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Rattanaporn Samanpratan 2013: Development of Catalyst for Conversion Reaction of Acetone to
Cumene. Master of Engineering (Chemical Engineering), Major Field: Chemical Engineering,
Department of Chemical Engineering. Thesis Advisor: Associate Professor

Paisan Kongkachuichay, Ph.D. 103 pages.

The aim of this research is to develop catalysts for conversion reaction of acetone to cumene. The
selected catalysts are bimetals of Cu-Zn, Cu-Al, and Cu-Cr and an acid catalyst, AI-MCM-41, which was
increased its acidity by exchanging proton with ammonium chloride. Firstly, 20 wt. % of bimetals were
loaded on the AI-MCM-41 by an incipient wetness impregnation having the weight ratio of two metals at 1:1.
Then, they were used to catalyze the conversion reaction at 200 °C under atmospheric pressure. The results
show that the acetone was able to be converted only 24 %, giving cumene yield below 10 %. However, among
three pairs of bimetals the Cu-Zn yielded the best performance. To increase the conversion, the way to use the
catalysts was modified by separating the bimetals from the AI-MCM-41. All of bimetals were prepared by a
co-crystallization technique. They were packed into the reactor in the front zone for catalyzing a
hydrogenation reaction of acetone to isopropanol. Then, the AI-MCM-41 was packed in the rear zone for
catalyzing an alkylation of isopropanol to cumene. The obtained results show much higher conversion and
yield than the first experiment. The Cu-Zn still yielded the best performance. Subsequently, the co-
precipitation technique was adopted to prepare the Cu-Zn catalyst. It was found that the obtained catalyst has
better elemental distribution, having smaller particle size. When it was used to catalyze the reaction at the
same condition as the previous experiment, the results show that the cumene yield was increased from 24 to
39 %, while the acetone conversion was slightly decreased from 85 to 79 %. After conducting the reaction at
varied temperature from 200 to 300 °C using the Cu-Zn and AI-MCM-41 catalysts, it was found that at
250 °C the maximum conversion of acetone was achieved. Finally, Cu-Zn having different Cu:Zn ratio was
prepared and tested their performance for acetone conversion at 250 °C. The Cu-Zn that has the ratio of 1:1
and 7:3 exhibited the best results; however, based on cost of chemicals the 1:1 Cu-Zn should be selected for
this reaction. Conclusively, the optimum condition for the conversion reaction of acetone to cumene is to use
Cu-Zn prepared by co-precipitation with molar ratio of 1:1 and AI-MCM-41 as catalysts, carrying the reaction
at 250 °C, space velocity 60 h' under atmospheric pressure. By this condition, acetone can be converted

84 % yielding cumene 36 % and having selectivity of cumene 94 %.

Student’s signature Thesis Advisor’s signature
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2. wsouanialfnsenlaneg Cu, Cu-Zn, Cu-Al Cu-Cr, Cu-Mn, 11az Cu-Ce AI81nAlN
= 1 . . = a (3 1 aan d' Y dd‘ ~ 9 a
ANWANIIY (Co-crystallization) 1aon¥HAveIANTIPNIe Tanen IinadNgauuassudBmailn
[ . o =1 a A @ 1 aan d‘ ~ Y 2’,
ANAZNDUIIN (Co-precipiation) f3avieusz@nTnmvednsalgnsen Taviz s onlaainng
a 4 o 9 o aaa & I (% 1 aan
2maiia el lddmsulgnselelastusy nazld AMem-41  iHudusal§azen
Loanamsy
A v A

= % d’d 1 aan a ) a a A a
3. ﬁﬂHWﬂ’J!L‘l]TI/]11Wﬁ@]ﬂﬂ;]f‘l’i815(91ﬂ“l/l‘V‘Illﬁ]aﬂﬁm‘Huiuﬂﬁﬂﬁ@]ﬂ’)ﬂu%iﬂ@%‘ﬁﬁ@]u s
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Uszlaminmaieyldsy
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1. mmmmmswwmmﬂ;]ﬂsmmael,ﬂumiwaﬁmuu'lﬂ
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= 9 K aAa A A a A a aan v 1 aan ~ 9
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a a I J %
A3 (Cumene) W30 lo Ty InsNalu®y (Isopropylbenzene) 1l ua1soenlsenounilen
1 Y o a A a A ] LY, ' & ¥ o =
pgluiniuduuaziyomas aunsounsgawnadon ldluszniamsnauiniuillas@ey vay
Y a o ' a a A A a ° Y3 A
msen lndraaduainntlasden Adliudeusinnladuasiivavesninu (Octane Number)
Y o o dy a PR a Jd o @ = Jd Y a
Tdnmihdudomas Tdaduiuueidmsugaaivnisud vamnes duuwa uazldlumsnaa
S 1 =\ wa o A & o a <
drsalinazeans q dpuautaduamsinnudzeraniedsande awnsoi ldwaailu
A o d' d’d 1 Jd v U Y o o a A 9 a
arsnliaaou q alyanige wenvinise Tesiainanudrdedmnsmhaliumnlslunisnaa
Wuoa 923lau 0¢F InT Iuy (Acetophenone) tiazviuiad lasyu  (Methylstyrene ) laonaae

