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Alkylation of Benzene with Propene and Isopropanol on the A -zeolites
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Abstract: The acid characteristics of B -zeolites was modified by the different calcination conditions in order to remove template and the
post-treatments such as ammonium ion exchange and HCI treatment. Alkylation of benzene with propene and isopropanol was carried out over the
catalysts to investigate the effect of acid characteristics on the selectivity to cumene in this reaction. The Bronsted acidity(IR 3610 cm™ band) of 8
~zeolite was significantly reduced by a deep bed calcination compared to that of B-zeolite calcined in a shallow bed. Moreover, extraframework
aluminum species which did not show acidity were produced by the framework dealumination on the deep bed calcined B -zeolite. Bronsted acidity
of deep bed calcined B-zeolite was significantly recovered by ammonium ion exchange, however, it was partially recovered by a weak HCl
treatment. It was found that the framework aluminum as well as the extraframework aluminum were extracted by a strong HCl treatment. The
selectivity to cumene was shown to be about 95% on the shallow bed calcined A -zeolite, however, it decreased to 90% on the deep bed calcined
one. The post-treatment such as ammonium exchange and weak HCI treatment enhanced the selectivity to cumene up to 93% by the partial
recovery of Bronsted acidity. Propene was proved to be a good alkylating agent for the selectivity to cumene compared to isopropanol.
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FAe =y HHES AAstEr B8 Y 22§ FPA2A, °of Fuj FelA B 49 DIPB(diisopropylbenzene)7t A4 5=
aZz#e(l-3lol} TS5 So 4B WA s ug olE Eu FEYY side pockete] 71UV etk B
o daA Adddh A THeE FAL A= FTANA HZSM-5 &v} dellAe B8 49 n-Z2g943 Sdade) A
A48+ &) Friedel-Craft £} solid phosphoric acid 5& 4 WEe Fdo ddyol Baddn YT Raol8l S A
A3 ik o] FAAMN Fulel MHAYL %% ooz ofF E2lE LaHY ¥ Ry E(mordenite)7t WA 9] 47 5hukga)
Foul, B9 24 2 #7 09L oAYE T BE BAH) Z7] 840l Fov Fd9 HYAE 47 81% 4 83%=2 Fou
Aok webA o] AN AgeolEE Fujz ALgsEHE A7} 4A7 dojdttn sAch ojgh 2 o]fE LaHYS A%l
Bol AAH1 Qv olx AgdEs} nANoT Ay, = 2449 95 dqFoly 2oueled 7 $dE DIPBY 2L
Aol 7b587] WEo)ch Add B2 & AF 43 @4 gEogn sigok o] F A
2o 48 279 ALYo|EE olgdld ojaTERe W = SolEge 2 ZSM-12[9]% EU-1[4]& W9 g3l ugo
290 93 Wde 43 Beo] BY =2 L EFSo| ol A e Aol %2 o S48y wo AstE dns}
EHAUTH2-6]. EU-1 &) Aol M o] 282 AN Pradhan(5] LEH . Pradhan(5] 5-& 334 12-ring large pore systemg
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B o ¢y AgAde Uk olgdx rusgd. 15L
F3 A7y LFud vt BE oY HE Aol Ed disf f
Ao 473 wge Ed Jgol ddq dFF 2 A= ¥
3 &, fzo dsl/4Frue] Byt 84 € A94d 4FgE
wAckn stdoihl et o] whgdA WiEr A&etolEY A4
=7} Zu) EAd vXE= Fgo digt 47 AdE ofF EEEHA
stk

geld B dFxe wE ASyolES FAA FHEA
(template) 2 A}&% tetracthylammonium ©}2& AAs7] %
A48 Z7(deep bed calcination 3 shallow bed calcination)2
ggsn, & 4 7HA Ayd g3 As/gFd Hr ge
Zug Azsgeh 28a olE Fuj oA widy <3} ue
g Yatu, Ay =49 Wst u3 84 2 Fa A v
e G gt A7
2.4 H
2.1. &of ®=
B aFe AMed AT o|AZ2REL 999% o4 AEE
24 ProlaboAHFrance) 278 TY3tsith g A EHo|EL A
2 Y& 35352 AHgslth &1 At BE 27 Chemical Factory
of Nankai University(35 KE)9 No.3 Petroleum Factory(%=
RGN FYstgen, vl Cde w=9 PQ Corporation®] A
Az 4L v A& Bl

