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Development of Catalytic Cracking of Heavy Naphtha
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3

Zu) F10 3~ 57 4%
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1. Background and Motivation

SUMMARY

(1) Heavier feedstock : heavy naphtha, VGO, AR

(2) Increase of natural gas cracker : unbalance in propylene supply

(3) Price increase of ethylene and propylene

2. Target and Contents

yr. Target Research Contents
- Construction of fixed-bed reactor for catalytic
cracking
1 Screening of catalysts |- Preparation of catalyst via hydrothermal synthesis
for naphtha cracking - Cracking over zeolites & metal oxides
- cracking temperature : 550-700°C
- (Co) + (Cs) yield > 50wt%
- Design of matrix for spheroidal catalyst and
Preparation of preparation by spray drying
) pelletized catalysts & » particle size : 50-100um
construction of - attrition index < 12
fluidized-bed reactor - Identification & prevention of catalyst deactivation
- Construction of fluidized-bed reactor
Operation of bench - Evaluation of cracking activity in an bench scale
3 | scale fluidized-bed fluidized-bed reactor
reactor - Regeneration of catalyst

- 11 -




3. Strategy

Bunjde.td eyayden

4, Results

Metal oxide
catalysts

Optimization of
operating cond
of fluidized—
bed reactor

Selection
of catalyst

Pelletization
by spray dryer

Zeolite
catalsyts

Design of fluidized Catalyst

~bed reactor regeneration

Development
of catalytic
cracking in a
PDU scale

Cracking temp. < 700°C, (C,=) + (C,=) yield =40 ~ 45%

One of the experimental data is compared below.

Catalyst H50
Gas product
Fixed-bed reactor Fluidized-bed reactor

Methane 7.9 10.1
Ethane 52 6.3
Propane 24 1.5
Ethylene 231 18.8
Propylene 19.3 21.6
4 8.0 8.5
C5 - 0.5
unknown - 4.9
Gas yield 66.8 68.4
(C) + (G) 42.3 404
(C&)/(Cs) 1.20 0.87
BTX 29.3 17.9
untreated 2.7 11.8

- 12 -




5. Expecting effects
- Technlolgy viewpoints
- New technology development
--> (atalytic cracking of heavy feedstock
--> Technology packaging in a CO2 reduction
- Economic viewpoints
- 20% energy saving in the process
—> reduction of CO2 formation, 1.3 million tond/yr
--> energy saving of $100 million

- Technology licensing

6. Summary

Micro-spheroidal type zeolite-based acidic catalysts containing 20, 50, and 60wt% of H-ZSM-5
were prepared by spray dryer. Their cracking activity was evaluated in a fixed-bed reactor with
heavy naphtha at 675°C and the C;” + C5” yield was obtained in the range of 38~47wt% together
with C; /G5 ratio in the range of 1.1~1.5. Addition of steam was required in the feed to improve
cracking efficiency but it brought dealumination of H-ZSM-5. Different from a fixed-bed reactor,
propylene-rich olefin product could be obtained in a fluidized-bed reactor due to the short contact
time of catalyst and reactant; The H50 catalyst containing 50wt% H-ZSM-5 revealed the Co'/Cs~
ratio of 0.87and C;” + C3” yield of 40.4wt%.

_13_
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5: Ethane = 9%, LPG = 13%, Naphtha = 63%, Gas oil = 15%).
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catalytic cracking) unitZ 2= 29 S dode Aert H3 U+
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3. A0k W9
TR AFAE E3x Ay 8 @ WY
p AUZE HERINHS TR 5
p Mg AzAES 93 4 FAAFA AF
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(2002) screening % $A4 > AgTelE B AlSEA ASFHSA
screening
- HEREILE = 550 ~ 700°C
- (C2=) + (C3=) yield > 50%
p A= Bl Matrix A4 2 A¥7E AL
N . - A8 9x=7] =50 - 150 gm
HERZ=a] Ad 7L 1
22 = jﬂ;EH; uﬂﬁ — "7H] Eﬁ;ﬂ’j—] - Attrition index < 2%
7S EICINCR = flirey - - - -
(2003) | T T AS BaHe mEAs Ad7E %ol
A7 A
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0~25%, ol&t 8~10%, T2Fd 15~16%, FLUF 8~10%(L % Feridol o 40%), HAg
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A 2d A4 Ao =41

AEEAN74S o3 Umpzy 2A2dA(E19d, A 5)e ARHe UL
! @%ve] 4A % AzE A3

Agtstol 29 1o Yeiith @ w8 3 &3
oz g/ Z2 A, v A, FH &

Light olefins
(ethylene, propylene, etc.)

= Improved olefing yield
« Improved salectivity,
=CT ratio

« mild reaction conditions  ¢hangs in €,

[ Energy saving ] LProcess simplification J

L Energy saving, resource saving, and J

reduction of environmental burdens

1§ 1. Catalytic cracking of naphtha to light olefins.

AZF) 4ol AEHE oY TR S
Wlelgch Fvls b4, U142 (Fol@s 4

BAE v, 7 Aol HE Foh o2 A
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¥ 1. Catalytic performances in naphtha cracking to olefins

Reaction atmosphere

Non-aerobic

Non-aerobic

Aerobic/non-aerobic

Type of catalysts

Acidic catalysts

Basic catalysts

Transition metal oxides/

basic catalysts

Temp.(C) 550-650 750-850 500-800
Steam/oil ratio(wt) 0-1 1-2 0.5-1
Yields products(wt%)
Ethylene 15-27 30-40 20-50
Propylene 15-50 15-22 3-10
Aromatics 11-34 0 -
CO, CO; Neg. 5-20 15-30
- Ag-MOR/ALO; |- CaO-5rO-AkOs
Examples of catalysts |- Cu/HZSM-5 - WO-KO-ALOs |- CriO3/ALOs
- Steamed HZSM-5 |- KVOs/corundum

- D2 -
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320 e Bl o A 2gd A AE3 Ve B

1!

oH

A

b

A% 2 249 54

FREEA}

MAXENE™

- e 2 RE 5-Cll v}ab3 (n-paraffin) 34
g A% FF/ 89 Ve o83 d&533

- et o] crackertol A g s F3|E

- UOP2] Sorbex 7]&< o] &3t A17]%

- UZE 2 HE g 30%0)1d 58

- (Sorbex) HAAAIH o2 1007]0]4 7]&0]%

-

o

UuoP

Steam Cracking

- Catalytic pyrolysis using heteroge. catal.

- &1} : KVOs/B,Os/mullite-corundum

- DA 30-3dwt%, T2 18-20wt%
@760-910°C, LHSV=3.0-3.5h"

- demonstration unit 7.5t/h

VNIIOS Co. + Russian
university of Oil and
Gast+Angar sk
Petchem. Co

RxCat

- ez HFEAFES 2T distillateZHE]
234, e AzV]E 20wtk OVL)

- dual riser, dual reaction zone 7%= 7}

- ¥ FEY Fadols Hast "}7%'1‘":
Zufld]], shape selectivityE ZFAA|H F&
ZSM-5 AlE H7HA| A1-&

- Zuj recycle linez} MxR™& A3} riser
st AAFeRN AF ¥ ARE
Haglela, 7 U cackingS 8t AF
Y8 #8588 SN

Upson & Nelson
(UOPs} A4 71%
ML )

CPP
(Catalytic
Pyrolysis Process)

- heavy feedstocko] ZA3% 7%

- A4 9/ AN 3248 7HA Riser reactor

- ) ogls zegd e HF)E

ol AFEld ¥h-g Zhe ol 9 (¢

g Al &eolE)

- FCC w571/ A 719 AL 373

- Steam cracking Bt} A2 ZF (140C)

- kel dEAA Ede

- gd 2%, Zedd 20% ¢&

Stone & Webster
(2000 A AR
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i3 UZEEZEH AF Yd Az AgHE Favle AT BF
=l s R 54 = TN EAL

- 1-6wt% USY

- LPG9} G, G 28 Az
LPG 40 - 65wt%, A3Le
A 40wt%,

US Pat. 5,846,402

Indian Gil Co.
_ 8-25wt% Pentasil - WHSV = 40120 h (1998) an MO
- Temp. : 530-600C
- Zuf] /feedstock : 15-25
- = 7] 7o) ¢
- Ferrierite, faujasite, . Uj] %EL ;JH f\oﬂ ig UG
: . gt TE F
heulandite, chabazite, beta, - Temp. : 500-750C US Pat. 6,033,555 Exxon

ZSM-5, 11, -25
S(Si0/ ALOs=2-2000)

- WHSV = 0.1-100h-1
- G397 : 650-900C

(2000)

- Zeolite/clay/phosphate

(8T 52 o5%

- A &) E : 0540wt%; clay :
50-94.5wt%; phosphate 5-25wt%
- 7]& zeolite/clay/phosphate Zmuj]

US Pat. 6,103,949

Bulldog Tech.

B ole] He Fhse BT} A% 10% T4 (2000) (USA)
HHE) - BESAAES G, G 289,
OlRT U 1 9] WakE
- GG YEY GG gele £
) S\/I;EEM;%g £¢ dddyd megdos %
e - zeolite : 5-75wt%, matrix : US Pat. 6,222,087 :
: > ' 7 .y M .
_(f;(;;/ifﬁ;:og - 25-95wt%, P : 05-10wt% (2001) obil Ol
o e smn |- ZRHA/ A>3
clay 32 o|g9 T3E - 0
-z g+ gl = 20wt%
- Si 420 =%, Al 40-55&%,
P 30-50& %
. - AEL F-Z(¢l, SAPO-11) US Pat. 6,409,911 .
- SAPO EX E il
SAPOs - (FCC =71) - cracking 500- 650°C (2002) xxonMob
- &) /feed : 3-12
- feed residence time 10Z ©]3&}
- pillared clay 30-75 wt%, F4Aks}
E  1040wt%, Y(ZL2 Pentasil) China
- Pillared clay Zvj| 0-30wt%, kaolinA] 0-50wt% 3h US Pat. 6,342,153 .
. . . . Petrochemical
(catalytic pyrolysis Zvl]) | - heavy oil, residual feedstock% (2002) Co

GGy &3 A4 (39-54wt)
- FCC & CPPY) # & 7}5
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%4 Ve Balo] 97 A7 dW AN A2 7% 5P
& 2 349 A& B 4o 54 A}
) . - cracking 2% : 800-1200°F
Low Residence Time ] i .
- residence time : 0.05 - 05 %

Catalytic Cracking
Process

(US Pat. 5,976,355)
(1999)

- Zuj] /feedstock FAH] : 3-15
- cracking ¥ : 0-350psig
- AAE 24 AEE 0 85%, G 1.7%,

C, 498% &

Stone & Webster
(USA)

Process for
production of
ethylene and
propylene by catalytic
pyrolysis of heavy
hydrocarbons
(US Pat. 6,210,562)

- cracking 2% : 650-757C, ¢¥ : 0.15-04MPa
:02-05 %

- Zuj /feedstock FAH] : 15-40

- steam/feedstock FAH] : 0.3-1

- Z1j] : pillared clay &2 P, Al, Mg, Cao]
=215 Pentasil 129 A& olE

-og, =AW 8 18wtk o)

- contact time

China
Petrochemical Co.
(China)

Method for Producing
Ethylene and
Propylene

(US Pat. 6,307,117)
(2001)

_ AgetolEdu : BE 94(Cu Ag Au)TH,
Si0,/ AlLO3=200-5000, ¥4 A+ 1= (ZSM-5
AlE).

- cracking &% : 400-700C <¥ : 1-10 atm

- WHSV= 1-1000h™

- feedstock : Ci-CF 3HHE 20wt% o}

PP Bl EHE

- Cy4 raffinate”} feedstock$! A% : d €l

10wt%, 2= Fd 30wt% HH 21wt% 5

Asahi Kasei Kogyo
Kabushiki Kaisha

(Japan)

Chemical absorption
process for recovering
olefins from cracked
gases

(US Pat. 6,395,952)
(2002)

- cracked gasZ 50-250 psigollA] &= cracked
gasE Y.
- A7) AEIHEE A

AASIL, F43447]21, ol F

=4 -8 ol Mscrubbing s} o

717 (paraffins) 7} 9§ AHolefins) & & & 3
7} olefino] F&E QA A fEH,
29, Hd 5& B2

3|

=

—_—

1
2

4 o

Stone & Webster
(USA)
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A3A AZ 7l AL A%

Uh3r E}42-5) (Naphtha Cracking)@ 9] 35 R3ANA A& 7h&d Fiel JLehg 750
~850C oA AR HAAFAEY 7% 98 YA Z2BA WA 52 YASHE WO
2A, 4L TANA 7P FA AZFY 3 shtoltHl]. P02 1 W o] vz
Bhst $371% 93, Bo) HREHS 7k MU tgstel 9 W39 FFeE 18F 1Sy
HEE nA AR A (LA 52 F)E FEFHNN BEA AN JEerE Refsta, &

Ay
A Holl AT FHES A& AYATEA - ES FHEE F5F ¥l Atk o] & TN

o} $3718 7Hhe RS W w] Ba7t AHsE AL $H87] A oln, BAzF U Y RalE
WP w245 02 WA AL PANY) AF otk ne o) RABFF o PA +5EL F
heht, wg o) Ar Y 5 A1E4 BAZ R A Ok A EL FAS 0T s FE
% 400~500C 744 9] BAG BA S TFSH, 0|52 FFo) o8] 2o HAsA ARsgUng
Aerh ohe, BN E H2E EEYH A 7AQ B40] 2/3 o] 4 AA 5] AL 1Y}l

M ZFk 57] WEol WE-FEo] 2 vlgo] Evh. Aoz e Baz At 44Tl B
X Ui ol 20~25%, A E8~10%, T2 He 15~16%, L&A F 8~10% (T Z Febr] <l

40%), ARF 4~5%, 53] 712 18~20% (1 = WEE EAo] ok 90%), BaF5 (BEH 200~
500C)7} 3~5%°]H, 5A 3 EA TS JelH o 2 Aistr] o= &0l s A] ¢t