(Peterson et al., 2004)

1. qmauﬁ'ﬁﬁa"lﬂmmﬁaﬁu (Cumene properties)
a I a o a 14
Atwduarsdunidlszianez Isudnlalasasueu (Alkylaromatic  Hydrocarbon)
= I A a9 A A A 1 A ¥ o oa FY °
NeozitluveuraIngunivies lisa UNAUTUUTIAYNAUUINUAY azane la luessinan
4 14 J = 4 = 1 [l
119aN0d0a (Alcohol) ATUDUIAATZAAD |56 (CCl,) otnd3 (Ether) astUu ¥ (Benzene) g lai

¥ wa o a o { { o w
aza1oth Tnseadn luanauazpuautiani livesdalivuaasdanini 1 uaza1ined 1 mudiay
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a1 TassadnTuanavesdaiiu
31 : Wikimedia Commons (2012)
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PROPERTIES OF CUMENE

Value
Molecular weight 120.19
Boiling Point, °C 152.39
Freezing point, °C -96.03
Density, g/cm’ 0°C 0.8786
20°C 0.8169
40°C 0.8450
Refractive Index ND20 1.4915
Thermal conductivity, w/m.k 25°C 0.124
Viscosity, mPa.s (= cp) 0°C 1.076
20°C 0.791
40°C 0.612
Surface tension, mN/m 20°C 0.791

Flash point, °C

44



M519N 1 (A9)

PROPERTIES OF CUMENE Value
Auto-ignition temperature, °C 523
Vapor Pressure, Kpa 35°C1
100°C 19
120°C 37
140°C 68
180°C 185
Antoine Constants A 13.99
B 3400
C207.78
Flammable limits in air, vol% Lower 0.9
Upper 6.5
Relative molar mass 120.2
Critical temperature, °C 3514
Critical pressure, Kpa 3220
Critical density, g/ em’ 0.280
Heat of vapourisation at bp, J/g 312
Heat of vapourisation at 25°C, J/g 367
Heat of formation, J/mol Liquid at 25°C - 44,150
Free energy, J/mol Vapor at 25°C 137,000
Heat of combustion at constant pressure Gross (product water as liquid) 43,370
and 25°C, J/g Net (product water as vapor) 41,170
Heat capacity, J/mol.K Ideal vapor at 25°C 153

Liquid at 25°C 197

Threshold limit value, PPmv 50



M15197N 1 (Ad)

PROPERTIES OF CUMENE Value

Odor threshold, PPmv 1.2

31 : GSI Environmental (2010)
2. PITUIMMIIUMSHAARINY (Cumene process)

nszuunInaaaIiulugaamnssy thnvinnisilgnseeanamdu (Alkylation)
1 a @ as G Y o ' an o
FENIUUUFUND TWSWNAY (Propylene) 130 To Tnsw1uea (Isopropanol) Taaldausalfsersinan
A5A 1FU NTTUIUAT Cumox e 1Fa15aLaONANTTHIN INTHAY LALILUTURMINAUND
o aan @ o 1 Y < . . ' . . o
Wlfnsernulagldansansaiiiluve i (Solid Acid Catalyst) laun Solid Phosphoric Acid
d‘ g U Aad 4
(SPA) U@2NFTUIUNT Monsanto-Lummus  dEWeUUFUNYs 110 nu Tnsiaw e 14

a = 4

aan a o a < (L aan & { o
malfasemeanady Taaldnsadida (alcl) Wudnsalgaser dnsnilanlslunmsduasizn

a a

A o aan a ) = 9 a Y A 9 a <A
AIUY AD mivaz;]ﬂimuaama%ummmwﬁumaaxﬂﬁu Iﬂﬂﬂ]@ﬂﬂ]ﬂﬂﬂ]ii‘ﬁ@%cﬁiﬁuﬂﬂﬂ

'
a1 a

a d Y A 9 a dAyary Y 1y °
ozd Iamiluasasdungieaanisinananandiufes lidesns 1iiadesas aasiuaulums
1] Y
milsgiwanase lddmsunmsiinduinldlmi mldensamuwadlsmamsalduniu de
dy Aawv 1 = a 9y a < a 1 a . ) o =
mgtauiteasy Jeien e TawiluasiAunueana (Alkylating Agents) SMSUIULTHY