Z4) A9 Bt Nag He} A&eo|EZEA tetraethyl-ammonium
oL FYEAR AEEHT o5& 01 N g4 £4(&9 10 g
Z 50 mL)& AMEEte] 80 TollA 3A 7 43 Azste] = o
9] o]&m& 2|9 Na' o]&& AAstx HY Hlel ALPoES
Azsgt o] FujzRy FPEAS AAN] A4 T HA
g ARESh dYE 100 mg ol 49 Zuj(shallow
bed)E 120 mL/ming %202 AAE ERAIIEA 550 CTAA
8AIZE Bt Ao, ofst e} AHed Ast BEWE Z7
As$t BsE et BE e 4 g9 BEvi(deep bedE
550 T2 A% oven WollA 8A7F F¢ A3 AR, o]F
BdZ Jehiich Fvl Cde deep bed ZANA o] FIEA |
AAE HY #el Algeto]Eolth. Bdol Holgle Na' o] 2 ¢
deep bed 244 AAE extraframework aluminum2 A3}
A3t £ F79 FAHHE Ak st BdE 5 MY Aagte
¥ 8902 60 TollA 15412 &<k 338 wHE Xsid drF o
£& BN ASo2AM Bd-NHNGE YERNUT U2 sue
006 M 2 01 M9 HCl #9402 60 CTAA 1547 A A2
ZA 727} Bdoosm no 2 Bdoiom ma® YERIATH 423 )
€ A 550 Colld 44 HEg ¥ 54 24 2 vk 4349 A
£39

2.2, B B4 Y w18

gl 7k2) A4 dstd HyE FHele 454E nF3] 9
3t FTIR #4& 3 ch. 24 Fe9 ANE=2 wafer(10 mg/
em)E wWEo] 490z WE sample holderl ¥, 9] Ago
2 AR R celle] ¥& F AXE 120 mL/ming FF3HA
550 TAA 16417 5% 2AAAT 2E 2xM 647 5% A
F(25x10° tom) o2 Astm FL7A PB4 TS 4000~
3300 cm™¢] hydroxyl group vibration 9% ¢ 2% & (spectrum)
& £78 9 Bruker IFS 66 spectrometer). Zule] AAEE B
7] $13t X-ray powder diffraction pattern(Siemens D500, Cu-K
e radiation)S T3lRow, PR FF EA(Atomic absorption
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spectrometry)el]l &lsted Zk Zuje] g =g Feg 2@
pore volumeS 4 AAe 2%dA BET #d d3 73ae
™ (Quantasorb Jr., Quanta Chrome Corporation), FA} AA &n|
7(Scanning electron microscopy)& ©]438td 24 27E &
A

Zu) w42 U7 10 mme 2AHF 371 o] &3t AetalA
AAsgch L A GAS A o)AZ2HEY E H|J}
8o] HEE E3Y FAY] HE(syringe pump)E ©| 83t 73}
712 Bl F ALE SWAE AMEEY FFEAY. ZEAS
SUSJAZ AHEE F o WA 22 & HJt 8o HEF
3] mass flow controller(Brooks)E ©]43t9y FFaAct A4
2 AF ANE FU/I7F BFE gas chromatograph(Delsi IGC
121 FL)Z ©o| &89 on-line2® #A3tgeH, column 37 £3
2 5%9) bentone 349} 5%9] diisodecylphthalate® A+-&3}ch.
whe Aol 4 EvjE 20 mL/ming AAE FFEHEA 550 C
Al A 8Xzt ek 24N &) Agk B Afele o] 22 A
2| (shallow bed calcination)o] <3 F¥E™o] AAHY 27 As
9} BsE& 9% 4 Ut &4 F %3U)E 210 TAR ¥ZAD F,
o} 2&olA ut3-S ARSHT. FHES(weight hourly space
velocity)E 4 h'lollom, wgL 1647 o4 ettt AHES
AgAe ZE YA AR Uiy 24 AAHE AP Wig=
RIS

