Al 203, based on-the

al um num source. Exanples of such alupi na include gibbsite, 10
pseudoboehm te, non-crystalline hydrated alum na, x-alumna, y-alumna
and. n-alumna,. ,In the present invention,, to the reaction mxture of the
af or esai d st &Td&d & &t EBHm\iSr ardfni AgehiC ared rndPneRipnisplacial por e.

structure controlli agent be added in order 15 to inprove properties
such as spec%ﬁdgsgggga%g “kﬂrboggiglsﬁgf: FHESg8ntRréR1IBE Ehrsp@ddrrddtadls,
controlling t d. of .. fibrous boehmte particles are crosslinked
to forma ge%%%gn%s %&%ggel.nuén By EarEr pashe L GRFARE B9 gREOzA um

aqueous al um | i fhe sol--formng reactiop product. .20
The pore st ?E%%Srag%éon?rrlgg%?{ﬁ%ﬁg%%%%&iasclacﬁs a&gﬁﬁghggoﬁ%iqﬁ Sehgay er
conmpound, 5 ani hnepARRLGatReKybasic acid, or a conpound which is dissolved in

water to produce an inorganic pol ybasic acid. Exanples. of the

oxygen- - cont ai ni Nghen 3k GcEMAEAISs AP i ’&E'g( L84 guch, as -
starch, .. agar-agar, gelatin, nannan gﬁglg\}/&ljgﬁgﬁo yl?rl cg%‘?apoﬁog/ﬁ’ﬁdﬁé

al cohol s, kesabes, tiestierfaldd ghematd Phalfds-4Mmnoear baxyli cids fi
20 January 2006 12 nonocar boxyl i c aci gs! ox;cfa?{goxyl ?C_ a%ﬁ%% %ﬁdo'%eia'
oxypol ycar boky| @ cOBci dthenfheme koXAugeR- eqbaiddi 0908l JaRi &queous sol gel

having no ‘trtansparency.is formed. However, if the aqueous-

| 10 sol is improved in shearing stress in the subsequent kneading
- step, an effective alumina composition can be obtained. When

the acid used 15 a lower a_iliphai:ic monocarboxylic acid, the -
'k value is more preferably in. the range of 0.002to 0.20. If
the k value is less tflan, 0.002, an opague acid équeéﬁs sol

15 gelis formed. However, by thé addition of the later-described

pore structure controlling agent, an effective alumina
composition can be .obtaine_d.., |
The aluminaj‘-_c;on-ce_-nt-ration in the reaction mixture ig- = -

‘preferably in“t‘he range ‘oflil to 70 % by weighﬁ' in terms of -

20 Al,03. Whenthe alumina conc‘eﬁtration is leés thanl$ bry wéight,
the proportion of a water—soluble- component becomes large,
resulting in a problem of low alumina yield. When‘ the alumina
conc_:ent_rat;ion is in the range of 60 to 70 $ by weight, a powdéry |
‘product is obtained. _However:, addition of water and aqueaué

25 ammonia after the sol-forming reaction and intensive kneading .
-make t_hemol'dingOperationp'éssible, andinthis case, an-alumina

composition having specific surfac'e_'area higher than that of




conpounds may be conpounds cont ai ni ng sodi um annonrum %gfnnnugg&{ t he
| i ke. When a nonohydric al cohol, a ketone or an ester he
oxygen- cont ai ni ng organic conpound, t he product obtained IS an aqueous
alum na-spt, and in this case, the effect of-increasing pore volune of. an
al um na conposition obtained fromthe sol is high though the effect of
i ncreasing specific 10 surface area thereof is low. In the use of a higher
ali phatic nonocarboxylic acid, the specific surface area and the pore

vol une are increased In the use of an oxypol ycarboxylic acid, a hard
i ncreases specific

aqueous al um, %ﬁJ s(%?rned and %hrs al um na_ gel

sur f ace area o t RS L 5ho SP P&HedfﬁuﬂbEbedéﬁm%ﬁﬁﬁpﬁﬁﬁﬁiv@tuue

t her eof . Yol nocar.b i pol yhydri c al cohol
apolycarboxy QMHQ%? lg?Paﬂ%apgﬁ%y§?5§§¥1§n°§%PéEF%o %%?e%ﬁﬁrﬁﬂ@ﬂ%@afrc
surface ureanahsh | I t m na.co si tion bserved, and
sonme of t hegtzo corrpigﬁéngls&gont r |%§ﬁ eTIthO ﬁeﬁgg}ﬁhngg&Ee?i‘]z%m‘-?g"m%%??%ut i on

sharp. Mst Ofuriiies HQVEOXYHSH; £OPL Al ¢_conpounds - contribute to
i nprovi ng ‘mechani cal - streﬁ%th of P%hfﬂgfgp g§T8%88u gratignihecames apl e
to use the @gfELANt ai ning organic 25 . conmpound in an anount of 0.0002 -
to 0.2 part.- by weight, based on 1 part by weight of t he al uni na naterlal

in terns of aIummﬁmherhabh&dwﬁiﬂﬁuﬁ@eé§ﬁﬁlﬁﬁﬁﬁﬂ¥hi§|3h@§%k}gﬁl

t he pore 20 January 2006 13 vol une of nmacropores in e resulfing-a nlna .

conposi ti on then ioxyseasdd neaanbdienice MRGhHYE GRlded rl‘?]”%tnh aﬁrtnuﬁtmolfd‘ﬁ%

product formed fromthe conposition may be | owered. The oxygen- contalnlng
or gani ¢ conPeERd-Ran ﬁﬁoﬂémwﬂﬁhipantt@rmbé Alrza3hd>ésﬁdrahlmfe el uRfinimyr Y
particle of boehmte:

. source. Examples of such alum:r.na 1nclude glbbSlte,

| 10 pseudoboehmite, non- crystallq.ne hydrated alumina, x—alumina,

y—jalumina and _n-alumina.r |
In the present invention,' to the reaction mixture of the

aforesald standard composrtlon for formlng an aqueous alumina

sol, a pore structure controlllng agent may be added in order

g ‘15 to 1mprove propertles such as specific surface area. | By. the
addltlon of the pore structure controlllng agent, a part of
fibrous boehmlte particles are crosslinked to form a gel and

SR '. hencea mrxture.of an aqueous alumina-sol and an aqueous alumina - -
ge_l is _ob_tain_e‘cl 'ars the sol-forming reacti‘on product.

20 The pore structure controlling agent is an
oxygen—containing organic r:ompound, an inorganic polybasic
acid, or a compound which is dissolved in waterto produce
an inorganic polybasic acid. |

| ‘Examples of the oxygenchntaining organic compounds
25. include carbohydrates, such as starch,_agar—agar, gelatin,

mannan and CMC, monohydric or polyhydric al.cohols, ketones,

esters, higher aliphatic monocarbogylic acids, aromatic




and crosslinking reaction of the fibrous crystalline boep%%f &%{IC|€S.
When no pore structure controlling agent is added, the 3???%8 um na

conposition has, after calcined at 550C, 10 a speC|f|c surface area ranging
from 00.to 250 nR2/g and a pore volune of peres having pore dianeter of

| ess than 60 nmranging from0.5 to 1.0 m/ g. On the other. hand, - when the
oxygen-contai ni ng organi ¢ conpound i s added, the resulting alum na
conposition has,. after calcined at 55@ C, a specific 15 surface area

rangi ng fron1200 to 300 n2/g and a pore volunme of pores having pore :
di anet er of ss t nm r, g|n from 0.5to 1.2 mM/g. That is, by the

addi ti on of 8°8§‘§§8ﬁy3&r‘ﬁ &G SRR odsuREL dsh@nsheci fi ¢ surf ace-

area" is gr ved.as conpared with the case where no 20
oxygen- conta?%&hX grga °§Y&&ﬁp8&ﬁ&aus G888 9KrIenreentaiving enganddition

of the oxyge i L9 conpound i s gbserved not only when the
alunlnunlsougggﬁgggggt gyp?95§§950 CORTAL NG SR Ul s 8THREH UBY her

al um num sous eesi figh bheLaaNyeRLi onal alunlna sol formation are used 25 .
wi th adopting the conposition of the reaction mixture of the invention and

Lhe 5ol -1501 111G 11Rsh ORoBORYEKIENS) olnbile 29.da0uary 2006.14 | nveni on

That is, the effect of iIncreasing specifit sur 4|ng

al uni na i s - ahs erie bx PG Rebn EXBHTPhE 81‘:%595 PEL R \gﬁgctyﬁg aéggéro Ilng

agent that is effective for the inCrea spe I C" sOr
alumi na is abiziorghsarpabibess @ 1akiitha JOE, LRAT GAPhSs PP é‘iﬁ %ﬂ*’ ctCL Is a
a no

pol ybasi ¢ aci d containing an el enent haV|ng an ionic potenti | ess
than 4.5, smlas:rBasﬁ:ngSporeRroﬁamJ iof ¥n ZIumM?a Qfor&ﬁ/oﬁrtl%ﬁ%m%%gd |
capable of form ng-
from the sol is high though- the effect of 1ncrea51ng spe01f1c
10 surface area thereof is low. 1In the use of a higher allphatlc
: monocarhoxyliclaoid, the specific surface area and the pore’
volumeareincreasad Intheuseofanoxypolycarboxyllca01d
- a hard aqueous alumina gel is formed cand -’ thlS alumina gel
_increases spec1flc surface area of the alumlna compos;tlon
15 but decreases pore volume thereof. In the use of an
oxymonocarboxyllcaCJd apolyhydricalcohol, apolycarboxylic
ac1doracarbohydrate,aneffectof1ncrea51ngspec1f1csurface-‘
| area’ ‘and pore volume of the: alumina comp051tlon-1s-observed-~'
and some of these compounds contrlbute to making the pore srze
.20 'dlstrlbutlon sharp.
Most of the above oxygen-containing organic compounds
. : ‘contribute to improving zﬁechanical strength of aluinina molded
products, o
| 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 1 part by weight of the alumina material in terms of alumina.

If the amount thereof exceeds 0.2 part by weight, the pore




a polybasic acid. Useful exanples of such acids include ic 10 id,
carbonic acid, silicic acid (deal kalization of sodiun1si?ﬁ£§?%nﬂfﬁﬁg

cation--exchange resin), polysilicic acid (hydrolyzate of ethyl silicate),
phosphor--¢. acid, sulfuric acid, sulfosalicylic acid, amonium sulfate,
peroxotitanic acid, vanadic anhydride, zirconyl acetate, nolybdic acid, 15
- mol ybdenum tri oxi de and tungstic acid. -The ionic potential is defined by
the following fornula.. ‘lonic potentigd = (Val ence/Radius of-ion) 20 In
case .of a polybasic acid-containing a light--elenment such as B, Si or P,
an al um na .coosi tign having a specific surface area of .200 to 400n2/g
can be obtai ned eveR bY2EhAPCLEATI 11 dhe Keaudiing ahwnins combdres ides ide
pore vol une i ikely to be increased., | ncase of a pol ybasic acid

hex ea‘g‘ﬁ‘%n@ﬁ*@ Berfic ae pical stygneideot g med dgskpicbiduct

cont ai.ni ng alheavy-e

surface are h gt al um na conposition i s not observed by 25

the addi tion_%iogkghs%ﬁﬁﬁg#gu%mw Y e M38asdic acid is added in

such an anount -t haf,t Re (i f. _t.he pol ybasic acid in. the alumna

becormes al most equal toy?%g %@h?%ﬁpagg'?§é§§ﬁﬁéFFW@@N@diﬁsNG@9UQW¢-WEB in
10 to,30s by

(he - ot physicigaed 98l SUBESHLN B9 ER ALY S a Ko A0S 05

wei ght, an alum na conposition  having a Spec
400 M2/ g canahe i Tk i @ELERE oRROY ‘Eh%efﬂlt)féu' bashsderd.is
desirably .added in such an. anount that the a on1%Egngghg%nFﬁ§éhW§B%sic ;
acid to 1 nopaotidleatom of the alumna in the reaction mxture -is in the
range of 0002 to 0.2. As the inorganic polybasic acid for use in the
invention, the difivere ropMEolend tiry:the eUsed 8% 11t nhSaght & S URAUNd Sapabl e
10 of undergoing dissociation or deconposition in ho? water to '
resulting alumina composition has, after calcined at 550°c,
10  a specific surface area ranging from 100 to 250 m?/g and a
- pore volume of pores having pore diameter of less than 60 nm
ranging from 0.5 to 1.0 ml/g. On the other hand, when the
~ oxygen-containing organic cbmpound‘is_added, the resulting
alumina composition has, after calcined at 550°C, a specifib
15  surface area ranging from 200.to-300 n?/g and'a.pofe volﬁme
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
i oxygen—containingorganiccomﬁdqndythespecificsurfacearea"t~w o
is greatly improved as compared With'the case where ho'
20 oxygen-containing organic compound is used. |
The effect due to the addition of the oxygen—containing
organic compound is cbserved 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—forhing reaction conditions of the




formthe above pol ybasi ¢ conmpound may be used. The sol -f i ng r ion
product obtained by the addition of the inorganic pol yb%olr?@mgwgaﬁé nearly
a white opaque gel rather than a sol, but when a Zr conmponent is added, an
aqueous.~-15 al um na. sol is-obtained. Wien the anount of the inorganic .

pol ybasic acid is small, fibrous crystalline boehmte is likely to be
formed. On the other hand, when the anmount thereof becones. | arge,
‘crystallinity of the boehmte tends -140, be-- lowered. In the present

i nvention, the inorganic polybasic acid 20-and the oxygen-contai ning

or gani ¢ conpQqy be edJin mbi nation, .and the conbination use
contri butes ?&rﬁ%ﬁgﬁé&s’e E?‘ﬁgtjh%’ §§8§§€§F%ﬁfflé}(?éeélsé@gow@chbfhé%ﬂlrtﬁan@
alumna co it i.Qf h ffect due to the addition of the inorganic
pol ybasi c ,ggg‘%& 8%?;ch§b§'g%\}fel§:1%q %HW%&? tHRESANRA num source for the

present inventionphssH S n_other_ al um num sources for the
conventional alum na s%?d?gér[% ff{eo(%f ?&%Bgﬁﬁ G4 E:‘]é?ﬁﬁ?&lr?i ggent
adopting thetpaeposidfod-01vLhe i 4 Ixture of the, invention and the
hydr ot her mal synt hesi's condi i o%fée%?é tlﬁ{ehfgngv%teento%oﬁpe?ﬁgtlci SUrtfgeefitreat of

i ncreasi g spechfiimigdriacen aheaqahitheqh | t:1.n L.um i $_observed. (3)
Sol -forming reaction In thenpr eser?t(a iltﬁvgﬁ%?gﬁéafhgc?géct?@% MREdpBLC

prepared aspabpbasisactkiens auy BEbesh & 9038l £ t, A . |
tenperature of not hi'gher ‘than 2%?0,‘ pr e%e’r_a'c_:bl yaglnpglgr?%g%}e&%g?eh%fje?%r ably.
50 to 220C. ahehonhe pergretbslref fost t hesd Ol -4 Of M O aCtH Oy | ssf’ot'

| ower than the boiling poi:nt of the reaction mxture, the sol-forning
reaction is Rar¥i &ioM, 4m Mpressiy ewessfIngithl aafibiautac ayg,; and in
this case, the_sol-form'ng reaction is carried out under the so-caJT d
| a polyb‘asi_c acid. Useful examples of such acids include boric |
10 acid, carbonic acid, silicic acid (dealkalization of sodium
sl-ilicgte .witl_'l cation—e}{chénge resin), polysilicic acid
(hydrolyz_atg o_fﬁethyl silicate), phosphoric acid, sulfuric
~acid, sulfo_séili_i;ylic acid, ammonium sulfate, perrlaxo.titanicl
éc-idl, vanadi’,é arihjd_ride, zircoﬁyl acetate, mol>ybdic acid, |
15. -molybdenum fribxide and tuﬁgsi‘:irc acid.
The ionic potential is defined by the following formula.
Ioni-c'poﬁéntial = (Valence/'Rédius of ‘ion) |
In caé_e'v,o'fé»polyba'sicl acid containing a }ight-element - -
such as B, fSi'o'r. P, an allimiﬁa comp.osition having a specific
2.0 ' surfacél a_réa- of'.-2‘00 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. Incase of a polybasic acid containing
a heavy eﬁlelme‘nt'sué:h asMoorW, increase in the'specific surface
‘area of the reéulting alumina compos.ition ié not obsérved by |
. 25 the addition in a small amount. However, if the polybasicA