3 F A fr(heavy oil)E GE33tS dal S Yakste 71Ed B3 7= HAZ A AAFL
2 2383 AFH Yok o & S|, v Stone & Webster Aloj| A Jast &7HH 83 (quick
contact reaction) 7] &2 o} 2 sl B HH5-7] 9} B Y feed oil FFHEA L ALESI= 54 0] 9l
TH2,3]. @ = British Petroleum Ao A 7 tgt 5-7] Q&3 7€ &Y 138F o) W& & ol
£ah= 54 o] 931, Y Tokyo Science & Technology Aloll A 7| dHsk 7| &2 A & 53 YAE
AFE8aL, HhS/ A A E 9 {55087 (fluidized bed reactor)E AL-g3tE EA o] UTH4 5. FF
SINOPEC]| A} 7§k HCC (Heavy-oil contact cracking) 7142 uhg E§-Eo] 9% &2 oleg& o
2 325F #BY I2E §55-57] (tubular piston flow reactor)E AFE-31H, &Y feed oil 331

o
S AAEe 71E0ln, @Y fresh feed oil 4L A8

3] 9} lift pipe % 2127 A2 ol thake] 27hehm 1w, o] lift pipeo] 4 &

o
)
H
Jm
S
N
(€8]
=
&
(@)
sy
N
2
R
fr
-
(o)
(93
e
5
99

B
=
Lo
Ho
off
0%
=
i

- 27 ~



pipe o] ol ST A& WAL ol5le] 45 HHBAHORM, Zul st ol Aol 9] HE )
FQom olzH 4HEY HUEE AN

= M4 T
5,264,115, USP 5,506,365 M= 53 w8543 A 71eg 278t Aok 5, wH&7] SinE
s

%2
=
)
u
oiN
Hl
Jm
i)
N
=
®
O
[t
S
<
U1
N
c
95!
bﬁ

upstreamol| A= 73 A &3}=4(light hydrocarbon) §2-& £37] d&&)sla ¥-8-7] oA R E
down streamol| M= 550 TH & A oA 2 B35h 2SS S Z8 7 (catalytic

cracking) s}A] @t}
o

[6]. o] F=73 0] 350°C o]4<l 54 &halraE g odgd, =233, Ral 9 A S 31
=2 AN = 7eRA T4 B3 AE 2 2 3 Y S (Y7 ES 2 g ESS A
35 9 Ho|F& 43I E R 4219 &Fre 4 2] o] E(alumino silicate))$} E3H8}a] piston flow
SRS 2 Fx)o) FHF 3 single lift piped A ) B 238)7} o] F oA oil gas7} A HEE
gt} o]m WS- 2 A& &% 600-900°C, +8 0.13-40 MPa, 28 /€ks}4A FAH] 0.1-1.0, Zuj/oil
F-AH] 5-100, Fvf 3 FA]17F 0.02-5% o]t} 12} ¥k F oil gasE Z v o} F-2]38taL oil gasE W ZHA|
Aot oldf = A F AAE-SH). Oil gass B2l 38 S AXNA S, ol g, =g, 4 2

| F IO BAEZE et 2 Ad B & g FEo] qAFe 2 ozt ojdf o &
o piston flow ¥+-8-71 2 =58 2t} ojuf 7 T AXE & dA 3o}
& 5o, olere] B9 SRV} &ol8tA] olr] Fvl] HFATHS JRHH O ZAA & Fofof

).
Eﬁﬂ%%iﬂ%ﬂﬂﬂ%@@%w%ﬂé1aaqimgae%4}ge Q.o nlawa}
2~El /feedstock®] FF

S
<8 AAFE, AR LU E te] B2 A7l A = ok m§ W ' LPG, gas
oil, crude oil, o ¥ & F T3} o] TFE =579 feedstockS AL &31E 7| E Bo] AF 511
71& WZ et} 718 vh A feedstock 0 2 G A ok st d ~g-A ) Aol AF8-SHAL Sl o
& Al o] o] Zkgo] A glo] o] 5 AT B8 4 U] Wt

=
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3F 5.Recent technologies for the production of light olefin by naphtha cracking.

Technology summary inventor
. . - cracking temperature : 800-12000F
Low Residence Time ]
. ] - residence time : 0.05 - 0.5 sec.
Catalytic Cracking
- catalyst/feedstock (wt) : 3-15 Stone & Webster
Process ki 0-350psi (USA)
- cracking pressure : 0- si
(US Pat. 5,976,355) & pressu PS8
(1999) - product composition : C2 1.7%, C4 49.8% etc -
conversion : 85%
. - cracking temperature : 650-757 C, pressure :
Process for production
0.15-0.4MPa
of  ethylene  and
] - contact time : 0.2 - 0.5 sec. .
propylene by catalytic China
. - catalyst/feedstock(wt) : 15-40 .
pyrolysis of heavy Petrochemical Co.
- steam/ feedstock(wt) : 0.3-1 )
hydrocarbons . . (China)
(US pat| catalyst : pillared clay, or Pentasil structure
' zeolite containing P, Al, Ca
6,210,562)(2001) .
- ethylene, propylene yield > 18 wt%
- catalysts : ZSM-5 (5i02/ A1203=200-5000)
type zeolite containing IB elements (Cu,
: Ag Au)
Method for Producing ) .
- cracking temperature : 400-700C, Asahi Kaset
Ethylene and iy
- pressure: 1-10 atm Kogyo Kabushiki
Propylene )
- WHSV=1-1000h-1 Kaisha
(US Pat. 6,307,117)
(2001) - feedstock : at least 20 wt% hydrocarbon (Japan)
containing one of C4-Cl12, or
ethylenelOwt%, propylene 30wt%, butene
21wt% etc
- com racked gas upto 50-250 psi
Chemical absorption press cracked gas tplo psig .
. |- wash the compressed gas to remove acidic
process for recovering ) .
. gas, performing hydrogenation, and
olefins from cracked ] Stone & Webster
scrubbing under metal salt solution, then
gases (USA)

(US Pat. 6,395,952)
(2002)

separation gas(paraffins) and liquid(olefins)
- separation ethylene, propylene, butene from
the liquid
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1% 2. Schematic diagram of the lift pipe reactor. (1. Lift pipe, 2. Pre-lift gas, 3. Subsider, 4
Regenerated catalyst 5. Pipeline for stripping steam, 6. Outlet of the pyrolyzed gas. I, II

IIL IV. Feed inlets).
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Oxidizing

.
e

atmosphere

-

o+

Reducing

atmosphere

ﬂl;asic oxide/Rare earth oxide catalys%

R—H activation by basic sites (02~ ),
Adsmbed+ oxygen species eic,

Carbanion (R™)

™

T
Glansiﬁon metal oxide catalysts)
R-H activation by lattice oxygen,

-—
Adsorbed oxygen

Q—scissim in gas phase

.

Adsnrhzd oxygen species,efc,

) sp_ecies Radical(R)
Radical (R°) -+—gas phase oxygen,
- lattice oxygen
gas phase oxygen. | cqy
cox “ Heoxidation of catalysts
-— (Redox reaction)
B-scission in gas phase

( (Acidic zeolite catalysts)
R-H activation by acidic sites

{Protonnation by B-sites. etc.)
¥
Carbenium ion (R*)

¥
B-scission in gas phase
Isomerization,proton transfer etr.

.

~,

/’

> Acidic catalysts

Basic catalysts -

Z1¥3. Performances of typical catalysts in the catalytic cracking process.

_31_



7L Sl

R 2%, MBI M2 ANA g g ey, eyl
7

&8 BT H2 $5 SINOPECAIX & A &0l E Sl & AH8-8)
2

aJYY UYZEERH A
Steaming =71 3} o] A CaO-SrO-AlO;, WOs-K,0-AL O3, KVOs/ corundu
v JFell A o] ZZ -2 A7 (free radical) WA U F 22 wHgo] AP HE Ao defA )
BN SN AT = S8 24 2 HE furnace tubed} F1f) 9 xpAlo] o] H1F 7t 2]
ol 2g dAntGo] o]Fojxe oz didch @74 Fu FolA VNIOS (All-Union
Research Institute for Organic Synthesis) 374 2] 7 ¢ 780°C, KVO3/Corundum 4}ol] 4] 38 F-A| % <l
gdll, 145 FA% z2dAS HAHste Aol 7 5% Ao® FHrpwty ok v e
(770-820°C), #5719} 1% FY 22 Q15te] YR E&o] AFHIL e A= M
W, Cr0s/ ALOs 9} Zo] 891 5] A 9= (non-reducible) F o] &
23714 27A] (F, oxidative catalytic cracking) AF-ZojZ WA UZ S weh yH-go] APH =
AL A5 =, ol EA4stE A E B3 FioA A4S wotel oS A5t

5
ool2 st Be YU £8& AT 5 dou}, AL 20 YwsA 2HE 5 e
2o] ‘

3

ol
i)
m
flo
nith
N
ox.
S

A

OU:] UHoﬂAﬂL- OZ/ EO]%
M AApd 2, AAZV M E AT Foll ote] ©8h4 27 4545 o] carbanion (R), radical

(R), carbenium (R+)7} & 4d =] 11, -scission, isomreization, hydride A o]ut-3- 52 AX o Fe Y

A
rx
X
ud
=2
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T2 19953 7] 1999 Abo] dE oA 8 "z e} Fuf-Aef A 7|E 722 E S A
& ANt AL 7). o] ZRAE] HFERE V|EV]Edd HIgtY F o 2318 g2

A UZel2 R ogdy 22 9A8 A= Aotk £ ¢ FAFo2E 720°C o3 W%
oA e+ 2 HA F§o] FHo|x 57% oo AT 5 e FuE Adste Aol ¢
AP FZL 2FIAH A HIFt ok 20% 9] AR E AT FA HEE S A B A=
W 23 Y471eS SHIE . 199599 19973 Alo] R EAE oz ik FE AR £
A9 ME Mo FEAE, nA A Fro E 712 A S Fr V&S FHI AT V& UyzEE
n-v}e}4, i-vhekd, o WA BE, S99, e 294 5 SFE Sol EFEHA AT F
wj-ZE o] AbSE FAVZES 2L F 67 2ok vk WAYE S ofsiEl] Yt a2
2 2R fisty A3y, &, n-C4, n-C5, n-C6, n-C7, 2-methylbutane, 2-methylpentane,

1-

gl

H:l

s

3-methylpentane, 2,3-dimethylbutane, 2,2-dimethylbutane, methylcyclopentane, cyclohexane &-©]
aZ0|th 19983 R B & UZE A Aol ¢ S FRES AAsdEnl, 53 JEF
5 S JERALZ FAE ASolE Suirt e ih 28l o858 AR AsE
Hos}slr] 918 H A3} v Z2 AL doldh FEA 0 E La)0s/P/ZSM-5(Si0,/ Al,O3=200) =
7} 7P S g+ 290 A 82 R U 8 AFUNES dde OeH 2
o, 7|&9] 2g A YA 9] 4o vl w s e, vH-s R fluidized-bed unit2} fixed-bed unitZ 4}
30002/ FFolth o]52 A7 2EE TUaA7IHEA duA] AR FS Aojyes A4d &
AR F 7 AL ST S YA 1AM o2 A E o et T2 98 Aedste &
BN A L8 F AA F&0] 706 FA%C| L DA+ 2 BA 58L& 57 FA %olTh
E 8de Mz NI Fu-Z2AAFH Ve 2"€-394 Ve A 2HE Hluso-
Fluidized-bed unit A8 A3} ol+= v}z, A AFE52 28 7] 2 7] (steam reformer)$} FA}3H
£ 717 A1 & AFE-3 fixed-bed unite] A7} B 43819 2™, o]uf thermal cracking furnace®]]
AL FulE EUT F A= F G Az Gk o] F
fixed-bed ¥ catalytic cracking unitE 8] g o} (30008} =Zel/ Y R AeH7 A, AdHE1
EY (dgd+z=2g) F H4 20%9] v A A azte} of 20%9 CO, $E 74 2945 ATk
g+ Partial oxidative catalytic cracking®] 79, g A+Z 2 F§o] f 44%¢l| o] ZF{T}. o] &

El

et

4

27 gto Z4 7]E2)steam cracking unit}

5k & %3t ket 4 7] &L 7] 29 steam cracking unitE 7 2o 2N F HE
o] 7hsstthe Aol ol A &3 AVE 4 Aoz o 4Hrt
HAZ Mao T2 n-HE RdEAZ, ZSM5 AlE EAAE FHul2 ARgste] "Eul Ay

(Catlever)'Zl= AME S SUF 2 g A& YA E BEE 24T F e 7FeAde AlA st
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ATH89. o] HFg-71&& 257t HE & o H]Zu) 7+ < (precatalytic zone, T1)3} Z vl - < (catalytic
zone, T2) 0.2 YOI A Ut &, 17 494 HAZH 0], dulEuFdgr e dgE0) Tl &%
AN & FFS AXNA H 1, L5 TR A& vl £A) stoll A Zvf-Z e HurSo] xHH 2 A5

S8 Atk F TL 792 AW g, T2 70l 938 3 QR o)s) Age 2a WA
e Bk Atolo] Whgo] o] olH] Fulukg oM o] Rl W AeT HALE AU >
S Gk g o), Srjgle] 650°CoIH FRAN NI, E A FA 2APANAE o AL/

=
29 v)71 1.0 o] Y Ao], R L2 720°CE M7, AR &) BE AR o2 X

g/ T2 P vl oF 2002 AAY

¥ l-ﬂ
S
s
ot
Y
o
&
ns
lo
3
o
tlo
o
W
R
2
9,
n
X
mgL
)
0,

£

F WA g W el E 4719 Piolsd Sul-ad g AR /S 4t eRHo 3
ol HgFoM 32 eene $5g0] AAHE FE B, A2 MFEHINE - 0E
29 SR Stol 29 el ZSMA D A Ful el A Ao R Bde] fgol Fol

cH11l. 5, 43 710 Bl A A E B (o, HZSM-5) 142 w2422 713 A

vl A2 = olu A}

A1 22 oY ALE TG0l ALFH 2R A5 Y] st §IEA] W2 Aol FrfjoliL, o]
Sulol o] W e AHEY S8 D L2 ARHE o, B4 A 2L 9 240 BE F)
7ol T 83

Ve R 22edw Az AHsE Sl
HAEIFABIA ¥, S A= FEAVNE FE A
#8}517] $15}e] 54 (modified) %712 AL§312 k. A2 W A% DL B Frh2
+ CaO0-AlLOs;, KVOs3/ALOs, ZrO/ AlOs, alkali polyaluminate 5 ¢Fv|yrt 38 oo}
Sb/ZrO>MgO<$} MnO/ ZrOs, K/ ZrO; 5 ZrO,E X33 &1, Fe-MgO -2 Mn-MgO<} Z-o] MgO
S 71Rog skt Zu) 5o Belel AT [12-15]. o] el Fuh = BE B A o] AThe FEA
o] AeH, ol Ful TH Fole ZAE E0)7] Y3 A2 LA Aok [16].
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A7 o9 HtA FFES SHUOR I F YT WHOZE A5 Erisii-g
(oxidative dehydrogenation)©] ATH17]. §-3] o] A= 7baet B2 204 Al tjst A
A7t 53 Ao] utg A g, vhtg ASES A AR o2 S AARA 548 E 0| o] ¥k
oAl F2 AH8-H = Fullolt}. 53], V-Mg AH8tE(VMgO) S 9] A¢ 22 ds} Fge 2 Reztzt =
283 2e-g YA 3=, Kung 58 540-600°C G Ao A Rgo