3.2 o

3.1. &4 24

2 A7 Agg el ASTolEY B, 383 FEAE T3
o Table 19 YERQT Asl/EFode) vE A4 A8
ZulE Astn & ¥gE HolA ¥u Jou, giez A
ZujE o] Hl7} A F/HEH T XRD B4 o2HYH ZE Zuj9
2R3 2 FAHL Jod, 2 942 X Bdowm vad
Bew 2AA0] G x2S & = AT 28 o] A
& e ALTgolEY FxoE Wi} Q% 2% ARy HF
4 A71E Bt A4 Col v o 20E RS & 5 YAt A
& A% B9 pore volumeZ 72t 0087 ¥ 0055 mL/goiiou,
550 CTAM &4A714E 242 023 mL/g(As) 2 025 mL/g(Bs %
Bd)E F718t4 T Cde o FujSol H|8) 032 mL/gZ Hl&3
£ #& Yt

Shallow bed ¥ deep bedolA 24 A7) Zufol diste] FTIRS
2R3 4000~3300 cm ™9 hydroxyl group vibration 99¢] A
HEHL Figure 19 YeMiQT ZE Zuje] 7 9d] 3782, 3745,
3610 2 3700~3300 cm ™ol $1X% IR bandE AT & YAYch
37459 3610 cm™e] YElE IR bands 22 silanol group 2 Al
£&olE ZA3} dZE acidic hydroxyl group(BEAET AHH)
oz delA ArH10]. 3700~3300 cm oA JElME W bandE
ALeolE T2 W framework defect sitet} hydroxyl nestS}
#d9 Si-OH groupelth. E& 3782 cm™'ol Yel= okt band
= AAY Fo s 4A FEHo F=2 9o EA%E FA4F
AI-O-OH A& 71918 AoltH10]. shallow bedo|A £4g ul
g AgolES) IR 2HEH(Figure 1a%} 1b)& deep bedol A &
A& 29 EH(Figure 1c9} 1) vl&s) BE ofF & Fol7} Q)
=5 ¢ & 9ok HA BI2HE AF9 9 ol Y& 610
cm” band®] 7 E(intensity)7} 24270 o8 B g B
& Holth & S| shallow bedold A48 Zu) Bss 44
€ &1} Cde Table 194 & & & ANY F2 U9 %3
¥ @] vx# AgE, Bs9 Z$ole o] bandd FEV} 33
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Table 1. Physicochemical Properties of Modified 8 -Zeolites

Chemical composition

Catalyst Form Treatment
name Na

. . Nz Pore volume | Particle size
- o Si/Al ratio (mL/g) (um)

A TEA-beta parent

0.03

As H-beta shallow bed

0.087
8.7 53 11 <005
0.23

B TEA-beta parent
H-beta shallow bed

ws)
@

0.055
0.25

59.7 43 13 0.1~05

deep bed 094

60.2 38 15 0.25

» (NHANOs) 0.66

60.1 32 19

7 (005 M HCD) 1.06

61.3 2.7 23

» (0.10 M HCD) 0.9

63.1 09 70

SIE BB &

H-beta deep bed 022

588 52 1 032 <005

— 3745

3810

(b)

Absorbance

)

(@)

I | 1 1 I |
4000 3800 3600 3400

Wavenumber (cm™)

Figure 1. FTIR spectra of hydroxyl group in samples; (a) As,
(b) Bs, (¢) B4, and (d) Cd.