acid is added in such an amount. that the content of the peolybasic

facid_in the’ alumina becomes almost equal to the cbntent of




hydr ot hermal synthesis condition. In order to prevent 15 %%?dl rrené@é' on of
the starting alumna. and to increase heat transfer coeff R4 ng the

reaction, stirring is sonetines necessary. The stirring, however, has a
di sadvantage that the resulting fibrous boehrite particles-- are tied into
bundl es and the alum na obtained there fromsuffers 20 | ow quality when
used as a carrier. Therefore, the sol-form ng reaction should be carried
out with stirring acconpanied by no stsearing or without stirring. The
influence of the stirring is small in the initial stage of the reaction,
so that if t tLLLI is_performed 25 until the tenperature reaches a :
gi ven tenper gﬁ?ﬁeaéﬁdﬁgﬁ {’ﬂegflguggéﬁugﬁf:aillyafiofﬁér faPesyRlBEs seifdning
conducted wi tirrin | e-1i ke boehmte is hardly formed.. On
this 20 Janu%rggggéﬁ%'1@%%@802’1%9\?&6grli’kﬁéﬁeﬁr@hét: an ladwrtigwpeempasétibnse to
0C may be c k 0, The wet arinding i enerally carried out by

i ntroduci ng gg(d?g r?%rr%%lh % u\f&%&?ﬁ’%ﬁ%‘%ﬁ%ﬂﬁsﬁ%‘*%ané,/g&a@d?ﬁj@bpaénadi num
source, and optiopall v , SLI ure_controlling agent .into a 3.6 liter
porcel ai n pot mi IF contt%?rﬁ%%v% %tel?écl% 'zFﬁ%é?ﬁ]aykE?a?J’r% Fad g deslivallyr of
10 m( D and go4adiiRPsubRes Myl am for _a.qgiven, per.i of tinme at room
t emperature. The sol '-E;%‘lor"r?‘lta ng roez;lﬂ(‘:tt ?gﬁ-'&(?grpef ﬁgofn&%-f%ﬂb‘groaé gg@ ReHFeRes a
long period £&iditRE1 nfd bkl Wiich 58!t OLTLAINGCAT N, 10,k S, Ut Lized for
t he purpose of enhancing the thickeni ngé)é?}‘]{eﬁgf]gd%gttth% FRACHAPRxture .
sol -f orni ng 1eani ithe atheé Tt oveby t9renpting partial formation. of
boehmte. This sol-formng -reaction is favorable for inhibiting :

sedi ment ati on of Ashthe powsieyan bd pallRPRss U SE Fed COOLLOLLL r]gwteﬁet Rhysi cal
15 properties. The sol-formng reaction to conpletely torm boe mte s
preferably ddve a‘bdvemommm@mm&eommw it is, or a compound capable

10 of undergoing dissociation or decomposition in hot water to
form the above _pol‘ybasic compound may be ﬁsed.
The solr—rfolrrlning f.eactiop product obtainéd by the addition
| of the in_qr}gér'lic_: polybasic acid is nearly a white opaque gel
‘rather than a sol,' but w'hen, air Com’ponent is added, an aque—ou;s
;5 alumina. sol is ok_:taiin’ed. Wﬁe’n the amdunt of the inorganic
polybasicacidissmall, fibrous crystallineboehmiteis li.'ke'l'y
| tobe formed. Ontheother hand, when-thé amount thefeof blecom;es :
"l‘élrge, 'cryst_a"l‘lilnity. of tﬁe"‘boehmite tends to be lowered.- ':
4 In‘the‘pﬁe;,‘é_nt invéni:ion, the inorganic polybasic éci'd ,
29 and the bxygen—containing organic 'compound‘may be used in
| cdmbinat_i_on, and the combination use contributes to increase
" in the sp_ecific surface area of the resulting alumina
‘cdmpbsition,
The effect due to the addition of the-inorganic polybasic
25 acid is observed not only when the aluminum source for the
pré_sent invention is-used but also when other aluminum sources

for the conventional alumina sol formation are used with



synthesis at a high tenperature and hydrothermal treatne after e
addition of alkali. As a result, an acid agueous aluninaqghknﬁﬂﬁp ¢ an acid

20 "aqueous alum na gel wherein fibrous crystalline boehmte particles are
nmonodi spefr sed-i-s- obt ai ned. When the particle-diameter of the alum num,
source as a starting material is small, the reaction tine becones.|ong, -
and the sol-formng reaction proceeds even at normal 25 tenperature (0C).
The reaction tine depends upon the typg of the alum num source, particle _
di aneter thereof, acid/alumna ratio, concentration, reaction. tenperature 2
and. 20 January 2Q06 18 the like. As the reaction tine is prolonged, the '
crystal i ni t $99BF10Ae thSekpes deomes Hihshereactridramiatuenuso £l thé na. sol
havi ng hi gher _transparency Ls obt ai ned. When the reaction tinme i-s short or
the‘reactioanXﬁBEFgPuﬁﬁdig PoliydssthrrmBle syntheshsceyadatione of the
pseudoboehm’iﬁv F?mever;Tif the al kali is added to the boehnmte to perform
‘hydr ot her mal ~tV 83t reHr Iﬁn‘él(?‘r'y@i%ﬁififﬁpﬂ:y’%i’-n?ﬁ@aWB@@P@Q;@’@Wuefase

i nproved and hapc en,no_pore structure controlling agent is added
to the 10 r%ﬁ%%igg §ﬂ§t§h8?l£ﬁ8 p?gﬁﬂ&PaoBFaPH§GIW§dan aqueous al um na

sol. having p f t . Thi us alum na sol has properties that it .
smelIs'mhen-E?ge%gaﬁ?%éﬂéggr?e§§g$§gn be diluted to. any concentration. The
~aqueous al um na sgi e aLARsh+f sedi nent ati.on of recipitate, and
a sol having been 15 di?ute% Fo{ a%%Egﬂﬁhﬁ%%?%Sag%ﬁ88H?+§€?£#lRﬁéﬁﬁﬁ?@ﬁhas
light transys tiiseee 0f thd® S ecidyt € 9 8P, mm  The
viscosity of a sol having an alu%;%ag%qﬁge%?¥af%%ﬁ9%$ %%agtfg?ngF Pgs;‘phan
10 nPa=s. Theenmahitiee RA hbe! BSghé it $%0° 1288 PLIRLARNGd SRAIGDI I ty,
and- by an el ectron m croscope, : . - d
more preferably 50 to 220°C. When the temperature for the

10 sol-forming reaction is not loﬁer than the boiling point of
the reaction mi.xture, the sol-forming reaction is carried out
in a pressure vessel such as an autoclave, aﬁd‘in_fﬁis case,
thé sol—forﬁing‘reaction is carried out'uhdei.the soféalled‘
,hydrothermél'synthesis condition. 1In drdér to prevent

15 sedimeﬁtation of the starting alumina and to increase heatr
'transﬁer coefficient during the reaction, stirring is
sometimes necessary. The stirring, however, has a .

. disadvantage that the resulting'fibrousmbcehmite particles """" :
afetiedintobundlesandthealumihaobtainedtheréfréméuffers

20: lowquality whenusedas a carrier. Therefore,thesol—formihg.
reactioh'should be car;ied out with stirring accompanied by

 no-shearing or without stirring.
The influence of the stirring is small in the initial
'stage of the reaction, so thét if the stirring is performed

25 until the temperature reaches a given teﬁperature and if the

éubsequent hydrothermal. synthesis is conducted without

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



20 highly crystallized fibrous crystalline boehmte parti s _hayling
di aneters of 3 to 50 nmand | engths of 0.03 to 3 um are Qgiblegg?%g&é]

According to X-ray diffractonetry, the crystalline boehmte containing
wat er -of - erystallization is represented by the nolecular fornula A1203.
1. 05-1. 3H20. The 25 fibrous crystalline boehmte | oses water of
crystallization at 200 to 400C, and even.af ter |osing water of
crystallization, 20 January 2006 19 thg fibrous state of the boehmte

i s" mai ntained without suffering broken fibers. Next, nonodi sperse
particles obtained in the present - invention and bundle-like particles are
descri bed. TARECRBAGH ¥BEr SE1PEeRH 88 palev dampamttainedliose tte DiCentiyon
are the partjcles_that take the formof one or two paralleled fibrous
particles. TRPofigh*ob9ePPhri ohef Yehedt iBAGEY shergenerat by byannietieotton
m cr oscope, Lg i§t£o$nd.that even a nnnod%gperse sanpl e occasionally ..

aggl orer at es-on-a- g T d- 109 dlrI NG HEPHEh fatiad® Tof 2t Renehapie. arhdt hias
cre’r agar deloudOBy CELRLAHRDRELEECC 208, BRET pRaa Y, hei pOsR eRata tue 1 5
The propor ¢ aoRero Pl tha BbeficUneha AL IBOSE ERN BEr sl Wi et diping ©°
Cane ot - 70 36 i0h ko B e P Bl o e LR 0 Bl b e '
fibrous par tdigd fs11whi Shrpdridh 5898ehdit dd60 hikal £0aAYL LS, and they

| ook. like a white suspension in appearance. en an oxygen-co f%jning

organi ¢ conpound Tite addedAgminderMUELSH IHCIERE LN Qhbd PG 20N id%r
m xture of an aqueous alum na sol and an. aqueous alum™a gel, Ich has
pH of 3 to #edds ebtamiqiperiba ¢heines 6b ikt BRLYHYL- RAYVHRAS e 23¢iin
10 7 isutilized for the purpose of enhancing,thé’ thicicening effect
due to'the initial sol—fofming reactién and effeétiveiy ‘
'p;omoting partial formation of boehmite. This éol—forming
””-reactionkis favorable for inhibiting_sedimentation of thé'
poWdery-aluminum'source and cbntrol;iﬁé thé physical
'15‘ properties. The sol-forming reaction to.completely form
boehmite is preferably darried out through hy&rothermal
- synthesis at a high.temperature and hyarothermal treatment
"_;éfter“the addition of alkalir‘“,V',-“““ qr‘ C e e s :
' As.a result, an acid aqueous alumina sol and/or an acid |
20 ‘aqueous alumina gel whérein fibrous crystalline boehmite
particles are monodispe:sed is obtained.
When the particle diameter of the aluminum source as a
starting material is small, the reaction time becomes long,
 and the sol—fprming 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, reabtion‘temperature and




nost of the product obtained is an aqueous al um na gel
Neutral i zati on and hydrot hermal treatnment The acid aqueoﬁghépéﬁyﬁgmgo

and/ or the. acid aqueous alum na gel obtained by the above process may be
nol ded.-as: 20~January 2006 20 such to forma catalyst carrier. In this case,
however, because of an acid contained therein, dehydration due to drying
after the nol di ng process brings about shrlnkage and hence only - a nol ded
product havi ng a pore volunme of about 35 to 0. 7 m/g 5 is obtained.
Therefore, the acid aqueous alumina sol and/or the acid aqueous al um na
gel is neutralized with an al kali, whereby the pore volunme of the resulting
al um na conpd Qfat]ijo"f“fe cdS the FﬁéFé&@édﬁlfﬂ@]éS@II@éloﬁ’lgﬁﬁ:mhﬁ erybtglanminiya gas

or aqueous a a .10 an added in such an amobunt that the ratio of
ammonia to nﬁoghﬁoPBGQWﬁgﬁtESPopﬁé hdgdern eRe 3Bl agrerss ahemgnp Bodonmes
not nore thag gnnB ialacid nol ar ratk&?.,lf the amount of the al kal
isin this rang éngc r6E BFaPﬁBaﬁﬁPEYV&ﬁu tadpgdpe Wael bheoreragies the
ion with an al kali, the sal and/or t he

dded, |
Gel 15 Subj ec’@‘edl%o%% SR B Rar AP Sk b iy LanLaurpige ihab 1S

{ R9_a.{ b b _ -
composi {1 D8V 8-BIuERL #h%h BREBLUBHTR C NS RRLY TP B

0 to 250C, pi@fﬂ@mwweob%%%nwg nger%grm alahdl fddi tgﬁ@%t;peo 6

hydr ot her mal treat nent, an alum na osi t1on aV|ng a pore

to 1. 2 nl/ghe @?}@tﬂfﬂlnlfﬂﬂeoﬂnﬁﬁécﬁfggrgﬁgeﬁb@hmiggal'%g' glgggfb{rg{j

sol-fornming reaction is converted i nto boehmte mite econes
an aqueous adnhwame@egel . 25 It is presuned that, by the hydrother mal
treatment, the fibrous boehmte particles are firmy bonded at theirt
knot s, - When no pore structure controlling agent is added to the
10 reactioﬁ mixtr_;lre, the product cobtained :Ls an agueous alumina.
sol havingpHof 3to 4. This aqueous alumina sol has properties
phat'it\SweJ.‘ls Wheﬁ mixed with water, and can b‘é‘ diluted to
'a_ny qoncentrétion. The aqueous ralumina sol is almost free:
from sedimeritation of a precipitate,; and ‘a‘ sol having been
15 diluted to have an alumina concentration of 0 1 % has llght
transmittance of 1 to 80 % in the wave length of 570 mm. The
| v1sc031ty of a sol having an alumina concentration of 10 %
 1$ not less than10 mPa*s. - The boehmltegpartlcleSfIn the*soi'
) have high llno‘n‘odispersibility,j and by an electron microsc'op_e, o
20 highly cr-ysrtalliz'ed fibrous crystalline boehmite particles
having dlameters of 3 to 50 nm and lengths of 0 03 to 3 pm
are observed. Accordlng to X-ray diffractometry, the
crystalli-ne _bqehmlte conta-lnlng‘ water of crystallization is
fepresented by the molecular_formula Al03+1.05-1.3H20. The

-25 fibrous crystalline boehmite loses water of crystallization

~at 200 t0400°C, andeven after losingwater of crystallization,




and this bonding power resists the shrinkage power due t Jan . 2006
21 capillary condensation of water in the dehydration ofepﬁgmﬁ¥¥?ﬂ§y st ep,

so that a large pore structure can be held. (5) Drying and cal cining After
the neutralization and the hydrothermal treatnment are optionally carried
out, the aqueous alum na sol and/or the aqueous alumna gel is dried at a
tenperature of 50 to 200 C and then calcined at a tenperature of 400 to 700
Cto obtain a y--alumna conposition. 1& the aqueous alum na sols and/or
t he agqueous alunina gels obtainable in the invention, 10 a sol and/or a gel

havi ng an al concentga% n_of .not less than 30 s by weight can be
nol ded as su 1REPYESPbA ﬁDPgIﬁBe Oﬁﬁgltﬁkés Tﬁépéﬁépéd wiftheutno| di ng

of the sol a_desired shape, drying and calcining can
be carried a@gfféﬁ%ﬁﬁtbQSL%?f% ¢PFY8-t 0 decrease moisture content in air
- introduced into Ci t he ecific urface area is
i ncreased. The aﬁﬁ%?%aI@%ﬁ%%égéggggoggﬁg eﬁyo?ﬁ Ingdetti bie Rissent

i fi f d d
Lt TRSLER 88 SRRSOy SR gl 0. L0

t he speC|f|c surface area Is int

volume ofs por es ey i RSN £k AT SGenRl 1 958 1A, S0 el s {hgpange o

0.5to 1.2 nm/g, and the nean pore di aneter e range of
Mol ded pr odugivelft idh e RhesgaktiBYent { Rey E@@lt'htehEEBrH%ée@n@ d&d o'S and
o

nol ded products in various fornms such as cylindrical, plate
desi red formenaﬂidxeqwﬁmhnﬁnbtpaﬁﬁ&tl@@ Oﬁm&BQg%ﬂ%%%%%v%QliﬁﬂQﬁfMﬁ%906 22
mo'nodisperse state by an electron mi‘croscople', it is found that
even a monodlsperse sample occasionally agglomerates ona grld
10. durlng‘the preparatlon 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 ole or Y. 1In such monodlsperse
_boehmltepartlcles theproportlmnofthenumberoftheflbrous‘
jj partlcles which are dlsposed in one or two rows to the number
of primary_perticles is in the range of 70 to 100 %. On the
other‘hand,‘the bundle—like partiéles are fibtous particles
ﬁhich"are disposed*in three to-teﬁéodd-rows, and they- Look - - - -~
.like-e white suspension in appearance.
20 When an oxygen—containiﬁg 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 the use of an inorganic polybasic acid,
- most of the ptoduct obtained is an aqueous alumina gel. |
25 (4)'Neutralization'and hydrothermal treatment
' The acid aqueous alumlna sol and/or the acid aqueous

' alumlna gel obtained by the above ‘process may be molded as




al um na sol and/or the aqueous al um na gel obtained by tg@ abovS ocess.
The aqueous al um na sol and/or the aqueous al um na gel t %@fthe
process of the invention contains fibrous 5 boehmte partlcles Hence,
propet.ti-es of the fibers appear strikingly, and the sol and/or the gel has
excellent plasticity, noldability and binding powder. The fi brous :
crystalline boehmte particles can be kept in a fibrous state with a fiber

| ength of 0. 0.5 to.1 pm even if thegdare converted into y--alumna 10 by
calcining at a tenperature of not |ower than 400C. Accordingly, the nol ded

duct obt f h fib talline boeh
parti ol s e FOea A sXEENen SHthy Liﬁfgﬁ%ﬁaﬁﬁ:' ”%egf%ﬁe et na
| and/ b t
compound_as Thet E648 AOAEh A @ B0 HE DALY oh P 3¢ drybpd U0k ur o
troll t t
chrai ned | TRarOrR o e R 88t PFD R S A D RS R Sy
zi rconi a- al WBadeRl §e4qRERIES T ARy IBSrsﬁc!ﬁﬂFé éfhéﬂé}u@% eBap! o4 %%f

strength can be obtained. Therefore, 1f a nolde roduct in the

coating. sfilim opphened.CyrhBgeroQE, tHhe Rida 'c&j;’ﬁ@@ﬂ's' LDhfRi AR ged a‘ycﬁ
.i's produced.froma conposition obt ai ned by .addi ng nore than y vvel ght

and not - -or echehaei95 athiepusehghini hangber 18 WéuePabDiéd)itd fallﬁéétl'lona|
conpound 'such as zeolite, copper oxide or barium hydroxide-to the

zi rconi um cmmemehmghaqpenaw@arﬂamfatyew@ﬁaﬂelﬂy Wiure reocompdsar ig@l , the
resul ting rol ded product is useful as a catalyst, an absorbent or a

cat al'yst carcginebe Ilfl'lc‘afetﬂﬂﬁmm tion obtained by blending the fibrous

boehmte . with or%anlc m crocapsules is nolded into a filmor nol ded
e alkali is preferably ammonia gas or aqueous ammonia

16 and is added in such an amount that the ratio of ammOnia-to
the Whole amount of the acid iﬁ the sol and/or the gel becomes
not more than 1.5 (ammon1a/ac1d molar ratlo) _ If the amount
of the alkall ¢s in this range, control of the pore volume
can be.made according to the amount added.