S(HA+REUA)E, Z2H0 2 RE 33% AFL0 2% T2FA AN 1]
© 2 oxidative dehydrogenationo| A& ¥H-&-Z 7|0 A HFtdo] T3 v FTHAZA ¥
Fol A M SFE VA R oZ o]F 3t FUA Fujukg-o F3tA EoH19]. 2
Lopez Nieto 5-& AT AH 2 A %3 Mo-V-Te-Nb F&413} & o] o ete] 2kslA] &4 3 uks-
of - ¢33 BAS vYetdtn Basigied], SE F8% F A4 917104 (600-700°C) A
A 2|5k 400°Cl| A ol 4=g-0] 75%°l| o] 2H TH20]. Ynk3 0.2 & 35t gigutg-o
A9 Eue] Ao wet wvheEAG NS A2V 2P Hed FUEHA = v (o, Li/MgO
g )= 600°C o] ol A 5 3tn FUE = Sl o] B9 550°C o] dtol| A Fnl #hg-o] o] Fof 2]

o2 dHA e o] B Mo-V-Nb 2HsHE Zvl & 53] 450°C o] 3o A] Wh-g-o] o] Fojzt}

FN
=
ey
e
e

i)
-—
_)

=

d

rir
pa)

r—
N
—

d

l

Ful-ZH A AN S o]F 75l dstdE ol v & &l A AvH22]. F, 1 F shhe A&
ZholE9) &R ulF Ao AFHE BA2E = A AR 7HE YR o] o|1, E T E &
e iz Sajl g, o] = @548} vk o3l ¥ A AU X3} g eie g
23} vkg-o] Azt Tt o] Uz Fufl &0 EAStE 3t Fejo] F3E LFuE o5
A e Fol= AR (A wA) ) st A EE Aoz dEA Aok Fujol ot A A
dE 2Y¥e BESHE o g SibEo] oFdtaoj oA FPAE o] YR ol
(carbenium ion)o] i1, & A o] F2 I thE Y& o]0 2 vlHt &, A7) TEE= 9]
T 7154 olgte AL Fol& ARl odte] ¥h-g-o] A& E 1, HAXHE Ab o ot YAt
(propagation)«= o & S{A ;. Fo|x AT RIAAHE AP SAME 4T B o) ykgo]
AgstA AP gt A-gefo
Algkg-o] F7halR

»

r\o

ﬁ
il
N
9
facs
A
&
rr
(87
u
s
A
rir
i)
a
Y
A
:F:c
18
e
o
.?L
rir
k)
a
s
=

1=

non-framework &F w1} e} ¢k A A& A &eolE FA g Fal JE EFu|Fe oFo] A3

Hol Jlemz, A7l Ydle EFrve] e dFo g Hylsjop gty AAZ favjasite)

10-15 ¥ A1 % 9] &F 9| UE F7}8}o] (aluminum acetylacetonateS AL-§-3to] =2 o 2) 387 &
I

AR S AR 7k QTH23L 3748 GFEGE Aste] Sulo] o] Aol F7hE Arh



AW WAYSA et 4 §lo] go] A5 AT (K 10043 ¢F5,0007H 2
Avdefol Hx ) gt A Ao o] fAIRES (initiation step)ol] tistol = oA = =go] Bt
[24,25]. 53] HA| FF oA FFH = feedE LS AF BIA2HE A FA vl EAste ¢
Frivte] A Fgol wet 27 o o Fo] oldtA] dth tf 5L LEAdN F2RH
A4S 345 Fo A getR o] AAEkEo] A FEHEe Aoz A
-8 (chain propagation)2] 314=9} ¥k-3-7 2 of] 2 &3t}
S O# Zol F A e wAUF o AWT 5 ATH6] F, 1AL #
HollM AL dEEFAMREH AAHE 7R (branched) 2z}, 33 4ZA7PYE ©]L
(alkylcarbenium ion)o]beta-scissionol] 2]&te] Ao]d w eAFrl J& dAFMYRH &

o
ot
0
=
oo
o
o
oX,
o
A
b
rir
g &
123
=

e
=
X
o
il
14
=
oY

(alkene) © 2 1}io} Ttk ol 2] gk W AUZ S 5 5ted 2318 CnHows A 9 9] ©3}52: (alkane)= &
257} 3014 n3¢) J el EA) Hrk. Y B2 nAAwe] AS, L F9) C3, 4T A Ak o] 3

G- 12 7MY F ol B o] BolatR] ol o g, o, W 52 RS HX derh 1 A

B2 (¢hHd LI o] Alolo] oA} 4 Holwkg(bimolecular hydride transfer
reaction)o] o] £ o} AW A v o3t FAFrL AL galAvE A HY, old) S W] &
o] Hth 50% FEolth UtA o 2 n-vhetA o A7 W7 Fol A Al G A= GEA o3 A

m el A FHH Y E o] o] AAZEH I, o] iy go] 7 vE-g-E A}ALo] o A hydride HoRE-E-o] A
£H o F AP A} vh3 = 11}, carbocation-& 3x} carbocationd)] B]3le] At A 0 2 E-Q1A 5} 7] w)

ol 32} carbocation©] YA EZ A AFsE AEE W20 1 E 7l o] ot

1984'd Hagg 9l Dessaucl] 23t} #A|otd % W) v AU ZE (49 ‘protolytic cracking’ o] 2} 3§ ol
H A59o] sl ol EUEAL FAAE ol FH Yol 29 Hol e ¥} C-CH
ol AAAEA kg YAstAY CH Ajto] Aoj M A F4(dihydrogen)s} 7Y &l 22
gtk 1 o o] ZMMYgol 22 Huj(Al S golE §)d 45 HE8 Fil(back-donation) &
Ag BAsH e, AL YA st e olejdt AUEF SR At AP H ez, F3ho]
3} Z7]1¢] FF(small- and medium-pore)S zt= A &dto] E (o] & E90] FER, MFI 5) sl = o]
gt protolytic cracking |7 U && F3to] ¥h-&o] o] o] & o0& RS [20], & T
718 FE Aol EdAe A9 hydride transfer o] 37} €A FAHA 7] o
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configurational-bias Monte Carlo (CBMC) W 2 Al-&-3to] 41 & Aol (Steric hinderance) =.7] A

TE Ao 24 hydride Ho|wh-g-& HA3818 = v H A FFAVE Z= ALHO)EE A

At ATt ol wl YA Z o= Holde) AEH F i

AZ AN B ol Jee RARAZ AHE-st] AP 3 vl g 27 FER, TON A 49
AZepol E Aol A hydride Hol7} HAstE o, vke] 35S 83t MFL A€ 9] A&t

oJE7} 58 FHE AN H Lk,
=8 Z

E
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Astdch 22 44 WA Ze) thsted Be ATk S D e [2931] Ao the 47}
A WAYFo] & A Jt}h.  pyrolytic coke formation(radical coke formation) catalytic coke
formation condensation of high boiling component deposition of mechanically transferred coke
in down-stream equipment

o]wj pyrolytic coke formation2] 73-¢- A &< F A 9] A% %= acetylene>olefin>aromatics>
paraffin®] A& BRItk o] 3¢ & ¥ vtebdl Bk o 102-104 ¥ W $=2 335 JAT
ot AR B8lra E Zholle BAMEe] & g3 AY o WA 335 A3} Catalytic coke
formation®] 7% Fulj & FAe) ek W] -H3te BTN AT AEHE 2R @
i} g Sol ZERAL At YAHE o9, Tz Bdo] AN ATA 9L Bt

N

i, Fe 35 3 A /A9 ddo] Aot HH74 (filamentous) 72 &

o

=
2+ I I = catalytic coked| A F23) AlojW, o] 3 FaE ARG At @4 w=A A
St} Catalytic coke formation?] 7% WS 31352 712 A28 33 99 222 484 e
™, radiant coil coking®] S+ 910 2 & A ¢t
AAZ 33 B8 AA87] A e 3R L& o] &8t Blo] uig At gk o g
o] &7t FEE FUEstE AP E dAste Aoz A ATH33]. E tE o2 {714
Z=

AANE 5 A =3 FA

Fl

(organophophorus) &3&E & wHg SO Fodshd ma9 YA
o] 0.7-1.05 A1 % o] F = A o] Benzyl diethyl phosphineE ¢} 500ppm FoJ 3o 24 0.3-0.4F A %
2N 23 AL 50% = A AR A7t lnk olw AutAlel oste] HAAE REdE FFE 7
A A E=TH34]
n-E3hE 29 33EZ ARE ] MoO, Fulj ol A a7 ¥h-&
g5 ¢ 2o}, A A;N29E%), T2 HABSE%), L (195 %), DL (5E %)) tf3+ A=

tlo
>
8!
r
£
N
N
9,
rr
fin)
s
N

rr

A1
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%), ol EHAE-%), T2 H(1E%)°l o)

o
=

, W7
H &3 S =71 v §- =2, XPS &4 2= 844

MoOxCy Z 8} 5 t}[35].

o
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i

)

dr

t}. o] A%
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Precatalytic zone (T1) catalytic zone (T2)

T
7200C
6500C
\
— 1.2
40~?\\\\\\\\\\
~ 2.0
\ 4 \ 4

Y(Olefin, %) R

% 4. Catlever concept in the catalytic cracking. (T: temperature of precatalytic zone, Y

(Olefin, %)=yield of light olefin, R=ratio of ethylene/propylene)
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i 6. Properties of light naphtha(7].

Specific gravity (15/4°C) 0.643
Av. molecular weight 74.6
Sulfur (wtppm) 30.0
Carbon number
Ca(wt%) 7.5
C5 (wt%) 59.8
C6 (wt%) 30.6
C7 (wt%) 21
Composition
n-paraffins (wt%) 53.1
i-paraffins (wt%) 40.3
naphthenes (wt%) 55
aromatics (wt%) 11
olefins (wt%) 0.1
Hydrogen content(wt%) 16.4

3. 7. Reaction conditions of used in the feasibility study [7].

Reaction conditions SOR* EOR®
Temperarture (°C) 600 650
Steam/ oil feed ratio(wt) 05 05
W/F (kg s/m’) 620 620
Pressure (kg/cm” G) 1.0 1.2

Start of run, °End of run

‘Weight of catalysts (kg)/ volumetric feed rate (m’/sec)
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3 8. Comparison of naphtha catalytic cracking and steam cracking [7].

Catalytic cracking Steam cracking
Temperature (°C) 600-650 780-870
Steam/ Oil feed (wt) 0.5 0.5
Pressure (kg/cm® G) 1.0 1.0
Propylene/ethylene (wt ratio) 0.67 0.44-0.66
Yield(wt%) (in olefin max mode)
Ethylene 34.7° (46.3)" 33.5 (38.1)
Propylene 234 (24.3) 171 (17.4)
Butene 4.5 (4.6) 4.9 (4.9)
Butadiene 0.2 (0.6) 4.6 (4.7)

“Yield in once-through reaction. *Overall yield after recycling of ethane/ propane
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A G A v E

Al AZE A3 UZE 57 R 7]e-2 1950:d T o) 7t E] o] 21 JALE 71 L ¢ 5|
T A=EH ez A4 F o] AT AANA] HA] Bt )AAR FH
BE-1

2
i
2

s

r
0
@

fluid catalytic cracking) unitZ2 R = AL o= A=}
o]0} AaL Y= 3ol o]9} o], e Y7 s Z sl ZHzte] Y fE A2
71 Aol 2 FH I gled 53], 48R F heavyd FAYE | Blgo] Fobgd weh

=
E HEES AL EHHoT BT + Y AF R /1% Lol AAs et A

BN FAF BAE AV FCC Hul7120) T2 92 RoEu)o] i Be Aol H15)
o gor], o SFCC Ee] MW /%S wigow 344 2 4 I yE $UUS A7) 9
@ EuiE el 537 ARaIIE tel A5 Ao Rudt FAGTe Y22 A

o) Fpee o) steka A AAY YA E /PALT] BE BHHA ZWAA v 2 HFE
- % a5t 915tod o 11
E o) ol itat gt A, S0 A o] 98 A Sul-2d 7 7% A% F3ke) 30% o]

A B FFE HJHA S00E/d o] 9 o] ibsteha A aAEUEh ol = AL A HT:

:{o
=y
r
1o
=2
i}
=
o
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A4d AR JNEAFEY FE 24

L3W-9 JlesT v

E 9. U9 vz 4% ®aivle Y A 2 hEeA vlas

A& Acidic Cracking Catalytic Pyrolysis
* ABB Lummus (100) @ Sinopec @ VNIOS
* Brown & Root (27) O ABB Lummus O Toyo
* Linde (30) O Stone & Webster o ur
* Stone & Webster (100) O Asahi O Stone & Webster
* TECHNIP(16) O AIST O Idemitsu
* Kellog(63) o LG
* Commercial, @ Commercial test, O Research or Pilot
() A+ licensing AGE %3},

£ 9 Al Al gEAQ vze JERE vl T 8-S vlasidled, Q287
£3le0] 7% RFo] AP AY wlsle] Acidic Cracking, Catalytic Pyrolysise Tt

AR FEolnz § F of Roje] AFH A7} st

&L ofn) 4
A7 e
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2. 34 9 Fo Ve AMF 2 7le 5] B4 3L

@ Onia-Gigi <834 : YZe/} HEZ liningdt oI whg7)d 4 Eajd) olm #&
7hee UZE 159 AE 3589 £5718 Xgstn o YXEE gMsted ARSETH
A7t A=AE BAAHAS W ¥Erle 1A ARIIEE,
g€tk 23S B$E AL I o|F9 xdd tuid A
°|tf. Onia % T& HNAY ITAHL A8s YAEY Buldl §F54c dx 588
(metal-tube furnace)oll 4 H.t} A= FAdo] o, dem T2

= A9 AeHA v GREd o8 spEd ALe UE9 R A uet fEn v
A 7% A% otk YA F4& Y59 46% FEE =1 oday T PA HlE 54
S} 41 Apololl A theFstAl AAE 4 Sl

fin
B
flo
rlo
it
il
ne

lo
4

@ Lurgi 34 : ol d89d #3717 g2 ZIE H 45322 FYEY. o] 2de &
< 98 AGsta
ZHE AA7IZ2 FAAL o] AN FaE YR

