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onl y t herogbsing trefpreipitaie by washing,laging.détiyirighgrafuakingy; tiying biyd difier RiiiabIE B a8f

pri mary to emtdl itherpom\distribotion and strectrb Yo thedasiredianes. Si de reacti ons are i nproved.
The use of the present catalyst allows reaction to proceed at a | ower

. t enper atRepdtion Genditionsi ng in 50 extending the catalyst life. The

[err]%al um na catal yst has an acid strength distribution such that it has a
pKa val ue Inthetrietie-ghie pessent inventiarg plisnele are geagted witthereinatipnapenie inttha-rasenset of o

i ndi cat GPeCHiA dova Alkalin weakly acilie walpming, Gaiplyst 1 The geactigp gopditions; appligghlpr BRiein May ibe
basis. P %thaée“eﬁﬁ t”"t“??e”’é?ﬂfy 8”?’@5‘{"1]?@ forgte present cat a?ﬁést t hat

it is ?5% 5??8" "t r@aﬁge ?P E’tsgo f%F“° rﬂ"?f‘?’?RéV rStion
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in the figuid pise. e GBactibnlia lordidrad Lmdf'% FOBEES dniitls! i high

avai | ablsgediivigand\isia] T réabtioR aft b @ﬂn&fouﬂm&rleﬁﬁmuoﬁs or bakehwi a%ntﬁt?qﬁs FbaddsS. A.)
treat ed puisiTed BaEdEHRMBalyPiddiceaiartle SToulitidl BiMmBS 6 4 Gomiaicibl BiECT | bed | n Exanpl e 2
of Japanese theptaetide oPthb bresdnt in@ntidhDthe Hlidlhdrylspatsi veIgcitylAUREY] & 'phofardbii s8btb QI01  We
have 4 ot 0.1 thiradt merb rppeiarakic tod0.62 toets06hiavi. Mhem a[pkanoV &l paesedfat lak hsurly low ratd (i ar e
pr esent lilerhoan teaarmactin towverd @ rcglema pacBediwithca ¥iutnertie difeg) rof patalyst, dhe\ligtid howsly space

i ndi cat ivelepity lsdhe phian! fidwoeta dividedibyycatalystyvoldiné.f er ent from t he weakly aci dic

cat al yst dieeelionjiohg rhendl (with an camingtion agertractaiding ot the preGent dnyentien imillugrated &g t hat
t he cat #afering ta@ceontiniovy gpwphaprerepation made. Argaeaqus mprtutecis Prepargd by vrnorizing &l liguid c

act i Pt pheselspi phongi Aprd diayidijamiponiar jegetherarr ¥apprizing \themy separataly pRd: thep reigie: ras! | i ng
degr adat'fRSyFgra Eﬁi’t% rRH°’39K’r) |With Suneriiqated, prymeniay Aheyresylting midvre is,contiuenslycadanitted b s
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The [er ey g o 81I f d ?’ﬁsétfeéﬂ‘bwlqus'ace ?/}f %
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t han sﬁ‘O/ "t@ mi re b\fﬁa ofaa nr\% and the

metal oy Mxmn @ i o tet ea&ﬁ tJ

char act is S50 18 r&actS ruc resent cata s a ar e y
differ ent r om the catal yst descrr bed | n t he above- ci ted Japanese Pat ent
Publ i cation No. 47-
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12341 7in this respect too. As seen fromFI G 2a showi ng the isothermal

ni t rogen.adsor ption/ desorption curves of a catal yst according to the
present invention, the present Et?aQQ?Wls%&m bits a unique phenonenon 15
that its isother rral desorption curve shows a smaller desorption anbunt at a

“hi gh r%i@cﬁ,l_ﬁ pressure and rapidly approaches to the isothermal adsorption
curve he rel ative pressure corresponding to the radius of a throat

pOrti on Gampidd fe pmnanraa@aa%ret 41@& bsuaﬁbmy%f flisirbtfioh hdPnoPby Myeof RhigBG ¢
catal yst is of typical ink bottle shape. I'n contrast to the pore structure
%@nt catalyst, the Alcoa H1 51 catalyst treated wth aqueous 20

c acid or hydrochloric acid described in the above-cited Japanese

Pat ent Pubreactaiof SUS BRN. hadidg a2 ek diamstefof[250anmm laid S lohgte ofod mSias packb@ p@r as

under sé&dab dertralquovtibin @it 660t rhicaf wBt-aluminiarcatylyst im deodieshaps madsodigrhéterrof @ 4 § @sn Of

