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Abstract : Liquid or gas phase alkylation of isobutane with 1-butene for i-octane production was carried out over Cs- or
NHi-exchanged HsPWi:Ox. Pretreatment temperature of the catalyst played an important role on the catalytic activityof
heteropoly acids in the liquid phase alkylation. Cation-exchanged HsPWi:0s showed a better total yield and i-octane
selectivity than the mother acid in the liquid phase alkylation, and (NH,)2sHosPW1205 was more efficient than CsysHosPWioOu
in terms of i-octane selectivity. It was found that the acidic property (deactivation of acid sites) of the catalyst was closely
related to the catalytic activity of Cs- or NHj-exchanged HiPW:Oy in the gas phase alkylation. Cs-C; were mainly formed
in the early stage of gas phase alkylation due to the strong acidic property of the catalyst, whereas Cs and +Co were mainly
produced as the reaction proceeded due to the deactivation of acid sites. CszsHysPWi:Ou0 showed the highest total yield in the
gas phase alkylation among the catalysts examined.
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Table 1. BET Surface Analysis of Cs- or NHs-
Exchanged HsPW1200

Catalvst Surface area Pore Average pore
Aty (mYg) | Volume(cc/g) | size (A)
Cs22HpsPW120s0 40 0.029 189
CsasHosPW1:0y 150 0121 315
Cs7Hy3PW120s0 165 0.143 347
(NH)25HysPW120s0 127 0.099 311
(NH425
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Fig. 1. XRD pattern of CszoHogPWi12040, Cs2sHos PWi2
O, Cs2:HosPW12040, and (NHz)25HosPW12040.
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Table 2. IR Analysis of Cs- or NH;-Exchanged

HsPW12040
Wave number (cm™)
Catalyst
P-0 | W=0 | W-O-W' | W-O-W'

HsPWixOs 1030 | 982 332 791
Cs2oHosPW12040 1080 | 982 839 802
Cs25HosPW120s0 1080 | 983 8% 800
Cs27Ho3PW12010 1080 | 983 890 800
(NHy)2sHosPW1:0p | 1080 | 934 890 810

I=angular bond, [=quasi-linear bond
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Fig. 2. Effects of pretreatment temperature of CszsHos
PWi2040 on the total yield in the liquid phase
alkylation : Temperature=30°C, Pressure=5 atm,
Catalyst=1g, i-butane = 9.4g, 1-butene=0.94g :
O= 200°C, @=300°C, []=400°C.
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Fig. 3. Total yield, Cs yield and Cs selectivity after

10-hr reaction in the liquid phase alkylation :

@

Temperature=30°C, Pressure=5 atm, Catalyst=
lg, i-butane=94g, 1-butene=094g : (a) Css
HosPW12040 (200°C), (b) CszsllosPWixOg (300°C),
(¢) Cs23HosPWi20 (400°C), (d) (NHa)osHos
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Table 3. Catalytic Activity of Cs2sHosPW12Og in the
Gas Phase Alkylation after 5-hr Reaction

Temperature | Total yield Selectivity (96)
(°C) (%) Cs-Cs Cs +Co
150 175 18 457 36.6
200 35.0 14 475 385
230 145 18 354 46.6

Feed = i-butane(2.2 cc/min) + 1-butene(0.4 cc/min)
Catalyst = 1g ‘

He carrier gas = 20 cc¢/min

WA 5AZ ool C-Crol 4R Aol 23T &
2 fAsdth o EAN AYE FS G ol4DE
NGO Col HIEE G o4l A4Ed vl
A Jehdelt. g98s Avgd dsd g 22
Siee WeeEst %e A% 49%yoR feshy
MeEEHo BAaE, HELEt B AT 998
Hom 28T cokingdl $e7k Yok wEHA Foi3l
wezAeld el eExAel TAA sEd,

Table 3914 & 4 %ol 200°CAA 7H¢ & &
&3 Gy AEEg Bt 200°CHA e F4&L 150C
2 250°Cel A 1ot of 2 AE A dehdth wE

o] 5A %+ AE AFHT Fo& cokingdl oF Fvj
1845t o= A AP Cs R +Coo
Aol Aoz dojur, 250°CAIA <} 2t
e endXE v A9 At O& w
Ao} +Ceo Aol Ao YebdS ¢
o