2 Huoh

@ BSAF 374 : o] FAAAE df7t BF 33 JAE & F53A4 gt T4
2og de Y437 st B{lHE #3719 @9 a9 AHER 19e=T 4

of ofsiM Af7F B At Yrle 47 F

FAPASLS 449 BY7IE oo AAHR RiE vd3Fihe £ (Recycle Oil)9}t +
AEEZ ZHed F AHES A A

HAZES o] &T F Aojordth. dA AF7F LH A A dE AHSEHE ZoklA 7R
e e AL YdZert ERdA B AFAE ZATTE Aolth ol A7
< Yt SHYEng 239 AAE T} ol =gohe AR 2AS Aotk AFALE VIS
o] ZHT 1/32 Fo]il olF HIe}ly] Yt 255 1100T 714 o 24 Exde 25
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o A% Fola Jdd Fex Hddtgon, 38 HY floed 28 29 FEIIRIE
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AgstRon, shsed AMRHE 5719 835 wol gstE it
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3. 71€ &4 U

7t Z1=3 < Bt

@) g Az 71& AL A%

@ ACR (Advanced Cracking Reactor)

Union Carbide, Kureha Chemical industry, Chiyoda Chamical Construction®] 7] 7jagh
71% 2], Residence timeg £ L83 AHUEE F7MA7IE Aol dA7Eolth o] ¢ &
T H =4 33, 835h e B 4 EA ok st o]E 935l Superheated steam$
AR ARREITE IEE AbAet AR (a9 WEHS dAaAA F 2000C9 258 LI o)
o] &3t} 0.01%, 950~1050C oA ®¥H&o] o]Fo] AEE 3t} o] 7|48 residence time©]
URE 7] q&ol F537-8 918 Ozaki Quench coolerZ o] 4311 o 7]&-& 1980t 187)
¢ FAE AHol oy &7 YR Y] Wi 2AEQ opEde] A0 AHE (2
F% o)) d3ol stk

o}

it

e

ofj

@ Catalytic Pyrolysis (34 3)

o] Petroleum refining% A3t FCCoE 9443 FRE F2 Jaa gasly) g 5
o] 2o A7Aanst dxdE u i F2 AddE EFuie
U= 3 109 2tk diFE2 7€ 8319 vsty CO, COvt ®ol Ad=+e ol& water gas
shift ¥-&-& 98 FPYA7} SATE Esled, o2 sty A F§0] H3H1, 23
3ol Aopstel SH¥ F&E AsATIE YAtk o] rlgd Hstde o x B A7t
g3 FHFoltt

@ Fluidized Bed Cracking
Crude oil& AA cracking 7] §3F 2xo = /Agd 7|&2A], Crude oil A= UF,
EAL, TLE Coil foulingo] FA)7} o] 71& furnaced| A 2FH Al&o] Erbssle uekst
fluidized FAgo] #A o] Ho| gt=d], Lurgiv & EAY v 23} Sand crackerE 7|
3131, BASFoF Kunugi®l Kuniie #ZAE Ubet F&AEIES 449 wjdl2 ALE3te W
< WEStE T E§ Gulf (84 Chevron)#} Stone&Websters= (3H7]) So
d

NEshe] 1980 o] "lAlAoA] oF 2\ d7F semicommercial unitE 33 AFPo] glrh

i

O

tlo
tlo oE

lid heat carrier 3
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1 oojeld @

o8]

olg7E, © &

F43eHS, ® Oxydehydrogenation, (D Oxidative

coupling of methane, ®Methanol to Ethylene, @ Ethanol to Ethylene, (0 Ethylene from

coal, @D propylene disproprotionation, @ Ethylene as a by-product 59 7]&°] A+ U
t}.
# 109] Fv| EE3l(Catalytic Pyrolysis)ol] A}2EAY ZHofje} 259 EAL dAxEE A
#ehsich
3 10. Catalytic Pyrolysisol] AH&-% Zv 2 159 5%
d = Zulj A £4
197 S|EH, <EE, MgO, ZrO,| - Low porosity
ALO; £ - e wRgen g8
- 13 A= 3 o7 g‘_ % o}l
1973 710,59+ HE 058 E3HE _o AAE 93l &1 4712
EFE EHE 74
refractory Calcium- aluminate £} _ogal g e
1973 Ca, Be, Mg, Sr 2slE Fahte}
. - 33 AP Az
N
_01 1/‘\0 O)‘,ii*}“]x}_
1978 |ImOs on Pumice 199 & o, 2244 A
- InpOs _7.7_7]'
1979  |KVOs on Pumice - 71HE e A A
1979 F4 94 Mordenite A &e}o|E| - LA 48 4
(5%=Cu, Ag, Co 3) - SIE A4 B
1985 51.46% CaO+47.73% AlOs -8 34 - 39%
Crystal phase 343 - CO, & v
1089 CaO, ALOs; SrO, MgO, TiO,| - 12Ca0-7ALOsd 4] el 34.8%
MnO,, Zr0,, KO vlu¥7} 29 19%, " 6%
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s 3 Q15}e] 500-670C <} 0.2-1.0 Aol KRR 13
o] WA 15258024 5709 whsr] F 2hE wE4oR e FHo A
T veA e HAges Waoie 29t b EvtEFe £571 A o]
3

4N 2 oM
Ho
M
it
rlo

WERRE GG ol gAh
1S4 Yzesh C3 ARl 8%

jinsd
i)
ir
=
&
N

F58 7t2s ede Regeld 2Hn, ede 5V HEol vk reld sleE €
e gz 2 own AFHES AANZ e Zzdd B FHHOR olFdd

99.5wt% o] ZZHd

m{o

SES=N

@ EF3} W3 (Disproportionation)

B g3t g 93 oddoz RHe Zzgdd AZRIFHAAE dEAE EAAR HE
AN &, FZYY o) dAs w2 FAAY BB A Fu) EAselA 39.571% 50T
Reoz o4t Wer] fFEES AFEeE Buo] 10% NaOH §
dog ZWE A T GAAFES BAANZ AxA7 F greges FIAUG. o€
Aot A 5e 2-20 GFAFe] 30671%, 427C9 Bas)t ¥R =9ET eI S
e 247F Y@s] ol gxEd shtd e whgo] A= UHA shtel e Mol o] Fof
Atk W7l FEEL d5d A A 7 12d 3 A4 gez =5dn, zedde o9
A g gAAFeR dojxith
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. BAAA H7t (AEEA]: 2000 =4 {3135, CIS)

@ g Ax7&E

X 11l M2 & A7bA ogd AzxgAe 98 2 F4dg v{S vwstact (19%
g

718). A7EA & FAA “eF7] Bl AT A UJZER FEe o
36614 E/kgo 2 7bF BAAA vbd vUmA F FAHL oF MAE/kgd] H§o] LEETL

FE

flo

E 2 T YA Gdu A LS, of 595 MTAY Ausde JHAn

lor, B% oFoRE 9% 4% A8en It
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¥ 11. Ethylene A|Z33 2 98 2

FegE HE (1996)

% T8 B3 283 e
:g_ N i 0 Z
(A E/Kg)
)| 3.638ton 36.40
4= .
271 #3) =, 71er 022
A 2t 401m® | 0.63
teed= FJEF om’ 0.04
E e A g A7 62kwh 0.25
AzTd ~ Tnert gas 17nm’ 0.03
EA g 6429T-cal 5.87
a= -7}_/:32’—;1 2.704ton 30.40
Zu), 7|g 0.18
7571 T3 -
o3t 7we Y= 330m 0.52
= TAET 1.9m’ 0.04
Ve RE R
gl #zLH 92l E A7) 53kwh 0.21
Inert gas 16nm’ 0.03
AA7L2= 5731T-cal 5.23
)| 3.589ton 37.68
Sei=d .
Zuj, 71€ 0.20
571 28 ;
93 B W zha= 348m 0.55
Vel RE 9] THET 2m’ 0.04
qua Azzga| TEUE 27 57kwh 0.23
Inert gas 17nm’ 0.03
A7} 6085T-cal 5.55
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$ 12. Ethylene A2Hdu] &% (%9 : MTA)

N A itsd A NEEgA
Ho) A 73)8t 1,050,000 o] Ak Kellog
SK 730,000 LAk Kellog
hHA Y 730,000 ol Lummus
LGA£-3}8} 710,000 = Lummus
ArAd &%) 3] 8 500,000 o) 2+ Lummus
Sh3} X531 8k 480,000 F Stone & Webster
s3Af-3 st 460,000 2= Lummus
S I TR R 340,000 LA Lummus/Toyo
A 5,000,000
3 13. Ethylene =3 F0°] (&%) : MTA)
T 1995 1996 1997 1998 1999
A AL 3,721,777| 3,978,596 4,457,506\ 5,157,726| 5,167,000
Ry A
[ =]
9] 57,313 80,540 159,373 104,747 150,000
N W4 3,472,473 3,796,921 4,471,131| 5,001,456/ 5,117,000
o
T
rE 321,473 299,193 144,605 242115 200,000
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¥ 14. AjA Ethylene 24 A% (&9 : MTA)

T & 1998 1999 2000 2001 2002 2003 3HA
el 1,660,000| 948,000 1,246,000{ 2,891,000| 114,000 -1 6,859,000
basl! 39,0007 250,000| 337,000f 338,000f 920,000 -1 1,884,000
AH4 310,000f 275,000{ 618,000, 910,000{ 605000{ 195,000] 2,913,000
i 50,000 50,000 -1 140,000 274,000 - 514,000
T4 - - -1 140,000 -| 220,000 360,000
TE 729,000 -1 700,000| 1,600,000 1,875,000, 500,000 5,404,000
ol = g7} 5,000 10,000} 160,000, 160,000 40,000 - 375,000
eltjold 200,000, 350,000{ 770,000 50,000 -1 300,000 1,670,000
FE5okAle}| 1,172,000] 1,180,000 1,530,000/ 550,000 200,000 -1 4,632,000
FyobAlo}|  430,0000 580,000[ 250,000f 800,000f 600,000{ 740,000 3,400,000
A 4,595,000 3,643,000| 5,611,000| 7579,000| 4,628,000 1,955,000{ 28,011,000

(2 ==94 Ax7<&

# 159 ME & F /A 228 AxFFe] 98 ¢ FEE HlES vustieH,
z29o] & g525legde of 17244 E/kgo] AL HE whd, dddle] B3 whg-2 of
38834 E /kgo] AL ¥ 169+ propylene A2rAdu] I A/RSHEH, oF 33613

MTAS) 4252 € 7hT glon, R% Fo2Re 293 71&e AHesha Atk

—r

=

- 52 -



3 15. Propylene A ZFF9 A5 4 FEE H-&(199)
Rt TR BT &8% | HE(RIE/Kg)
zZz 16.03
48 . 14 ton ,
Zu)) 0.86
Z 23] W zhae 228m’ 0.36
&9 g52s | TPes 0.93m’ 0.02
FE¥E
A7 24kwh 0.10
HAA7)2 -149T-cal -0.13
g 1.115ton 35.65
48 74 At} 0.007ton 0.07
Z]) 0.31
o g2l g ;
B uke Yz 79m 0.13
$2=7] 0.81ton 0.61
FagE i
A7 373kwh 1.49
AA7 2 132T-cal 0.12
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¥ 16. Propylene A4Hdn] @3 (B9 : MTA)

3 TR 91 AEEYA
485,000 2+2F Kellog
420,000 o= Lummus
260,000 o Ak Lummus
335,000 o 4= Lummus
500,000 21N Kellog
180,000 24F Lummus/Toyo
165,000 A UOP/Nikki Universal
236,000 o 4= Lummus
240,000 o] = Stone&Webster
140,000 o 4~ Nikki Universal
150,000 24+
250,000 N

3,361,000
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A3 & d7e =8 Us A A%

A1A FA Tg LAsFES ol 8F AHEA W
1.4
A &etol E(zeolite)=  AA(feldspar)F FES dFog 175611 2dide] FEFAQ

Cronstedo] 93] LA o] o] QomW nlx] o] = AXY 7|7} B0, 2= g =
9| “zeo'd} £ UEE “lite"E tdtq “Be 7 F AgeelEdn 2A HAQAS g

Aoz A&TgolEx ARG &F v T4t (aluminosilicate)o] FAH o2, & LFu|gYxe}
TAYUAZE FAMEA vl dElE Ad3E A4 B3t AEES guidit36]. dAle T4
Al

A Qeg YA ¢Fre Q144 (aluminophospate) o] #2H T2 E FoJE ALTolEg
N1 a=

Atk o] wHE syl s A&elEY] FA #4S HAA HAoH 1940d o
Barrer7} d3dHA 98] mordenite E
T7F AP H Y

1950y gZeld AEs-dF ey EFES 9uk$(hydrothermal reaction)©.2 A A
2ol EE A 3G 195430 Hx2 L
ol THAY TR AdAA N EJFAL, 19609 = FA Aol Ef AHA oA
A7-dF oy By 52 ZM@AYE Bodve o] dEiAEA AgHolEE FuaA o
FH7] AR

1962140 Hx= Mobilrte] osix Y& ALetolEVt 27 FEH 3t HAoh 53
ARTEY} 9F A9YE BRI Aste] /Al Mgl e Aol AR AF 4
A g T2 By R BR ALTlEA ol gad) BAL AAA BADT8]. o) F
o AlgetolEe] T2 el Al 9AE & F&£oZ A3 metallosilicateE FAA s AT

Al
ok
oX,
i)
o
il
rfe
N,
o
(o
frt
2
tfo
AL)
o
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o} Alg Si thale] e 942 AR F2E YA A2 E2AAE ddste dTE ot
A=A

Aol Ert AFAEANA BAL o] He olfe, FUEAY BAF HAHYE I
Wio g A 4 gly] wRojth FEA g zb38 Wi olfE catalytic crackinge] ]3]
HEES Adsle 49 2 go] AMRHI 7] WEelth 1y olBt ¥ F8F A
Lalo]E9] £-82 Dbiomassd] o5 AxE dWELLzRE JtEds ANE £ Qe
MTG(methanol to gasolin) 332 ZujQl ZSM-59] 7jdo|t}. o] &

e

=]

fo] AR Q) I <
FHUEE 2T BHEZ A olFolR HfagFdel AEFAHA o3 Add AS=FH
Az AZHA @ Aotk ZSM-5 ALl EE #7] FoleS FHELDR o Gt 49
AC|E-GFu|HolE uhg ZdoX =& FAHE et ALHolEY dFos WaEe A
uH-3[39,40], B &A3} ¥HE[41], ZAA Y o] 43} wkg[42] Fo Frj&Ao] =
eolE B &L pHY x| &4 & A Hdl Az
& 9o A A7k pH, &%, silicas} Si/Al H] 2 dZEle] FAo] T4 ALeolEY] Fa
W g, o]E WiEe] BgHog Agstd wg BT dFoz ofFoixth
T 5o g3lea F AWl g8 2 B4l BYXn gled ole &dde Sx7}