15 After neuﬁralization with‘aﬁ alkali, the sol and/or thé
gel is subjected to hydrothermal treatment, wheréby an alumina
camposition having a much larger pore v’blume can be obt.ained‘.

'-$he'tempefature of the-hydrotherﬁalwtreatmentmis=desifed-to
' be in'fhe range of 0 to 250°C, preferably 70 to 250°C. Through
' 29' thealkaliadditionandthehydroﬁherméltreatment,énaluﬁina
c'omp?oéition having a pore volume of 0.6 to 1.2 ml-/g is obtained.
The unreacted material remaining after the éol—foxming
reaction is .converted into boehmite, and the boehmite becomes
an agqueous alumina gei. |
'_25' ‘ It is presumed that, by the hydrothermal treatment, the
o fibrous boehmite particles are firmly bonded at 'the_ir knots,

andlthis bonding power resists ﬁhe_shrinkage power.due,to




5 product and then cal ci ned taking advant age of propert| hat %ﬁ
fibers are. hardly broken even after calcining, an extra ed
product having a porous structure having pore size of subnlcron to several
tens pmand a density of 0.05 to 0.5 g/m can be, obtained. A structure
obt ai ned by 10 coating a surface of a cordierite nonolithic nolded product
with the above-nentioned conposition containing the organic mcrocapsul es
has a function of capturing DPM (dieseli particulate material) contained in
exhaust gas of diesel car. Catatyst 15 The catal yst of the invention using

a carrier of _the ?Iunlna osition is qgbtained by nDIdln% t he al um na
conposi ti on SBBEATALY CWCt %ﬁﬂe gi‘é&@§§q§ﬁ%d9hkf§¥€eeopp di drning
appropriate §Q%§e g$ %} gn "Lallow n the nol ded product to- support a
catal yst conporent >Yh&rasn? 26 REr 8° FeEtHEAPEY, CPRe bRohgdd - product is.

i npr egnat ed- p5}h flﬁﬁ 5535& QeEpepent in a conventional nethod, or the
aqueous alumna soO or e aqugous alumna gel is mxed vmth a

tal yst |
Thus. s desi Ted carary SHEbReRKRRTILET bR AR ShEudkiLBdERRL ik rend
catal yst sconpanespt féhd ey r&26L1 O &W 1 acL e muggl“nca;' 2 Oﬁfnﬂ) or

exanpl e, a- hydrot reating catal yst for role

contai ni ng Mhe Wfedie a?ﬁmiﬁgwaéé/l 2{)5961121@& ide aaqze%ﬁ&ta%&i% Ctorgbo&ent is

added to the reaction mxture romthe reaction. nixture an agueous

al umi na sol 200fManchehaguealsinedThlaalebnbSrRE §PET SE 430'0 tt*b%gf ey d
nmet hod, - then the sol and/or the gel is subjected to nolding, drying and

cal ci ni ng, it atime aoptadiumeihproatiyeis it cl.l ODELhE SHPRALS a@urr&"i‘fd’?‘lsl{ﬁts
conponent such as Ni, Co or the like thereon by an "inpregnation mefhod
The Catalysﬁn@Bpalhbdibquehus gnociess gels obtainable in the invention,
10 a secl 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,llke. Therefore,_after.mold;ng of the sol and/or the
- gel ipto éedesired shape, drying and calcining can be carried
out. - - | |
15 It is effective to decrease moieture content in air
1ntroduced into a calc1n1ng furnace because the specific
-surface area is 1ncreased
The alumina compos;t;on obteined*by“the-invention”haS'
a specific surface area and a pore velume in extremely wide
20 raﬁges, and the specific eurface area is‘in-the range of 100
to 400 m2/qg, the pofe volume ef pores having pere diameter
of less than 60 nm is in the‘range'of 0. S to 1.2 ml/g, and

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

Molded product

25 In the present inventz._on, monolithic molded products and
‘molded'préducts in various forms such as cylindrical, plate

and other desired forms canbe produ’ces'c_i by the use of the aqueous




has satisfactory activities such as desul furization activ'p%nand b | ear
hydr ogenation activity. Even -if the catalyst 10 conponéeht %ﬁ%ﬁ Mo, W
Ni and Co are added to the reaction mxture at the sane tinme to prepare a
desired:catal yst, an inert nickel alumnate or cobalt alum nate conpound is
not formed. A conmpound of My, Wor the like, e.g., nolybdic acid or 15
tungstic acid, is useful as-an inorganic polybasic acid serving as the pore -
structure controlling agent, so that i such a conpound is used as the
controlling agent, it functions not only ;as a controlling agent. but also

as a catal yst 1609RaNeRE- 3 is_leads to.sinplification,of the process
for the catal&gtqmgogggogag??%hEaféa %§8 S AR 8F%Fﬁ869agglg§ﬁ, a
hydr ot reat i ngpogat phpsleghiaving conposition of 4.0 wt %N O 16.5 W %

Mo03/ Al 2C83 or 4.00wm% Coo 16.5 wt % Mb03/ A1203 and a specific surface area

of 200 to 300 Nt/ gnwasqResas’ &Lulink B8 LU W0 A1 B AERAL Y8R AL na

conposition with a catal yst conponent conprising

conventi onal opebhadd bgi BBet beoedkal vH ithe ¥ IRH6 @%n&%ﬁ%%i%aﬁybq

straight-run gas oil was conducted, 20 January 2006 25 and as a reSLlﬁ, t he -
catal'yst sexhbbéhmiitiphrtbslésur i HatdON prasd Mi ek o&stﬁBOEPSér§X§%Eé§r°f
the catal yst, a hydrotreating  catal yst having conposition of 4. w %
Ni O 16.5 wts%MoiBgIAg288d thre doDantl/Ur@H gd Bhb s\Wx H1INRERY AI203] c ves,
prepared by mixing the 5 af oresai d. aqueous alum na. gel obtained after .
neutral i zat ime-dabihitn agdebivdiofgupbwdesnt rilckef ileet st erpaith BIIHAEI um
mol ybdate, or cobalt acetate and amoni uimol ybdate as catal yst conponents
and then sutheRitmife PRetiiclas eandoedkeitngn adfibmgusasich teakdithi 2061 Bt S
catal yst had a specific surface area of 10 250 to 450 n2/g, and as a result.
of desul furiLRRIGhCELLODEC 1 m, even if they are converted intoy-alumina -
10 by calcining at a temperature of not lower than 400‘;C.
Accordingly, the moldedlprqduct obtained by the use of
such fibrous._crys‘ta_l.l,ine boehmite particles exhibits very.
excellent .mechanical strength. - |
An aqueou,s alumina sol and/or an aqueous alumina gel
15 obtained by the use 'df a zirconium compound as the inorganic_
_polybasid-aéid functioning,as a pore structure controlling
' a'gent contains plate béehmite, and if a molded product obtained
therefrom is calcinedwat-é4temperatufe~of 500~t0'165096; a
' zichniafalumina mc'ilded‘ product having extremely high
20 mechanical strength can be obtained.
Therefore, if a moldéd product in the form of coating
film, sphere, cylinder or tube or a monolithic molded.produ-ct
15 produced from a composition obtained by adding more than
0 % by weight and not more than 95 % by weight (in terms of

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

or barium hydroxide- to the zirconium-containing aqueous




straight-run gas oil, this catalyst exhibited high actividp. Asagogurther
exanpl e of the catalyst, a hydrotreating catal yst havingjZt By
conposition as descri bed above was, prepared by adding conpounds of M, W
Ni and. €o_to'--the reaction mxture 15 contai ning an oxygen-contai ni ng
organi ¢ conpound as -the pore structure controlling agent-and then
perform ng the sanme hydrothermal synthesis and the sanme subsequent

.operations as - descri bed. above . Thi g3catal yst had a' specific .surface

area of 300 to 400 nR/g, and as a result of desul furization test 20 of

_straight-runagas.oil, this catalgst exhi bited high activity. EFFECT OF THE

| NVENTI ON By 2t HEIBAGRt @ncd e r9ebarihfyranuit ing me ldedupsodiioh ismuserdilng t o
t he invention, an aluqin% conpog%ti n having'hggh 25 specific surface area
and | arge pof8 Gof8Bl¥¢Sh: BE GBSHTRERt &%d & Kedadvsh Farad®gosition is

suitable for a catalyst carrier used.in the petroleumrefining industry. 20
January 2006 26 F?g% ,%rfépoa%‘%ﬁ?fbo_@ﬁﬁ%&ﬁttfw Lendiingkhe T4 haama beahwitep| ded

duct fyk - I I f.or [ficagi f. exhaust f
2 Tixed sour tbthroRoifhe HECriPRRL R ot bbbl GeAT af aoti Bhaet yiolandced

a fixed source or

e

havi ng hi gh " nmechani cal stren a nol

Structure hawheucses shie RhraVTbehont 0uSEVEERLL! SOPCON il gt s been

difficult to nold so far, can. be produced.

but 1 Shoul d be. Coratr ed That s Pearion 12l Tee i A itk BAE{S
those: exanplgsre |91 o elubaliciereXaapkese2Bl COMPAIRIANE LXUAY &y (18
0.05 to 0.5 g/ml can be obtained. A structure obtained by -
10 coating a surface of a cordiérité monolithic molded broduct'
with the above-mentioned composition containing the organic
microqapsules has a fuhctibn of capturing DPM (diesél
pértri_'cu;_.at-e material) E:o;ltained in exhaust gas of diesel car.
| | ' Cétalyst | |
15 - ThecatalystofthéinventionuSingacatrierofthealumina
composition is obtained by molding the alumina composition
obtained by the abQVEVPIOCéSS into a moldéd produdt in an
'éppf@briéte]shape'and”then”allowing‘the molded.proauct‘to”""' .
- suppdft_aiéatalyst component thereon.
20 : MorespecifiCally,themoldedproductisimpregnatedwith
a catalyst.component in a conventional method, or the agueous
: aluminavsol;and/or_the aqueous alumina gel is mixed with a
cata;yst component and‘then subjected to molding, drying énd
calcining. Thus, é deSired Catalyst can be-obtained. It is
25 alsopossibletoaddacafalystcomponentfothereactionmi#ture.
Ip_thé production of,.fér éxample, a hYdrotreating'catalyst_

- for petroleum refining, a compound, containing Mo, W or the




15 synbol "% means "% by weight" unl ess otherw se not edzol:{gnx &% To 174
g of an aqueous solution containing 28.4 % by wei ght of (?O 535 ¢

of gibbsite having a nean particle dianeter of 0.5 pm (C 3005, avail abl e
from Sumtonmo Chem cal Co., Ltd. , 20 adhesive noisture content: 0.17. %
Al (OH) 3:°99.5 % inpurities such ..as Na2O 0.35 % was added, and the
m xture was subjected to heat treatnent at 250C to obtain acid-treated
al umi num "hydroxide. To 352g of the acidd-treated al um num hydroxide in
terms of A1203 was added 720 ml of ion-exchange water to 25 obtain a

reacti on m Xty Y um na concentration of 30 % by wei ght. 20
January 200613%% agd %g‘?%ggF? MRAMT A6 dRCpddedtm rter?é:tth% mﬂﬁéumt.erl al

d, th / A1203 ol tio of _0.20
FNO3) Hzoenéfi?Bi“S??%“ %%gé%llﬁdmf’aw@% e Sﬁpu%@\é&%‘%'n%%p; aefor the

mxture was phae8dsidN dni®4 Yot 95?&5&% i)eJc%%g a%é% su igpgurghapt h

hydr ot hermal synthesis (sol-form reac

rotating thetNessel.addipsr eRcagbll 2QUEQHSALL ?n?é)fd e V\&g%olgéa%ﬁgd. To

t he aqueous alunmina sol gel, agueous a nira of “the sa t of

nitric acj deabotnd ngd dnid ties YUt e RF-RARR 1%%@?8&&8' Lge 619%%5 e%t ed

gel and to convert it into an aqueous g€l. The agueous
to hydrot heroatalysatomgomsnd I0EH ofs HiHOWoSor tﬂ@nllféé'el?ﬁ@ﬁ 038 uded
through a die of 1.5 nmp to prepare a cylindrical product e produc
dried at' 140@RirREnatiiem aeitioned The6a€alyshrepes ndd B WH IR Joldad,
-p' roduct. 15 The al um na nol ded product had a specific surfacé area of
171 n2/ g and‘aeﬁ ﬁé?és\fép@@é}fo&c’mﬁﬂtms@ucEExaB’rﬂesulﬂJrlzatlon activity
and nuclear hydrogenatlon act1v1ty. Even ‘1f the catalyst
10 components such as Mo, W, Nl and Co are added to the reaction
_mlxture at the same tJ.me to prepare a desu:ed catalyst, an
J.nert nJ.ckel alum::.nate or cobalt alumlnate compound is not
formed |
A compound of Mo, W or the llke, e.dg., molybd:l.c acid or
15 : tungsticacid, is useful as.an 1norganlc polyba31c acid serving
as the pore structure controlling agent, so that _'Lf such a
compound is used as the controlllng agent, lt functJ.ons not
only as-a controlling: agent but also as- a -catalyst component.
_and thlrs leads to sunpllflcatlon__of the pr0cess for the catalyst
‘20 production. | R o |
As a spec1f1c example of the catalyst a hydrotreatlng
catalyst having composition of 4.0 wt$ NJ.() 16 5wt M003/A1203
or 4.0 wt% CoO- 16 Swt$ MoO3/A1203 and a spe01flc surface area
| ‘of 200 to 300 m'{/g was prepared by 1mpregnat1ng the aforesaid
25 alumina compositionwith a catalyst component comprisingNi-Mo

_Or Co-Mo in a conventiona'l method. 051ng the catalyst

hydrotreatlng reaction of stralght run gas 0il was conducted,




To .535 g of the sane gibbsite as used in Exanple 1, 106 0 itric
acid having a specific gravity of 1.38 was added, and théwﬁ%%‘%ﬂéo@as

heated at 150C in a cl osed vessel and then heated at 270C in an open
system.:To the resulting acid-treated al um num hydroxi de, water contai ning
glycolic acid was added. Asa result of calculation 25 -based on the '
starting -material used, the reaction m xture has an A1203 content of -35 %
by weight, a glycolic acid/alumna 20 zkanuary 2006 28 wei ght ratio of O.
025, a HNGB/ Al2@3nol ar ratio of 0.30, a HNO3/H20 nolar ratio of 0.032 and
a k value of 0.001. - This reaction m xture was placed in a closed vessel,

subj ect ed t o uPBth&eTRL tay fPFespE2L ¥aE - eltihited dagh dapulfurizatCoior 6

hours and th f.urther subjegted to the subsequent . operations under the
same condi ti %%s‘f.l.‘% ydes‘g? iéﬁ’é’&‘}% %ialﬁﬁaf% ofithg gappdiate amhydrahraatiobded

roduct. The ] 139%%? .nad cific sur e area of 30 n2/g
gnd ‘a pore VS?E%E%(%? . %dgf‘g’%% a‘l‘a‘r’%l%&g"’% Ncltgi&eé'?chﬁﬁ%éq%/%lz%zo g
of al um na hayi - t Stk r vai e from Sum tono Chem cal
Co. L ASSoR el BO IR RS b A e d b, B B ARBa RS, 5 06
by 15 weight ks ot . 1L % L ght ). dded t th ith
.5 g of ol i e RO i B o kE Bl r S R Tonen,

62.5 g of alum numnitrate. _ ‘ ,
8.8 g of 70 i &h0hNCAYLECAS doadiBH %‘Vm-@i&@%pggggstacgﬂa WehSn3dded to

prepare a reaction mxture ‘The reaction m xture an al'unina

o Ui num i T ate eed, CUhe act o p a A B Y SR o
0.17, a HNGrfthertsandathenfullddBing the\dd 1a & m§Pd2ng 2 SyaR i c
and éaiciningL This catalyst had a spécifi‘c surface area of
i0 250.to 450 mz/g,‘ and as a reéult of desulfurizat:{.on test of
straight-run gas oil, this catalyé_t exhibited high activity.
~As a'rfurt'her example of the catalyst, _a_'_hydrotreating cétalyst‘
hqvipg the same composition as described _above _Wa,s, pfepared
by a:dding compounds of Mo, W, Ni ,anci Coft:o‘the reaction mixt‘ur.e
15 contéin_ing an oxygen-containing organic compound as the pore
strﬁ'c_:tﬁre controlling agent andrthen. performing the same
hydréthermal synthesis anlcl the same stibséquenﬁ operations as
Vo des‘;c:;ib_e‘d"above..‘ This"catalys't"haci a specific --su—r‘fa‘ce"'érea -
of'3'00 to 400 mzjg, and as a result of de.:s'ulfuar_i"z;atiOn'-test

: 2_0 of straight-rungas -oil_, thiscatalyst exhibited highactivity.