7)Ao dig Cs 2 NHy A &g Svf 3

A

i
ooz
ol oo A oed

]

e

¥ M 8 b 1o

ou) o} A Hvj BF oF 45%9 Cs AY=
itk Table 1o WERA whs} o] Al ZujE
7t ax gAY 71F ZA7|d JAM Mz Z A
o]7F glovt, CsooHosPWiOpe ©HE Al Zujjo] u) 3]

EHAo] o 13FEe1 7]FAVE o 2/3 Aol
A 7NALZA s HES- o A CspHosPWi20s02) Fui A 2
%7

F&o| 5% olstZ wi§- AzF ZAoR JEyTh
Zujo] AEQYIAE oA EAT CseobosPWie
009 EW 2 7% 540] 7144 Asr&d AdsA
e ongi. ojejd @4 FFdAsukgAA 1}

80

Total Yield (%)

N (&3] H w [e)] ~J
o (@] (@] (@] (@] (@]
T T T T T T

—_
(=]
T

0 1 L ! | I
0 100 200 300 400 500 600 700

Time (min)

Fig. 6. Total yield over Cs- and NHjs-exchanged
HsPW1s0g in the gas phase alkylation with
respect to the reaction time at 200°C
i-butane=2.2 cc/min, 1-butene=0.4 cc/min,
Catalyst=1g, He carrier gas=20 cc/min : [J=
Cs25HosPW120s0, O=Cs27HosPW12040, @=(NH)
25 HosPW12040.

Bt 3k EAZE /3L E FEe] A
&< 9@t Fig. 6 ¥ Fig. 79 Yepd upsh o] A
Zujo] A2 g 8L Zul9 AEA, thA T
A cokingoll <3 ZFujitEe] n|&Astet B

d), whgx7)o CsarHosPWiOwol 7Hd 58 F5&
2 BolA gk v &AL w2 A g o] A 3A
ZH o] Fd = CspstlosPWixOsw o] 40 Ad 2A
el (NHa)2sHosPWiOp F0le) 2 S v @437}
M3 338 AYES ¢ F Uk 2y G HE9E
o glojA Al Zuje A2 Z zlo] glo] AY 7
& Role Aoz Yeh, 7dgdshtgda s F4E
Hol A CspsHosPWiOw Fle] Aol 7 $58$

% 5

A 2 y)dddgekge 2t nd B84 o
o] AYE EZvjg8A9 Z7lE 150 AYE 2718
o AEXN 9D JFEA BAY 79§t 2ae 3

acidity& 7FA 1 glovt ykgEo
“15"8}7] 0']%‘7] Iq]??_‘oﬂ bulk }1‘1' 22
F2 WAA Ra, 94 2ake] B
o vl @B FBe

Os % NIL 953 2& $849 34 A

B me ot R
oft. j=n

ofp

J. of Korean Ind. & Eng. Chemistry, Vol.8, No.2, 1997



218 TAE ol - FUT

C8 Selectivity (%)
N g & g 3 5 8
T T T 1 T T

—_
(@]
T

!

0 1 1 t t 1
0 100 200 300 400 500 600 700

Time (min)

Fig. 7. Cs selectivity over Cs- and NH;-exchanged
HsPWi:Ox in the gas phase alkylation with
respect to the reaction time at 200°C : i-
butane=2.2 cc/min, 1-butene=0.4 cc/min, Cata-
lyst=1g, He carrier gas=20 cc/min : []=Cs2s
HosPW 12050, O=Cs27HosPW120s0, @=(NHa)25Ho,
PWi2040,

o

1 2
G 2 gusugdd vad v 284 g5 A
U Sa4e ke 284 950 At 135
43 TR AEHY 27kl BA0] AdeE Aoz B
QT Cs BP9 A% Cxo R Csor® A FA1H
Fd AEA[15]S Bola glou, Table 1o Yebd u
o ol Courdl 71BEA0 BS $4aT HeA 94
2 Aoz Add B o LA FE AodAME IS
Aooe 71FEAR A LA & TS 7
Ae A% ¢ 4 v
4.2 B