Ny
2.1 AFZVIUMIHNANNINUINOL T IaU

aan a a a ] I aan [ 4
gnsenlumswnaaariuainezdIaugnuivesniilu 2 uuy Ae UFnserdunsizy
9

a A aaa (% Ia 2 =
AINULUUY 2 YUADU LaE ‘IJQﬂiEJT?NLﬂiT%Wﬂ?ﬁuLLUUﬂluﬂﬂuLﬂﬂ’J



aaa (% Ia 2
2.1.1. ﬂgﬂiﬂmmﬁzwmﬁuuuu 2 YUADU

2 I aan o a
TuduaouusnaziilulgnserleTasiuduvosozdlaudlelalasiou
I a 4
(Hydrogen) T¥inateniluloTs Inswiuea wie'lola Insiiaueanaaed (Isopropyl Alcohol, IPA)
Y ~ 2 ~ < aaa a o = [y
waaeaadun1sn 1 wazluvuseuiidessziluilfnsoweadamduvounuduaielo TaTnsw-
a o 7 a a a @ 14 Aa
woalandasaaiiuailiu tazinandadueiv1aufes (By Products) fAe la'leTeInshawudu

(Diisopropylbenzene) a1 lasToTa Tnswawuau (Triisopropylbenzene) LAAIAIANNITN 2

CH,COCH, + H, —> (CH,),CHOH (1)
(Acetone) (Isopropyl Alcohol)
(CH,,CHOH + CH, —» CJH.CH(CH,), @)
(Isopropyl Alcohol) (Benzene) (Cumene)

1
A o

@ 1 a Aa o aan @ A g’/ ]
aegransuasiinmsanelfnsodunsiziailiunny 2 Tuaou 15U
a A o o aan [ 4
Araki et al. (1991) @nFaiasvaneias 5,015,786 lavimsAnyl§isendunsiz
a A g’/ g’/ = @ 9 o 1 aan 1 1
Aliuuny 2 duneu Tagluduaoulelasdudu 19ansel§nse1soan (Co-Catalysts) ¥oangu
4 1 ]

Tavizoonlad laun Cu-Cr, Cu-Niuaz Cu-zn saudelanziinszna 15u P, Pd, Ru 1@z Rh
adua250950 1901 UA (Activated Carbon) %3092QiU1 (Alumina) 1fnsenlunios
a 4 a a a Aaan 1 v Y
UgnsaluuunIniAaiia (Trickle-Bed Reactor) 10A1fn3815217190 1M 1AYDIUD 11 AINUNIWY
(Gas-Liquid Reaction) Ngaingiieig 60-150 °C ANuAU 5-50 kg/em® awnsnilaouozdlauld

. Y J 2 J Aa [ 4 .

99 % (Acetone Conversion) wazlanledFuanaasumve]loTa Tnsmiuea (IPA Yield) 98.7 %
g’J a ] 9 < ] 1 aaa o aan ] a
Tudupeuneanaady 19 Y-Zeolite 1iluausalfnsomuunsa mugnselusisguugil 150-
300 °C ANUAY 1 UTFE1NA D9 25 kg/em” daamsuasiuveserdlay 99.4 % uazldniiu

(Cumene Yield) 17.7 %



Cappellazzo et al. (2003) @N31insvane@y 6,512,153 B1 laudayrluduaou

a @ d‘ g d' 1Y 1 I YY a [ Jda A L
toanamyuiloswniINluny IPA mwa“lwllmaﬂawmwammmmuum LL@%ﬂi‘gTﬂ%”lﬂ

v
=

. . @ 1 aaa 1A Jd < =2
MSAOUANIN (Deactivation) voIansalgnsenlungud e ladediesiaisy vinmsguids
a a Aa o e L 1 y 1 ?,’
pzgiiiionTuTnssad1a (Dealumination)  @niiastiauelnldd o ladlunqui lusewuii

(Hydrophobic Zeolite) Ulﬁ}uﬂl ZSM-5, dealuminated H-Mordenite, Y-Zeolite oy ZSM-12 UAAIN

a

Tdwadnga Ao Szeolite  FeenusamhalaalagTihduwnn IPA 11093 8,000 ppm ¥
aan A [ Jd o 1T a A ! {’,’,
YRR39 170-230 °C ANWAY 10-50 115 MaNUTUNIzABAINY Uszum 85 % ludiuruaon