8 ZAW Cdol ASoe olF e AL ¢ 5 U o9 2
< AL 2E FNE AEE A2 OB HEd gsiA g
Bss Bd A= #2E 4+ Uk F, Bse ALl 3610 cm™
band®} ZE7} o}F A deep bed ZANA A4 % Bdel AL
© BE7F O 0% Fag ojgt e AMMEZEE deep bed &
Aol dFA we AgGolEE 43F %o BHIrHTS AR
detde A& ¢ 5 dod, ggA o 2e A oA
framework dealumination®] goldthe AL & F Ut} o9 2
< 9L Asd CadlM=E #UE 4 glEw shallow bedold
H& AslNE 3610 cm ' band®] FEE AWE 2 whdo] deep
bedd A A2l g Cde] A$dE o}F 43 aslE i,

Deep bedell /| A2 Z$o)E oA AFF OH bande) W3}
®ok ozl o] 3660 cm™ band’t FAHD = 3782 cm’
band®] F71= Z7hgth 3660 cm” band®l FAL olAE AT
E Atoldl =9 4o Fa At 2y Aoz o) ALY
& YehlA] & extraframework aluminum speciesgta BE
st gol11-14]. HZde oE T4 RRFoz dAd
AlOs AHEAS] S48 B8] 9 acidic protono] AY EE=
silanol groupelgte FHE A7 YrHl4] ©$-7] ] bande
hydration®] 98] % @3 B=TH15). 3660 cm™ band?) WA
2 3782 cm band(extraframework aluminum species)®] Z7h=
A ZeolETL deep bedol X 242 W T2 YolN 2L2uFol
dojdtis A& 4F&AE 3745 cm™ bands} 3700~3300 cm’’
499 YA 24 YAHHE bande A RAo] WIET 2A Wt
A Fe=h

Figure 2¢l€ Bdg ¥A2& 259 hydroxyl group 9% 9]
R 29EdS YA 42F o] THAZ Zv9 AHE
H (b)9] 3610 cm™” bands] ZF=E Bde 2953 ()¢ | band
g 3xrt 37HeS ¢ 4 Ut sE 24 dns w o
EE o2 ZF ARl Aol gFulEe F&0] Yojyton =
Na o] 29 o] 2280 2e ¢ 5 Ut TN %k o] =
ol A doju: LT FEL Na o]0 gugd s
nggozy M2ol AHHE 3610 cm’ band® ZE(hydoxyl
group) B AL IS vAtE AL ¢ $ g Y guF
o] o] YA ©E banddlE o}FTH Pk WA Y=t}
005 M9 g4 gdoz AP AHEH ()ME 3610 cm’
band®] Z=E B9 ¥53h} 3660 cm A YENYE band: ¢l
ol 3eHEA ARRRE o] ZujdiE GUdFaFo] dojy
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Figure 2. FTIR spectra of hydroxyl group in samples; (a) Bd,
(b) Bd-NHNOs, (c) Bd-0.06 M HCl, and (d) Bd-01 M HCL.

Ot RS ¢ 4 T olgh 2 AT oFF g4t A o
e FEZYHY GARUEL o o olix ghou}, B
qoz Pz 2GS D G wo] AAHGE RE <

+

tel

ek a2y 010 M g4t £9402 A Zujo] 2¥EHC (d)
g 29 g2 sl . /Mg R dsie 1daHE 4
o A 749 silanol groups] F7teltt. B9 3782 2 3660
cm’ band7} 22HoH EF Ay/LFvUe w7t 2A F
7betgiTt. olg 22 AMRRE ZF g3 A JxMe 72
We gFrFo] 352 By oz 72 99 4FvFE, FEF
o2 Fz9 Z¥Y FvFol EF AAGYE AL ¢ F Ik
3.2. HiHo s} ut

3.2.1. &M =79 9%

Shallow bedoll A 24A171 As% Bs 2 deep beddl A A4 A2
Bdst Cdoll tiste] ojAZEWRe EE ZAg dAFAZ ALE
o] WAe 423 $8e YA olazzueS dAdgAR
AHEEE S de oaZa g AL 9% ololoH, w
S AAREL o 2E9 47 A7 2oH4589] Table 291&
g 16412 $9] 9z 79 +DIPBY A" 2 HAHE EX
(7 BAEY A94L wt %2 YeEd)E el Shallow
bedolA] 244171 Evi= & o luke gAY <ol o AT F
g 4dASA Hed, ol F 67} o] wgo) At AL
ek}, Deep bedold 24 Bde CdllAe ¥zre) &4A 3}
7b gy, Cael A$7F 4AS £x71 ozt o A FH9
AEAE H&d ZAFE BAFET Z shallow bedolA] 2422
AgE Fdo MeEge] w8 A1 Foll= A9 dAsA Ho,
WS 1647 9] HEAL 91%2 AY Hl&E e vl 9
th. Deep bedollX] A4 T Zmjolqe] Falo] MdAdx 49 &
ArgE Aoz At wel AAN3 Zastd g 1687 FdE
Bdsl Cd oM9] AgA3e 47t 83% 2 79%7F "tk o] FEL
shallow bedd| A 24 Zuje] 3¢ 2ot A v,