1-3R3} i-3ee] 2o ofd -SEAANS
& Cssh NH/H A28 HPW:Ow Zol4dA 944 2
gz FRsdc LR 4% #eA &
e AR Lxsh AHzZaA Folel wgAel v

I
>
ts2
L
T
—o
4
ot
Q g
I
)
f
do
&
> %e

Tdse A8 d A2 E, 1997

22 Bgon (NHyysHisPWiOn Z77F CsastlosPWre
Op BT Cs =AM A4S $58 Aoz 1222,
o | e surse] 3¢ Eeje] A5 £
Ao ZugAz Bo| Ytk 714G As Sl
g x7)o= Zuje] 72e AEA HEd GGt B
73 Baure AREo] F2 Yehh dhgel 13
A cokingol 9@ Fo) AbHe w2 AAH
of Cs B +Cyt F2 AHUT 7Ll
Zu) ARe wEARS &5t F5&d 2 ¥ ¢
A%, 713eggugd A tid FuF CssHosPWiOw
zo7} A 958 2585 RASH CollsPWiOgn

& lganshigdA A $4E RolA Ut

—_—

it
k1
Ho
rok

1. V. N. Ipatieff and A. V. Grosse, J. Am. Chem
Soc,, 57, 1616 (1935).

2. A. Corma and A. Martinez, Catal. Rev. Sci. Eng.,
35, 483 (1993).

3. J. Weitkamp and A. W. Chester, Zeolites, 5, 858
(1990).

4. Y. Yamaguchi, Appl. Catal, 61, 1 (1991).
B. Chieche, A. Finiels, C. Gauthier, and P.
Geneste, J. Mol. Catal., 42, 229 (1987).

6. T. Okuhara, M. Yamashita, K. Na, and M.
Misono, Chem. Lett., 1451 (1994).

7. Y. F. Chu and A. W. Chester, Zeolites, 6, 195
(1986).

8. L. Schmerling, Ind Eng. Chem Res., 45, 1447
(1953).

9. F. C. Whitmore, J. Am. Chem. Soc, 54, 3274
(1939).

10. L. Schmerling, J. Am Chem. Soc., 68, 275 (1946).

11 £Q3, olF%, A3, o84, FY¥sd 5 431
(1994).

12. o|F=, &4t o154, &4, 11, 5 (19%).

13. H. C. Kim, S. H. Moon, and W. Y. Lee, Chem
Lett., 447 (1991). '

14. M. Misono, Proc. 10th Int. Cong. Catal., Budapest,



Hel2Zeat ool 1-3do] 4 -7 dHsiuks 219

Hungary, July, 1992 : New Frontiers in Catalysis
; Elsevier, Amsterdam, 1992, 69.

15. T. Okuhara, T. Nishimura, and M. Misono, Stud.
Surf, Sci. Catal., 101, 581 (1996).

16. T. Okuhara, T. Nishimura, and M. Misono, Chem
Lett., 155 (1995).

17. Y. Izumi, M. Ogawa, W. Nohara, and K. Urabe,
Chem. Lett., 1987 (1992).

18. K. Na, T. Okuhara, and M. Misono, J. Chem. Soc.
Faraday Trans., 91, 367 (1995).

19. T. Okuhara, T. Nishimura, H. Watanabe, and M.
Misono, J. Mol Catal., 74, 247 (1992).

20. S. Tatamatsy, S. Hibi, T. Okuhara, and M.
Misono, Chem. Lett., 865 (1984).

21. I K. Song, M. S. Kaba, G. Coulston, D. Kourtakis,
and M. A. Barteau, Chem Materials, 8, 2352
(1996).

22. C. Rocchiccioli-Deltcheff, M. Fournier, R. Franck,
and R. Thouvenot, Inorg. Chem., 22, 207 (1983).

23. Y. Izumi, N. Natsume, H. Takamine, I. Tamaoki,
and K. Urabe, Bull Chem Soc Jpn., 62, 2159
(1989).

24. N. Essayem, S. Kieger, G. Coudurier, and J. C.
Vedrine, Stud. Surf. Sci. Catal., 101, 591 (1996).

J. of Korean Ind. & Eng. Chemistry, Vol.8, No.2, 1997