130 (Hydrogenation) 1% Cu-Cr %30 Nickel Raney Lﬂuﬁllﬁﬂﬂﬁﬁ% |

Sakuth er al. (2005) @nS1insnuemy 6,841,704 B2 lddsulgeluaiuves

& = ) 9y o a Aa z&' o 1 a A A A o A J
ﬂjumuhlaimmuw Tﬂmuumsumxﬂwummiﬂmﬂaumwaﬂ U1 AIVU 139 ?J%“ﬁﬁﬁﬂulaﬂ

o w

H & 1A %’ o ?x’/ 1
(Acetaldehyde) iU mamstudlenlaimy 15 % Taevihmdn nldduasasdulaglideedin

a 4

¥ [
asuileusenney sinlgnsnluigmavounadrigaigil 60-140 °C AWAY 10-50 113 Tou

u

A

YaTasion : ol i 1: 15 5: 1 1983 alfnsenlungy Cu, Cr, Rutiaz Ni (faii lfwadde
10 % Ni) vuisessudmiuiud wie wesTaidle (Zirconia) dauluduasunsadaady
19 B zeolite 15lugns awusi50951 Si0,/ALO, Ba51d91 70: 1 89 200: 1) wamsignsen’ld
Annuiumzaealiugede 93.1 % Afwuduiug vaz 712 % A¥PA Fugiv) Tag

sl asuuudu'ld 17.4 % (Benzene Conversion)
Aann [ da A g’; =
2.12 Ugnsendunsiziamliunuusunoune)

aaa qy I g’/ = @ a @ Y 9 v
Tﬂsz;]ﬂiEnouuﬂﬁsamumu“laimmu%uuazuaamaﬁvmmmaﬂu 37U

v

Fonn Fanfivlueafadu (Reductive Alkylation) ITaemsileuerdlau wudu uaz lalaswuin

an 9 [ v d'

MGNTeMIToUNU UAAIAIANNTN 3

CH, + CH,COCH, + H, —» CH/CH(CH,), + H,0 3)

(Benzene) (Acetone) (Cumene)
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a Aa o

% ] Aa o y o aaa [ Ia
GI’J’EJﬂN?WI‘ﬁllﬁ'il,m3\‘]']1!’3%ﬂﬁﬂWﬂWiﬁﬂHWﬂgﬂifﬂﬁﬂmiW%‘Hﬂ’JﬁULL‘U‘U 2

Y
QU

VUNDU 1Y

Aa Aa o [ o Ja A
Girotti et al. (2009) @nTUasnIIE@Y 7,524,788 B2 ldhmsduasiziaaiiu
a g’z = Y a = Y o aaa Y [
Mnezd Inunuuiuaeuded Taenmsilouozd Tau wudu naz lalasmudninlgisemdonnn
Y 9 9
nazsWANTINe 2 Usznndenu lunategluuy MInauansane 2 sialinuuungudang
(Mechanical Mixing) #aziULuYY (Impregnation) Ao W usanguTans (1) TuUdsdruudnsg
4 ' { 1 s 4
F1olad (A) ngulanzdly laun nolesIas lud (Copper Chromite, CuO-CuCr,0,) #3® CuO-
I @ Y v aan 4 a 7 ¥
ALO, nazld B zeolite iudrsessy Taoligiuvumsunaduselgasenlunsestgnsainauun
@ & v 7 ¢
synsunazuuuiwiloferny TmslduuBesuazunemialugloonladiullsluwans 194
< o o aan { 1 1 %
Si0, waz Y-ALO, tludnlszaiu wamsiilgasern 150 °c wudn Tdanisulasduves
9z Tau 100 % 1azAIANNTUMIZADAINY Useunl 80 %
a a o o o Ia
Takai et al. (2010) ANTUATHNIBI@Y 7,790,936 B2 Idimsdunsiziaaiiu
Y H
MN0gE TauuuuTuaewReNTWReINUNDANSTATNOUHT uaniuimsWauausal§nse
1A < J £ J
puulvy Ae WuTanzeen leaneay Cu0/Zn0/ALO, (Govaz TnonravedeInllsznon ¥o9 Cu 32-
A a 9 4 1
35, Zn 35-40 1Az Al 4-7) Y301 Fe,0, Uszma 1 % (Fovaz Iaguiavetednlsesnon) diu
v 1 aan A g
ansal§sonmilunsa (Acid Catalyst) 19 [FZeolite waz MCM-22 01214 PbSO,, FeCl,, SnCl,,
< 4 o aaa ! @ '
BaSO, 11uTllsTuaes (Promoter) 4113617 60-200 °C AWAY 0.05-50 MPa  TA1A

tlaanuueed Iauilszunal 100 % BazA1IANUTUNIZADAINY 70-80 %

Tud 911398 Barman er al. (2006) 1@311M3ANHINTZUIUMIHAAAINY &4

TdouniaurTuvesnoiilos Tns'lud (Nano-Copper  Chomite) vu'laTasiauned luv (H-

@

Mordenite) 1 udnsalgnseanivlueanamdsuvesuudunvesdlau Taoaoinlos Ins ludiilu

]
= v

@ 1 aaa < ' I ! { a ° aaa
ansalnsenianazidunuumylenduaesniii (Bifunctional) Mo ldlulgazen