Gestn AAHCZE 1 M} %] dielth LdRe BAskE oY TN ZSME7

wa wred &
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2. 9] 54
7h A ZolEC] At 54

ALeGo)EE AlOs} SO o] Fo]xl Aluminosilicate A0 2 AlO,9F SiO:¢] F74 <]
tetrahedralo] 48 Ff3lHA 33 dH R AddE 725 F4stn UrH43]

A g e
Mz/no . A1203 . XSiOz . szO

S 2tk o714 M Folg, ne ol A7}, xE 5~1009] MM yE 0~40 H9le

¢ e Aduh xtye @9 AR tetrahedra®] F& UERH y/xo H|&L A2 T}ol
E9 FF wet 47 o' @e 7HAH, ZSM-59] F9E 5 < y/x < w0 & ZETh
AgetelEE Ank Fulohs 92 AT 279 AT 23 U3, ALTYlE AT £9

e HE 1000m/go] ol2H o]gA W& WAL B3 (active site) S W WH 2
EANEY WS felste] ALYolES F43 FuE ALgsted 2A J1qsn Ak £

AggelEr B4 FAR 349 7o T30l JomZ WEE e ANEY 9 EE

=
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Aoz HA7Ie AN GRuFE d4l FHo] Eolit F&9 AVISAEYE Fow g A
717F Faj A, ol w5 o] gl AlPOsY Si-Ti A&golEx 2He] gl
ALolEE o whgoa ArZzujE Algx 1 Jed AL Bronsted acid site$} Lewis
acid site7} Jom 7td T AHY Ao w @At & £ ALTHolE NHYE
200~300CZ 7}gshd O-H717} A 1 (Bronsted acid site) 500CE 7}gstd @5H o

=~ -

Lewis acid site& o] &TH1¥H 5

t}. ZSM-5, Mordenite, Y zeolite®] F%

ZSM-5= 7]E¢] 8-membered ring?] 7133 71E e A|2T°]E A, Erionite, 12-membered
ring©. 2 71F WollA 1349 #Athst super-cageE ztE faujasite, X 2 YA &eho|EL} 2314
A 7|2 FRE ZrE mordenitedts @] Z7+=37]Q) 10-membered ring?] 71E FA7|E 7}A
™, 54x5.6A=7]9] straight channel# 5.1x55A =L7]2] sinusoidal channel ¢ 3x}g2 Q1 W=}
2 oFoAE J1F TE g5e FUH A)FAIY PEE 2 HBE, e Aol
B} FAF el Al(shape selectivity)o] ¢Falar, A AH L7 vron, & Si/Albd W& &

IFAAE S5 Aow deHTH44]. 19 687 X 174 zeolited] o} T4 AL
shel LrEhR ST

.

2
uj
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3 17. Channel dimension and type material of different zeolite[45].

Channel dimension

Type

MFI [010] 10 5.3 x 5.6 Na, [Al Sig5-,0,5]
(ZSM-5) «[100] 10 5.1 x 5.5 ~16H,0 with n<27
MOR [001] 10 6.5 x 7.0* Nag[AlgSiy0g6]
(Mordenite) <[010] 10 2.6 x 5.7° " 24H,0
FAU 111> 12 7.4 = (Nag,Ca,Mg,)y9[Al5gSiy 54
(Y zeolite) O3g41 * 240H,0
NH4* H
O\ /O\ /O — NH, O\ /O\ /O
2 A~ S — 35 2 A S >
/ N/ -
o o \o 200~300°C o/ \O/ o
H+
I
O\ /O\ /O “H.O O\ /O\ /O O\ /O
2 A~ S — A~ Si Al Sit
/ N/ / / AN
o’ o o 500C o o o o oo o
Bronsted acid site Basic site Lewis acid site

19 5. Acid site of Y zeolite[36].
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(a)

(b) (c)

19 6. Structure of ZSM-5: (a) viewed along[010], (b) projection along[010], (c) 10 ring
straight channel viewed normal to[010]; [010] 10 53 x 5.6 <« [100] 10 51 x
5.5 [46].
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(b) (c)

19 7. Structure of Mordenite: (a) viewed along[001], (b) 8 ring channel viewed normal
to[001], (c) 12 ring channel viewed normal to[001]; [001] 10 6.5 x 7.0 < [010] 10
2.6 x 5.7[46].
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a4

(a)

(b}

8. Structure of Faujasite: (a) viewed along[111], (b) polyhedral model
along[110]; <111> 12 7.4  [46].
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3t 18. Various technologies for olefin production[51].

Methane upgrading ——— Oxidative coupling

(Oligomerization) ( CH,+0,~> C,H, + H,0 — C,H, + others )
———  Pyrolysis
——  Synthesis gas ——— MTO
( 2CH,0OH — C,H, + 2H,;0)
— Fisher Tropsch
(2CO + 4H, — CH, + 2H,0)
—— Methanol homologation
(CH, + CI — CH,Cl = C,H,, C,H)
e (Oxhydrochorination
Dehydrogenation ———— Non~ oxidative
—— Oxidative
—— Equilibrium shift
—— Reaction coupling
Cracking —~———————— Thermal cracking ——p—— Quernch cracking
(Steam cracking)
—— Furnace
—— Flud bed

—  (Catalytic cracking
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Aol Hige] g EAFOl & BEFAE EAF] e A v A w@seiR
d&stes 238 2oty disf(thermal cracking)d Y& & uelM Edste ¥ T

3t3L & E 8l (catalytic cracking)& W) E ALl Bl S @52l

FE 199 SR vEEH Zvf HEFES 8o AAHES JeERRAY n-paraffing] B¢ GE
s ¥ ethyleneo] F24d& 0|9 branchinge #He dojuyx ¢korl, Zm) FEHEss 3w
propylene(Gs)o| A Ce7t X7} F QA E o] branched-chain®] Aol BLS & 5 gk
Olefine] Z$%= dE3 Foe aromatico] Ao MAHZA o}, HEES| w9 A¢
olefin®-3 & Ae#Fe] aromatico] A= o] A3} AN I Z7}3T} naphthened HE

Aol A4 BalEEsl ey, AERH SEE paafing PAAS A9 2eE ¢ 5 9

(1) 8%3] WlAYUE (Thermal cracking mechanism)
EEM= AfrE] L (free radical) WA YES S w21, straight paraffin®] 7$- straight chain

o] AAES F2 YAAITYB.
(@) 7RA1¥E-- (Initiation step): C-C ZA¥ro] & EE radical YA Y g3Foz Baste vl
0] A3t free radicalS FA3h= @A, SR Aole g@3l449 CC Aol A

5ol T 7§9] free radical-g& & A 3T}

R-CH-CH,:CH,R, — R~CH,CH,+ + +CH, R,

Feed Primary radical

(b) AAY-Z- (Propagation step): B-ruleE &3 radicale] gd&& o2 W3E3 w-33te] A

des F9

D saett g o5 seHel W4y
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H

R,-CH,+ + R,-CH,-CH-CH,-R, — > R,~CH; + R,~CH,-CH-CH, R,
Feed Paraffin Secondary radical

@ Berules] o3 A} YA

R,-CH,-CH-CH,-R ~——> R;» + CH,=CH-CH,-R,
Secondary radical

a—olefin

R,~CH,-CH,» —> R,» + CH,=CH,
Primary radical

Ethene

() FZAvYr3 (Termination step): A4 ¥ radicalo] <4

P43 3stEE ubE vl el
combination ¥+3-3} disproportionyh-g-o] 3= @A oW radical 7+l Aol 9%
AEIA ol

R,-CH,» + R

—> R,-CH,R
Primary radical

53

2 W2 g5 2k

R-C-G,- (R, —— R-CECH, + GLR
Feed

Olefin Paraffin

(o]
dEs Hkge

T~

a-olefin(1-olefin) 9]
2 & 9o olne

hy

g ol
i-paraffin--

T—

gon E3] Jddle] AAFol
d
7] W&ol

free radical®] Ao 23 o] A3}
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@ A 0
oS CCAFY P TS FAu
5% Fedch B35 ] PEEHWSO thate] Table 39 142
a3t 25

@ Paraffins cracked to olefins and smaller paraffins

CiHonry ——> CiHyn + ClHy,s n=m+p
Paraffin Olefin Paraffin
® Olefins cracked to smaller olefins
n=mt+p

CnI_Iﬁl —> CmI_IZm + CpI_IZD
Olefin Qlefin Olefin

(@ Aromatic side-chain scission

ArCH, ,, ———> ArH + C.H,,
Aromatic  Olefin

\\ hydrocarbon
ArCmHZm-l + CpH2p+ 2

Aromatic with  Paraffin
olefinic side chain

@ Naphthene cracked to olefins and smaller ring compounds

_67._
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CH,, —> CH,, + CH, n=m+p

Naphthene\ Olefin Olefin

CHyp, + CH, + CH, n=m+p+6
Cyclohexane  Olefin Olefin

® Hydrogen transfer

Naphthene + Olefin —> Aromatic +  Paraffin

Aromatic coke precursor +  Olefin ———> Coke +  Paraffin
® Isomerization

QOlefin —> Isoolefin

@ Alkyl-group transfer

o0 — U

Condensation

N
©/\ + R,CH=CHR, ——> R +  2H
2
Rl
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®) }F ¥ WA YZE (Mechanism of catalytic cracking)

o
o
2
=
A
L
\1
)
M
2
£
AN
.2
O{D
E
A
82
B
Flo
rlo
i
K-
>
o
=
fru
e
)
oY
o
)
A
0
O
ol
flo

Elx
-9} 9H-8- 2 o) o] &3}[52].
a) /WA 43 (Initiation step): 7} EH Fo|2 9 A
O HetH o ZHE Lewistt Zuj¢] hydride o] 29 &3] o8] 7t2 B ol A
@ HE&AC e B g3 dEd oai Y 2EHS BIAHE A&
o FAA el o3 Fl2RE ol A
7149 Ft2RFol&o] 8 @34 2RE hydride 0|2 23 224 A2 7}
ZHFols A

R-CH,-CH,~C*H, or R-CH,~C*H-CH,

b) A ZAy-3- (Propagation step):

O 1,2-hydride 7 %] 9} methide-hydride ¢

R~CH,-CH-C*H, =—=— R-CH,-C*H-CH,
H
Ge
+
R—(ll—CHZ:CH3 _ R—Q_—C*H2 ——> R-C*-CH,
H H
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+
R,-CH, + R,~CH,~CH,-CH=CH,
+
R,-CH,~CH,-CH-CH,~CH,-R,

+
R,-CH,-CH,~CH=CH, + R, -CH,

+ +
CH,-CH,~CH-CH, —> CH,= CH-CH, + CH,

@ ©]X 3} Whg (Structural isomerization)

o o

+

R-G-CH,~CH; ——> R-C-CH," —> R-G-CH,
H H

@ &3} ¥k (Cyclization): 59 B2 i-gta o5 AF ] 7l2RF o]2°] FH7H
of dojd & 9l&.

R R
+
—_—>
298 LD FRERFEL 204 £4 ANTAG e A4HM o F A WAL
¥ B9 oln

HAE hydride Hgjojt}. o] W2 AL nad Jt2RF oL

R R
@ + R-CH=CH-R ——> @ + R-CH,-C*H-R —> @ + R-CH,-CH,-R

¢) FAW-Z (Termination step): 7}2 R F o] 9] A

T uh U
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3 19. Comparison of products of thermal

and catalytic cracking[51].

Hydrocarbon type

Thermal Cracking

Catalytic Cracking

n—-Paraffins

Olefins

Naphthenes

Alkyl-aromatics

C2 is major product, with
much C1 and C3, and C4 to
C16 olefins; little branching

Slow double—-bond shifts and
little skeletal isomerization;
H-transfer is minor and
nonselective for tertiary
olefins; only small amount of

aromatics formed from
aliphatics at 500°C

Crack at slower rate than
paraffins

Cracked with side chain

C3 to C6 is major product;
few n—olefins above C4,;

much branching

Rapid double—bond shifts,
extensive skeletal
Isomerization; H-transfer is
major and selective for
tertiary olefins;

large amounts of aromatics

formed from aliphatics at 500C

If structural groups are
equivalent, crack at about the

same rate as paraffins

Crack next ring
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Table 4. Recent technologies for the production of light olefin by naphtha cracking[38].

Technology

Summary

Inventor

Low residence time catalytic cracking
process (US Pat. 5,976,355) (1999)

Process for production of ethylene and
propylene by catalytic pyrolysis of heavy
hydrocarbons (US Pat. 6,210,562) (2001)

Method for producing ethylene and
propylene (US Pat. 6,307,117) (2001)

Chemical absorption process for recovering
olefins from cracked gases ( US Pat.
6,395,952) (2002)

Cracking temperature: 800-1,200°F
Residence time: 0.05-0.5 sec.
Catalyst/feedstock (wt): 3-15

Product composition: C2 1.7%, C4 49.8% etc

Conversion: 85%

Cracking temperature: 650-757°C, pressure: 0.15-0.4 Mpa

Contact time: 0.2-0.5 sec.

Catalyst/feedstock (wt): 15-40

Steam/feedstock (wt): 0.3-1

Catalyst: Pillared clay, or Pentasil structure zeolite containing P ,Al ,Ca

Ethylene, propylene yield>18wt%

Catalysts: ZSM~-5 (Si0,/Al,0,=200~5,000) type zeolite containing 1B
elements (Cu, Ag, Au)

Cracking temperature: 400-700°C,

Pressure: 1-10 atm

WHSV=1-1,000n™"

Feedstock: at least 20wt% hydrocarbon containing one of C,~C,,,

of ethylene 10wt%, propylene 30wt%, butene 21wt% etc

Compress cracked gas upto 50-250 psig

Wash the compressed gas to remove acidic gas, performing hydrogenation,

and scrubbing under metal salt solution, then separation gas (paraffins)
and liquid (olefins)

Separation ethylene, propylene, butene from the liquid

Stone & Webster
(USA)

China Petrochemical Co.

(China)

Asahi Kasei Kygyo
Kabushiki Kaisha

(Japan)

Stone & Webster
(usa)
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Table 6. Recent patents on the catalysts for the production of light olefin from naphtha cracking{38].