"FI G 2&nd allbngtq of abdut ) mmi coasigting efl 0,2% by weight piiNa0,20.02pOnyossightdf Fei 03, P083E Bt

i nvant wejght oh8iPacand ithezreaitder of Alzflsc érdi hevingothe phiisicalrprdpetiesoreportedvn Febleal. iThe

cont enteactyiear heatsdde e predeiarminesblemparature by a swrounsling efertriebpatehwhile patsing Bmoia ai ned

by 25 aast?gths Seerelermined, lPmReratire Avag rearharki Phenel wasisueplied byyneans ﬂlat'a'Pwagﬁeahmm num

hydroxP fromthe m xture, and_praqocessi n t he precrgtate by washi

oni °'aH'f r S Aspure of 1591 @ (5 Kg(sa*-Q) Tﬁ& t
con??qo ﬁ‘?gé S‘Y Ig@%ﬁ |'%Wg‘f’ﬁ“ Yfﬁf?‘e'"tgﬁs foym. withthe maler "Btf?é"'!; ammeniz ¢ | gn
e ultm rea

Oondlt Qo s are react ed

o m%&t ce od J r Ve”
& o

aCI di g;:&ﬁ. lm&bﬂtﬁ agguéfé%{jéri‘on loﬁ oma;‘ s in t he

pur pHake. The reaction tenper ature |s one exceptlon rom 300 to

[err], m?ﬁ@sd?rfpg Wedsabjictdd 10 FuantiEtive dbtertmatioh BySihtfdducing 1 d?rtr?ess‘iﬂble Wt@ & gas

al | owschirdatdgtapt) hiving [ édfufi Cbf 3b-1000/CAVRosdILE WA %%ﬁpﬁtrh@ﬂ\e'd&tatd&&r@ﬁd Qrthéir t.

The r ecuirbétet arginasic Péroentsdy mBodi t her at nospheric pressure or an applied
pressur e Frohy td thus eltkirat @6mposifion o teredttion prétiuGtOthd Altes (0bpHefiol 2bhvarkibP PAIDFBRE) . The
- ol ar  andiihe seleofivity (ANES) Br@ coroputediaoenidirlg tp the faliowiily equatiamges from 1:1 to 40:1, nore
preferably from3:1 to 30:1. 40 Am nation reaction of phenols

according tg, ‘ﬁkﬁle P& Fet s e(ng Qn may take place in either gas phase or

| i qui d phase. reactlon 'S pref erably carried out in gas phase in order
to PAoduce ani 1B EACLAG PeIn NSt NTheg Mqeact | on may be
carried out ei tdes®f |Rhﬁ§\9} éfredb&{eéh\}&"éé'- tAMEont i nuous node i s preferred
to econom cal | prod e e, amount of anilines on a comercial basis.
In the prach® -’e‘é’eaﬂ? (%N ehtion, the liquid hourly space velocity

- (LH3V) is pref aramg_f diEtaﬂﬂiné)hx%udeiﬂ ek [umit] ,timere\ﬁo q,[ Frably to 0.02
to ff.06[err]. o ol yearted] per amitodrdlme f| oW rate (in

liter/hour) to a reaction tower or colum packed with a volune (in liter)

of catal 0, W

G vl s@é actn%) %n{‘ *p:t,%%é; p E%défn éﬁ?‘ma \BhRG ia&.oh%eaﬁﬁgwpeﬁwtn?%m Jrr]a%;egen t

accRy di NGegaftely thePERD fEW'l%s'tﬁed in uaﬁ.ﬁlfahéeq dioh 94rSigh! s tugr_eg

cont i ngisiéferntlAsd- 43 85 6o diffRS, 1 d REBCHEM tporatuAct ABIEC, THh LHEV @ bRonbl! o7 RDUE A0 %