EFFECT OF THE INVENTION

. By the process for p’r'eparing_"a'n ‘alumina composition
| a;cqrding to the ih\féntion, an alumina c‘crarﬁposition having high
25 specific surface area and large pc_)re_- vélwn_e can be obtained,
and this alumina c;.omposit,io:n is suitable'fora catalyst carrier

'us'edr in the petroleum refi_ning industry.




aci d/alum na weight ratio of 0.02 and a P/Al atomc ratléogf ?@ 4. 25
This reaction m xture was placed in a pressure vessel ﬁBaé%

hydr ot hermal synthesis (sol-formng reaction) first at 100C for 48 hours
and then:at 140C for 16 hours 20 January 2006 29 in a stationary state.to
obtain an acid aqueous alunmina sol gel. To the acid aqueous al um na sol
gel was added aqueous ammonia of.such noles as neutralizes 40 % of nitric
acid contained.in the sol gel. The resulting product was subjected to ,
hydrot hermal treatnment at 135C for 3 hours, then kneaded and extruded into
a cylindrical pr og.uct %& l.g. The pr oduct was dried at 140C and then
cal ci ned at 500C, ~580ctadfid “stfEna gomposdddion, fumkhes ndl aedqdridduict s

havi ng speci eas f. 270 nR/ 252 n2/ g and 233 n/ 10

obt ai %edp Exlfg!r)r%fiéaélg?cg(g% tu%ee"?%l e et Bé%“rréaﬁf%%uf@é Ia'érhgg@atmon

Exanpl e 3 wag t65 to obtain alum num hydro de which

vvasrrPdentl fol eggﬁ?%h%g %ray rajt}fef r?oé’smﬁ :fﬁﬁ ﬁ‘uﬁ‘PWE?oﬁPHEC%PﬁI ?nl |

havi ng a ba S r m nu droxi de havi n a
Do oraaebAoshyoLEL Bt fggﬁifxé oY1l BT PeTHatEon M rR e

bayerite crystal structure, a nitri

I d t { t h
A1203 cont ert ot 3e o by s A sy RoRoREh G 551 debfi b dde Bt ng Rbgh T

HNO3/ H20 nolmgchisiicaDf st PeR@idn @rkavl%lz'&eﬁf?Poggétaﬂgvfﬁgoéﬁ]lgbg aci d
X

di hydrate/alumina weight ratio of 0.-02. S reaction
subj ected tsriysinotdaraming Yuhesise 82 shghTkpOn £8CLd 980 ]; gmfl or 6
acid. % aqu

hours in the sane manner as in Exanple 1, to obtain an ou's
al um na sot V@chftmﬂflmem difpfomsl boehmdBd 9O £4€, can be produced.

10 | | ‘ EXAMPLE'

The present invention is further described with reference
tQ_the following examples, but itrshould be cohstrued that
the invention is in no way limited Ito those examples.

In thé following éxamples and comparative example, the

15 symbol "$" means "% by welght" unless otherwise noted.
Example 1 | |

To 174 g of an aqueous solution contalnlng 28. - 4% by weight
of Al (NO3)3, 535 g of- glbbSlte having a mean particle diameter -
of 0.7,5 pm (C-3005, available from Sumitomo Chemical Co., Ltd.,

20 adhesivé moisture content: 0.17 %, Al {OH)3: 99.5 %, impurities
such as Nao0: 0.35'%) waé added, and the mixture was subjected

' 'to heat treatment at 2507°C to _obtain acid-treated aluminum
‘hydrr-,ox_ide.. To 352g of the acid—treatea aluminum hydroxide

in térms of Al,03 was added 720 ml of ion-exchange water to

25 obtain a reaction mixtl_ire. haﬁing an alumina concentration of

30 & by weight.



aqueous al um na sol gel was added aqueous anmoni a of the no as that
of the total of nitric acid and oxalic acid 20 January 2@@?@@%%@@% ned in

the sot gel. The resulting product was subjected hydrothernmal treatnent at
135C f-or.:: 3 hours. Then, an al um na nol ded product was prepared in the sane
manner as in Exanple 1. The alum na nol ded product had a specific-surface
area of 267 n2/g. and a pore. volune of. 0.75 m/g. Exanple 5 To 375 g of
p--al um na having a nmean particle dianster 10 of 3pm 106 g of nitric acid
havi ng-a specific gravity of 1.38. and 59 g of ion-exchange water were

Seignt < b ERoss AbsuB ST PR 0T od S0t b6 AR NG mRE AT 15
d a. k | . bjected .15t

ﬁgdrgtherxgrQ@?ﬁ%hggggégfl?§6@£¥%€6%eﬁ%@ﬁ%%hﬁ%?%%gg%ﬁéfﬂgﬁﬁé??ﬁggpn2@xanp|e_

1 to prepareauREYIRIY moBas FoP: BT PE¥Clh1 T Anking kggwﬁcrayof %ag%tdr?g] gé'%q%?t The

was added dil ute aqueous ammonia  to obtal n” an aqueous ~alu
ol dod 20- predact et et ectan Ph PRy L YR BB e er g T 10
Speci 11 o wur Paca s en of 300 msre a8 elarhraasg of g BEARY sPR0L e0) i o
1 - 4 Al unm natmpdete ferogt Gidi ewe t AN £Pes €8ny SiHOvak ey NUMpy, souLces. shown
in Table 1 and adjusting the alum na concentfation 20 January ?8@%\3% and
t he__ acid ( b) adaboasnal e na 3l010géD WdWoe tali nlexamTs the hBueous a'llih_lin;a
sol ge.'_L, aqueoué ammdnia_ of the same moles as that of n'i-tric‘
acid contained in the sol gel was added to neutralize the sol
10 gél a.nd to convert it info an aqueous gel. The aqﬁeous gel
was subj ected to hy_dr_othermal treatment at 135°C for 3 hours,
then kpeaded and ext.fuded through a die of 1.5 mm@ to ;;reparé
‘a cylindrical product. The product was dried at 1409C and
then calqined at 560°C to prepare an alumina moldedbrodluct.,

15 - The alumina moided product had a specific surface area

of 171 m?/g and a pore volume of 0.90 ml/g.

~-Examp£l.¢--2' S

' To 535 g of the __sarmer'gibbsite as used in Exémple i_, 1106
20 g of nitric acid having a specific Qravity of 1.38 .wasiadded,
~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. | ]
Td the resulting al_cidftreaﬁeci_ aluminum hydroxide, tn;f'ater
contaiﬁing glycolicacidwas added. Asaresultofcalculation
25 -based on the starting material used, the reaction mixture has

an Aly0O; c_iontent of 35 % by weight, a glycolic acid/alumina




the sane conditions of Exanple 2. The al um na conpositio obtag@ﬁp are
set forth in Table 1. 10 1S 32 Table 1 Acid. Oxygen- eat nent

cont ai ni ng tenperat ureorgani ¢ conpound TypeWi ght rati o Ex. 6bayer| te
Unt r eat:ed: not- --added Ex..7y -alumna Untreated not added Ex.8y -al unm-na

270C oxalic 0.02 acid Ex.9p -alumina Untreated oxalic 0.02 acid
Ex. 10p6eudoboehmte Untreated not- *1 added Ex. llpseudobehmite Untreated

oxalic 0.02 acid ' 28

weight ratioof 0.025, a HNO3/A1,03molar ratioof 0.30, a HNO3/H,0
" molar ratio of 0.032 and a k value of 0.001.
| This reaction mixture was placed in a closed vessel,
'subjected to hydrothermal synthesisf(sol—forming reactionj
5 -at17OFCfor15houreandthenfurthersuhjectedtothesubsequent
‘bperatione'under theJSame"conditions as described in Example
1, to prepare an alumlna molded product.
The alumina molded product had a spec1flc surface area
of 301 m?/g and a pore volume of 0.71 ml/g.
10
'Example 3
o Toion—exchangewater,320g;ofaluminahavingap?crystal
structure (available froulsumitonm)Chemical.Co , Ltd., Al;05:
93. 6 by weight, content of 1mpur1ty such as Nay0: 0.3 % byl
15 weight, moisture content 6 1% by welght) was added together
with 62.5 g of aluminum nitrate nona- hydrate, followed by wet
grlndlng. Then, 8.8 g of 70 wt% glycollc acid and 85 wt%
_phosphorlc acid were added to prepare a reactlon ‘mixture.
The reactlon mlxture had an alumlna concentratlon of 30 %
20 byweight. ‘Asaresultoﬁcalculatlonbasedonalumlnumnltrate
used, ‘the reéactionmixture had a HN03/A1203 molar ratio of 0.17,
a HNO3/H,0 molar ratio of 0.013, a k vaiué of 0. 0022;' a glycolic
acid/aiumina weight ratio of 0.02 andla P/Al atomic ratio of
0.0014. | |
25 This reaction mixture was placed in a pressure vessel
andsdbjectedtohydrothermalsynthesis(sol—formingreaction)

first at 100°C for 48 hours and'theh‘at-l40°c for 16.hoers




A l.salt thermal Untreated not Ex.12deconposition added odug@ * 2 N

salt thermal Untreated oxalic Ex.l1l3deconposition acid O 282’%51} 0[

gi bbsite Untreated not Ex.ladded Conp. rhonbic 270C not Ex. 2boehmte

added Conp. X —alum na 270C not Ex. 3added Conp. n-alum na 27090 not -

Ex. 4added *1: Pural SCF--30.available from Condea Co. *2: 290C t her mal

deconposition product of Al (N03)3 20 January 2006 Specific surface area
' 29

1n a stationafy state to obtain an acid aqueous alumina sol
gel. To the acid aqueous alumina soi gel was added aqueous
ammonia of :such moles as neutralizes 40 % of nitric acid
contalned in the sol gel. The resultlng product was subjected
5 to hydrothermal treatment at 135°C for 3 hours, then kneaded
and extruded intoa cyllndrlcal product of 1.5 . The product
was dr:.ed at 140°C and then calc:med at 500°C, 550° C and 600°C.
As a result alumlna molded products having specific surface

areas of 270 m?/g, 252 m2/g and 233 mz/g, respectlvely, were

10 obtalned

ExamEle 4

‘The same p- alumina .as used in Example 3 was aged in hot
, water at 65°C to obtain alumlnum hydrox;.dewhlch was -1dent1f1edr
15 by X-ray diffraction as aluminum hydrokide mainly_having a
bayerite crystal structure. To the alumlnum hydrox1de having
a bayerlte crystal structure, a nJ.trJ.c ac1d aqueous solution
- conta:Ln:Lng oxalJ.c acid di-hydrate was "a-dded to prepare ‘a
' reactlon mlxture hav:Lng an Al,0; content of 35 % by weight,
20 a HNO3/A1203 molar rat:l.o of 0. 20 ;. a HNQ3/H20 molar ratio of
0. 021, a k value of 0. 00'4 and an oxalic acid dihydrate/alumina
weight ratio of 0.02. This reaction mixture was subjected
to. hydrothermal aynthesis (sol—forming reaction) at 176°C for
6'7.ho-urs in the same manner as in Example 1, to obtain an acid
25 aqueous aluminla sol gel comprising fibrous boehruite. To the
aqueous alumina sol gel was added aqueous ammonia of the same

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




n2/g Pore volume ml/g. 2300.63 2240.57 2440.56 2700. 75 é@%O %

2230. 60 2490. 64 non sol gel non sol gel non sol gel non January
2006 33 As can be seen fromthe results of Exanples 1 to 13, al unina
conpesi-t ons having effective pore structures could be prepared by the use
of acid-treated al um num hydroxi de, bayerite, pseudoboehnite; y--:al um na
and an. Al salt thermal 5 deconposition product as al unm num sources.
Especi al |l y when an oxygen-cont ai ni ng # gani c conpound was added, the
specific surface area was further increased. On the other hand, in

by Theuse SO %rea ofidstks T A RO BE Rk e fuanﬁpﬁatﬁpféﬁﬂ
gb?lauunmega ;%m%g;ace an a mﬁ.ﬁ:ﬁtrﬁ%&ﬁtdapr o%ﬁct %s@né&% eggereh SE)%E{[rrpl e. 14
15 The sanme 3 #liWd RB188dUSLGabhiBt RFAER Sk MRP 1WABAEIs Mt Manner as in -
.ﬁxample 1. |
_ 5' | The alumlna molded product had a spec1f1crsurface area_

-of 267 m2/g and a pore volume of 0 15 ml/g.

.Example 5
To 375 g of psalumina hsviog.e mean particle'diameper
10 of 3 pm, 106 g of nifric acid having a.specific gravity of
1.38‘and-59 g of ibn—exohange:water were added to prepare a
..powdery product hav1ng an Al,03 content of 65 % % by welght a
HNO3/A12031nolar ratlo of 0, 30 a HNO3/H20 molar ratio of 0.15
and a k value of 0 045. The powdery-product was subjected
‘15 © to hydrothermal synthesis at 18056 for 6 hours in the same
manner as in Example 1 to p_repalre a powdery reaction product.
‘Tothepowderyreactionproductwasaddeddilﬁteaqueousahmonia
_ﬁo.obtain~sn aqueousfaluminahgelw - The aqueousualdmina-gelm
was'suff;oiently‘kneadeq,and extruded. 'Then,rthe,mOldedr
.~‘20 product'wes subjected,to the samertrestments as in Example
1 to obtain an alumina molded product.
.Tﬁe slumina molded product had a specific surface area

of 308 m2/g.