3ol B AAE Fole WA &3} uhgo] ostd A
Fdo] olAZ2dE T Z2Ay widto PMHE 13-DIPB
2 14-DIPB7} 714 %24, ARFL W Azt w} Frhshd
13-DIPB/14-DIPBY] Bl & 25 BE2 AASA At g
$ =% AAEE aliphatics® shallow bedollA] 2438 Zujo] A
Foll= vk Azt whel WSl g1y} deep bedold A4 E &
o AE AW Z713th Table 2614 B® DIPBY A Ze
shallow bedolX 23 ZoiEt} deep bedolAd 3§ ZvjoA
A Po] HHEE ¢ 4 Utk &, DIPBY A#AL Asst Bsdl
A 24z 50%9} 6.6%°14, Bdt CdolME ztzt 11.0%9 84%2
=t Z0i9] AHA olAZ2HLY B4 A AAFHE =

Table 2. Product Selectivity(wt %) and Conversion of Benzene in the Alkylation of Benzene (Benzene to Alkylating Agent Molar Ratio:
8, WHSV: 4 hfl, Reaction Temperature: 210 C, 16 hours-on-stream)

Sample As Bs Bd Cd
Alkylating agent isopropanol isopropanol propene isopropanol propene isopropanol propene
Cumene 912 910 94.0 81 90.3 79.0 925
Cumene + Diisopropylbenzene %.2 976 97.0 A1 9%.4 874 9%.9
Aliphatics 0.2 01 - 02 - 0.7 0.1
Propene 14 09 05 43 0.8 95 0.6
Toluene + Ethylbenzene 12 0.7 11 0.7 12 14 1.0
n-Propylbenzene 0.7 04 09 04 09 0.7 0.7
>Cio Aromatics 03 0.3 04 0.3 0.7 0.3 0.7
1,3-Diisopropylbenzene 38 47 21 78 42 6.0 30
1,4-Diisopropylbenzene 1.2 19 09 3.2 19 24 14
Conversion of Benzene (%) 231 233 209 252 237 260 22.8

T3 A10E A 6 5, 199
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Figure 3. Activity and cumene selectivity in the alkylation of
benzene with propene(@: Bs, [ Bd, and I Cd).

100

3

cumene selectivity

2Ho] HEAL shallow bedl X 248 B4 15% ojstz e
s Bl deep bedold Azld Bdt CdilME Zz 43%
95%2 o}F ol AHEE ¢ & Atk n-Z2FWAoY} EF,
dgdld 9 Co FFS SPES HAYE 24 2HdE e
izl = Aoz nalh,

3.3.2. ¢2siw|e A&

Figure 3 Z2H& GLsAR AL315S o vhe g4 2
FHe AegdE Jehglen, & WYES HuUAE Table 2
of YEHASITE o] A9 ZEAL ANEL oYX T F LA
o QgL Hliwsr] st Table 2] Zo] Jehiel Zvuj Bs
¢t Bd AolA wpits giAde) e whe xvlo: Hl4d AL
HAFa 9ok &, Ao zasts o 8 FREE XA
3 F7hgh g A)zke] F7)Eel whel shallow bedold X 2@
Evo A= wkg WA ¥ dANA Hol Zujyt dATFL
BaFi} deep bedold AT Zujole %7re) B4 A}
dojdg o £ 9ok Y CdlANE e 27BH FAAE
e B#4% & gk 949 ALL o)AZITALL ALY
£ W7t 34 Atk Shallow bedol A &3 BsolA] Fule] M
AL WAl gl wEl AW F71eo 16N Fol=
9% =2l 131 deep bedol A Mg Zmje) Bdgt Cd ol
Ae o 3AZ Fole 948 =9 247 0% 2% =23
HTable 2). 749 ML ojaZ2PLL AAFAZ ALe3t
A& Et T2AL AN E Yt BE Zu) oA 4 2

t A% ¢ 5 Yok

WAl ASEL deep bedol X HF A27t 34 a9 1 &
AE Bd>Cd>Bs2A 4o ddAst= Aol DIPB 2 &
FA, AEHA, Co BFE 53 2L U2 BANEY Y423

