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Abstract— H-mordenites treated by steaming at 500°C(SM) was further treated by HCI(6N)/steaming(DM). These sam-
ples were mixed with aluminum hydroxide which were precipitated in aluminium nitrate solution at pH of 7.8 and 9.5. Ni-
trogen adsorption/desorption isotherms for surface area and pore size distribution, pyridine adsorption for acidity, and ca-
talytic cracking of n-decane were carried out. The samples prepared at pH 9.5 showed higher catalytic activity in the crack-
ing than those at pH 7.8. This may be due to the difference in the Bronsted acid amount and pore structure of the samples.
We also observed that the samples mixed with DM which has developed mesopore were higher selectivity for iso-paraffines

and aromatics.
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Table 1. Chemical composition and unit cell constants of mordenites
modified by steaming(SM) and steaming+ 6N HCI(DM)

treatment
Catalysts SiO, AlLO, Na,0O Unit cell
(M%) (W%’ (Wt%)° constant(a)’
SM 84.62 13.32 0.33 20.44
DM 94.25 4.75 20.29

“XRF analysis, "XRD analysis.
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Fig. 1. Schematic diagram of micro-activity test(MAT) apparatus.
1. Micro-feeder 6. Liquid reservior
2. Valves 7. Gas reservior
3. Thermocouples 8. Temperature controlier
4. Mass flow controller 9. Three way valves
S. Furnace 10. Nitrogen gas
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Fig. 2. N;-isotherms over various catalysts.
A:SM(0O), SM/A(7.8)(®) and SM/A(9.5)(%), B:DM(C), DM/
A(7.8)( @) and DM/A(9.5)(V).
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Table 2. Surface areas, pore volumes and desorption average pore
p rp ge p
diameters over various catalysts

BIH
Surface arca(mz/g) Pore volume(cc/g)  desorption
Catalysts ; : -
BET External Micropore Total Micropore average pore
diameter(nm)
SM 515 S1 463 0.2484 0.1796
DM 526 82 450 0.2942  0.1449
SM/A(7.8) 320 214 106 0.2862 0.0472 3.74
DM/A(7.8) 323 210 113 03266 0.0507 4.27
SM/A(9.5) 299 194 105 03209 0.0471 4.77
DM/A(9.5) 330 205 125  0.3511 0.0559 4.83

A8l TAHE 50% HEAL P AT ol ek, 22t B4 &
i F AT 819 15% HEot Beihdel 2o 2k vldleln
o] FAF oldolgich. Meby FA% Aelg Foj 2ol
o)& 47 He] Folgh valFo] ti¥¥al WaF vrije]En
che vLAEe) Hm FAT ol ge Apel we £ 27k fele
cha g7hect.

sl go] FAFo2 Wad DMo] E¢H DM/AZL SM/ART
10-15% A= AF-EAo] Zich =gk pHrF 7.8 - $xch= 9.5¢
971 10% BErh AE 447 B B AFAel e,

3-2. M3 P$x9| W5t

Fig.32] A%} B AAawae] A37 £325 vebla il A=
2gut Al SM3 o] odFvubel pH78 9504 Eggt
SM/A(7.8) ¢} SM/A(9.5) & ‘el Bi= DM3} o]-& pH7.8% 9.5
o} 4] £33 DM/A(7.8) ¢} DM/A(9.5) & el glc}. SMx} DM
& 4nm AE]) shbe] AlFFEE 7R 2 olrh. 2 et
4= 4nm, 5nm 28]3 8nm A28 AT T2 E 7lzich ok}
A1 Snm&} §nmi GFulv}t FF4 2= A Folc) Aelnt #He)
g SME U= o4k Mefrh 715 DM 7397} FAl g whdsla
gl SM(E+= DMY/A(7.8)= 4nms}t Snm Ao F dF 128
AF7 Zo] 3-6nme] F-L& FTEE o|Fa k. el SMEs
DMY/A(9.5)+= 4nm2} Snm 2fell 8nme] Al A-Z FZ2 & A2 =
o] 3-10nm2] Y2 AlF F+FxE& ol &1 %1‘4