25 Examples 6 - 13, Comparatlve Examples 1 -4
Alumina molded. products were prepared using aluminum

-rsourcesshowninTable1andadjustingthealuminaconcentration




a dilute nitric acid aqueous solution, and thereto were qﬂﬂﬁd maéﬁé nitric
acid and oxalic acid to prepare a liquid having an al umi fia “CHHeE ?ation
of 354 by wei ght, a HNO3/A1203 nolar ratio of 0.20 and an oxalic acid

di - hydrat-e/ A1203 nolar ratio. 20 of 0.02. Then, the liquid was subjected
to wet grinding at normal tenperature for 20 hours. After the grinding, the -
resul ting product exhibited properties of being.thickened at normal
tenperature, and the sol-form ng reacBlon proceeded. To the product,
aqueous ammoni a- of the sane noles as that of 25 the total of nitric acid

d i ' tal. Wn_the.pr t . dded, .at that tinme, th
product chandid T8 Aeger (o) TRa iiRe A8 T eaf 8, B4 o Aok KeFHAE £r obbrent
ot oduct was Brosaren cond it s ERRLe 28 i Shbaltiee

product was prepared -i1n the same fan

mol ded pr.odyye hagk cidic f 225 n2/g and a pore vol une
of 0.58 MIEJJ:?HtExarrp(?e%péESéé-% E%P%aﬁlgo%gg? ?he sane p-alumna as used in
Exanple 3, nitric .acid aqueous solutions having different concentrations
shown in Table 2 were each added. After aging, ion-exchange water 10 was
added tosprepare reaction mixtures (each: 1, 070 g) . Each of the reaction
m xtures -had an -al um na concentration of 35 % by weight, a HNG3/ A12C3

mol ar ratio of 0.20, a HNGB/H20nolar. ratio of 0.021 and a k val ue- of

- 0.0042. The reaction. mxtures were. subjected to hydrothernal treatnent
at 135C for 28 hours 15 in the sanme manner as in Exanple 1 to obtain acid
aqueous-alumna sol gels. Using the alumna sot gels, alum na nol ded
products -were prepared in the same nmanner as in Exanple 1, and the
specific surface- areas of the nol ded- products were, -measured. The
results are set forth in Table 2. S :

10

15




20 Table 2 ExanpleNitric acid concentration Specific surE%§g?%6yE%x&961233

wei ght)area (nR/g) Ex.157192 Ex. 1612201 Ex. 1720206 Ex. 18
20 January 2006 35 As can be seen fromthe results shown in Table 2, by
previously treating alumna with a nitric acid aqueous solution of high

concentration, alumna having high specific surface area was obtai ned even

at ordinary tenperature. Exanples 20 - 22, Conparative Exanples 5 - 9 .To
1s,

560 m of ion-exchange water, acetic aeid was added or not added. That
a water containing no acetic acid (Cbnparative Exanpl e 5), acetic acid:
aqueous sol utions each 10 containin ? of acetic acid (Conparative
Exanples 6 -- 9), and acetic acid a ﬁ@éﬁs
g and 84.7 g of acetic acid (Exanples 20 - 22), respectively, were

solutions containing 19.1 g, 48. 7

e 3

as

prepaLadAJL4x£unarv tenperature . To each..of them oxalic acid, glvcolic
acid and citrijc acid were added i n amoun{s sloawgen-15 i hspabim 3| asget hen
38549 of the gane al um na ha |ng a p cry ta&o§&£ﬂg5§re asi¥sed | 9o Rxap
was |further added, to prepar xtg;& each haV|Q§ian A1203
contfent of 36 %2 . anpd a car oxy i c acrdral uniha melght rati o} of
0:03. --Then; ]ﬁ?/ltﬁ‘m“n CJLF‘?'E)‘JIed d PrBHERYS er PEPAT ed | n t he -safe nannkr
20 iIn Exanpl ef4 temperature :
: , : Type | Weight m?/g ‘ml/g
_ _ } - ratio :
Ex.6 '“béyerite |  Un£re§ted not | . — 230 0.63
. ; ' : added N
Ex.7 y-alumina | Untreated | not — 224 0.57
_ ¥ 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 b added | -
Ex.11 pseudobehmite Untreated oxalic|] 0.02 233 1 0.45
C L ‘ ‘ acid :
Ex.12 Al salt thermal Untreated not .o 223 0.60
decomposition : added '
_ product - *2 : ,
Ex.13 Al salt thermal| Untreated {oxalic| 0.02 249 0.64
. decomposition acid
product L '
Comp. © - gibbsite Untreated 'hoth | non sol gel
Ex.1 -} | _added
Comp. rhombic | - 270C- not | — non sol gel
Ex.2 boehmite . added
Comp. % ~alumina - 270°C not — non sol gel
Ex.3 | added |
Comp . 7 -alumina - °270C not — non sol gel
Ex.4 : - added .

*1: Pural‘SCF~30_available from Condea Co.

*2: 2900°C thermal decomposition product of Al (NOs);




The specific surface areas, pore volunes and conpressive evgégghof t he
al um na nol ded products are set forth in Table 3. 25 20 Fodaay

Table 3 Ex. Conp. Ex. Conp. Ex. 5 Conmp. Ex. 6 Conmp. Ex.7 Conp
Conp. .--Ex. 9uEx.. 20 Ex. 21 Ex. 22 I\/blar ratio, k value b/a b/c 0 03 0_003

000009003003003

33

"As can be seen from the results of Examples 1 to 13, .alumina
compositions having effective pore structures conld_be
'pr_epared by the use of acid-treated aluminum hydroxide,
'bayerite, pseudoboehmite, y~alumina and an Al sal.t the.tmal

5 decomposn_tlon product as alumlnum sources. EspeciallyAwhen
an oxygen contalnlng organic compound was added, the specific
surface area was further 1ncreased. On the other hand, 1n‘
Comparative Examples 1 to 4, althongh alumina compositions
nere prepared by the use of acid-untreated gibbsite, rhombic

10 _b_oehmit_e_, _x—-alumina and n-alumina thtough the process of the
.j_nvention, any sol gel was not obtainedl, and he_nce an _alumina

molded product was not prepared.

Example 14

15 o The same -p—aloinina as used in Example 3 wa’sr washed with
a dilute nitric acid aqueous solution, and thereto were added
water, nitric acid and oxalic acid to Idrepare a liquid havinq
an alumina' concentration of 35 % by we'ight, a HNO3/Al,503 molat

.A_'ratlo of 0.20 and an oxalic acid dl—hydrate/A1203 molar ratio

20 ‘of 0. 02 Then, the liquid was subjected to wet grlndlng at
| normal temperature for 20 hours. After the grlndlng, the
're'eulting product exhibited pro[aertles of being thJ.ckened at
fnor_.rnal temperature, and the sol-forming reaction Iproceeded.

To the ptoduct, aqueous amm_onia of the same moles as tha‘t of

25 the total of niltric acidandoxalicacidcontainedinthe product
was added, and at that tlme, the product changed to a gel.

The gel was subjected to hydrothermal treatment at 160 C for




0.003 j 0.003 0.003 0.090.009 0.23 10.028 0.40 1 O. 046 009 00009
0. 00009 0.0008 0.006 0.019 (Continuation of Table 3) Addi 9%mﬁ¥g%fhelght
ratio glycolic acid 0.02 not added glycolic acid oxalic aC|d .02 0.02
citric-ackd 0.02 glycolic acid 0.02 glycolic-acid 0.02 glycollc acid 10. 02

Ex./ Speci fi ¢ Conp. surface areaPore voIunernpreSS|vestrength Ex ..nmZgm [/ gKg

Conp. . 1580. 42notnorethanl, _.0...,..,,.
34
12hours. Usingthegel, analuminamoldedproduct was prepared
'in the same manner as in Example 1.
Ihe alumina molded product had a specific surface area

of 225 m?/g and a pore volume of 0.58 ml/g.

s
g E_xe:fnpies' 15 - '1.9

| - “To 4.'00 g of the.same p—alumina as usec:_l'in Example-3, nitric

acid aqueous solutions having different concentrations shown

in _Tabie 2 were each added. Af-ter‘ aging, ion—exchenge water

‘10 was_edded to prepare -reaction mixtu-res (each: 1,070 g). | Each

_ of th_e reaction -mi};tures had an alumin’a'cdncentrai:_ion of 35 3
by weight, a HNO3/A12031nolaf ratio of 0.20, a HNO3/H,0 molar
‘ratlo of 0.021 and ak value of 0.0042. The reection mixtures
were Sub] ected to hydrothermal treatment at 135°C for 28 hours

15 - in the same manner as in Example ltoobtainacid aqueous alumina

- so.l gels Using the alumina sol gels, alumina molded products

| werepreparedin the samemanner as in Example 1, and the specific
',su'r_face- -areas of the molded products were measured.  The

_results are set forth in Table 2.

20
, _ Table 2
' Example Nitric acid concentration | Specific surface

| o (% by weight) area (m?/g)

Ex.15 | 7 | 192

Ex.16 ‘ 12 ] ' 201

Ex.17 ' 20 206

. Ex.18 ‘ 30 : 220

Ex.19 .. 61 - o . 233



Ex. .S Conp. 1450. 37not noret hanl. 0 Ex. 6 Conp. 1690. 44not rmr%ﬂanl. 0 56(6 7
Conp. . 1660. 41not mor et hanl. 0 Ex, 8. Conp. 1720. 40not nor et harft. GU#8Y 8
Ex. 201980..542. 3 Ex. 21, 2300.752.2 Ex.222480.592.7 20 January 2006 37 As

can be.seen from Table 3, when the k value was small as in Conparative
Exanples 5 to 9, only an alum na nol ded product . having insufficient
specific surface area, pore volune and conpression breaking strength was
obt ai ned, while the k value of 0.0008 3n Exanple 22 contributed to increase
in the specific surface. area and the pore volune. Exanples 23 --24. A
case where gl ycoli | s.added was .conpared with 10 a case where

gl ycolic acid Was_A(r%O?'%ég \é%.s‘?enn bfg]fcﬁ“ (S:fﬂ'é‘:é ,eﬁ‘ﬁgt§a%°‘&rlluh‘?r%?%%e i % EREnpl e
-3 was used, thegliyay ' 2 9% hy wejght, and the

Cesul ting |1 bard handfFEIEERs pltndlla Wi & pie -2k AT Rathedts solatdiam and
hydr ot her mal oter gaLEAEAbNEBNERS £ SBHE LN | e 2. .Then, alum na 15
nol ded product s V\gre p?epgr ed in fh&qg%a?rt%a%%%?g}s%h S@)?ﬂ%llé: syrfpge -

preparation gesdi Wh@noad Hde dvatlatS A by fAlhdbidk Jabl e 4. 20

- Examples 20 - 22, Comparative Examples 5 - 9

~To 560 ml of ioh—eﬁchange Qatér, acetic acid was.added
-or not added. That is,. a water éontaining no acetic acid
(Comparative E}gample S), aceﬁic acid aqueous .scljl-utions each
10 cqntaining 6.4 g of acetic acid (Comparative Examplles'G ~ 9) ,.
.and acetic acid.aqu‘eous_ _so.lutions' containing 19.1 g, 48.7
~gand 84.7 g of acétic acid (E};amp_l__es 20 - 22), respeétively,
-wé;;e_prepared in -ordiﬁéry temperature. Toeachof them, o:éalic
‘aCi_d, glycolic a;:id and citric acid wére added in.amounts shown
15 " inTable 3, and then 385 g,of the same alumina having a p_—‘crystal-
| -structUre as used 1n EXample 3 was fur‘t'her added, to preépare
reaction mixtures each having an A1,0; content of 36 % by weight
-and a carboxylic aéid/alt;mina weight--ratio of 0.02. -Then, --
alumina molded products were prepared in the same manner as
20  in Example 4. | o
The specific surface areas, pore volumes and compressive
strengths of the alumina molded produ'cts are set forth in Table

o 3.

25




.25 20 January 2006 38 Table 4 5 10 Al 'um na A1203 A cid/ m na
Ex.typeConcentrationtypeMdla r K value ratio Ex.p -alum 29% w4ty 28060, 002

23acid Ex.p -alum na2nitric0.80.002 24acid (Continuation of Table 4)

Ex. d yceljc aci dSpecificPore Vol une surface area Wight ratio to

al um na( ne/ g)(m/g) Ex.0.02.2610:68 . 23 Ex.not added2250.65 24 15 20
January 2006 39 Exanples 25 - 28, Conparative Exanples 10 -- 13 To 560 m.
of ion-exchange water, 61 wt%nitric aw d was ,

Table 3 ‘

Molar ratio, . Additive
Ex. . k value
Comp. — : = -
Ex. Ab/a b/c K o Type - -Weight ratio
Comp. {— - —_— }glycolic acid 0.02
Ex.5 , ' o
Comp. [0.03 10,003 [0.00009 [not added —
Ex.6 |. ' I R : o

Comp. [0-03 - 10.003 |0.00009 |glyéolic acid |0.02
Ex.7 : : . : :
Comp. [0.03 10,003 [0.00009 [oxalic acid 0.02

. Ex.8 . ) :

-Comp. [0.03 0.003 |0.00009 |{citric acid 0.02
Ex.9 d ' : ‘ '
Ex.20 | 0.09 0.009 |o0.0008 glycolic acid 0.02

{ Ex.21 |0.23 0.028 |0.006 ‘glycolic acid 0.02
Ex.22 10.40 0.046 }0.018 glycolic acid 0.02

{Continuation of Table 3}

Ex./ Specific 7
Comp. | surface area Pore volume Compressive strength
Ex. : ———
x m’g ml/g _ . Kg.
Comp. |158- - - -~ -|0.42 - ‘. - | not more ‘than 1.0 =
" Ex.5 . _ : . , ‘ _
| Comp. {145 0.37 " |not more than 1.0
Ex.6 | '
“} Comp. j169 0.44 not more than 1.0
. t]
- Ex.7 '
Comp. [ 166 0.41 ' not more than 1.0
"Ex.8 - B
Comp. {172 | 0.40 - |not more than 1.0
Ex.9 | . i}
Ex.20 } 198 0.54 2.3
Ex.21 [ 230 ’ 0.75 2.2
Ex.22 | 248 fose T [2.7




added in anobunts of 55 g, 109 g, 219 g and 437 g, respectjvely, 0 prepare
four kinds of nitric acid aqueous solutions of 5 ordi nar;éotjg‘?%’é}'a{'%e. To

each of the solutions, oxalic acid, glycolic .acid and citric acid were
added .i n. anounts shown in Table 5. To each of the m xtures, 385 g of the
same alumna having a p-crystal structure as used in Exanple 3 was added,
to prepare reaction m xtures each having an A1203 content of 10 36 % by
wei ght and a carboxylic acid/alumna weight ratio of 0.02. The reaction
m xtures were subjected to sol---formng reaction at 135 C for 28 hours in
the same manner as in Exanple 1. Then, alum na nol ded. products were
prepared i n the s8feCABnRersesnifredile B, whehehe pesidliue sasf ameldr eas;
pore vol unes _and conpressive strengths of the alumna nolded products are
set forth i n@FaplecBrasative Examplfray ofoom uparadrainame lded prodatito
Additive Conmp.K.val ue bl abl ¢cK TypeWi ght ratio Ex. 250.150.0160. 0024 not
added- Ex. ggﬁ."ir%@. 6?85%665&.@“31 FOGIGE Tac PG LS Eare270P306 . ¥8Apng19nd
| ycolic. aci Ex. 280.600. 0770, 04 | ycoli.c ,aci d0. 02 Canp.

91?/200_ 2050. %ggp%%ts%aag%gealglng strengﬁchgwgs robtained, wh%le 'tnl?e k value

5 ,oflo_. 000_8 in Example 22 cohtribuﬁedto-increasé in the specific

surface ‘area and the pore volume.