Vapor i rédctigh iedsirdl 6t 1h 5 GIINEKYRIM2Y, ahd & @hrforfiffleriol Fslarctat®IBRBE) AR b @REbTIEH- OF

. vapor i day deritios; theSapvty @t Bb Yatdystl wad @iorfiined il rmO6f phadPEdnverdidh (Rh-B @b &filine

phenol sesgtivity (Ah-S§ topudmpare Wittt tha imimandatalyticl dutivity SThe | ptdcediire Wastrépetted By ¢apyiig dalyous| y

admst ttedreadtiorotemparattrel yst - | oaded reactor at a tenperature and pressure as

pr evi ousThe relsuliscare shown inTiable 2chiocrbdustionrin oetalytie adtivityovas observad. t he outl et of the

reactor is restored to atnospheric pressure and cool ed. Since the reaction

m xture contains a noticeable anmountable ammoni a di ssol ved therein, ammonia

is separated by fractional 55 distillation. The unreacted anmonia thus

sep¥rated frgmthe reaction mxt ugtgygtg.ferﬁgycl ed for reuse. The reaction

m xture reno oo T s subreqted—to—dtrstrttatromr—for—wpt er r enoval
" and then isol %@sﬁ ntlo FF“%‘P’]“P?@J(’E) and " eactled AfRCISB08¥8) | The

aniline(s) ig thus rgcovered whil e t|hen-@inrleass ed phenoll (A)sisf recycled to
thessr eactor. [B. A
ple 1 360°C 82.8% | 996% | 87.0% | 99.5%
370°C 99.7% | 99.2% | 99.7% | 99.2%
1 380°C 90.8% | 98.9% | 99.8% | 98.9%




EP 0321 275 B1 EXAMPLES Exanpl es of the present invention are given bel ow
by way of. illustration and not bE é I|mtat|on Exanple 1 A reactor of
SUS 321 having an inner dianeter BP 324265 Bty and a | ength of 2 mwas packed
over an axial central portion with 660 rri of a [err]-alumna catalyst in
noodl e having a dianeter of 4 to 6 nmand a |length of about 10 mm
consi st |'n'g—@?— 2% by wei ght of Na2O 0.02% by wei ght of [err], 0.06% by 10

vei ght of (g4 nooﬁB@hiﬂa@ chtBRioNHE sarfld cdnfPosition aAd Shdpa s HOEkR eﬁ%é t ®r the

pr oper t i ghgsidaCptogertds shown TR PAER 1. -amidfon! of BhénOl walRarridtEatt §thd Qangle .las&aﬁe'fha‘err iHened
terrpeeatgd.&.ereha.oac@,uﬁ.@@ug\mmgnﬁé gctric heater while passing ammoni a gas.

Af T8r the THeaekahedtah Betivitylte0 s sliowh @ T8BB 1f eached, phenol was supplied by
means of a micro-nmetering punp. Reaction was effected between amoni a and
phenol (Bxglaple & pressure of 15 bar G (15 kg/[err]-G . The 15 feed rate of
phenol was 0.045 [err] in LHSV. Amonia was fed in gas formw th the nolar
rati oof aWsingrd spherisaliatalyst| of dhetsame cdrapositionTascn Exaplet 1, gt hading & idismetei oftbuin & Was
i nt r oduce ard Herphysical properiias shewn in Jakiest, aminetianief phenol [wes) chnipd guisn the samenteestornher e
the |i quiepr theseme i9actinn epndiions il Bxerleskt ed. The 1iquid reaction product was
a mxture HP’?W?’F”E]EH“HE’ t%%w?’P sWﬁf’hTaH'ed water resulting from amnation

reacti on. WF’ e {fof ‘15‘ §P°§’él F%d‘aalﬂavsze"qef ém t he
liqui§. pﬁ 1‘@‘}‘\’8I°f 'Ei 'Yi’é°' fhrt 'y af o

a hormgé operatl %Ieaﬁ"l:y %?; }Z@ g 03 t ?f fat | on
b t

cyl o '8 lﬁ ym‘l 'v' |ﬁ% qr%gguﬁea‘f'as BYH 'P%rghe

cor et e<f %@%Jré&o‘?ﬁn%ﬂ&@%&ﬂ@%ﬂt ca?aﬁ:.cact.v.g dsfed, NUS bt ai ned

cagposi tion of the reaction pro e rates eno? conversi on (Ph-C)
and aniline selectivity (An-S) are cogpyged accord| ng to the follow ng

equations: Phenol conversion (% = 3 nol es  of phenol react ed
per unit tinme X T00—Totes—of ] trero—fed—per—umt—tTme—Ani | i ne
sel ecsi vity (%_=235 wtlifeJpstaniline produced ger unit time