FHol et FHRE BT A £3 =27]4] BE= 1-10nm %
E2 o] gle}[4). e o] -2 Haf uhgolle vist A F T
9} 3-10mme) Y& A2 F& Al Zefrl AAs o}y 2ol
MFTZ F 71 E AlFelr] obndre] Fajlel T4 frol H&ﬂ
58 I8 T ATANME detead ar715 Ay
w3t 71 2k Al gepo| B Algt Hweldw Pkl sl

}'N o2

1N

3l el & FalA 7] dAR Q] vhge) vlgsictn 8] ool
o2, 4]

wepa o} dfellx] AzE Fofola]= Ml ZF2HA A 2H pH
9.50l| 4 atFaltE A Egfsted Alxg SM(EE DM)YA(Y.5)7}
Hel G EalelA A ew sobdeh

3-3. FT-IR

3-3.1. F=417) 2] W3}

Fig. 4= pH7} 7.87} 95014 A A7) ebFv|u}e} RrhjelEg]
SM3} DM$] 3000-4000cm ' =4t7] oo} IRAIE el 9l
o}, w3} Fig. 5% SM((E= DMY/A(7.8) Lg} SM(®E4= DM)/
A5 F £F2o] EgEmol i3] 2 Fo] F4bvlel &
& ~d e 2o WIS el 9ol Fig defl4] B ~#lES]
A%} Bi= pH7} 7.87} 9.591 etFuhile] s C9} D SM} o] 2 ¢

A% E
17 Aol

HWAHAK KONGHAK Vol. 34, No.3, June, 1996



366 o}7 & - s E

—_
w

-

(&) —
© N
T T

<
(o2}
T

Pore volume(cc/g)

0.3

0.0 -

1.5

B 4 nm
1.2 5 nm .

0.9 ~ -

0.6 —

Pore volume(cc/g)
P

0.3 |- ‘”l‘\ ]

0.0 ‘ DSOSt S
1 10
Pore diameter(nm)
Fig. 3. Pore size distributions obtained by desorption isotherm branches
over various catalysts.
A:SM(O), SM/A(7.8)(®) and SM/A(9.5)V), B:DM(C), DM/
A(7.8)(®) and DM/A(9.5)(%7).
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Fig. 4. Infrared spectra of OH band on y-aluminas which were pre-
cipitated at pH 7.8(A) and pH 9.5(B), SM(C) and DM(D)
treated by 400°C, 12 hr at 3x 10 * mmHg.
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Fig. §. Infrared spectra of OH band on SM/A(7.8)(A), DM/A(7.8)(B),
SM/A(9.5)(C) and DM/A(9.5)(D) treated by 400°C, 12hr at
3x10"° mmHg.
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Fig. 6. Infrared spectra of pyridine adsorbed on y-aluminas which
were precipitated at pH7.8(A) and pH 9.5(B), SM(C) and
DM(®D).

(Desorption temperature : 150°C and 250°C).
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Fig. 7. Infrared spectra of pyridine adsorbed on SM/A(7.8)(A), DM/
A(7.8)(B), SM/A(9.5)(C) and DM/A(9.5)(D).
{Desorption temperature : 150°C and 250°C).

Table 3. Conversion, gas and coke amounts from catalytic cracking
of n-decane(Reaction temperature : 430°C, WHSV : 12 hr b

Catalyst Conversion Gas(cc/g-cat) Coke(wt7%/g-cat)
SM 57.2 28 0.98

DM 64 21 0.54
SM/A(7.8) 52.01 16 0.46
DM/A(7.8) 523 16 0.45
SM/A(9.5) 713 26 0.3
DM/A(9.5) 72.4 22 0.11
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Fig. 8. Fraction of C,, C;, C; and C,-C, components in products
from reaction of n-decane on SM/A(7.8)(A), DM/A(7.8)(B),
SM/A(9.5)(C) and DM/A(9.5)(D).

(Reaction temperature : 430°C, WHSV : 12hr 1.
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Fig. 9. The cracked components for liguid product from reaction of
n-decane on SM/A(7.8)(A), DM/A(7.8)(B), SM/A(9.5)(C) and
DM/A(9.5)(D).