-'};Z_Ixamﬁ._le-s 23 - 24
‘- A case wheré glycolic ac_id was .'addeéi was compared ‘k-ith )
| 16 a cése whére glycolic acid was-n'ot added. 1In both 'c.:a,ses, the
same alumina as in Example 3 was used, fhe alumina concentration
was"-z; % by ,wéight, 'an_d the resulting liqﬁid was subjected to
sbl-forming r.e.acti_on, neutral_iz_atipn and hydrotherméi
' tr.:e,atme'ﬁt in the same manner as in Exémple 2. Then, alumina
 15 , molded products were prepared in the same manner as in Exarhple
. 2.' - .
| Th'e‘preparation c'oﬁditions and the resuits are set forth

_,fminﬁTable 4; _,, . i o e s »-aTﬂmm_ . T P

20
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Ex 10 Conp. 1.200.2090.250 glycolic acid0.02 Ex. 11 Cbnpé?ﬁ%ﬂﬁﬁyg&& 90. 250

oxalic acid0.02. Ex. 12 Conp. 1.200,.209 .0.250 citric a
(Continuation of Table 5) Ex. Specific Pore vol unmeConpressive

Conp. Exsurface areastrength n2/gm /gKg.,.... Ex. 251750.842.2 EX. ‘
262470.832..3 Ex. 272380.653.5 Ex. 282270.503.0 Conp.- 211 .0.44 1.2 Ex. 10.
Conp. .2320. 45broken Ex. 11during cal ci ni ng Conp. 2320 46broken Ex.
12dur|ng cal ci ning Conp. 2350. . 45br okess :

Table 4
Ex. Alumina Al,04 - Acid/Alumina
type | Concentration '
- type Molar K value
ratio B
‘Ex. | p-alumina 2 nitric | 0:8 - ] 0.002
23 | ' B : acid .
Ex. | p-alumina 2 ‘nitric 0.8 0.002
24 | .. - | acid N
(Continuation of Table 4)
5 .
- | Bx. Glycolic acid Specific - Pore Volume
N . surface area. : - '
|Weight ratio to alumina|  (m?/g) {ml/g}
{Ex. | 0.02 o 261 0.68
23 1 Sl . : : o ,
Ex. | not added . 225 ' 0.65
24 B
10

15




Ex. 13duri ng cal ci ning 20 January 2006 41 As can be seen f t he ults
shown in Table 5, a preferred alum na nolded product (caioﬁqu%gg

obtained in Exanple 28 by virtue of the k value of 0.046. A pore size

di stribution curve of the alum na conposition of Exanple 25 is shown is
Fig. 2. Exanples 29 - 52, Conparative Exanples 14 - 16. Al um na nol ded
products were prepared using the sane alumina having a p-crystal structure
as used in Exanple 3, 10 nitric acid snd acetic acid. The anmounts of the
starting materials, k values, alumna concentrations, types and anounts of

t he oxygen-cgntaining . organic. conpounds and the inorganic polybasic:
aci ds, hydr o%&éﬂ%lese\,%ﬁ hed % (Qmparatd vy Exampiend condi ti ons, and

hydr ot her mal treatrmegg co di% ions 15 after the alkali neutralization are
shown in Table 6. “%h Qp}%&?' C- TSN G #ad eand oL HEt pard Kigl @edsl wRst he
al um na nol d r,oducts are set_forth in Table 6. 20 25 20 January 2006 42
Table 6 Ex. %\%Sgg%ﬁgﬁéﬂt@ S?i# &nggblg( 328@:@??@-.%'zlﬁel\lﬁ?%e?‘éﬁ-i"@kwal ue
rati On. Ex. 299bt bkgpgi‘gd _%%\.é‘gq('i%%%g O%X n%_(%]i‘ElQZI tarcli% %%Ilu%%uszgg%l%%%%ns of

5 ordinar_jy_temperature} To each of the solutions, ox.a‘lic acid,

glycolic acid and citric acid were added in amounts s'hown- in
Table 5. - To ea'_ch of the mixtui‘es, _385 g of the same alumina
havihg a p—crysﬁal strﬁcture as used in -Example' 3 was éddea,
to prepare reaction mixtures each having an Al,03 content of

10 36 % by- wéight and a carbox'ylic acid/alumina weigﬁt ratio of
0.02.. The reaction mixturés were _subjecte_d to sol—,forming
react_ionfa'_t 1l35'°-'C for 28 hours in the same manﬁer as in Example
1. Then, alumina moi'de'c_i produéts were prép.are‘drin the same
manner _éis in Example 1. | | | |

15 The specifj‘.c surface areas, pore volumés énd- compressive
Streng_ths of the alumina molded products are set forth in Table

5.
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Conp. Ex.15nitric acidO0. 300.0029 14 Ex. 3152nitric aC|d%0%150 Ogé§
Conp. Ex. 52nitric aci d0. 1150. 0028 15. Ex. 3237nitric aci def0P8B"8% 29 ony.
Ex.37nitric acid.0.160.0029 16 Ex.3337nitric acid0.160.0029 Ex.3437nitric

acid 0...16 0.0029 Ex. 3537nitric acid '0.16 0.0029 Ex.3635nitric acid 0.16
0.0026 Ex:.3735nitric acid 0.16 0.0026 Ex. 3835nitric acid 0.16 0.0026 -

Ex. 3935nitric acid 0.16 0.0026 Ex. 4040acetic acid 0.40 0.023 Ex.4140acetic
acid 0.25 0.0082 Ex.4240acetic acid.. 4.25.. 0.0082 concent - TyperIar
rati oK val ue ration Ex. 4340acet|caC|d0 250 0082 Ex.

4440acet i caci dO. 250. 0082 Ex. 4540aceti caci d0. 250. 0082 Ex.

4640aceti cagidQ. 250 0082 Ex. 4740acet | celpH®. 250. 0082 Ex.

4835ni tri cafkd0. 160§ 0026 Exmdkr32aitibi caci d0.[160. 0027 additive
Ex. 5035ni t | gggh d0. f160. 0029 Bx.y53%35ni tricaci|d0. 160. 0032
Ex. 5235nitr EQCIdO.LGG.?GZ - ' :
| B “b/a - b/c . - K Type Weight
, : : ‘ ratio
Ex. 25 ]0.15 10.016 0.0024 |not added , —
Ex. 26 [0.15 - lo.0t6e- |0.0024 J|glycolic acid 0.02
: Ex. 27 |0.30 0.034 0.01¢ |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" ' o
f Comp. 1.20 10.209 - 10.250 glycolic acid 0.02
Ex. 11 . . 7
lcomp. {1.20 0.209  jo.250 oxalic acid 0.02
Ex. 12 1 ‘ o o o
Comp. {1.20 0.209  19.250 citric acid 0.02
Ex. 13 : | ' '

(Continuation of Table 5)

Ex. Specific Pore: volume Compressive
Comp.Ex ‘surface area ‘ strength
Ex. 25 |175 | 10.84 ‘
Ex. 26 |247 -] 0.83
Ex. 27 238 0.65 ' 3.5
1Ex. 28 227 0.50 3.0
Comp. ~ ]211 10.44 1.2
Ex. 10 | . - : ' . :
‘Comp . '232' 0.45 broken
1 Ex. - 11 _ : during calcining
-1 Comp. 232 0.46 broken
- Bx. 12_ _ during calcining
| comp. 235 L 0.45 ' : broken
“'Ex.13 : S . during calcining




20 January 2006 43 (Continuation of Table 6 Additive Ex. emelggk

Conp. Ex.ratio Ex. 29l actic acid0.02 Ex. 30lactic acid0.02

di et hyl am ne0. 02 Ex. 31l actic acid0.02 Conp. Ex.15 annonlun1n|trate0.02

Ex. 32l actic aci d0. 02 Conp. Ex.16 acetam de0.02 Ex.33acetone0. 02 Ex. )
34but anedi ol 0. 02 Ex. 35l auric aci d0.02 Ex. 36sodi um gl uconat e0. 02

Ex. 37adi pi ¢ aci d0. 02 Ex. 38sucrose0..02 Ex.39gel ati n0.02 Ex. 40gl ycerol 0. 04
Ex. 41rammoni um tartrat e0. 015 Ex. 420|truc aci d0. 015 TypeAtom c Ratio Ex.
43boric aci d0.075 Ex. 44silicic acid0.035 Ex. 45phosphor|c aC|d0 015 Ex.

465u|fur|c aci d0. Q10 Ex, 47titanic acid0.0Q.25
AscanbeseenfromtheresultsshownlnTableS apreferred

alumina molded product (carrier) was obtained in Example 28
by virtue of the k value of 0.046.
' Apore size distribution curve of the alumina composition

5 of Example 25 is shown is Fig. 2.

‘Examples 29 - 52, Comparative'Ekamples 14 - 16.

Alumlna molded products were prepared using the same
alumina having a p- crystal structure as used in Example 3,
10 'nltrlc acid and acetic acid. The amounts of the starting
materials, kvalues, alumina concentrations, types andamounts
of the oxygep—containingiorgahic'compouﬁds‘and the inorganic
polybaeic'acids; hydrothermal‘synﬁhesis'(sol—foﬁming
reaction) conditions, apdﬁhydrothefmal tfeatment conditions .
15 _after the alkali neutraliietion are shown in Table 6.
The spec1f1c surface areas and the pore volumes of the

alumlna molded produots are set forth in Table 6.

20
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Ex. 48vanadi c anhydride0.028 Ex. 49tungstic acid0.016 Ex. tun
aci d0. 032 Ex. 51tungstic acid0.065 oxalic acid (wei ght Of%ggpﬁ?gé&kﬁ.

S2carboni c acid0.1 20 January 2006 (Continuation of Table 6) Ex. Conp. Ex.
Hydrot herpal synthesis of. reaction mxture 44 . hr- Specific surface
area Pore™ volune Hydrothermal treatment after neutralization hr Ex.29

Ex. 30 Conp. Ex. 14 Ex. 31

42
Table 6
Ex. Al,03-Monobasic acid
Comp.Ex. - -
concent- Type Mclar ratio K value
. 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
e | ‘ :
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 0.0026
Ex.37 |35 |nitric acid |0.16 0.0026
Ex.38 |35 [nitric acid [0.16 0.0026
Ex.39 135 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 . acetic acid. | 0.25. - 10.0082
concent- | . Type Molar ratio] K value’
© | “ration . - 7ait
~ 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 10.0027
"Ex.50 |35 |nitric acid |0.16 0.0029
Ex.51 |35 nitric acid 10.16 0.0032
Ex.52 |35 _ nitric acid |0.20 . 10.002




Conp. Ex.15 Ex. 32 Conp.Ex.16 Ex.33 Ex. 34 Ex. 35 Ex.36 . Ex. Ex. 38
Ex. 39 Ex. 40 Ex.41 Ex. 42 .135 28 135 28 135 28 .f§%”§§“Y3é%% 28
135 - 28 135 28 150 8 150 8 150 8 135 28 135 28 135 28 135 28 135

28 150,14 150 14 135 135

43

(Continuation of Table 6)

Additive
Ex. | Type ' Weight
Comp. Ex. - o ratio
Ex.29 lactic acid 0.02
Ex.30  |lactic acid 0.02
Comp.Ex.14 diethylamine - 0.02
Fx.31 | Lactic acid 0.02
Cbmp.Ex.lS ; ammonium nitrate 0.02
Ex.32 - . |lactic acid ¢.02
Comp.Ex.16  |acetamide 0.02
Ex.33 | ‘acetone 0.02
Ex.34 butanediol 0.02
Ex.35. lauric acid 0.02
1Ex.36 "~ | sodium gluconate 0.02
Ex.37 " |adipic acid 0.02
Ex.38 sucrose 0.02
Ex.3% - lgelatin. ' 0.02
Ex.40 - | glycerol U 0.04
Ex.41 | ammonium tartrate {0.015
Ex.42 | citric acid 0.015
' | Type Atomic
, ' » Ratio
Ex.43  Iboric acid ~ {0.075
1Ex.44 silicic acid - 0.035
Ex.45 ‘| phosphoric acid - 0.015
ExX.46 sulfuric acid - 0.010
1Ex.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
raio)
Ex.52 | carbonic acid 0.1




135 135 135 135 135 135 135 135 135 135 135 1 125 110
hr Ex. 43 Ex. 44 Ex. 45 Ex.46 Ex. 47 Ex. 4.8 Ex. 4§%JER“%6&&

Ex.52 5 135 28 135 28 135 28 135 28 135 28

44

(Contlnuatlon of Table 6)

Ex. Hydrothermal Hydrothermal Specific | Pore
Comp. Ex. synthesis of | treatment : surface volume
reaction Jafter area
Tmixture : 'neutrallzatlon -
: "C . hr-{ C - hr m’/g | ml/g
Ex.29 1135 28 | 135 3 247 0.80
Ex.30 ] 135 28 | 135 3 235 0.77
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.33 150 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
1Ex.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 o135 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 | ¢ hr C ‘hr m?/g ml/g
{Ex.43 | 135 28 | 135 2 253 - | 1.09
-{Ex. 44 1 135 28 135. . 2 . 234 0.98
JEx.45 1 135 28 135 2 237 0.88
|[Ex. 46 1 135 28 | 135 - 2 - 221 0.71
|Ex.47 -l 135 28 135 2 203 0.88
|Ex. 48 150 8 135 2 243 0.97
Ex.49 1 150 8 135 2 245 0.85
Ex.50 150 8 135 2 262 0.58
Ex.51 . 150 8 135 2 263 0.49
lEx.52 170 6 135 2 248 0.75




150 8 150 8 150 8 150 8 170 6 135 2 135 . 135 2 2#%5 5%) 135
2 1352 1352 1352 135 2 n2/g M /g 247 O. 80 235 0.“77940%8YH 225
0.71 178 0.83 236 0.61 177 0.80 209 0.8.6 216 0.85 224 0.85 220 1,01

206 0.80 . 242 0.82 220 0.91 224 0.48 -

45

Example 53

-To 547 ml of ion—exchangé water, 61.7 g of acetic acid

and 8.4 g of dxalic acid dihydrate were added, and then 16d

_ '_g of the same alumina having a p~crystal structure as used

5 in Exampie 3.and 231 glof gibbsite described'in Example 4 of

-W097/32817 were further added to prepare a reactlon.mlxture

This" reactlon mixture had an alumlna concentratlon of 30 %

by welght, an acetic acid concentration of 6.? %, an oxalic

acid éohcentration df 0.60 %, an acetic acid/alumina molar

10. gatio 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‘hydrotherma;

' éynthesis'(sdl—forming reactidn) at 150°C for 24 Hours.in'the

same manner as in Exampié a. Then, lan"ali.lmina molded producf

15 was prepared in the éaﬁe.mannér as in Example 4. The alumina

molded product had’ a specific surface area of 154 m2?/g and

-a pore volume of 0.78.m1/g.' This spécific surface areé.was.

‘larger'by-47 m2/g than the ‘specific surfacerarea‘107~m2/g-oﬁ‘---“-

the alumina containing no‘oxalid acid, ‘that is described in -

- 20 Example 4 of WO97/32817.

Examples 54 - 55, Comparative Examples-l? - 20
Using‘the same aldmina.having a p-crystal structure as
ﬁéedinExampleB,aceticacidandnitricacid,reactionmixtures
.25 dhaving alumina concentrations of 15 % by weight and 52 % by
weight and k values.of 0.00008; 0.002 and not less than 0.2

werepreparedasshown1ntable7. USlngthereactlonnuxtures;




249 0.64 244 0.64 nm2/g i m-/g 253 1.09 23.4 0.98 237 3%3 ﬁé 0.71
203 0.88 243 0.97 245 0.85 262 0.58 263 0.49 248 0. Qﬁy 2006
45 Exanple 53 To 547 nml of ion-exchange water, 61.7 g of acetic acid. and
8.4 g of. oxalic acid dihydrate were added, and then 160. g of the sane

al um na hHavi ng a .p-crystal structure as used 5 in Exanple 3 and 231 g of

gi bbsite described in Exanple 4 of . W97 /3281.7 were further-added to
prepare a reaction mxture. This reacyygon m xture had an al um na
concentration of 30 s by weight, 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 acetlembls Modded PROHRELFHG RS Prepagey bmdheasamey mamesf uHIOL0.
The reaction m xture was subjected to hydrothermal. synthesis (sol-formng
reaction) attRSRENYICMAHpLPRS S tie Eé@ri"éﬂ@arlﬁer abej poERaniplemgs anpdn, an

al um na nol ded product 15 was p epar in the sane manner as in Exarrple 4.
The al um na ndf FEFRFGHL P |‘éh%lf’r]f%élaafné’éd8fj REAdRPLE e a
pore vol une oft Ofo71:8th 119 T;ll'gis .7peC| fic surface area was

5 ' In cases of the‘alumina.concentrations of 15 % by weight

and 52 % by welght, 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 compre531ve strength was low, and when the k value was
0.002, the pore volume and the compre331ve strength were

10 satisfactory.

15.
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-. larger by- 47 nR2/g than. the. specific surface area 107 n?/g. t he
al um na containing no oxalic acid, '.that is described i@oég;%&g. e 4 of
W97/ 32817. Exanples 54 - 55, Conparative Exanpl es-17 20 Using the sane

al um na, having a p-crystal structure as used in Exanple 3, acetic acid and
nitric acid, reaction mxtures' 25 having alum na concentrations of 15 %
by weight and 52 % by wei ght and k val ues-of Q.00008, 0.002 and not less .
than.0.2 were prepared as shown in tagle 7. Using the reaction m xtures,
20 January 2006 46 al um na nol ded products were prepared in the sanme manner
under the same conditions as in Exanple 15.. The pore volunmes and the
conpressive strengths of the al um na n# roducts are set forth in

Table 7. In cases of the alumina concentrations of 15 % by weight and 52 %
seen—that—when the k value was 0 00008.0or not |ess

by wei ght, .
10 sati st ackory 15, ' -20 BeBangt h vidd KRk S \HER SermE omngaR o RRkAT | |
vol une and ¢ he conpre?sixg)stggpgth @ﬁﬁﬁ125 20 \%g%%%y ZEOQafZeTabLe 7
AL203 Monobasi ¢ Three-cqg nol arf < ’
' R SR tration(%):- 7 b/a b/c k
|comp: Ex. 17]15 |nitricacid|0.05 0.0016 o0.00008 |-
|ex. 54 15 |nitricacid|0.25 oloos'vo,ooz'
Comp. Ex: 18|15  laceticacid|2.30 . 0.094 0.22
cOmp;Egﬂ 19{52 |nitricacid|[0.02 0.004 0.00008
Ex. 55 52 |nitricacid|0.10 0.020 0.002
{comp. Ex.20 |52 7 aceticacid|0.75 0.275 0.21

5 (Coﬁtinuation_of table_?)