Catalyst Summary Source Inventor
1-6wt% USY Production of LPG, C,,C, olefin: LPG 40-65wt%, lower olefin US Patent Indian Oil Co.
8-25wt% Pentasil selectivity 40wt% 5,846,402

WHSV = 40-120h"1 (1998)
Temp.: 5630~600T
Catalyst/feedstock (wt): 156-25
Ferrierite, faujasite, heulandite, Catalytic cracking followed by thermal cracking for higher production US Patent Exxon
chabazite, beta, ZSM-5, -11, -25 etc of ethylene 6,033,555
(Si0,/Al,0,=2-2000) Temp.: 500~750C (2000)
WHSV = 0.1-100h!
Thermal cracking: 650~900C
Zeolite/clay/phosphate Zeolite: 0.5-40wt%; clay: 50-9435wt%; phosphate! 5-25wt% US Patent Bulldog Tech.
(Suitable for fixed-bed or fluidized bed  Improved activity by 10% than the previous zeolite/clay/phosphate 6,108,949 (USA)
reactor) catalyst (2000)
Product: CS—, C,—olefin, i-butane etc
ZSM-5, ZSM-11, P of their mixture Conversion of C,~C, olefin and C,-C; paraffin into ethylene and US Patent Mobil Oil
(Si0,/ALLO,>300) propylene 6,222,087
Matrix: silica, alumina, clay or their Zeolite: 5~T5wt%, matrix: 25-95wt%, P: 0.5-10wt% (200D
mixture Propylene/ethylene>3
Propylene+ ethylene = 20wt%
SAPOs (FCC catalyst) Compositon: Si 4-20mol%, Al 40-55mol%, P 30-50mol% US Patent Exxon Mobil
AEL structure (e.g. SAPO-11) 6,409,911
Cracking 500-650C (2002)
Catalyst/feed: 3-12
Feed residence time<10 sec.
Pillared clay (catalytic pyrolysis catalyst) Composition: pillared clay 30-75wt%, metal oxide 10-40wt%, Y US Patent China
(or Pentasil) 0-30wt%, Kaolin 0~50wt% 6,342,153 Petrochemical
(2002) Co.

Production of C,~C, olefin(39-54wt%) from heavy oil residual feedstock
Suitable for FCC and CPP
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A24d Axd Fe d4dE 2 4

i
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1. 1x4d %=

7t A9 8y

135
N C | | )
ZAUZE HEE-LAH wa 1 97 Microcatalytic reactor 2 set A
= - A e 1_20
= =1 wl WIEE A RS B
224
2) ABE 23
1) AAAelz ZHo] Jhsdt
oA o] oa Zu] A=
Spray dryer A X 9 Zuj i ) ] TR < i A
q7A 2L 93 =49 A SR R AW AR Az Bl 55
H'¢ - = YOTTTE "o - - - 1 oz
YA A% % Bl sy [T S ES 2 = wml red
spray dryer A% 2 AxV|E
2=
B 1
1) Zg A wgon 2u @ 5| 1) 48 2 EdEE USEA
3719 g o3 =7 85%
) w4 ¥= 2 A% At al D SK FAREEE wdes
. 5 Zojh-g 43
7o wXe 9% (FT-R| o
NH:-TPD ) 3) FAUZE HFENTl F
N 4% 35 Fo| o) FRF A4
. |3 $4 UYzZEY 4EAFEA o bl = el =
ALetolE 9 A EA HE - 4) MHSE B3 & WIS g
3 Fujle] screening 4 2 HTF ol 2ol Z7} A B FAF
T 5) Wz (&%, vzeyg,s TS T
#& Z)o] AYR we Az B 5) &vje] € 4B G A
Aste /A5 e o 5N AF =4
2 4l ol s 6) 2%, Zvjo EA, ¥
6) vl W4 28 A AM|Eu, 2N o BE AAE
2w 59 4 o ARET HAE Gz
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G A75d U 2 A

1 g

(7H Fixed bed Micro-catalytic Reactor 2 set 4]

w B

H0

Naphtha
BT ot
Air
Reactor 1 Reactor 2
He |

oo (]} ()

Reservoir

PID Controller

Liquid Products

1% 9. Fixed-bed Micro-catalytic Reactor 13 10. Block diagram of fixed bed micro-catalytic

reactor

(}) Spray dryer, 79 NS FA] Az @ Apd g%
y

% 11. Spray dryer
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(B B34 2 EFFS AaEA o] 355 A
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(1) High-silica Zeolites

(I Steamed zeolites :

@ M/zeolite & MOx/zeolite (M=Mo, Co, Cu, La, Ag, Cr, Ce, P & ©]

@ Mesoporous/Microporous Mater.

(2) Non-zeolitic solid acid by hybridization
(D Hybridization of sulfate zirconia and zeolite

@ MM /HMFI/ALO; (M=Cr, M =Lij)

=484

- XRD : %3¢

-BET : ¥9d @ %37 &3

- XPS 2 EDX: W XA 39l

STG: ARA 9 2ayy AP

- NHs-TPD : &9 A x 3]

- TPR : 8424 e/ 39 e 79

(@ Ed-287 g 59

N @ vzt 92 (o 11052 PR T4 2 P
S A, T ARE (A3 2 A e P

. ’ A4S 913 GC BH%A %Y D peak assignment
i(j:: ) 210 S @ GC B4 A58} A2 =238 A% 2 8§
-n-3}g]u 15.3 33.5 @ UZEg= gdg B4 AMEsta, B AFolA
-i-mep 38.1 33.2 AZG Zo) & 283t Euj-m2HH s Y
R 3L.5 19.8 @ ARE AL () AARS A9 A=
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I¥ 139 37kA] AE oE UZE 989 AES Jehle GC ¥4 ZAQld, SKL&
BAUZEIRA &&F7F UREE 67] olsd] AES R FE WY, SKH-13 SKH-2& &
F7F 107) o]akQl F& Y=zelo]ln, SKH-12 SKH-29)| H]3}4 naphtheneo] ¢F 10% %&

EAojt} (SKH-1 : n-32td 154%, S| 91%, I-stabd 293%, A 304%, H3FE 14.8%,

B>

P
e

SKH-2 : n-}2}d 22.0%, @)% 11.5%, I-3}a}d 332%, ¢4l 19.8%, WaE 13.6%). £F 1Y
14oll= ¥Hg & Agd 714 2 AA A2 iy vH8 A3 GC 4 Agdd, 714 A
434 F 71F 49 247 22, dg, g, og, 223y, Z29, 4 ol

A2 dEdv. 43 YHES AS 9s F oA, EF4, 249 334 e WES YE

=
& FF0 U F8e GEBAEY, FEIAEAIARAN Fu7t $5F BHS

=
YERdTh $37] EA8A Balse AT F0E AT 4SRN Pol Feol
]

a9 1edl= HEAHQ] WSS d2dd (FEEAY 2gEsE mmd) WAt ue
717 B3E (53] o2, Z2dA)e] & M3l ¢ whgeno

st e 23S =43 Yk S AL HE2E A4S
AdEe) #89 Mgl AT Fe BAF W, 2FEHY A F L AR F &

o] it AFE RAFITh £T AA YHE B 2R

-

§H o2 o|FoAH, WY BT A4 &
% 2% SKH-13} SKH2E U402 HERS B3882 498 AR (HS2A : L5
675C, WHSV=2h", 1}Zel/§=20, Zvl=t}34 £a4) dre] J%o] gz ste] #a

AR, 4A 2 VA Eil AEEY 24, 29 HE5E Sol W gES & 5 stk
Z, SKH-12 F712 QA E, oldza+=Ze e, Jjdd/z2Bdo] 247t 64.6%, 44.5%, 1.0& B
¢l ¥H SKH-22 F7|4] AAE, oldd+zg g, ogdd/zgddo] zkz}t 71.7%. 485%, 0.9
E Bol F3 gtk 53] SKH-19 45 (48 4EF BFSIEE o] SKH29} #A1go]
T BE7Ea) B & AAE wEEsE sako] SKH-20) Hlslte] 10%0]4 B, ols o

d e Bdsart Bo & AR dhgstd dex) de HEE g3gEo] gel AAHE A
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E 2 @ 4R me g2Ee 54 2%

SKH-1 SKH-2
Feed Product Feed Product

N-paraffins 16.4 4.9 22.0 10.4
l-paraffins 29.3 13.9 33.2 18.8
Naphthenes 30.4 8.9 19.8 8.6

Aromatics 14.8 69.7 13.6 58.2
Olefins 9.1 2.6 11.5 4.0

Cr - 224 - 229
C;s - 221 - 25.6
C+Crs - 44.5 - 48.5
Total gas vield - 64.6 - 71.7
CriCs - 1.014 - 0.895

de27A 0 L% 675, WHSV=2h", UZg}/E=20

Rl

8. A 7ledds A £ d7Es vax

Process CPP DCC sC NCC
70%VGO | 85%VGO HCN HCN

Feedstock +30%VTB | +15%VvTB | %O | (sKH-1) | (SKH-2)

Reaction temp,C 520 545 800 675 675

Light olefin vieid, wt%(FF)

Ethylene 24.29 3.59 31.30 22.4 22.9
Propylene 14.70 22.91 15.21 22.1 25.6
C,.+C,. 38.99 26.5 46.5 44.5 48.5
C~C, aromatics in naphtha, wt%(FF)

Benzene 4.60 1.57 37.75 1561 13.1
Toluene 16.56 5.69 14.85 20.8 14.8
Xylene 23.73 9.96 2.92 33.5 30.0
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, .. | 40000
TOL, Liquid Product [*”°
. 25000
® _ ~ 30000
MPXYL L
L 25000
& L
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BZN — | 15000
OXYL L
77 ® | 10000
/] . ? | 5000
I 1:?‘ - dLNJc:JL 5 It:::mf?;ﬁc; .
1] 550
T 1525
500 Temp{ C)
BV tss0
20 30 a0 50 &0 70 &0
Time({min}

a9 18 W= wE dX MAE A Wi (Wex7 : WHSV=5h, el
E=2, Zuj Si/Al=75). BZN=#l#, TOL=5%4], MPXYL="€}, set=Z 4%, OXYL=2
2E329
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O 17, 189 RS2 % (550-675C)o wE A HAE A9 WIE Si/Al=20, 75 F
FTH W8 A SujdeA F3 dT7AHRE Jepf T Si/AlIR20S Zte gEAAEA
A Fuj= Si/Al=759] HIsld AFAH Ae]<9(acid site concentration)’} B& Aolmg Yo 2
ToAMxE Jzelr} BaE Aoln, w3 F hydrogen transfer reactionT® -&0]3}A o] F o] A
F= steHEo] AuFoR wWol AAdE ASE " a9 179 YUEpd upep 2ol
Si/Al=20%0 T3 A oA e EAHA BFES FFEQ WAde] 650To| el F4
3 S7HES Hole W, Si/Al=75¢ tEAEAA Fule 650To| e 2Edq: wAd A

ool FAF FrVsHA @ AL BT =R Fride AP Si/AIS20 2 7591 ohEA

ol

A S Fe BF EuE WS SRHEQl EF4, 24WY %] 00T e 4

A3 Agla Betoldel A MrgE RS #AVE dSS st

28 19, 200)E WS L E(550-675T)0] W2 YA MAE x
TH O34 A FuijddA S A7+Z24E JER Y. Si/AI=20E Zte e A EA
A Fule 49 AAdEE v, dg, =233 5] 600C o= & F71 §lo] vny
AdZ S Hole ¥hH Si/AI=758 zhe o3 AdEAA Eul9 A AAAHE

‘ﬂ
e Wgexel Fubd ol AN Foste 4% Holw wd, zzdde ex 3bs

el Eajiukgole UzEre 3 Fadte B9 delx vUAE 23E Holed 19
21, 229 E/YZEH(EHH); 0, 0.63, 1.25, 1.88 S)d W& Ax L 714 BAE x4 s}

of JehAYTh oln) Zule Si/Al=759] ThEA BAAE AMEETh dH AHE EXE E

& BHFL 0014 1882 FHRSE Nk YFE R Yol padE FFE Holw
itk Y V1A AHES RES Hotw B FF FAA/W A9, 2B Y]
AAB B 2 5 Aok WA Uz B4 B2 3RS Aol AWHos Bastn

)
]

& 588 FAANAY, S0) NSRS BAS] Aste] BEAolY Bt
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i} A7 e 2 Ash

1) d+53a3 HE

(7}) Fixed bed Micro-catalytic Reactor 2 set @ on-line GCof] 2]3t A FH 4] AH] AR

Mr@&}%@

He

=1

Temp. Reado

PID Controller

1% 26. Fixed bed Micro-catalytic Reactor 19 27. Block diagram of fixed bed micro-catalytic

reactor

19l 28. Spray dryer
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() 2d3ES o] & HASES w7179 sl

@®© ZFuje] Ax

B A3 AME3 A LEto]lEx A@EE ASZ A, Si/AlHI7L 25, 20091 ZSM-5% Zeochem
A}ZEE, Si/AlRI7}F 40, 14091 ZSM-59} Si/Al 7} Z+ZF 307 12591 Y zeolite9} Mordenite
T ZeolystAl2HE FY3AT Zeoliter Zhzhe] oFol-9] AJHd] wa} Na-typed] 73-F, 0.5M
Ammonium Nitrate 2N 0.2 80CAA] 12A7H8 230 ZHA refluxdle] o]2ug 3IHTH
NHs-type zeolite= AFA¥-9]7], 600TC A 5A17F FoF Ixlg)ste HAS AA H-typee 2 vt
EchPowder AHERE] zeoliteS 5~67]%t 3lo|l A pelletd: 5, ThA] &A F4o] 100~180im e
A7E FHstd Aol AT

@ =24 yrgE(dAh9 Ax
2 Ao A8 wgEL A4 2 FAHNAM AME-HE naphthad] tHEHS F874
=

AL o3 v} n-Paraffinst n-pentane 3.2%-7] %(Aldrich, 98%), n-hexane 22.4%

Me

o

f

Al % (Aldrich, 98.5%), n-heptane 32.6—‘?—7]]%(Aldrich, 99%), n-octane 29.2F-A%(Aldrich, 99%),
n-nonane 12.6% 7 %(Aldrich, 99%)%, i-paraffinsi= 2-methylpentane 54.2% 7% (Aldrich, 99%),
3-methylpentane  45.8% A %(Aldrich, 99%)&, naphthenes= methylcyclopentane 26.3%
Al %(Aldrich, 97%), cyclohexane 19.75% A% (Aldrich, 99.9%), methylcyclohexane 54.0%
A% (Aldrich, 9%)2 #L351A &3t FH AT (GE 24).
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¥ 24. Relative composition of model compound used in catalytic cracking.