@

J ! Y
laTasTmduvosordIamiondaloleInswivea  uwonvinidsawisoldlulfase
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1%

JFanfinueanadu (Reductive N-Alkylation) Y8992 HaU (Aniline) nuord lauldonde nalnlu

ManAlNIeveUUUT LA 0LE Al HAAINING 2

I = 210

1. 2H + Cu®* =2H +Cu"
I:'LIU

TCEOTCETDT 4+ H: —» B COrCOTH

(CH,),C=0
2T
2 Cu’ (CH,).C-0-H
H Ci' 0 Co 0O°H_l  H Cu'0Co OF

L H*(acid  medium)
3. (CH,),C-0-H
T N (CH,),CH—OH,
H* Cu™ 0 Cu* 0> Cu* 0" Cu 0"

mwii 2 nalnvesgnsesaniinle T Tnsiimduveuundunvezs Tau
1301 : Barman et al. (2006)

1@ 2 nalnmsimalfasersuanmsihlgasemuudundu ldsznin

lalasnuezasuiu Cu” vuivesasilinlei Ias ludihlwlalasnuezasunaruiiullsaounay
Y v [
cu’ griaadiiiu co’ niniuilunmsifelfserlelastuduvesesdlau Taviiozdlaugnaa

o 0 9 v W 1 @ a A o a g a A
FUUU Cu Wﬁ@ﬂﬂuﬂﬂjﬂﬁﬁﬂuﬂ&miqﬂmImﬁQﬁﬂl@ﬂ@xcﬁi@]uﬂﬂﬂﬂﬂcﬁﬂ Lﬂmﬂuﬁ]iﬂu%iﬂ‘ﬂ

LT}

9 1
Hszqau mmiuTany Cuvzgneend ladainmslallsaeudinassninins lud waglsaou
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a 14 Y o aan @ 1 a I ’.f 9y a
flﬂﬂﬂﬁiﬂi!i]ﬂﬂ@ﬂ]lu‘ﬂ L"U'Wnﬂg‘]ﬂifﬂﬂl]ﬂf;m OH Lﬂmﬂu%@@umﬂuazm FAMYITINANIG

a a

A = a I a o 4
Lmu‘ﬂ“laaauuumucﬁu saginamINuuaIsHannum

Tae Barman er al. (2006) laviinmsnaaeuilaseninanenisnlasunilag

woeozd Iau Wyl ansutasduvesesd TaurzudlsauiSinaeymaur Tuvesaoiliiles

v v
[

o ¥ o 1 o a { ) [
Tas luanls Taeh 10 % TasihmninldnimsulasiuvesezsTaugaiga dmsvuiladeniean
Adq Y Y o 1 Aaan 1 Aa Anaa A o o ' '
gyl lunsnssduansal §aser wud veuvavesnmsiial §asesanduegluyig

QN 293-573 wadu enszquansalfnsedrogungl 573 waiu vz ldaimsulaciu

q u

A = 2o g o @ A v v J Y @
vos0zF laugaiga wennntiduilugagegadmsumssansuvesasiiloslosoudis fave

9 [ 1 2’, Y d' A [ 1 9 49! 1 o a
NNAIUBAT 1T TAe TuaveId1TAIAY LamufwaJ'emsmauiwqwmmﬁuﬂamummawiﬁmz

4 2

9 d' (% 1 =S 1 a S 1 1T o = Y
mmumu"lﬂmmmz%3’gﬂqmna@mmummmumumamiﬁuummmu4 ANNITANEIATU

a

Y
@‘nﬁwaﬂjmqmwguiumq 403-523 1A ﬂTﬂWi!L‘]JfNN“L!GU?N@3%1%14%3@\1%1«1@1%@@!14{]“ uae

o Y I 1 o 1 a a4 A =3 A~ Y a T W
gauaaa IHumM ANUIUNIEADAINUNAIFING 100 % Welmsudasnuve sz s Iauniny 70 %
[} v A A 9 =q Y o aaa . ' ' @ a

’ETTVITU@VI‘ﬁWﬁﬂWUL’JfﬂVIGl"HGIUﬂWEVITIJQﬂiﬁﬂ (Space-Time) WU AMsuUaInuve s Iauay