: Pore - |Compressive
Additive Volume | strength
| | Type |Weightratio| Ml/g Kg
| comp. Ex. 17| lactic [0.02 0.39 ' |Not more than
: acid ‘ 1.0 |
Ex. 54  |lactic |0.02 10.70  [2.3
: , Lacid ' _ ‘ :
Comp. Ex. 18] lactic 0.02 0.43 Not more than
| . |acid N Ji.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 S = 1.0




Concen-acidratio, k value tration(%b/ab/c'k Conp. Ex. 1;]0 Ltri %QOG
aci d0. 050. 00160. 00008 Ex. 5415 .nitric acid0.250.0080. 00 %ﬂ‘bﬁl Y EXY

1815aceti ¢ aci d2.300.0940.22 Conp. Ex. 1952nitric aci d0.020.0040. 00008 Ex.
5552ni tr.i-c aci d0.100. 0200. 002 Conp. Ex.20 152" acetic aci d0.750.2750.21 5
(Continudtion of table. 7) PoreConpressive AdditiveVol unestrength R

TypeWei ght rati oM /gKg Conp. Ex. 17l actic0.020.39Not. nore than acidl.0 Ex.
54] actic0.020.702.3 :acid Conp. Ex. 18kactic0.020.43Not nore than acidl.0
Conp.. Ex. 19l acti c0.020.37Not nore than acidl.0 Ex. 55l actic0.020.762.6

acid Comp. . Ex. 20l actic-0.1020. 45Not nore than acid_1.0 20 January 2006 48
Exanpl e 56 TEX@8"pdQtdPe of 755 m of ion-exchange water, 75 g of 61 wt%

nitric acid and 7.4% of oxalic_acid dihydrate, 39.5 g of p-alum na was
r

added to prepare 2 r2detFont i %f ufe Hadi ¢ Lon-arehangsaaimicent oo Ih@fl of
[ ' Cti d in Exanple 1, the.
30 % ~b_y el gg'i wtl_‘ls1 rEJ{]t?rfc?naec{ aé(a:rtulzl O”?.Xegsoejlf oa:»;saluisc? aclir‘]d dihrgzpdrate, 395

g of p—alumi_na was added to prepare ‘a reaction mixture ha-vi_n-g
5 an alumi‘na 'conce_ntra{:_ion of 3d % by weight. |

In thé same 'reacti'on_ veésel as iised :Ln Example 1, the .
reaction rﬁ_ixtu-fe was thickened to not 1.e‘s's tﬁan 20 mPa at 80°C
with rotating the rea?:_;tio.n vessel. Then, thé reaction mix’_cﬁre
was subj ected tohydrothermal synthesis _( sol-forming re_actio_'p ) 

._'107 at 135°C for 28. hours in a stationérylstate.

To the resulting prbduct, ammonia foij neutralization was
ladded in .such an amount -that the molar ratio of ammonia to
HNO3 would Ibecc_zme 0.0 (not added), 0.5 or 1.0; ~ Then, alumina
molded products .weJ':e prepared in thé same manner as in Exémple

15 1. Pore si_ze distribution curves of -the alumina molded
products are showninFig. 2, Ascanbe seen fromthe comparison
‘with Example 25 in vlrhich oxalic acid waé not added but the.
reactionmixturehadsimilar composition, aiumi-na compositions
having sh_arpe;‘ ﬁore size distribution éu_rv_eS w_ére obtained.'

.20

| Example 57
| | The same reaction mixture as used in Examprle 56 was
- subjected to sol-forming reaction at ,60°(f for 28 hours in the
s_'amem_anner as in Example 56. Totheresulting pﬁ:oduct, amménia '
';'25 was added in such an amount that the ammonia/nitric acid molar
| -rétj__o would become 1.0,.ahd the mixture was subjected to

hydrothermal treatment at 170°Cfor-6 holirs to obtain an alumina




reaction m xture was thickened to not |ess than 20 nPa at C W|6 ‘g%
rotating the reaction vessel. Then, the reaction m xture 2 ua&ﬁé ted to
hydr ot her mal synt hesi s(sol -form ng reaction) 10 at 135C for 28 hours in a
stationary state. To the resulting product, ammonia for neutralization was
added i n“such an anount that the nolar ratio of amonia to HNO3 would
becone 0.0 (not added) , 0.5 or 1.0. Then, alum na nolded products were
prepared in the sane manner as in Exanple 15 1. Pore size distribution
curves of the alum na nolded products are shown in Fig. 2. As can be seen
fromthe conparison wth Exanple 25 in which oxalic acid was not added but
the reacti ofPRPRELUEEORad &3ind Ahecdiivisia tomposl timaabaipusing masdedavi ng
sharper pore size distribution curves were obtained. 20 Exanple 57 The sane
reaction m xPEPEUEE GRBIPFAPEX8APLE LhewsamsuBRBBEEdAE01B0EXRAP}eNG - .

reaction at 60 C for 28 hours in the sanme manner as in, Exanple 56. To t-he
resul ting pr oductih%rﬁﬁdfﬁ'ﬁlazﬁnwcgmqq fdchaafPerbiht swatagnearea

anmoni a/nitri | d | ar_ . ratio would beco ; and the m xture was
subj ect ed tooghgéi’o‘[‘% i 3 é%lcf]f%n‘fgg‘fm?ﬁgqu?gé“]rfo%s to obtain an

al um na ‘20 January 2006 49 conposition. Using the alum na conposition, an
al um na . nol ded product was prepared in the sanme. nmanner as .in Exanple 1.
The al-um na pduct had a specific surface area of 261 n2/g and a
pore vol une- - T/ g. Exanple 58 A dilute aqueous solution of No. 3
sodiumssilicate : u I QR-eXC 1 ESi N ot jna
silicic. acid aq\lﬁoﬁl}sjﬁzﬁﬁgﬁutg%ﬁ%o%tg al?rtl:?%l %.?'01@%0 B@%lglﬁf %ll%agg‘% %llao% 10

269 . of | pusuedanaou & caA- HchdifySiddaint t3CbbtaledSilicic

acid aqueous solution c-ontairning 3.0 % by wéight of Si0;. To

10 269ﬁlofjbn—exchangewaﬁer,290g;ofthesilicicacidaquebus7
solution, 54.4 g of acetic acid and 295g]of the same alumina
 having;ap—crystal structure as used in EXaﬁple 3 weré added,
to p_repéfe a reaction mi_Xt'u-reL This reac‘tioh&nixtufe had a
A1,03:CH3COOH:H0 ratio of 36 wt$:5.4 wt$:57.0 wts, a Si0,
15 ébntent 6f 0.86 % by weight, an impurity.content 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 and a Si/Al atomic
-+ ratio of 0.02. :
_Thereaftef, the reaction mixture was subjected td
?0 hydrothei:mal'synthesis at 135°C for 28 hours in the same manner
as in Example 3without stirring. Usihgthefesultingproduct,
a silica-containing alumina molded product was obtained in
the séme'mahner as in Example 3.
- The alumina molded product had a specific surface area

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

-Example 59




solution, 54.4 g of acetic acid and 295 g of the same al ym
p-crystal structure as used in Exanple 3 were added, to ;}J’:Be]n ?@g&}’ﬁgactl on

m xture.. This reaction m xture had a A1203: C. H3000H. H20 rati o of 36
W%5.4-wt%57.0 ww% a Si02 15 content of 0.86 % by weight, an inpuri.ty.
content '6f 0.12 by weight, a CH3000H A1203 nolar ratio- of 0.25, a -
CH3COOH/ H20 nolar ratio of 0.028, a k value of 0.007 and a Si/Al atomc
ratio of 0.02. Thereafter, the reactigp m xture was subjected to 20
hydrot hermal synthesis at 135 C for 28 hours in the same nmanner as in

Exanple 3 without stirring. Using the resulting product, a
silica-cont al ni ng Tal ignnexrbraed Eﬁ‘éﬁ@etHMSleaandedndnp ahansaaewefaaner

as in Exanp The al um na nol ded groduct had a specific surface area 25

‘of 226 er/g %me%r pBRe {BPOMELIEPSelo Arrﬁpg.-(alzﬁéﬁ:pﬂoéemfrm Newdamy C2006 50
T h t d, -al um dded, d th
i A R L e
furth dd I d 2 t ent %
ol gne. o oSS AT 4A Afkod g Q8 LY %xzeea.a% Bedplrasi o of
0. 11, Z/ f-<0. Q3 aaéb t t :
wei ght ¥ Th(ra drﬁ%ala‘%% ?{)Hn&nglg %fu(rbeqveava‘c’é gugﬂ'% %/g %@?’EFEQF 110 %g ((hﬁs/‘l saat _
170C for 10 /yous dibdfe SR 6@@%3@3?1‘1&' PR Sortrt (5 OPLAIN a0 aci d
ol gel vvass jece $¥hic -

aqueous alum na zirconia sol" The s 0 1ono
extrusion nmgq{-g:,. then dri ed and cal cined at 5000C to obtain a nonolithic
nol ded product "having a pore structure with a specific surface area of 210

ne/g and a pore W&%éﬁt&rﬂ@nﬂiﬂ&e %é’@léuﬁﬂmsl?o hydrothermal
synthes:.s at 170 C for 10 hours in the same manner as in Example
10 3 to obtain an acid aqueous alumina zirconia sol gel.
" The.sol gelwas subjected tomonolithicextrusionmolding,
~ then dfie_d and 'cal_cined at 500?-C'to -obtain a monolithic molded
product ﬁaving a pore structure with a sp.ecifilc surface area
of 210 mz/c_:.;',and a pore volum'e of O..46 ml/g, a wall thickness
5 of 02 mm, a number of celis of 480/Sq_uare inch, a numerical
aperture of 60 % and a lengthwise compressive strength of 35
kg'/sz. | | | |
. -Fu:fther,"' the aqueous alufnina ‘zirconia éol gel was mixed-
with barlum hydroxide in an amount of 10 by weight in terms
20 of BaO based on the solid matter (in terms of an oxide) in
the sol gei . Themixturewas ‘sulbj‘ected tomonolithic extrusion
- molding, ,t,hén dried and calcined at 500°C to'obtaine‘l‘monoli‘thic
molded product having a pore structure with a specifi-c surface
area of 192 m?/g and a poré volume of 0.42._ml./g'.

25




15 of 0.2 mm a nunber of cells of 480/square inch, a nuqﬁLhP ?8& ture of
60 % and a | engthw se conpressive strength of 35 kg/ch Paie

aqueous alum na zirconia sol gel was mxed wth barium hydroxide in an
anount _of -10 % by weight in ternms 20.of BaO.based on the solid matter (in
terms of ‘an oxide) in the sot gel. The nmixture was subjected to nonolithic
extrusi en nol ding, then dried and cal cined at 500 C to obtain a nonolithic
mol ded product having a pore structurespith a specific surface area of 192
n2/g and a pore volune of 0.42 m/g. 25 20 January 2006 51 Exanple 60 The

aqueous al um_na zi rconi asol gel prepared in Exanple 59 was diluted with
water to giv aving a solid content of 30 % by weight. The sol gel

was mixed with l\/at ?)um)to M crosphere F-30 (vinylidene :
chl ori de- - acryl onilt}f #SYSPWS Siawingm zameond at ot geleprephied nat ErampRicght

ratio would ggcorre e mxture was placed in a nold, nolded under

heating, dri w?%gﬁlb‘%&f}d&ﬁ@wﬁéﬁtre‘bo péretsel upl drshiman wfl ict okt eand

cal cined at %Og The. rﬁ%u Eg al um na zirconia nol ded product had the
fol | owi ng pofe &t rlfic ¥y 4819 vBPhnEedf vARichbpededinhviagsupote

di anmet er of Ve t he pore: vol ume of pores having
pore di arrsgt etgf E?°%§9e9?hmgvﬁw ef)" €Sk %?%e“a%ﬂdl‘?%t@ph%i fincsgahf ace
area was. 208 ' a4 xture for | acing, in-a nold was
diluted wit ha%&euﬁgﬁag%v\% gro £5- g?gtejé TR 5%$t"§PL§1qu?9°W§vl nye a

brocct(prodiecd By ol st LA 4R ELS b B0
‘ then gradually heated for the preventlon of crack, and calc:Lned
at 500 C.

10 The:resulting alumina zirconia molded broduct had the
followingporestructure._Theporevolumeofmacroporeshaving
~ pore diameter of 1 to.lOQ pm was 2.4 ml/g,-the pore. volume
- of pores having pot_c-':- diameter ofleés than 60 nm 'was‘ 0.45ml/q,

and the specific surface area was 208 mzfg.

15 Further, the mixtare before placing in'a mold was diluted
w1th ion-exchange water to glve a low—v1scoss.ty slurry hav1ng
asolldcontentof5 bywelght. Then,acordlerltemonollthlc

i,molded product (produced by Nlppon“Galshl, wall thlckness
| 0.25 mm, 102mm@ x 200 cells) was coated Wlth the slurry by
‘.20- awashcoatlngmethodandthencalc1nedtoformanunevencoatlng
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’ £ilm.




0.25 mm 102mMO x 200 cells) was coated with the slurry 20 a sh
coating nethod and then calcined to form an uneven coatldé) | um na
zirconia on the cordierite surface. The thus treated nol ded product was

t hen mounted on an exhaust vent of a diesel passenger car (Toyota Carina).
to capture DPM of the exhaust gas. As a result, this nonolithic nolded
product 25 exhibited higher capture eff|C|ency than a nonolithic nol ded
product having no coating film 20.Jaguyary 2006 52 Exanple 61 365g of the:
sanme alum na having a p-crystal structure as used in Exanple 3 were washed -
with 1380 g of a 0.25. % nitric acid aqueous solution to renove a 'slight
anount of a t contained in the alum na. The thus washed cake of
630 g was added to m xture obtained by dissolving 70 g of al um num
nitrate nova- hydrat qar%f he clam aduming haning o aterysta00 struaifure

i on- exchange watera theretg was further added 73.4 g of nolybdenum
oxi de to prepdr 8°§ rJeré t¥fF e wﬂ'?é‘efbwfhéac]t?l%grﬁf(tmﬂe%ad rdit rdlauni na
concentratlogfg A1203) of 32.4.% by weig an oxalic

f
aci d/ al uni na SWeig (%&%(’gﬁ? %018%18 4r‘aﬂavaamwh%%ra%%f P&td ¥a 6pmpon’Nt Thi s
t | | ted t
hydr of ﬁ&ﬁhf@;?ﬁ#@%@ i fe R B PRSS° Wik YR3R° gsBia, SaR %?%%%P Sy
sal. gel . To %Ja%ea%@ a0pg lﬁ%r%oEbtgﬁhedaﬂg;bﬁggFggn?gbﬁg 8t ﬁ’g ﬁgpmapétgtt nent

neutralize the sol gel. e sol was sudbjec

at 135 C forpj3rhedr L aﬂe?, d -and cal.cined
at 450C to og%alrn glﬁ/%m?:oﬁ gf%?%g 7ngna n%agqgn%%gg cg‘batlsﬁé‘ﬁ’ Eg’?he .
Mbcont ai ni ngmal e iR e iesh @ redust, ¥as LHBrEE5a}EY f‘Mch*Ple?r aLaKg! 7 3myoni um

conpl ex aqueous sol uti on,
_ g of molybdenum oxide to prepare a reactlon mlxture The