(Reaction temperature : 430°C, WHSV: 12hr ).

34, TEU Oiziel Ea Be

3-4-1. BAe] v

Table 32 6572 Folfeld r=-dighe] a] uh3 Aol
ch s Ak e A e B e 28 4%
<+ vieba Qlvh 430°Cellx 2] F A AT o Faf v ol
t}. A3}g-S SM(EL DMYA(7.8) < Brit}o] & < SM(EI= DM)/A
(9.5) &A% Jehd 3 lch. o) Fig. Sol4] 4 SM{Ei= DMyA
(7.8) ¥r} SM(E+ DMY/A(9.5) 2] LewisAl 7357} 3257 Bronsted4}
S Erh = A3hgo] Ale) 7 sl opel vleaha lch

Zvj2l A ste] flelel me] PAdeks wriie] B > SM(E

HWAHAK KONGHAK Vol. 34, No.3, June, 1996



368 0|73k - sl s

= DMYA(7.8)>SM(EE DMYA(9.5)8] #A8 m=1e] AjAleke)
Zhast oloh. edd] mrvelErte @ F e F=o AJAeke]
Ach 2 FollME 24 3610cm ' RE7} F SMe) Fhagknt
FazEE ol AAskT et (7-10].

eebFulgo] wol i FAlFe] HdsEl DME sMur} 7% A
= A3Hgo] FvbEA|T sia AAEE m=eke 03]y astw
olc}. Table 1004 ] 2=} Ab47} 20.299] DMo) 20.449) SMKE
v} 239 QAleke] 22 712 Rajagopalan[11]2] &17ollA] o 5= g}
So] gy} ce| Azl Aele] g AR A gelolEr) ¢
A2 % ultrastable “Jeloll 3= 9] Aa} Abgpr) ghasle] m 0] A
kol Zhadlgeh. 3 Eoloid T <t Azl Aot 2t FAE
o] wldsl DM2 E§13 DM/Ac] SM/ARTH= Ashgo] 2w 7hx
7t} @z o] AjAjere] hadhs A S Holm vt

whabd Zof 2 b 453 A& wrjuo e gobFule] B
o] H FAl-go] ksl DMe] £3hd DM/A(.S) S5t $503)
k.

3] mridel e vl Er]} ebuile] 4 Fu
7 22 S-S vz AL ckel ks W Z=oh A sk
3] SM(E= DMYA(D.5) o4} Zoff Ago] -3kt ol &7
o F AFA Feo] Wi A R ot AlF F2E 0] 59 Lewis
73 5.9} BronstedAbefo] 7] wjF-oleta AJ7tct

3-4-2. A5 YA Fol A v

Fig. 82 SM, DM, SM(:t&= DMYA(7.8) 212] i. SM(:t= DMYA
9.5)9) 4F2] Houjg PR3l A EL EXE Jeplm 9ot o]
£ Sujaboll A mizvdwlgh o whg o2 A ) ARl dls)
B 4, SN, 60F 23] 7-97R 2 FEste] vehw gl B
3o 35971 E4hE] SM(EEE DM)Y/A(9.5) 7} 448 Bolvjo]Ex

1 A E 2= A9 fAlR FEE veplla Qi) w5
SAUg wrilelrig) ko) E3IE Fofolx o] ubg YA E L
A 7R} Al Fzet W Mg 18] BronstedAbFol & SM
(2= DM)YA(9.5)7} SM(== DMY/A(7.8) Bt wopct. E3] ~E
Helg] SM E£E 0]& £ SM/ARTH: gatEolgo] ol ¥l 1
Al o] urdsl DM} o] & EFE DM/Ao] BhAspof ab& A
2ol AAAH oz Ay B3 A4 MAE F i o A B
o] A= gt