9 [

% d' 9 o aan dy v Y o % 9 aan
LL‘I_]iTﬂﬂﬁﬁ\iﬂ‘UL’JﬁTﬂi%ﬂ?ﬂ@]ﬂﬁm ‘Lli’)ﬂﬂ?ﬂ‘LlENllﬂﬂWu’Jﬂ!WﬁQﬂuﬂigﬂuﬁiﬁi‘Uﬂaﬂiflﬂuﬂﬁ

H = v

@ Ja A Y 1 v a A I a a A A a [
ﬁQLﬂi1$Wﬂ’JiJuulﬂL‘lfl1ﬂ1J 120.5 kJ/mol ttazaluunanansHaReINNAIUTIdoAna 0N L

AUMITN 4
CH +CHCOCH +H —» CHCH(CH) +HO 4)
6 6 3 30 65 Y2 h
2.2, NILUIUNTHAAAINUIIN TNTHAY

nalnlumaindfiewearaaduveauududis Tnsiiau (Propylene) #4185y
T1/5A0U (Protonation) 310G 39T 01¥1ANTA (Acid Catalyst) Tandaduaiiilufafiuuazina
NN TR (By Products) 141 1o le Tas Tnsiaiuu®u (Diisopropylbenzene) ttaz 1as 1o Tos-
TWSWALUUTY (Triisopropylbenzene) woNINESa0RA TN amuwiu (N-Propylbenzene) 169

Fl Y v T A I 1 o Y a v W Aas
A8 f‘niblclfﬁ’JLi\WIMﬁﬂTWLﬂuﬂ‘iﬂuf‘l’ﬂ]z‘ﬂﬂﬁlﬂﬂﬂiﬁiﬂmﬁﬂﬂuﬂlENIWiWﬁu (Propylene
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L a9 9 Y = o

Oligomerization) A4 AT N300 1Fazdealianusumizguiomuniiuioed 1 lunis

Y
=<

a Aaan ' < a A a A o I a A Y [ o
Lﬂﬂﬂ{]ﬂifﬂ i’]fJ'Nhlﬁﬂ@nllW@alll@ﬁ‘ﬂlﬂﬂel]uﬁ]g’E’nll']'ﬁﬂLl]afluﬂﬁﬂllﬂlﬂuﬂ'lilullﬂ@ﬂﬂﬁ\?ﬂTﬂﬂ']ﬁ‘Vl']

Ugnsenumugy
Alkylation
H
H3C—C—CH;
@ + H,C=CH-CH; — @ (%)
Benzene Propylene Isopropylbenzene
(IPB)
Transalkylation
C;H; C3Hy
@\ ; A2 *, ©
Diisopropylbenzene Isopropylbenzene
(DIPB) (IPB)
C;Hy C;Hy C3Hy
/@\ ' @ @\ ' @ 7
C;H5 C;H, C;H;
Triisopropylbenzene DIPB IPB

(TIPB)



Polyalkylation
C3H7 C3H7 C3H7 C3H7 C3H7
CsH, C3H; CsH,
IPB IPB DIPB IPB TIPB

Secondary isomerization

CH,-CH,-CHjs

@ + C;Hg s ©)

n-propylbenzene

Dimerization

2 GHg —— NN (10)

Hexane

14
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Other side reactions

CeHy3
C¢Hip + @ — @ (11)
Hexene
Hexylbenzene
+ C3H6
+ H2

/\/\/\/\
Cotia Nonene
Hexane

7 1 Aa Ao Aaw A o aan [ Ja a 1
@l’J@fJNﬁ‘VI‘ﬁUWi!Lﬁ%\ﬂM'Ji]ﬂﬁ'ﬂ1ﬂﬁﬁﬂkﬂﬂ§]ﬂiﬂ1ﬁ\1lﬂ§1$ﬂﬂ’3ﬁu§]1ﬂ1‘l"|iwau LYU

1%

Y o = Aana a @ a A
Degnan et al. (2001) hlﬂ‘mmﬁﬁﬂmﬂ;]ﬂﬁmu@aﬂma%u‘ummumuﬂuTWiwau Tﬂﬂ

=

=~ () ' A o ! o 1
193 To Tadwiia £, Y waz MCM-22 Wi MCM-22  Tidnvaz Taseaianfinnusumizao