10 reactlon mixture had an alum1na concentration (in terms of
Bl1,03) of 32.4 % by welght anoxalic ac1d/alum1na weight ratio
of 0. o14 and a Mo/Al atomic ratio of 0.074.
ThlS reaction mlxture was placed in a pressure vessel '
and subj ected to hydrothermal synthesis at 135°C for. 28 hours
15 to obtain an acid aqueous sol gel. To the acid agqueous sol
gel, aqueous ammonla was added to neutralize the sol gel The
sol gel was subjected to hydrothermal treatment at 135°C for
3 hours, then kneaded extruSJ.on molded, dried and ca101ned
at 450°C to obtain a Mo—contalnlng alumina molded product.
20 Then, the Mo—-‘oont‘aining aluminum molded product was
impregnated with a nickei—ammonium complex aqueoue solution,
then dried and callcined at 550°C to obtain a catal‘y.st having
- a composition of (40 wt% N.'iO-_16_.5 wt% MoOj3 ) /Al,05, a specific
surface area of 319 m?/g and a pore volume of 0.51 ml/g.
25 The catalyst was subjected to sulfiding with hydrogen
sulfide,at .a temperature 'of 400°C. Then, 1 part by volume

of the c'atal;}st,_ 20 parts by volume of straight-run gas oil




- then dried and cal cined at 550C to obtain a catal yst havk&g. a cggﬁgsition

of (4. 0 W% N O 16.5 W % MO8 ) /A1208, a specific surfadtUadgy f 319
n2/g and a pore volune of 0.51 m/g. 25 The catal yst was subjected to
sulfiding with hydrogen sulfide' .at a tenperature of 400C. Then, 1 part by
volume of the catalyst, 20 parts by volune of straight-run gas oil 20
January 2006 53 containing 1. 17 % by wei ght of sulfur and 2400 parts by
vol une of hydrogen were placed in a l3atchw se reactor, and. hydrotreating
reacti on was conducted under the conditions of 350C, 5 MPa and stirring
for 1 hour. 5 As a result_of analysis. of the reaction product, the
catal yst exhPARERANGBEU {1l 1% BY I whiank &ToFuBOUE anchP 480l BaFts Eonval nud.
Exanpl e 62 10f|€ 48 m of ion--exchange water, 70.6 g of alum numnitrate
nona- hydr at e9T58Y$T96R WRERePLACEFALl ReRatrPHisEe I8i¢trry dncbxal i ¢ aci d
di - hydrate ' ved. To the resulti sql ution, 57. 3 g of
riolybdi o iy drahEeasIas £oget i \EihgohfficeRd ShasT e coneiydear of
structure as ed i dded. ;15 The resulting m xture had the
fol | owi ng co%%gseti%Hggggghsagﬁﬁg%gngogggn}rEPPSn in terms of A1203 was
35.5 % by wei ght ,a.t EINGPB cQRC ton_obfain by.cal cul gtion only a
conponenf Qonverf%%'$$%n1nl%r§g gg%%ﬁ%% i%gl£§% §g3ﬁ¥ﬁaﬁ1pﬁPaPS£e g&@luding
nitric acid &zeh cpde i1ied 4 {16 88 1208 12+ 0 i ghg, content
of all H20 was SIf:Lfé 9(%%{% vveicéhrat%glﬂt%e cor}%g)r{f‘ I%fté)Nim:(Rﬁi%g % %%fsgﬁ_kf%% by
wei ght, the d¢dmtgidad.content: was 0.1 % by wei ght, the HNO3/A1203 nolar
ratio was 0.160, the oxalic acid/H20 nolar ratio was 0. 0196, the k val ue"
was. 0031, the oxalic acid/alumna wight ratio was 0.014, and the. Mo/ A 25
atomic ratio was 0.050. ‘

- _Example 62

10 In448ml of ion-exchénge water, 70.6gof éluminum nitrate
‘nona-hydrate, 56.7 g of nickel nitrate hexa-hydrate and 7 g
dfroxalic acid di-hydrate were dissolved. To the resﬁltiﬁg

. _solu_tion} 57.3 g of molybéic ac‘id and 374 g Qf the samé alumina
having a pfcrystal structure as_used in Example 3 were added.

15 The resulting mixture had the following composition.- The
alumina concentration in i:_erms of Al,O3 was 35.5 % by weight,
the HN03 concentration obtained by calculation'of only a
component converted frqﬁ nitric acid radiéal‘df aluminum -~

|  'ni#rate excluding nitric acid radical of ﬁickel nitrate'waé

20 3.5% by weight, the content of all H,0 was 51.9 % bj weigﬁt,
the content of Ni (NO3)‘ 2wWas 3.5 %byweight, the impurity content
was 0.1 % by weight, the HNO3/Al,03 molar ratio was 0.160, tiqe

“‘OXalic acid/ﬁ201nolar ratio was 0.0196, the k value was 0031,
‘the o'xalilc acid/alumina weight ratio was 0 014, and the Mo/AI

25 atomic ratio was 0.050. o

| " Then, opera'tiox;ls of hydrothermal synthesis, molding and

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




Then, operations of hydrot hermal synthesis, nolding and | ci nin re
conducted in the same manner as in Exanple 4, 20 January@d@%“%ﬂg%ﬁ a

slight anmpbunt of Na contained was renoved by washing. The resulting nol ded
product.was dried at 140C to obtain a hydrotreating catal yst having a
specific surface area of 261 nR/g and a pore volume of 0.62 ml/9 Then, 20
parts by volunme of straight-run gas oil containing 1.17 o by wei ght of

sul fur and 2400 parts by vol une of hydidogen were placed in a batchw se
reactor, and hydrotreating reaction was conducted under the conditions of
350C, 5 MPa an%tsti;nigg for % hgu&. 10 As. a result of analysis of the
reaction prodftt 3 PheIkaRBPYEE Bxni'Di TR | WHS ZSTOIRT BYe Werhingz o of
sul fur containe .Jany 006 55 aimed:. 1. A pr for preparing
an al uni na cg#%og?FFég}ngcgﬁgﬁﬁéi369338g1%ﬁswgf%$déﬁaggﬁfﬁgﬁﬁ1P&téln a :
nmonobasi ¢ .acji ' | I e_al umnum hydr oxi de and/ qr
~alum na sel e%ggggt?%%r%igﬁgc?%?ﬂg\%\ﬁtnlggg%%‘g%arsl 8%":1 Af ‘?%\r/??f? ?Jﬁa Oqil 861

aci d- cont ai njyngy al Yl glu%bggd(,ggghg% |kt gi ggdmwg heating al um num hydr oxi de
EPLE; 0. g-

in the presence” of no asic acid or Its sa (B) acid-containing alumna

obt ai ned py tfea?fﬂSn%?GﬁéﬁﬂQﬁy%WQd%éﬂf@QPQiﬁﬂthﬁn@%%ﬁﬁﬂf@oﬁéafning

nonobasi c aC|_d or its salt, and (C) bayerite, 7 ' S
- 1.17 % by weight of sulfur and 2400 parts by volume of hydrogen
“weﬁeplacedjjlabatdhwiéeteéator}andhydrotreétingreaction
was condu'cted under the conditions of 350°C, 5MPa and stirring

for 1 hour.

10 As a result of analysis of the reaction,product, the
catalyst exhibited desulfurization rate of 74.7 % of sulfur

contained.




to prepare a reaction mxture having a k val ue adjusted tQ& be i é(ge
follow ng range, said k val ue being represented by the f ‘ﬁaﬂwgo rmul a:
0.0001<_ k 5 0.20 k = (b/a) x (b/c) ggherein a is a nunber of noles of
alumina in the reaction mxture in ternms of A1203, b is a nunber of nvoles
of acid or its salt, and c is a nunber of noles of water, then subjecting
the reaction mxture to sol-formng reaction at a tenperature of not

hi gher tFRAA®EBC to obtain at least partially an aqueous al unina sol
and/or an aqueous alum na gel, and subjecting the aqueous al um na sol
and/or the aqueous alumna gel to, optionally alkali-treatnment and

mol di ng, 1"t heft drRAISGS8nd *&H ci RFSRPTIZI Tha? pr §48BENE or SEFRPEHT AT an

al um na conposétpisiekai med in claim1, wherein a pore structure
controlling ag nt is added to the reaction m xture. 20 January 2006 56 3.
A process for %‘?’é}?ar"farjfﬁraﬁngl GRF T op GsitaPeRas1¢ odptd sttt tsadidilivg wat er
and a npnobaste @cilkaet bhs sAltinafdhpdpiicle shayust WiRnGaAt §@lddtRg agent
sel ected from.an gen-. containjng organic co und and an i norganic

pol ybasi ¢ act ™t 32% g?hmwgaﬁagf)g% i Ré?t‘b" g&gﬁare a reaction nixture
having a k valake asgiustcedtbdniey i nalieidual | onwgdipxiBangebtaahdd k vgl ue being

represented by the_fal.lown formul.a;: 0.0Q015 .k <, 0.20 Kk = (b/o%) x (b/c)

wherein a is a nunber of nﬁ?leﬂéu%lfm altHAERE PR (AR the Ppresence
' moncbasic acid or its salt,

(B) acid-containing alumina obtained by treating y%-
‘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,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 températﬁre 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 aqueous
alumina g¢gel to, optionally alkali-treatment and molding,

then drying and calcining.

2. The process for preparing an alumina composition claimed
in claim 1, wherein a pore structure controlling agent is

added to the reaction mixture.




reaction mxture in terns of A1203, b is a nunber of nol of a'qdﬁor its
salt, and c is a nunber of noles of water, then subj ecti%@ﬂ'@qgg i on
mxture to sol-formng reaction at agtenperature of not higher than 250C
to obtain at least partially an aqueous al um na sol and/or an aqueous

alumina gel, and subigst i ng,t hepaguequs al i n%lﬁﬂl%é‘nd/cgfn %@&i queous
alum na gel to, optionally alkali-treatnent and nol di ng, ]tD en drying and
cal ci ni n§°MATL3AN9pBr ocess for ' preparing an al um na conposition,

conprising: addifyg; Walek and anmbRASSHAR GcABNEPasis aeid Qg id Ho3@lt to
al um na havi ng a p-crystal structure to prepare a reaction m xture having
a k val ue adj os¥¥dUS bEORRIHEnIf ofPHM nFelantRrd &R kaBal YIS ng

represent ed byohtnihgl |c¥WaRgcl Aompband 0.4845 4o _tnOrfthike péDi)six (b/c)
wherein a is a nunber of noles of alumna in the reaction mxture in terns
of A1203, b i8C% ntfbéradrmims e3ndf Paeldminegr tot PreRRTS @ndreadtdon nunber

of moles of viiehure2Qatanyasy2000u0TadfighoauBbeELi B9 the ECACiGR M xture
to sol-formng reaction at a tenperature of not higher than 250C"wi th
‘stirring accofidfiredd¢ o Epkee inggl@ﬁ veRrrRAsntedi oy g ofoblstidng at | east
partially an agueQqus al um na sol and/or an aqueous alum na gel, and

subj ecting the aqueous alum na sol and/or the aqueous alum na gel to,
optional |y al%90isrkat #eB€ and nol ding then, drying and calcining. 5. The

process for pjggp%i/gg }gn(baylcym na conposition as

wherein a is a number of moles of alumina in the
reaction mixture in terms of Al,0s;, 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 at least partially an aqueous alumina sol and/or an
aqueous alumina gel, and

subjecting the aqueous 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 composition,
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:
0.0l k £ .20
k = (b/a) x (b/c)

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,




claimed in any one of clainms 1 to 4, wherein the reactio xtu? é[s m xed
wi th al um num hydr oxi de and/or alum na having a hi gher @0 han
boehmite in an anount of not nore than 95% by wei ght based on the al unina
in the reaction mxture. 6. A process for preparing an al um na

conposi tion, conpghsi NGin ALY RY %@EeEeaﬁtﬂQPQBﬁﬁhg aghds8i-£45:53/ t and a

pore structure controlling agent to at ast one alum num source sel ected
from pseudobo&R@ftier @t & uRsHRABEARKSXPEenot mhighey ctAuM NG atidba t her mal

deconposi ti onspi AELG! aBEomdithiRdUBLNHE §@4alrltae BMPPJh%u% EERLLi QN (8l xture
having a k val ue adjusted to be in the follow ng range, said K val ue

bei ng represeﬂ?’é?j”b)f‘tt hea#bIRuliiAd L¥ of nABeoBs 0 inay sgl oandyqE 20(b/ a) x
(b/c) wherei na@lécslsaamgmgﬂ RLfi,mehes of alumina in the reaction mxture in
ternms of A12G3, b is a nuynber of noles of acid or its salt, and c is a

nunber of nol es of SYIESFIPPhERE AMEERE| AP ™iRE FRhdnHrnike BRI0YS

sol -form ng abatiiaOryadl €of espeiciang of1kaot -hidhelenthama?idiag obtain
an aqueous al um na sol and/or aqueous alumna gel, and 20 January 2006
58 subj ecti ng*¥HE SJ¥ULHY L0 &ﬁl}'ﬁbn‘s‘gﬂ and/ or the aqueous alunina gel to
drying and calcining. 7. The pr ocess for preparing an al um na conposition
as claiped |ﬂ1clalm2 3 wherein the pre, structure, controlling

agent |s£rgt | east B ﬁge%%np%lfndb&?%ﬂrégd PPont Y- Gy y FERPREH & i AF or gani ¢
conpound, an ¢luamgdnic applgAsifc ceiits andt@ 4,0mpewsdn ptivduaedthyn

d|5500|at|ng 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 monobasic aéid or its salt and a pore
.structure controlling agent to at least 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,0s;, 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 agqueous alumina

gel, and




deconposi ng the oxygen-containing organi c conmpound or th i nor i
pol ybasic acid in hot water. 8. The process of prepari ngezgrfa'é‘faﬁﬁ?ﬁdfc
conposition as clained in clainms 1, 3, 4 and 6, wherein to the aqueous
alum na sot and /or the aqueous alunmna gel is added an alkali, followed
by hydrothermal tr . of e u ! Lo aqueous
alum na gel at a tg%g(?éa}%ldl et%%] acﬂ%t%%%i gﬁ%bﬂﬁ]%%lzglgééoatgghing%#%ﬁ%sna
conposi tion pRépaied dey thedpwisgessd ofalariyiione of clains 1 to B. 10. A
catal yst conprising a carrier nmade of the alumna conposition of claim?9
and a catal yst conponent supported on the carrier. ABSTRACT  Di scl osed
is a prodess Fbe preps&ssngien HngFRRANY corpoSilunbme haadrgs htgin speci fic
surface area angihef Gfn POTLim VA! USEor CRIPL/LSFBYn PERPALLAY Bt FEAGILON

m xture having a given nolar ratio between a nonobasic acid and water by

the use of an®@Ftif'ldRPsGEPRe Sucht adeath dnormaParAg arlertrd dbrdi ned by
heat treat mengnof ol ged e YA QX derddhilhe RLeseREES Ofn abn&<dLhicbayerite,
p--al um na and ¥-al ym na, optionally adding _an oxygen-contai ning organic
conmpound or aﬁo_Wdﬁniad?lﬂo?%a%i%O%“Bdagr%dﬁﬁ% Bt FaEPRaFE It P81 | i ng
agent, perf oastdighosahgf erel egyfeerebhefinand drfyani 8 UBHRSIUnAY drhenepr oduct
obtai ned by the sol -for rreact|jon to an appropriate operation such as
al kali additi b%ojiﬁanﬁgai’%df:aﬁ?b% 1y 88EnBHST- Al so disclosed are a
catal yst for petroleumrefining, a carrier of nonolithic type obtained by
nonol ithgc rm{-ﬁji rfo% and a_nol ded. . s .
. e ocess of preparing an alumina composition as claimed

in claims 1, 3, 4 and 6, wherein to the aqueous alumina

sol and /or the aqueous alumina gel is added an alkali,

followed by hydrothermal treatment of the aqueous alumina

sol and /or the aqueous alumina gel at a temperature of

not higher than 250°C.

9. An alumina composition prepared by the process of any one

of claims 1 to 8.

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

on the carrier.




carrier, having a. porous structure having pore size of ébm crgﬁﬁtp
several tens mcron particless, all of which take advant UG % ertles
of fibrous beehmte produced by the above process.
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ABSTRACT
Disclosed is a process for preparing an alumina
composition'ﬂeving high specific eurface area and large pore
‘volurr'le, comp'risi'n_g oreparing a reaction mi;;ture having a given -
5 _ﬁolar ratio betﬁeen a monobasic ecid and water by the use of
'fan aiuminum.source such as acid—containing aiumina~obtained
'by heat treatment of alumlnum hydrox1de in the presence of
an ac1d bayerlte, p- alumina and y—alum:ma, optlonally adding
'an‘pxygeo—contalnlng organic compound or an inorganic
10 polybasic acid‘as a pore structure.controlling agent,'
performing sol—forming reaction, andrthen subjecting the
: pﬁrodu_ct obtained by the sol-forming reaction -to'.au-1 appropriate
ooerationsﬁchasaikaliedditionorheatdehydretiontreatment.
A.'I_._s_o disclosed are e catalyst for'petroleum refini'ng, a carrier
15 ~ofmonolithictypeobtainedbynwnolithicmoiding,endiamolded
cerrier_havihg a porous structure having pore size of |
submicron to several tens micron.particless all of wﬁic-h take

advantage of- propertles of flbrous beehmite produced by the

above process.




