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[ Feed: n-hexane
| Catalyst: MFI-type zeolite
i (Si/AI=320, Crystal size: 90 nm)

FoAxJ W [mol s'kg]

104 e
1 10
Co(1-Ax, 1 2) [mol m3]

1 MFIMEF 54 b+ (S/AI=320, #5574E © 90 nm)
% I\ 72 n-hexane FZ il 73 St O B IR B D P e

BN 2 2K
Temperature/  Reaction order/ Rate constant/
T _ m kg~ 11
475 1.2 25%x107*
500 1.0 39%x107*
550 1.0 9.7x10°*
600 0.9 2.8%10°°
625 1.0 47x107°
650 0.9 74%x107°
25 ' Fee'd: n-hexane ' ‘
Catalyst: MFI-type zeolite
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(a) monomolecular cracking (b) bimolecular cracking

N P
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4 Bronsted B2 F.CD/8T 7 4 MG BB O RAE
(a) monomolecular cracking, (b) bimolecular cracking

128 kJ/mol I, Haag & %%#ki5 L 72 monomolecular crack-
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[ @ nano (n-hexane): 126 kJ/mol

| A nano (cyclohexane): 119 kJ/mol

| M nano (methylcyclohexane): 116 kJ/mol
" [J macro (methylcyclohexane): 87 kJ/mol
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(1) REHE (4=0.2)

(2) BRI (02<¢<5)

(3) dLEkfE (p=5)
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TR EE L ARPEHGREE DR & 7280, ks 1 NG
DRI (IR OFEE L 1ZIZR—TH Y, f
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closed: nanocrystal [Z2RN
open: macrocrystal \
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103 102 107 100 10! 102

Thiele modulus, ¢ [-]
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O A A 2 OBl 53 RO & PO HEE & P R o
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¥R R BOS O UG EEE BT R E L o T
%o TIZMFIBIEF 5 4 b DOFHH D Al & f#AT
WXV SN HEEBOMBRERLTED,
BN 3 2 B ALK LARIE O IR H 5 2 &
Wbhb, T T, WOMBIIHLNS,

ke=a[ Al])/([Si]+[Al]) (6)

22T, [Si], [All 3E¥F 54 M EHE B oS E Al
DWEZRELTWD, T2, a3 TOWETH Y
550C, 600C DIHEZZEN 21038, 1.1 TH - 720
X ) Kk (6) xRATHZET, & (7) 2°
Bohsd, X (7) ZEFTITA FOSUAILLE EF S
1 boitE L) oREEITATHY, KX (7)
D ¢ (Thiele ) 1202HHWVIESERAT LI L

Si/Al ratio

12 3?0 1?0 11|0
—.: Feed: n-hexane .
E:‘” 10 | Catalyst: MFI-type zeolite nanocrystal o |
E
L 8 600°Cc A
X
s 6 -
2
8
2 4t 1
o
[ o) o
% ok 550°C |
o] e
o S [¢]

0 s 1 I I I

0 2 4 6 8 10

[AIAISIT+AN) X 103 [-]

7~ MRS DO MFIEF 5 4 b OfE
N b RUCHE o BIAR

4 b (16)

T, ROSHE (<0.2) H AWV ITILEHEE (9>5)
LD SUAILE X T4 MEME QL) OMGR%E
BHZENTE D,

L= Doy (SID/TATT+])

app

BISIEMFIEI Y 4 7 A © & {7z n- 34 2 35l
SRS (BOSHLEE @ 550C, 600C) 2B 5 S
AL LR REOBRE R, SUBHE & BRI
OB (9=02) \FHEMT, BREWR & IR
PR (9=5) BHEBMTRLTWS, Mo 7ay k
Z I FE TIER S n-~FH CEGR 72
MFIEI¥ 4+ 5 4 FOSUALL L HEERL TV A
2SR e K R S A0S, A 150 nm @
MFIEL B+ 5 A k% H s 72N 3 4 o B2l 40 1% PO
(550C) IZBWT, LR IEvIEH 2 b DD S
AL E ST OHHRT IR R S kb o 72,
SR BUSHSE T TRIBAHET L TW A2 TH
%o —JiT, KEEENIB X £ 1500 nm O MFIE! € %
I 4 MCREEREHER T AR SN2, Th
i, BSITR SNl ) SUSHE & JL iR o T
DOBRFIRID D LR OBEZZIT TV B0 TH
5o

BIFNTARER LD, BEF 7 A — DIVELT O MFIE!
YA T4 FeAFH MOV S 2 L8
POBHEE T CRIB % AT SR B 7200584052
bbb, —J, ¥F T4 NP OAIROYE

(7)