Contents in solution(wt%) Density (-)
n-Paraffins 0.689
n-pentane (CgH,,) 3.20 0.626
n-hexane (CgH ) 22.35 0.672
n-heptane (C,H4) 32.64 0.683
n-octane (CgHyg) 29.24 0.703
n-nonane (CgHyg) 12.57 0.718
i-Paraffins 0.658
2-methylpentane (CgHq,) 54.22 0.653
3-methylpentane (CgH,) 45.78 0.664
Naphthenes 0.766
methylcyclopentane (CgHyy) 26.34 0.749
cyclohexane (CgH,y) 19.66 0.779
methylcyclohexane (C;H,,) 54.00 0.770

#z). Bk AASA A9EE e 2o A A BT Fo 3EE 2dHYE
300Ce) 2718 SoSUA £ T, 6mL/ming] Hew 3mL/mine] Npsh Eso] 142
wg7E F99ch oW Zze A 3 &
B oRe grE piol Hid, 93 werle A:Y (nconel)iS7]Z o] 38cm, 97
18917 27|12 A= gy Wi e

O

b
fir
Ho
oft
BN
e
N
]
BN
i)
9‘_1_14
38
(D
=
oX,
ofj
rE
oo
N

N

= 2gdds 282 Zo] 20em, 917 050% Z7=E

"ok Ba) & /1A AAYEL 289102 NP1 packed columng &3
3 slazEolEaE (HP 6890N)E E3te] TCDE Fstadch A A4E =d 54 ¥
Altech Heliflex AT™ -Petro capillary columnE Z23 7l~m2elE1#Z (DS 620002 5
o FIDE %3tk whgol 83 Zule] Fo 05g WeE3 B FFFL 47 lg/h,
0.5g/hola, =) W8-S Ato) A 550~650°C oA 53 sttt
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() Spray dryerdll o1& AP Fv] Ax

2

MFI A€ Zu] H Pillared clay A€ Zuj

= i =]
EAARA

XRD : #2389l

(=) 433

Zu, wpde], 7t2Al 2 o8 FHY JAUAVE EFE slurry 2, Spray dryerE ARg-ste] Evj

£ 493 o

h Svl-=A7 S 3

24 2 24 @ yzg 98 (o 11059 FFES FH) 2
2 = (g/ml) 0.726 e A, & AAE (HA L A GE)] A
Z A (Z2%) AL 93 GC #4270 g9 9 peak

-n-¥}2] %l 22.0 assignment, @ GC #4 253} AL =Y
T 3.2 AT W £8, @ UEEE A2 B4 S
~upazEl 19.8
s 13.6 sa, 2 Aol AZY Hule Agstd A
- &l 11.5 23 wbeS 38, @ AAAE AE PE
i) BARELS 7142 AA2 YAAHEY, d4= ¥
71E o] &3t B F whgo] B4 H B4y, 7AE 7t A2nEIYHE AHE-SH
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Onlinec 2 A AFEH stk (i) 442 7IAE NoF XRTEZZ A3 Uy

IL =
3T
[ (o]

Fotdoh. (i) e ANEFAF dAE BEIFAALE Fste PR 93 71E3 BHE o

=

EWol ofst WHo=Z ZF A& (CHy, GHy, GHg CHe, GiHs, CGiHs, CiHip, CO, COz ¥)2

g3kl WP hzete] 2 YR oiul AAE AES 7 AR we dehde 42719 2

s

Aelel Wgk olE WAL HAT F AHEY FAE e T B vz RE A
o Z A4S AFA
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(7}) Spray dryerdl] g A Fv] A=

2 GHAANE Aol Fasth Suld vim sde Zuie 5 Aste BE 2F WL 37
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3 L BEE
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A ougt YriEEs Jua

2

2 J}& vpE 23 7)(accelerated attrition tester)Z 43}

£
=)
i
N
=4

(attrition index) B¥ w}R & (attrition rate)2 el Th rmEAEE AR HAE
HE ARFAC B HEEE EVG Ao, REE AT BrtEXER R71F Jolth
WelEEE 100004 %P2 HE W zto g A¢]8 FCCEvle UrlE T+ 9 slpm(standard
34,

£ dFdxe Hu9 A4S 98 FE5u € 25uE EFvY vy £35F8ke] spray

drying #4-8 AXIt}. Dryertf o] &= = 120~250T, atomizer?] 3] &5+ 5000~15000 rpm

liter per minute)ol| A 93%o]AFo] x|k, 88%o]Ato]H 8oz 7}

ofr

A 223 2ujAlE e slury el F&2u) 2 FEv]9] £ 7, water contents, slurry
9] #%, dry &%, atomizer 3| A& 5] o3 AFHTH e 1Y 302 WY HFE 53

¥ Frjel 2717t 249 Aol

217 AT A S ASTM D5757-95 W& 7122 ©@A7F ntE =74, AlG)S

A
o2

Ofr
ot



o 1059 g APk FCC Zule 7ol3ke] gl Fshe FUE vheol 48 Sz o
F3l, 1201519 e 2E ZE FYE I F8Uh B IR vRono} Azd
vl 445 3R A 7 £ 743 givkn BeE, sy 542

AdSE U 58 B3 wujo] A27} Tbsetele olarac

olr
z
=
o
=)
td
Jm
oX,

-

2
Jm
oX,
tjo
)
rC
)

h) BEE Ax

AdAdA o7 F28-MFI A€ v o Pillared clay AlE &v] 5 ¢F 20 F9] Fo|E Ax
st AESES v 84 € AF Sl B8 ZF 58 vnsted 543 248 Y A
o2 JIdEEe FE HAIFgetd Hrh vnstdth HEAA AE Fu ATHS ofH9t

2ol fetatgir).

ole

o

Zu] A

Step 1. La-Kaolinite

kaolinite:LaNO,: Water=1:0.05:10 weight ratio

v

Ion-exchange at room Temperature for an hour

\4
Filtering, washing, drying overnoght

Step 2. Modified HZSM-5

ZSM-5 l 0.2wt% Mg(OH), + 0.84wt% H3PO4 + water

Impregnation 15min.

Y

Filtered & Dried

Step 3. Microspheric semi-finished product
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7.75kg La-Kaolinite
* 7.4kg psudoboehmite
4.1kg modified ZSM5
0.62kg hydrotalcite
0.69kg commercial available HCI
18kg water
v

Mixed stirred and spray dryer

Step 4. Aly;s

0.1M AICI; + 0.2M NaOH ; OH/Al mole ratio=1, 2.2,3

v

Heating at 70C for 30min.

v

Cooling

Step 5. Al pillaring agent

Al

Y

Diluted with water to 98.6 milligram-atom Al/liter

Y

Adjusted to ph 5~6 with 3% NH,OH (Dropwise NH,OH)

Y

Age at 70°C(2*# ) for 2.5hr holing the ph 5~6

v

Cooling overnight at room temperature
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Step 6. Pillared clay catalysts

1.1kg Msfp + 19l Al pillaring agent

v

Mixed slurry aged at 70°C for 2.5hr holing
ph5~6 with NH40OH

v

Filtering, washing, drying

v

Calcination for 2hr 650C

(Dropwise NH,OH)

Step 1. Aluminum phosphate(Al-P) binder solution

60.2wt% AlINO,);9H,0 solution 40% Phosphric acid

l

Mixing 1hr

Step 2. Preparation of HZSM-5 containing catalyst using Aluminum Phosphate
Binder

H-ZSM5(25) mixing water, 1hr Al-P binder solution

Kaolin mixing water, thr
Ludox silica-sol AS-40

Mixing 2hr

Spray dryer
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(T A4 EByo) oF HZSMS5 Zule] AFsE 2 A7) ulw

vzel HE Bl 7P Bol AMEEE (Si/Al BIZE MR ) HZSM-5 A &eolEE A
o2 Hd EBEE Tt A wE ¥ 4 AIE Hinstdch 29 31d veRd vhe)
2ol Si/Al H7} A&42, Bronsted AFH 0 2 s ¥ = -Si-OH-Al- ¥=1e] zA7|7} =73k
HHH Si-OH 32 29 &3t -AIOHS ¥=3 =Z7|e & #ol7) gt

/ Extralattice -Al-OH

“SEOH ™0 3663 /_
3744 3611 -Si-OH-Al-

- H-ZSM-5 (40)
£
o)
o
5

S H-ZSM-5 (25)
[
0
®
0

< T

H-ZSM-5 (15)

4000 3750 3500 3250 3000

Wavenumber/cm™

18 31. -OH Z§7] 9o FI-IR AHE

Bronsted % Lewis 2F 9] M7|& vlmdlr] 93l FT-IRS o] &3 Hd /8% HES F
st 1 AAE & 269 JeEHRITE Si/Al Bl7} Z71EE Bronsted 2 Lewis AFH 9] F
Tt Aastgon, 4 M7vr E7rska o

L
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26. ¥d

I:‘.io\r

/E& AFo) 93 Bronsted/Lewis A& HIDE

=

200C"® 300¢C° 400"
Sample

Bronsted| Lewis | B/L |Bronsted| Lewis | B/L |Bronsted| Lewis | B/L

HZ5M-5(15) 280 242 | 1.16 231 151 | 1.53 137 168 | 0.82

HZSM-5(25) 138 157 | 0.88 113 104 | 1.09 70 52 1.35

HZSM-5(40) 112 77 1.45 93 57 1.63 58 57 1.02

“umol/g zeolite, "desorption temperature

71 24T Tl M e UZe, £S5 o] 57| Al(carrier gas)st I wHSVIE FHESFA:
olF7AlY FAE AY FELE WIES Fid vAe JFE HiFs] st
S o g9F 2 das A i) W

2 Fam)star, A dFY dFS ¥HE 719 Tube reactor Atojoll &F(Out) AT

rnﬂ
olo
tid
ol
i
%
rE
o
=
ox
_O|L
R
v
i
i
15
i,
W&
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¥ 27 f%&0 ohE HEES wg Az
Product
In : In: In :
Feed | N2(3cc)+He(3cc) | Na(1.5cc)+He(1.5¢cc) | Nz(3cc)+He(bcc)
Out : Out : Out :
He(40cc) He(40cc) He(40cc)

n-paraffin | 22.0 0.54 0.42 0.91
i-paraffin 33.2 244 153 3.01
naphthene | 19.8 2.38 1.79 3.24
aromatic 13.6 29.7 32.2 32.3
olefin 11.5 0.69 . 0.46 0.42
Gy - 224 2.7 19.2
Cs - 18.0 17.0 19.5
Gy +Gs - 405 39.7 38.7
C /Gy - 1.25 1.33 0.984
Total gas - 63.3 63.0 59.6
W32 ¢ Fu=HZSM-5 (100-180um) 0.5g, 2%=6507C, WHSV=2h", \}=g}/&
(FA =2, YZE=1.0g/h

AU R ZeaA YPFo] Aujolr A BT FYEe) ATl JaHE AL
TEAUE W “In : NaBe)+He(3cd), Out : He(d0c)” 27g Helste] Zu) 4537t 2o

2 A3t

("H 24 g AP HSEA Wgold

O v 54 4

29 32¢F 29 33E B AFeA AL Si/Al Bl7} ME & H-ZSM-59} H-Mordenite,
H-Y Zeolite®] XRD sfedS yehfgich H-ZSM-59] A9 BE 20 = 7.8, 88, 23.1, 23.7, 24.3,
45 FZoM Ful n{o B4 Hase] I vyt ALHolEe FY 244 gt FF,
719k AAA Tol AsIA I, AlLgolE 9 Si/Al 7} Z71gthe AL pure silicad] 2
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flr

Aoz o] HI7} 715t whel Aol S-S & & ok £ Aol AR zeolite
% Si/Al v]7} 2521 H-ZSM-52] 73-%-o| A= peak7} wl-$- broaddt o] #ZHJE=H ol ¢
AgetolEol uls] Yo} Z77F FUHoE Ao AL A @th APAA YA
Hla= A2 SEM imageE FMAE B 4 Axo] Si/Al HIZ} S7Heke] wet dAbe] 27
Aol F71ES &l & 4 UK=Y 35, 36)[55].
B A, o Sl A4 st
n-paraffins, i-paraffins, naphthenesol] ™3] 650C A 6A17F F<F ¥ F XR
AHIH 34). ¥ & FrjdlMs 1

rlm

NE

E AHR7] 98 Si/Al H7F 14091  H-ZSM-5%

o
B
(L
o
A
o
o
o

o 527 QUM AT wEPoz A3 Zu)o
FE WEIE Yode & & Atk W F el AR ohje WEWA 2 pore
volume o= & W3E JEWAJTHE 28). H-ZSN-59] A n-paraffinsol]l 4 HE B &
coke A 2 dealumination®. 2 B|EWAZA 7+A7} AT

HES 39 coke A AEE Lolry] 938) Si/Al Hl7} 259} 20091 H-ZSM-5, Si/Al H]7}
12591 H-Mordenite®} Si/Al 1]7} 3091 H-Y ZeoliteZ n-paraffins, i-paraffins, naphtheneso|
] 650TAA 241 Ft ¥h & TGA ®A1& SHATH 1Y 37-38). &% 5o we FF
A FAL B 150~200C -2 A H-ZSM-5, H-Mordenite, H-Y zeoliteol| Xl 2+2+ 4%, 7%,

5459 1a T A4S Holed ole A2TE i g3 53 A Al ol2nd
2 98 A2E FEUc 2 2F frl%o] BAHWUA Yehbe A%z ¥ & dg AE 2
T zeoliteE AHHKH W 550~650T oA H-ZSM-5 &) 7A-$ napthenesE 3 S

3l
2%, n-paraffins®} i-paraffinsg E3|3& o] 2%, H-mordenite?} H-Y zeolite w2 3%
= W3-E i8] 10-12% P =9 23 % avt dojved olv HEF £ F coke A 9

ta

g Aot} H-ZSM-59] 7% n-paraffins®} i-paraffinsoll 4] wF-$ & coke HZ oz QI3 Zujo
% Zave A9 ¢191oy, naphthenesdl 4] HZRa] Tole 600T H2AA 1%F =] FA
7b dojutth. H-Mordenite$} H-Y Zeolite2 H-ZSM-5¢] wlnstH-& of ¥WHEE9 EFl
EE RbeEd el 9] coke FHo] A 10% Hr=o) FA a7t AATH
Aol AHET ZSM-5 Frj o e NH:& wiZ/fA & ke TPDE 24 stk 138 399
23E BH (), TAB) 2 A (v Ja27 A dEsth Si/ANL S7Ee S
A% patel MAvE RaH O FET) Si/AIRI S dEgol e #AE BATh
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(a)

Intensity (a.u.)