X 100 nol es of Gataiystol relamtiaderpm-atmlt ti ntialhe gct iAﬁértmoaéystde cat al yst

I n am nating phenol at |varying reacti € ar as| T rtled in Table
1 as percent pherel—cofversion—ahd—ani r]:], & ﬂlmgéf'\'?q'g S0 atlel y, the

predePer mi ned $et of cdnditi 8WSC a redd9i5¥n |t Wrifer|adf% pf992L%0 |C, an LHSV
of phenol of 0[045 [err]. a B%®4Etion pr@d&urn 8% 15908 BP% Ko/[err] -G,
and an ammoni a/ phenol nolar ratio of 16. At the end of 180- day operation,
the activity of the catalyst was determned in terns of phenol conversion
(Ph-C) #wrainptad | i ne selectivity (An-S) to conpare with the initial catalytic
activity. The procedure was repeated by varying only 45 the reaction

t enper at urAminafiore off piwodl twes gardedsbub Vnths sanke idaator2undBiothe eahuer teaction iconditiarisadsyih i C
_activit yanple bbxcept\thatithe Tetblyst ussd3@s a spherical y-alumina catalyst with a diameter of 6 to 7 mm,

Cat al ystonsisting of &ite Brwaibhtpf Na20, Q4% hyoweight 0hER Q4. 14 7% by weightrof SiQal 90.6% by
AfLer,, 196igk 9 Al @y, and 6.0% py walght of L.Gola (Loss on Agwitien) 3ad having the physical propentigsl shovin in
[err] Tablet.” 87 896 99.6% 87.0%  99.5%[err] 99. 7%

99. 29  JYOapyits of aoachyly fast weye shown inTableh g0,  98.99%  99.8%  98. 9% 6

Comparative Example 1

. catal yst of Exfrfsererled \jas usd¥°Cn contiéﬂ&&u W% Jt BYHOTo )r99-158e0Jdays under a

Amination of phenol was carried out in the same reactor under the same reaction conditions as in
Example 1 except that the catalyst used was a y-alumina catalyst in noodle shape having a diameter of 4 to
6 mm and a length of about 10 mm, consisting of 0.17% by weight of Na20, 0.02% by weight of Fe20s,
0.08% by weight of SiOz, and the remainder of Al20s on dry basis, and having the physical properties
50 reported in Table 1.

The results of an activity test were shown in Table 1.

Comparative Example 2

Amination of phenol was carried out in the same reactor under the same reaction conditions as in
Example 1 except that the catalyst used was a y-alumina catalyst in noodle shape having a diameter of 4 to
6 mm and a length of about 10 mm, consisting of 0.17% by weight of Naz0, 0.02% by weight of Fe20s,
0.06% by weight of SiO2, and the remainder of Al.Os on dry basis, and having the physical properties
reported in Table 1.



EP 0 321 275 Bl Exanple 2 Using a noodl e shaped catal yst of the same
conposition and shape as in Exanple 1 except for the physical properties
.showh in Table 1, am nation of éﬁk&% A 2881 carried out in the same reactor
under the 5 sane reaction conditions as in Exanple 1. The results of an
aCt i Vi 1Y 7ing syl & sbAAPbsi vire HBEin Fapianpl e 3 10 Using a spheri cal
catal yst of the same conposition as in Exanple 1, but having a dianeter of
6 to 7compandtive B@mpipBYsi cal properties shown in Table 1, ami nation of phenol
was carried out Tn the sane reactor under the sanme reaction conditions as

i N, ExanplAminktionTéfephtrt was Bardd Ul in2thé isithd YoadtérSUndaFathe® sEmtbONELtibh coh@iidri ab-in