5
100~ .
- | | Diffusion-limiting ?: ST
- condition e
104 /
=
=N
3 L
8103
[ E
= f
>
O

102

Reaction-limiting
condition

Bold line: 550°C
Thin line: 600°C

10! 102 108
[SAT ]
8 AFH MRS DO MFI Y F 5 4 D Si/
Al & B O BIfR
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= BOSIREE O _LHAPE W U E E I %2 5
729, FUSEE T CRINZ #ITEE572012KkD 5
NBEXFTA MEREPNS BB EPW LM E
ol

5, MFIB2EF 54 FERWAEETIVF 7T DM
PERIS "

n-NFH Y vruanFHy XAF v ranF
2 AR5 O S EESEAT A S, 90 nm LA O MFI1 2!
Y¥AI4 M+ 7 YRF I (SYAI=200) Ty
NOFFHI LT b SOGH#E T THATT 5 DI
L, 27 u2) A5 VoA MREIEEL, i
F 7 T AT TURE B T W B IS T RUG
DHEATT B EPHLNC R o720 FEBEOF 71
RT T4 YRFTT v, HEREOBED RAKFEK
FOREWTH Do F2ZETFTNFT 7HHEZRT
(MO EBEIZ L), EFVF 7FOEW
FNENT T4 Y THDIN, FITURFTTT VT
BICEWHEEREPEINTVL I ERS, TNHH
JEORHHIC LR 2 & & T F 7 s R o A%
HEPE, MBFGIOEET e EZONE, €2 T,
MFIEIEF 54 h~2ras YA, F/)21) A%
VEHWEL T4 - OFERENE TV F 7 M
R KRIZTTRBEEZ R L, Mob X101
650C TE T IV F 7 MG % 4T - 72 0 A5
SABLOEFTNF ITHICEEINDLn-~FH L, A
FN T 7 anFH Ui bREORRELE R,
=7z YRZNVIEF ) 7Y AF VIR G
L7 4 YINEER Lz, S512, BUSKB ofE &
EDIERWIEIIZLL, nA"FHF L XAFLY
ZanFHY o b Lz, HEE (BTX)
DEREGHWPT 2 —FTNT T 4 ¥ OEEHH

F2 EFNF T HHK

Composition [mol% ]

n-hexane 20
3-methylpentane 20
n-heptane 15
n-octane 10
cyclohexane 10
methylcyclohexane 10
benzene 5
toluene 5
xylene 5

ML7z2ehs, MBEOHIIRI > TnD EHEZ
bNb, FiaboMY) <70z ) 25 Vi Hwizn-~N
FH Rt 7T v OEMIRLERFEB T TULA
HATT 5720, EFNF 7 ORGSO ER
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(a) Macrometer-sized crystal
Coke amount: 17.0 wt% aftér 260 min.

(b) Nanometer-sized crystal
Coke amount: 2.9 wt% after 260 min.
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Kinetic Study for Catalytic Cracking of
Naphtha Constituents Over MFI-type Zeolite

Yuta Nakasaka, Teruoki Tago and Takao Masuda
Division of Chemical Process Engineering, Faculty of Engineering, Hokkaido University

Light olefins production by naphtha cracking over zeolite catalyst has been widely investigated. For selective
production of light olefins and inhibition of coke formation by consecutive reaction, the reaction is required to
proceed under reaction-limiting condition. This review describes kinetic study for catalytic cracking of naphtha
constituents (n-hexane, cyclohexane and methylcyclohexane) over MFI-type zeolite and way to design an
optimal zeolite catalyst for naphtha cracking using Thiele modulus and effectiveness factor. The catalytic
cracking of naphtha constituents exhibited first-order kinetics with respected to naphtha constituent concentration
and reaction rate constant for naphthenes showed higher value compared with that for n-hexane. Activation
energy for catalytic cracking of n-hexane at high temperatures (823-923 K) was greater than that at low
temperatures (748-823 K), which was a result of the reaction mechanism difference. In order to proceed
catalytic cracking of n-hexane, cyclohexane and methylcyclohexane under reaction-limiting condition at 923 K,
MFI-type zeolite (Si/Al=200) with crystal size of 340, 100, 90 nm, respectively, were required. Relation
between Si/Al ratio and crystal size for rate control conditions of n-hexane cracking over MFI-type zeolite was
clarified. Catalytic cracking of model naphtha over nanocrystalline MFI-type zeolite (Si/Al=200) generate a
greater proportion of light olefins and showed more stable activity compared with macrocrystalline MFI-type
zeolite due to low diffusion resistance.

Key words: Kinetic study, Effectiveness factor, Naphtha, MFI-type zeolite, Diffusion rate
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