< ¢AolH. v Bsel Bd9) ¥ HAE EEE RYFE Figure

12

£ & 3

wt% of by-products
£

8

Time on stream (h)

Figure 4. By-product distribution in the alkylation of benzene
with propene on (a) shallow bed calcined-beta(Bs) and (b) deep
bed calcined-beta(Bd) (e: 13-diisopropylbenzene, ¢: 14-diiso-
propylbenzene, ©: ethylbenzene, ©: n-propylbenzene, & >CI0
aromatics, O toluene, ®: aliphatics).

%0
(a)
g
§ s
2
g 80
k3
®
75
100 .
(b)

ol

70

cumene selectivity

0 2 4 6 8 10 12 14 16 18 20
Time on stream (h)
Figure 5. Effect of post-treatment of Bd on activity and
cumene selectivity in the alkylation of benzene with propene
(o: Bd-NH.NOs, ®: Bd-0.06 M HCl, &: Bd-0.1 M HCJ).

425H 2E F A4EY & BsolA Bo} BddAst g4 2o
A& & & 9ok 2822 deep bedol A 24F ZujolA Wl
o Ashgol At Az, o] ZrjelNE FE o dAe] B
S 3N 2mdths A& ¢ & Yk e ¥ QYEse
WS Alke] Fgte] wet Zagt. 23y DIPBE ¥Hg A7k
et STkt A Zaste] BsdolME o 15X7F Fo= o
Ao Hu, BadAAE 4Ate] A FAE A% Fasch

I

(2 e

-

3.3.3. 0|2 g « AN a9 g%
o & H A AT SN ZEAS dAgAZ AL
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Table 3. Product Selectivity(wt %) and Conversion of Benzene
in the Alkylation of Benzene (Benzene to Propene Molar Ratio:
8 WHSV: 4 h™, Reaction temperature: 210 C, 16 hours-on-
stream)

Sample Bd | Bd-NHNO; | Bd-0.06M HCl | Bd-0.10M HCI
Cumene 90.3 929 933 72.3
D emsene | %4| %7 972 042
Aliphatics - 0.2 - 04
Propene 08 05 05 43
Toluene + Ethylbenzene| 1.2 11 10 0.2
n-Propylbenzene 09 09 08 0.2
> Cio Aromatics 0.7 06 05 0.7
1,3-Diisopropylbenzene | 4.2 26 2.7 147
1,4-Diisopropylbenzene | 1.9 12 12 7.1
Conversian of 87| 28 239 170

RS wo wg B4 ¢ Fdo ML Figure 59 e
3 QA E 3 A9AL Table 39 VeI 0.1 M9
ddo2 AHIYH Bd-01oM HO Zvf AolME 27)0) WA Az
£9o] o7t FUtshY, g 4N FoE AS ALY F o] F
o) AolA wWE B4 A7}t dojum Y&, ol Table 49 W
Ehd AAY wubs Z2Ao| s 2o AMERE 95 9o
Bd-005M HCl v oA+ wizle] Asigol A 39 wg 15
Azte] Ad Fol= HAdict &= Fulo AAAHL g A7
net A F7hste 93%7kA] =26, o] g2 shallow beddl
A Agd Bs W& Z2Ag AHSSto WA S do A9y
3} vl=@ gholt}

Bd-NHiNO; Fufjel A& uhg &A4o] 27ldE 4t Frlshd, &
ATl ALEE RE Eu) FolM 7HE A E G4 & Bl o