Separ aEsmple 1t éxeept tiatdhy sitalyst uder avaP b Sphdricsb.s-alumingl catdlyst Wit 4 AisHAVIS oPB &S Bhnipn f Or
180 daymnsistind @ 04%1iy yeightiot Ba0i 0.03% e iweight of Gadis| 10B% by WeigiRE S0 84 8%TPE! at ur e
of [ er weight obAl2Qa HBY 48P+ yylveight of 1.fO.10an0 Advingater ghysiaal grepeties showpinetableine of 15 bar
G (15 kg/Theresilts gjan aglivity test werensbowreih Jednbl nol ar ratio of 16. At the end of
180’°day operatlon the activity of the catalyst was determned in terns of
phenol_ﬂﬂﬁﬁﬁﬂkﬁﬁm_zéh C) and aniline selectivity (An-S) to conpare with the
initial catal tlc act|V|t The procedure was repeated by vaying only the

r eact | nol ‘”ﬁ)c affod °Ph@ tF‘%éﬂ"I'et ?a‘é‘?’ é’"gﬁ?'idgﬁn rpapiprocanditions asdiuct i on

?&eg% 9\?@ tig3] yalumina;catalyst with a diameter of 6 to 7 mm,
Cat aT ‘%‘QF o, ?%’i' > P"B‘H"*,fé ﬁ%@%‘a‘l Qghoby weight of Si0p -45.4% by
After v ° hol'-l’ha" a:IV’;Qt e PRys flips ghown in Table 1. oy 1
83. 3% 5‘6 B o1 g [err]

99. 5% GompaitiveExampid§ - 6% 99.2% [err] 99. 7% 98. 8% 99. 7%
98. Q%BB‘%EWT%—Am nation of phenol was carried out in the sane reactor
Under t hammaioh of Phsrol Wb &qmw ANAe Ssing fBaciof AN Ghelsafis o dttion! éba?mégb%s?@t al yst

used Vaample IIXEPt thatl thd Edtdlyst @bod! Wad@ sshdfical -)ta&mum &thly3t Witha Ganfeher @

consi Sénsiging b 04%H b eightiel 120, 06194 B Weight & FA%) i thierilhdePbt LSS bn dry Besfe/0 bY

wei ght andfhayirgrthd phySéal frépdmes ddwnen bl 10T [err], and 6. 0% by wei ght "of L.OI.
"(Logs on Ignition) and having the physical properties shown in Table 1. The
results of an activity test were shown in Table 1. Conparative Exanple 1 45
Am nation of phenol was carried out in the sane reactor under the sane
reaction conditions as in Exanple 1 except that the catal yst used was a
[err]-alum na catal yst in noodl e shape having a dianeter of 4 to 6 mand a
| entft h of about 10 mm consisting of 0.17% by wei ght of Na2OQ 0. 02% by

wei ght of [err], 0.06% by weight of [err], and the remainder of [err] on
dry basis, and having the physical properties 50 reported in Table 1. The
“results of an activity test were shown in Table 1. Conparative Exanple 2
Ami pation of phenol was carried out in the sane reactor under the same
reaction conditions as in 55 Exanple 1 except that the catal yst used was a
[err]-alum na catal yst in noodl e shape having a dianeter of 4 to 6 mMmand a
| engt h of about 10 mm consisting of 0.17% by wei ght of Na2O 0. 02% by

wei ght of [err], 0.06% by weight of [err], and the remai nder of Al 203 on
dryebasi s, and having the physical properties reported in Table 1. 7

50

55



EP 0 321 275 Bl The results-of an activity test were shown in Table 1.
Conpar ati.ve Exanple 3 Am nation of phenol was carried out in the sane
reactor under the same reacti on EBQ# 2888155 in Exanpl e 1 except that the
catal yst used was a spherical [err]-alum na catalyst with a dianeter of 6
to 7 mm c LShd b 440 | f; Na20, 0.03% by wei ght of Fe203,
10. 5% by meﬂfégh%héo?gr[’gé'}'@tésg%gé‘%%gﬁeﬂbgﬁt of [err], and 4. 3% by wei ght of
-L.O. 1. and having the physical properties shown in Table 1. The results of