1 s ' ' A o '
monoalkylate 11011 1o Tagniignyuvualugedis £ uaz Y Tuvazhldsasiainvesais

q o

'
Y o

9

AIALAT MCM-22 1idaen 704 uazanusumnzasaaliu gaie 90.8 % lagliaimsulaciu
9

¥o3 T3 AU (Propylene Conversion) g4014 99.6 % UBNIINUUEITANUTUNIZADHANAANADY |A

9614 1a'lo Ty TwsWaruu@u (Diisopropylbenzene, DIPBs), 105 1o Ty Tnshaluudu (Triisopropyl-

benzene, TIPB) aziioanaludu (Alkylbenzene) 1) DNA2Y

Corma et al. (2009) 1@ vmsfinnlnsemeanamsuvounuduny Insnaunu
%o ladnlvuinvosresioslugnguarani 3 ¥ila Ao ITQ-22 (8 x 10 x 12 MR pores), ZSM-5 (10

x 10 MR channels) taz 3 (12 x 12 MR channels) W11 dwsuilgiseeanadu innueau 3.5



16

MPa azguifil 398 1AW WU ITQ-22 1Az Beta 1HAIANUTIMIZABAITIUAR WA UFIRAN I

m3l¥ zsm-s Wludusalfizen
2.3. nszuIuMINannIiuan lo o Inswiuea

Y
TaonszuaunisiazldleTeInsnivea wieloleInsWanoanaaed (Isopropyl

I Y 9 A o aan a v W ~ Y a o d a A
Alcohol, IPA) Wuasasauuny LWamﬂgﬂssnu,aaﬂma%uﬂumumuuaﬂﬂwammwﬂumuu
@ 1 a o d' o =4 aan Aa Aa A 1
Gl’)’l’)ﬁlN\ﬂH’J%fl“l/ﬂmﬂﬁﬁﬂieﬂﬂaﬂﬁﬂ1ﬂ15NﬁﬁﬂﬂuuﬂWﬂhlﬂI%TWﬁWWu@ﬁ YU

Wichterlova er al. (1996) lavhmisAiny s emeadaaduvouuuduny To TaIns-

o 1 aan = s A } a -4
wiuea vudasalgnsedle laanignyuvinalua (v, B wedlun uaz zsM-12) nazgwgu
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Catalyst Pressure (Atm) T (K) Conv. (%) Selectivity (%)
Pd-KUZ 20 393 90 94.5
Pd-CuO/ALO, /SiO, 1 423-503 30 60
Pd-CuO/MgO/SrO 20 433 38.5 93.6
Pd-Nb,0.— ALO, - - 28 90
Pd-oxides of Ti, Zr, Cr 10 413 33.9 92.3
Pd-KUZFPP 30 353-388 - -
Pd-C- Nb,O, 20 413 39.5 92.5
Pd-C- Nb,0, 10 413 30 91.7
Pd-oxides of Ce, Hf, Ta 10 413 33 90.2
Pd-TER 40 363-393 - -
Pd-CS-H-ZSM-5 1 523 41.9 82.4
Pd - Nb,O, . - 41.8 93.5
Pd-oxides of Zr = - 27 04.9
Pd-KS-IER 50 373-403 - 90
Pd-ZSM-5 50 443 40.25 95.36
Pd-IER 3 - - 4
Ni, Cu, Co-Ga-ALO, - 453 53.9 37.1
Ni- ALO, 1 373 S 95
Pd-ZSM-5 - - - -
SiO,/ ALO, =30 6-60 433 41.24 90.98
Cu-MgO- ALO, 1 513 71.7 50.1
Ni-CaO - 473 70-80 60

Cu-MgO 1 653 60-80 60-75

Pt-HMF 1 433 - -



M319N 2 (A9)

Catalyst Pressure (Atm) T(K) Conv. (%) Selectivity (%)

Ni~CaO - - 60-80 50-60
Pd-AIPO,-I1, SAPO, - - - -

Ni—Al phosphate = - - -

Pd-(Zn)-H-ZSM-5 5 408483 55 83-94
Pd-Nb,0.-SiO, - - 30-35 88-92
Ni—CaO > - 60-70 70
Pd-ALO, 40-90 413-473 - -
Pt-H-ZSM-5 1 433 - -
Pt-NaX - 713 = 70
Pd-H-ZSM-5 1 473 473 30.7
Pd-IER 40-70 353-373 ¥ -
Cu-MgO- AL O, - 7 65.26 57.49
Pd-zeolite = ; 70 87.5
Pd-IER X 403 43.2 98.2
Pt-Sn-H-ZSM-5 1 443 - -
Pd-C 1-20 333 - >
Pd-Ca-AlLO, - . - -
Amberlyst CH 28-30 403-423 25-50 70-90
Pd 35 300 15 60
Pd-IER 5-15 373-453 - -
Pd-MCM-56 - - 335 81.2

31 : Rahman (2010)
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a =~
AIUU

Zeolite - beta Mordenite MCM-22  Zeolite—Y

Overall selectivity on propylene (%) 99.87 98.61 98.74 98.30

i : Perego (1996)