£

Table 4. Acidity and Catalytic Characteristics of Catalysts

fed

71 Fde Aggde of 2ol YA FUAT ¥ 44
b Fox ofF Fow AsTE T2 EE Bd-NHNO:S Bd-005M
HCol o] uhgolA Fule] MeFQd Ao 7HF F& Zvoln,
53] Z29¢& 44AZ ASEAS o Fao HHAe] ¢S
Z718t. =3 F v 2% DIPBE I3 ¥ WAE B4F
o} iﬂﬂ% &2 %L Bdol HlE AHul 13y Bd-oloM HCl Zu)
E o] W] £ @ah, ol HE & ¥ 4B S A
T DIPBY] 9ol UF AX Fue} Aol asts] wFol,

4.1 %

o]
Aot dgolA HE A&eoESE W2 A4}
Ao, Tl HEy, ¥ ARES] HAF

& Zuj HLL T FYEAS AAN] AT 24 2P, AEEE
4434 2 HE ALoES AENS WA AT di
Ay GEF ol2xF F FALY B ¥ voe A&
& 4 ik

FUSAR ]2Z2REE A8 E W deep bedol A 24
Zuj(Bdst Cd)e W& Alzbel weh &4 Atz dojun Fdlg
AP E 223 whde shallow bedo]d AHd vl o ¢
dR3 7o ﬁﬁwi an. & A7 AH4e Hle Agel
olEdA Fule e Cd<Bd<As <Bs¥ €42 F713}.
sy gdA dFT AAE 2E Zvle F F HE4gL
ZEAL A ol AZ2RES ALY "rg Flei o
AZZHEE AHEFAE b B £F ALdoEY Ahd 9
3 ol&£Z2RLY 25 Wo] dojuz, ojwf FAHE B4 9
3 ggFuEe] dojdoaA Zue MREs} S FUE) o
Boz FZEOI5. 28y Z2Ag ALE de BHE =39
ojlgh & ¥zte dojuA ¥, 49 AHE a2 fAFn
on, o] AHEL Fule A4} WgHch: WA gds
So d% fPaA Fga 2yeR Zadd o WA &
43 WA & Fuo AdedS A7l AN E A g2
B uhg (Ao A frejsty, FAe 423 we(DIPBY A

U Z2AE ASste gidlel g43) vk 9
].
o

l

Catalyst name Maix(xCIIg?and baIrr:;er;:igé l%f g{;{l — SeleCﬁVit:_t:Bcumene — Pm?;czﬁ)sm Catalyst stability
As 1o, 1 intense 912 07 50 <006 stable

Bs orea, S intense 90 %0 | 0409 | 6630 01~05 stable

Bd %Z ST | significanty recuced | 8.1 (03) | 04 09) 106D | 01~05 deactivation
Bd-NHNO, ::’;g(z): o recovered 09 39 stable
Bd-005M HCl %’ 3145 partially recovered 0.8) 39 stable
Bd-0.10M HCl 3745, 3610 very weak 0.2 (21.8) deactivation
cd %; s | sienificantly reduced | 790 ®25) | 0707 | 84 44 <006 deactivation

* Values in the parentheses were obtained when propene was used as an alkylating agent.
DIPB and n-PB represent diisopropylbenzene and n-propylbenzene, respectively.
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A&ZolE Het JoH T2 o|ATZAL oG WAL LA B 901

Aele AEsA FL A (mild acidity)o] B& Zojo]ojo} g}
T AL ¢ F Ak 4EF ol nEH FH gA Hao] dsA
e Je e F71sn DIPBS) AEAe Zasht dE & A
HE EXde AP dsE £ ot 2y 28 94 A
g gaiMe ZFd Ao AR, o] AFAE Fue Uz
3 ko] dojuy] wipe] Fule) AeAo] ZAd Bulk ofg,
A8 o8 vkg A A Fr1E