an activity test gﬁpv\@ LoTpqr atfve Exampl e 4 Ami nation
of . phenol was car g 081 =n rgundgr | tdel sa reaction
comditions as in ap 5 —e g-art-ayrs-used—a a spheri cal
[err]-alumna catpl y&t |t tR 7 Bn Es| konsisting of 0.3%
by wei ght of [err|2]8. p3%Thy “0l02% Y height of [err],
95. 4% by wei ght ofZ|&r (8| an of [LyQ Iy pnd |having the
physi ®al propertifEs|&hoWn Tn sl {s'of hn| actfivity test were
.shown in Table Lhappe At v A, nat L, on of enol was carried
out in the sama.hreg:_oﬂqn%le I 8n c:an:li:ilznis as in Exanple 1
except that the\clat afysd| yse rcqr _Terriratuprme catal yst with a
di ameter of 6 tH |7 ffn |Rpresistd ng & by de{ght{oF Nal2 [0, 0.01% by
wei ght® of [err]y fangigt BT ' SF—oentey-basis—and havi ng t he
physi cal propergiles|ghpgh &n : |3% #0}4p bO 5i5a‘8 EP 0 321
275 B1l The resuftls—pi—anract] shapn ih Tahle 1. [ERR]
cal cul ation from|pbfe djpnet nd pore ime. | PPeferaply,| the
[err]gal uni na c@tjad /‘Stv%orﬂ a 175 [i 9k |bet il e- |92 | EP| 0o 3R1 275 Bl shaped
peres in ato pg)*'é | ungl of lat lleast 0.4 c. :.7g’am pn dry basis. Al so
preferably, tfps[ledfd-allim na cdtalyst i|s a|weakly Rcrdj ¢ & um na having a
pKa value in rhge Pf drjom 4 3 3 Lo |+.6|8cap Tepsured 'gh Hammett's
i ndi cator andg iimggrf'a ed jacid qugntify of up|t® P.5 /g‘gam on dry
basi s Al so prpf aripty e ferri—atjortraseatabysi—s—ef |ow al kali al uni na
consisting esg tisaay —a)l; at| leegst 40% yewaigh of | al umihyg, gl ess than 10%
by weight of & ic.gi;arﬁj u°pt(sq 5%|b sght®of an| & kjalg nﬁtal oxide in
dry state. The|EqtilSst Jof this natyre ¢an ¢atalyzel forjmtijoB of anilines
in higher yi e}g' @d:segaecgivigty ghangwitly the priof mart wel £-known
catal¥sts eveﬁ;q\/reih Meagltion i°s c%.rrigd outlaé | oper t engefat ure. Low
reaction tenpgre{g|d ° V| <
Ze |5]= ~l8lele|alve|-]|o |
L CREILEE D D D B I B e z
- N "."5 a 5 ° © o - [ -] o - ©
35 o = - =
.";'. % - -~ (] L) (- n < « [ tn Q 3
£ 5 <| =~ o - ~ ~ o " 0 ~ )
> .§ =
o z(E|l.3zle|efe|afscfs)ale]®
\ T |82 -
40 o | §|383 - | = :
é ; © ™ - © ) -] ] o ° E
3 2 .‘.‘.aig © ~ (] - © o - o ] -
s 2§88l s | s | 8| e | el e je || s s
“ CI -+ Ty B -0 - I B - - I (R i
é 8‘.;_5 ol ™ ~ ~ o (] N - " o
a3 3 §'
I R B - | EP ERR A k-
R H HH HEHEHEE R EE
50 & &% 3533&3&533353"35%*;
- ~ m - - o o - w | <
w | ow w | 8| 8|83 |4
66 As understood from the above teachings, according to the present invention, an aniline is prepared by

reacting a phenol with an amination agent in the presence of a y-alumina catalyst having a mean pore
diameter in the range of from 30 to 90 A with a standard deviation of 10 to 40 A based on statistic
calculation from pore diameter and pore volume. Preferably, the y-alumina catalyst contains ink bottle-

9



tures provide an increased selectivity of an aniline and control formation
- of carbonaceous or resinous substances due to degradation of the aniline.
Therefore, the catalyst of the [BRQ8t215Btntion has a great 10 advantage
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