M319N 4 Ml aarived IngiNay ANUTUNIZ LAZNIINIZNEAIVEI DIPB NQaIHAla1Ne

QU

Catalyst T X Selectivity Iso/n DIPB distribution

propylene

(°C) (%) Cumene DIPB Oligo ratio ortho para meta

MCM-22 180 76.05 92.12 7.34 0.32 1650 10 30 60

97.97 90.56 9.03 0.27 830 8 32 60

220 91.70 90.78 8.84 0.18 790 7 33 60

96.28 89.54 9.60 0.11 460 5 38 57

Beta 180 76.25 92.16 6.96 0.41 920 6 42 52
97.34 90.76 8.33 0.25 900 5 44 51

220 89.90 89.34 10.07 0.21 720 5 46 49

98.34 88.67 10.58 0.15 460 3 51 46

i : Perego (1996)
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—15 3 =
Y =2X10 X +1X10 (AUMITMAKNUIN A N 2)

k4

- Bwnaesd Tauvniinunldni iy 23658920 unuaadluaunsmanuin 2 f

2 3z ldsmu Tuavesezd Iau My 4.83 x 10° Tua

4
AA Aq

- Suaezs lauviesntnunlanswiminy 3463208 unuaiadluaumsnianuln a i

2 92 Igs1uau Tuaveosd Tau (mn 7.9264 x 10° Tua
ENUAA IUANMIMANUIN R A 1

acetone conversion = (4.83x 10" -7.9264x 10°) X 100/ (4.83 x 10”)

83.58 %
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[cumene] ¢ 4
Cumene yield (%)= ol x100 (AUMINANUIN A 0 3)
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out
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Y=9%X10 "X —2X10_ (AUPTAARUIN R T 4)

k4 1 1
- ‘]_Giﬂmﬂ’muﬂlWﬂ@ﬂNﬁUﬂiﬁjﬂﬁ‘lf\lLWWﬂU 16230241 unumadluaunsmanuIn 2 7 4

22 18911 Tuaweantu M0y 1.4407 X 10° Tua

a Y A dy A 9 " @ 1 A
- Usuaezs lauvuindnunldanswlniny 23658920 UNUMAIUEUMINARNLIN A A 2

2z 185 1uu Tnavesozd Tau 10 4.83 x 10° Tua
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- PSuaezs Tauvieontnunlans1miny 3463208 unuaiad luaumsmaNuLIn 2 7 2

a2 1as1uu Tuavesozd Tau 1oy 7.9264 x 10° Tua
UNUAAS IUAUMITNANUIN R N 3

.". Cumene yield = (1.4407 X 10") X 100/ (4.83 x 10° - 7.9264 x 10”)
= 35.68476 %
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gashldmuiniSunudosazvewwa ldvesTnsiawudu (NPB)

[NPB] out a
NPB yield (%) = x100 (FUMIMANUIN A N 5)
[acetone] i [acetone]

out
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Y=2X10 Xx—4X10_ (AUMTAIARUIN 2 T 6)

Y v
- S Instawusuvisoninunldnsvlminy 454859 unuaiasluaumsmanuin

2 9 6 92 18910u Tuave Tnswawudy miny 8.6972x10™" Tua
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- Suaerd Tauv i inunldns viminy 23658920 unuaiadluaumsnianuIn a i

2 3z ldsmuTuavesezd Iau My 4.83 x 10° Tua

Y 1
A A =

- Suaezd Tauvioentnunldni sy 3463208 unuaiasluaunsnanuln 2 7

2 3z ldsmu Tuave ez Iau My 7.9264 x 10° Tua
UNUAAS IUAUMIMANUIN R N 5

.. NPB yield =(8.6972X10"") X 100/ (4.83x 10™ - 7.9264 x 107
= 02154 %
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4. Jouazvoanansanlalolansnauay

gashldmunniSinudosazvewaldveslaloTa Tnsnawudu (DIPB)

[DIPB] g
DIPB yield (%)= o x100 (@UMIMANUIN R 7 7)

[acetone] o [acetone]

out
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—16 — ~
Yy =8X10 X—5XI10 (FUMTNANUIN A N 8)

F v
- 5ua'lale e Tnswamuduioontnunldnaiwminy 1185223 unuaiasluaums

Marun 2 1 8 3z ldsuauTuavedlale T Insiamuduminy 9.4318%10™ Tua

=

2 v
- Suaezd Tauv i inunldns miminy 23658920 unuaiadluaumsniakuIn a i

2 3z ldsu Tuavesezd Iau My 4.83 x 10° Tua

Y i
A A =

- Suaezd Tauvioontnunldnimmidy 3463208 unuaiadluaunsnanuIn 2 A

2 3z ldsu Tuave ez Iau My 7.9264 x 10° Tua
UNUAA IUANMITANANUIN R T 7

.. DIPB Yield =(9.4318X10"") X 100/(4.83 x 10" - 7.9264 x 10”)
= 23361 %
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