ol 22 W3 A FTIR EA A Gold A=A As}
Z Xk 2 d7oM AR s AFHQA AEXNT &
wje] 54¢ Table 49 e o] Tableddd ¢ & U= A
A et AgeolEdM FHYBAL AAN A8 2N AP
o AlgetelE F27F & fAE Aol Zu9 gAo| s
o Fdo HEAo] ofF Frh TZJ §XEE RE frame-
work acidic OH(3660 cm™ band)7 & RZH® 29205 (3660
cm” band®] A@)e] Yojubx FEris= AL uFct W)
deep bedolX AAAFE F2 99 Yo]l&H LR E(extra-
framework cationic aluminum species)® FZo] HEH o7 oA
¥ ¢F9HE610 cm” band®] A P 3660 cm” bande) AA)
o ANHE ZujE g £F 4o AstEn, & 23 9o
S7HsHA 9t o9t & A¥E CdIA BAFA Uehy=d) o
Zojo) M 3610 cm’ band7t ®ol @At DIPBY AHE
deep bedol X A& ZvlolA o Frletey ol Fulo] gus
R AN F dolyy] fEolt{7]. o[ deep bedolA
A FuioA P49 A ) B BB o] Z7}s
A HY 25 Fd9 Hdyo] B dr). olg 2L APz
B el ALTolEY FY2AL AAG AT 24 239 W
B AT HIE JHASA He, metd WA g3 ue
9 &v) g4d Add 4FL Fo= AL ¢ 5 Yok 2FY &
Fd, gl 4 Co W P2 2L U2 2 PYHE 2
Zoj9] A 2dd 2 9FE ¥A g}

Table 491 Z3Z 2] Yebd ANH Z2AL A48 Aoox
H5g ZAE A4S F Yok Fuo A g 24 A9
YL LTI RES ALY S ol Hge 1A IAX= @
o % 3610 cm band& e ZW9l Bse) ALolE deep
bedol A A Bdu Cdell u]8) DIPBY AgAde e whd 7
el e E e HeFm Y ojAZ2REL AL 7
T VI E O R B 24 A 9L ux 9=
o o] whgeA BE2HS AM(B3610 cm’ band)d FFe
Bd-NHNOsM Bd-00M Hol Z19] Aol M= S8 471 gl o
5 %v)9) FTIR 29EH AN+ 3610 cm™ band7} Bddl ¥)&) =
A F7HEAEE, A FHe ddAo] Zrisigc) wnie) By
2HZ AEE 22 4L Bdoomua EviE B A7 ALLd
EE Fv) FoAM 7o AdPe 7bg don A oo
DIPB:= 7FE ®o] 445U n-Z2gwide] Mejide o] urg
AA obF FLd, ol FHoZHE RYNIIE ojgsn =
& Floz AT olH7] wFolth B A A 2L 2
% Z9)9l Bs¢t Bd(Bd-oxom sal A19))e) A$ Ast Cd o= =g
22 4F43AE LSS p-ZEgyAe) dYAe u4E Ag
T YehA, E6 A9 277 o e Ass) CdolN o 2
AEEE HAFa ol weld n-Zz I dgye Zno
AR ofe}, g3 4AsA 2 Zu6)o) morphologydl 9
HME d3g 0L Aoz Algd)

5 &

HE} A Zeto]Ex ojaX2Hgo] oF WA A4 1L
A 58 4L Holn Fulo APHE Hojur ZaHg ¢
LA R A3 O $2 843 Y42 AL ok FNE
HEL AL ERRE FHEAL AAN] 48 2HxA) &
wjo] bR Fule] Ao Be 4FE n)Aoh shallow bed
dX A Zezt 7 dAse Fule] NPHT ofF =i},
a2y} deep bedol A Azlsd S5 AEAo AAasy BAA
3 4T FFHAL. olg 2L o]fE deep bed 249 3
gaFrFo o Fo]249 extraframework aluminum species
(IR 3660 cm band)7} 445, Bed28= FH(R 3610 cm”
band)e] ZAsEH, old A& Fujel Aol ANAA wWAE
9 Fe] st ol o F Yojur] wFolth 1Y deep
bedo A Azjd Zui= dRE §dol} 43 gA $A02 g
39, extraframework aluminumo] AAEHZ BI2EHZ Ao
AEHEZ  shallow bed|M AYF ZujutE Ao By,
Iy ez Aedgs A$dE gevEd oo gi
£ Bd2HE Ado] AAgozA Fu AdXo] prag B
7 oohet A G4AI dojdtE AL ¢ 5 9

& A

o E¥L AU uu F&AFHd gstd ALY
25 ofd A=Y
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