gk ol5 ZoollA Fig. 9 2d-ajehd, ol i-ufuld, &
)3 ofzutel g Fiste] vetly vERE 05wi% olshrt
AR E 7 gl e Jeh=] edskel. SM3} o} & E§HE SM/A
ke FHFe] wikd DM o} £33 DM/A7} o] ishepd
3} o}Zujelo] o] MAE T 0|71 0.7 nm o|3}e] v]AlF-o] of
F-5aol SMo| 24t A$+ 7R W™ ola-Tietiat &y 24l
olgvlElprl= A3 EBadl xud-uleldo] folspA A=
FA 24 nm FE)o] whd®l DME EFF 7 olh-sletd =
= 513 QA Bl o3 deAde] $-Al3kaAT). Mcgreavy[8, 12,13)
| Aol uhg Aol st Al 2e] e wedta
gle}. Mostad[7] §-& w27} glo] ol2ute o2 Euix A4
27} S 0 Bl Adse] ol s-vletH ) S A4
gty shgiE) o) AR ofZmie o] gro] AW FAld) o) i3
g5 Wolx]E Fig 92 3= digc) vk A £ AL
whale 7150] s o] A-alellw) ol ZutEl2 o]7lo] To| MAE

==

A

2 A

2 o

i
=

B ok it

B4ata% H|343 H3Z 19961 68

= SM, DM#} DM/A(S.5) Al F52l ZfollA] SM <DM/A(9.5)<
DM ¢Aigieh. 23w E3F Zvlie 35% 0] wrjvie] Eoly] wf-ol
FAE moje| EE 7]F 02 31 SM<DM<DM/A(DS) &4 2
Eqe Zofzt ola-sleb 3} oh et o] ghake] gfo] WES] Fo}
A &3 Fvhel F3438 viebz qleh

4. A g

SM(E+ DMYA(7.8) = 4nme} Some - 2% ML F2E o
F9l. 20t SM(E= DMYA(9.5) = 4nm, Snm 78|22 8nmgl A %
FY FA2E FZ2E ol FUnh dFErY e o R R &
o LewisAbd 3} wrilo]Eel| ols] AAE BronstedAt&o] gli=
gl SM(EE DMYA(9.5)7F SM(EEE DMYA(7.8) Bl 338 A
A A3 3]z BronstedA 9] ofo] 7o}

ra-dgte) 882 chbe] AT FEel Bronsted kol
Algko] 2 SM(%: DM)(9.5)/A7} SM(:E= DMY(7.8YAxcl 2
aelxm Z3e) AASEE Yok Falalo] uld® DMe] E§td
DM/A7} SM& &3 SM/ARTE Zuf A3po] $-fajg]on] 2&t
7HE ol ola-wleldm) ol Zmfele] wo] Al g}

Al

o] A7 rshehA A4 EeETeIEre) RCCTE) A 4|
922 A7 Sasisich ofel] A1 =),

#NES

. Rawlence, D.J. and Gosling, K.: Appl. Caral, 43, 213(1988).
. Biswas, J. and Maxwell, I. E.: Appl. Catal,, 63, 197(1990).
. o]7 %}, 3P E : HWAHAK KONGHAK, 34(1), 28(1996).
. Campagna, R., Kowalczyk, D., Letzsch, W. and Wilcox, J.:
“Fluid Catalytic Cracking Process Technology , Section 8, 6
(1992).
5. Corma, A., Grade, M. and Fornes, V.: Appl. Catal.,, 66, 45(1990).
6. Miller, Y., Hopkins, P.D., Meyers, B. L., Ray, G.J., Roginskl, R.
T., Zajac, G.W. and Rosenbaum, N.H.:J. of Catal, 138, 115
(1992).

7. Mostad, H.B., Riis, T.U. and Ellestad. O.H.: Appl. Catal.,, 64,
119(1990).

8. Mostad, H.B., Riis, T.U. and Ellestad, O.H.: Appl. Catal,, 58,
105(1990).

9. Mori, N.. Nishiyama, S., Tsuruya, S. and Masai, M.: Appl. Catal,
74, 37(1991).

10. Fromet, G. F., Meyer, 1. D. and Derouane, E. G.: J. of Catal,, 124,
391(1990).

11. Rajagopalan, K. and Peters, A. W.: J. of Catal.,, 106, 410(1987).

12. Mcgreavy, C., Andrade, J.S. and Rajagopalan, K.: J. of Catal,
131, 319(1991).

13. Guisnet, M. and Magnoux, P.: Appl. Catal, 54. 1(1989).

W