(d)

T T T T
10 20 30 40 50

2 theta (degree)

1Y 32, Powder XRD patterns of H-ZSM-5 zeolites with different Si/Al ratio: (a)
Si/Al=25, (b) Si/ Al=40, (c) Si/Al=140 and (d) Si/ Al=200.
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W L]U (a)

Intensity (a.u.)

(b)

10 20 30 40 50
2 theta (degree)

1% 33. Powder XRD patterns of zeolites: (a) H-Mordenite (12.5) and (b) H-Y zeolite (30)

where numbers in parenthesis indicate Si/Al ratio.
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(a)

(b)

Intensity (a.u.)

J (c)

J (d)

T T T T
10 20 30 40 50

2 theta (degree)

1% 34. Powder XRD patterns of (a) fresh H-ZSM-5 (140) and used catalysts at 650C for
6h for the catalytic cracking of (b) n-paraffins, (c) i-paraffins and (d) naphthenes.
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ccV Spot Magn  Det WO
00KkV30 10000x SE 46

AccV Spot Magn Oet WD
100KV 30 000x TLD 53

(a) (b)

AccV  Spot Magn
100kV 30 20000x

(c) (d)

19 35. SEM images of fresh H-ZSM-5 zeolites with different Si/ Al ratio: (a) Si/Al=25, (b)
Si/Al=40, (c) Si/Al=140 and (d) Si/Al=200.
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Spot Magn
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2000;

(b)

19 36. SEM image of fresh zeolites: (a) H-Mordenite (12.5) and (b) H-Y zeolite
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3 28. Physical properties of the

zeolites in this work

Zeolite H-ZSM-5 H-Mordenite | H-Y Zeolite
Si/Al ratio 25 40 140 200 12.5 30
Reaction Before After* Before After* Before After* Before After* Before Before
Sper 431 385 396 390 410 395 391 365 537 750
(m?/g)
Micropore volume 0.18 0.16 0.16 0.15 0.18 0.17 0.17 0.13 0.19 0.28
(cclg)
Micropore surface
area (m?/g) 370 353 340 322 378 361 361 322 506 668
Total ‘z‘c’g/eggomme 051 025 | 025 024 0.26 024 | 025  0.22 0.27 0.47

* . Samples were obtained after catalytic cracking of n—paraffins at 650 C for 150 min.



100

Feed compound

\ fresh catalyst
99 \ - n-paraffins
\\ ————— i-paraffins

98 LN ~ naphthenes

Weight (%)

94

L] T
200 400 600 800
Temperature (°C)
(a)
100
- Feed compound
\'\ T, fresh catalyst
N, \S‘ e -paraffing
A R i-paraffins
A naphthenes
99 - Y
< .
E
(2]
K]
= 98-
97

200 400 600 800

Temperature (°C)

(b)

19 37. TGA results for (a) H-ZSM-5 (25) and (b) H-ZSM-5 (200) before and after

cracking of various feeds.
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100 -

Feed compound
\ fresh catalyst
Y\ e s P1-paraffing
A s .. === i-paraffins
: ~naphthenes
95 -
S |
£ — |
2 v
2 904 v
2 S
[ 4
Al
A
VY
85 N
T | P
200 400 600 800
Temperature (°C)
(a)
100
Feed compound
fresh catalyst
n-paraffins
N, - i-paraffins
Y naphthenes
95+ i\
9
=
=
)
= 904
.\
e
85 T ¥ ¥
200 400 600 800

Temperature (°C)

(b)

19 38. TGA results for (a) H-Mordenite (12.5) and (b) H-Y zeolite (30) before and after

cracking of various feeds.
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(d)

(c)

Arbitrary unit

(b)

(a)

| |
100 200 300 400 500 600
Temperature (°C)

1% 39. NHsTPD profiles of fresh H-ZSM-5 catalysts with various Si/Al ratio: a)
Si/Al=25, (b) Si/Al=40, (c) Si/Al=140 and (d) Si/Al=200.

Qs WA Folol 4T FF Bl WSy wdsFEe B3 A= WAUF AolE
dolr ] 948 AP AASAT. AEL 650C, AgolA WHSV = 2h?, oil/steam ratio(wt
base) = 2 o] T AN 247 Tt AAEYTE Fvle Si/Al H7F 20091 H-ZSM-5&

g F AAEY BEXE A4¥yd gy 2o HF Esle] A n-paraffins, i-paraffins,
naphthenes ¢ A&go] ztzt 71.7%, 53.1%, 70.8%% GENE B3t LA 328%, 24.1%,
13.7% Hoh %

S Bt 7AMAGEY & £ FFE3| = n-paraffins, i-paraffins,

o
rok
lic)
o
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naphthenesol| X 70.0%, 51.5%, 525%% @& 32.0%, 224%, 44%Z BT} S53Ach(2d
40). 53] naphthenes®] 7%, Q&3&] oA & 13.7% o] ¥r-2 512 Zor} Zv] H&= Hsj
A= 708%9] ¥ A&ES BYrh o] naphthenesy} FHujo] At &3 =7 &Y
5 & 5 Uk
1A APE b YAy HdYxE
naphthenesol| 4] Z}Z} 0.59, 047, 0479 ¥whd HE= E3E= 0
of FRUTHE 29). dgAF Z=gAe] HE AHRE IR H$E n-paraffins,
i-paraffins, naphthenes| 4 1.76, 0.73, 0.93¢]31 HZ #3l= 082, 060, 0392 EE3I|7t HZE
TR dgdlo] ol 44EE AT - UUTh ol ] o)2F nFA 7l&d nio}
ol gEAE & Aole A A W HEF: B3 Bt o A9A

B z
of Y& sty ole WE AEE way] WEolth ¥F Pt hydride ion ( H) Fe

flo

i
B
e
)
ne
M
o)
&3
olo
flo

n-paraffins, i-paraffins,

59, 059, 0.730.2 HZE F3 v-&

methide ion ( :CHy)E 2aim] H& 2ajo) 22 wge vasr g2 71 A& ded &

spart 257 AL 2HES getdog R "k o2 A dEHE dgds, 3E

AR H$ naphthenesT 23| Y ASAT FFTo] 03% WAL, HHRH

A1 n-paraffins®} naphthenes #3] % WakZo] z4zt 1.6% 9 17.0%7F A EHATHE 29). &
3] naphthenesE & #-3] dS Ao WdFEHo] 2o] YAEHAJEY ol 3 A naphthenese]
g 43} W83}, £ naphthenes” B GG AA gdlgeag [
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100

I Thermal cracking
[ Catalytic cracking
80
£ 60
[
il
o
S 404
£
o
o
0 .
n-paraffins i-paraffins naphthenes
Feed
(a)
100 100
—@— Thermal cracking
—4— Catalytic cracking Ij
80 4 I 80
§ 6. \ L 60 :Ea
2 SO 3
@

.i‘ 401 A\ //A 40 ||(+J
8 0~\\\\\\\\\\\A; L___.. S
204 ® L4 120
T T
0 : -8 0
n-paraffins i-paraffins naphthenes
Feed

(b)

¢ 40. Thermal and catalytic cracking of n-paraffins, i-paraffins and
naphthenes over H-ZSM-5(200) zeolite at atmospheric pressure: (a) conversion and (b) gas
and olefin yield. (Reaction conditions: temperature = 650°C, WHSV = 2h™, oil/steam = 2)
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# 29. Comparison

of thermal cracking and catalytic cracking.

Thermal cracking

Catalytic cracking

Temperature (C)
Feed stock

Conversion (wt%)

Gas yield (wt%)
Methane
Ethylene
Ethane
Propylene
Propane
C4
C,+C5™
Total gas
Cy/Cy

C,™+C4" selectivity

Liquid Product (wt%)
n-Paraffin
i-Paraffin
Naphthene

Aromatic

n-paraffins
32.76

3.85
12.13
2.69
6.90
0.19
5.78
19.03
31.97
1.76
0.59

67.15
0.71

650

i-paraffins

24.05

343
4.47
1.55
6.11
0.23
6.40
10.59
2241
0.73
0.47

naphthenes
13.73

0.53
1.00
0.20
1.07

1.35
2.07
441
0.93
0.47

0.37
0.69
94.21
033

n-paraffins
71.68

4.73
18.51
5.97
22.68
4.24
13.67
41.09
69.96
0.82
0.59

23.31
0.06

1.64

650
i-paraffins
53.10

5.58

11.53
4.46

19.09
1.38

9.26
30.62
51.50
0.60

0.59

naphthenes
70.82

1.80
10.91
0.42
27.64
0.71
10.72
38.55
52.50
0.39
0.73

0.16
0.36
29.22
17.00




@ ALTolE FiH e ZAFE B3 54

10 membered ring©. 2 54x5.6A 9] straight channel®} 5.1x5.5A ¢] sinusoidal channel ¢} 3
AAHY A2 o RARE 713 Fa dstel #YF F1F 279 TEE 2D Y S/Al
H]7} 20091 H-ZSM-5, 10 membered ring®. 2 65 x 7.0 A%} 2.6 x 57 A 234 7% L2E
Zk= Si/Al W7} 12591 H-Mordenite?} 12 membered ring©. 2 74A7] & A7 ZE Si/Al
H)7k 309 H-Y zeolited] A 7t2be) 71@57]9h mobe] ©he ZojolAe] HERe P A
Borch A3 650C Aol A] WHSV = 2h7, oil/steam ratio(wt base) = 2 o] ZZo|A] 24]

AT APYE 2XE 29Ed L7 Zth H-Mordeniter n-paraffins, i-paraffins,
naphthenesel| x| z}z} 415%, 33.2%, 16.3%¢9] HFES BHGow, H-Y zeoliter 57.7%, 56.5%,
87.0%, H-ZSM5% 71.7%, 53.1%, 708%¢] X382 BTt 7INAAHE 482 H-Mordenite
Z o Al n-paraffins, i-paraffins, naphthenesz}z}ol] sl 39.6%, 32.0%, 6.3%, H-Y zeoliteo]] A]
52.1%, 55.1%, 34.1% & H-ZSM-5 Zw|o| A 70.0%, 51.5%, 535% S HHTHZY 41). 7|A B E
TE&/RHSE WL vE B n-paraffinsel] A H-ZSM-5, H-Mordenite, H-Y zeolite Z}7z} 0.98,
0.96, 0.90, i-paraffinso|A] 0.97, 0.96, 0.98, naphthenesol]x] 0.74, 037, 040 ©]ATHE 30).
H-Mordenite== H-ZSM-5 X.t} 7]& Z7]7} #AA] Al&o] 71 hydrocarbono] zeolite channel ¢t
oF2 & BEo7t 4% E4E HY Ao 4P o, n-paraffins®} i-paraffinsol] A &89}
AR A4S BT HYY zeoliter AL St ZANEE F&/H88 ¥E B
o0& ®EE=o] HlE 02-054= v yewth agz ZE §goA o Zud uis)

methane, ethane, propane & A& o] ©3l547} ol AAHA

i

¥ 305 ¥¥ EE ZFu)oA n-paraffins®] i-paraffins ©29] o|A3} W&o A Yoji}x
Bk, WgFEe] YAE 5% vyt o]} i-Paraffinss WS E = J1g WS BAS B,
29 A% =g 7} itk Naphthenes?] 79+ H-ZSM-5¢} H-Y zeolited] X 714 A
AE FE/NEE AP NS B A82L nparaffinsgt FAF PO} gas2 o] ARE S @
3, kS0l 17.0% 9} 53.4% A A= At}

e Su 54 49 TGA E4ZAx(29 37, 38)2 B H-Mordenite, H-Y zeolite &
ufelj A 10% AHE 9] coke9), naphthenesE WHS-E 2 3F H-ZSM-5Z&ujjo|A] 1%<] coke’} AT
At 3% 307 TGA AHAE A3rsiA 3|45 E¥ naphthenes’t W& coked o] AAY

2 ¢ 4 A EP HZSMS Zu7k 32 94 3R A 499 Sude I3 @
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I H-ZSM-5(Si/AI=200)
[ HMordenite{Si/Al=12.5)

80 HRY zeolite(SI/AI=30) %
g o 2
8 % Z
4
g 40-
c
(=]
o
m-‘
0 . - 7.
n-paraffins i-paraffins naphthenes
Feed :
(a)
100 100
—8— H-ZSM-5(SI/AI=200)
—A— H-Mordenite(Si/AI=12.5)
80 —y— H-Y zeolite(SVAI=30) | gg

Gas yield (wt%)
8
EV
«]
®
3
C2°+C3" (wt%)

719 41. Variation of cracking as a function of zeolite structure: (a) conversion and (b) gas

and olefin yield. (Reaction conditions: temperature = 650C, WHSV = 2h?, oil/steam = 2)
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¥ 30. Catalytic cracking of n—paraffins, i—paraffins and naphthenes over various catalysts.

Zeolite H-ZSM-5 H-Mordenite H-Y H-ZSM-5 H-Mordenite H-Y H-ZSM-5 H-Mordenite H-Y
(Si/Al=200) (si/Al=12.5) (SVAI=30) | (Si/Al=200) (Si/Al=12.5) (SI/AI=30) (Si/A1=200) (si/Al=12.5) (Si/Al=30)
Temperature (C) 650
Feed stock n-Paraffins i-Paraffins Naphthenes
Conversion (wt%) 71.68 41.52 57.72 53.10 33.20 56.50 70.82 16.24 87.03
Gas yield (wt%)
Methane 473 4.80 7.13 5.58 4.83 6.98 1.80 0.73 5.72
Ethylene 18.51 14.40 9.87 11.53 6.36 6.69 10.91 0.99 3.70
Ethane 5.97 3.52 6.48 4.46 2.46 424 0.42 0.32 2.65
Propylene 22.68 9.61 13.62 19.09 9.93 16.57 27.64 1.54 10.06
Propane 4.24 0.31 4.07 1.38 0.41 4.03 0.71 0 5.99
Cc4 13.67 6.44 10.76 9.26 7.43 16.43 10.72 1.76 6.67
Total gas 69.96 39.61 52.09 51.50 31.95 55.09 52.50 6.28 34.95
C,7/C5™ 0.82 1.51 0.73 0.60 0.65 0.41 0.39 0.64 0.37
Liquid Product (wt%)
n-paraffin 23.31 59.96 42.28 0.16 0.24 0.20
i-paraffin 0.06 0 0.26 0.36 0.17 0.15
Naphthene 0 0.33 0 29.22 92.69 12.93
Aromatic 1.64 0.07 5.20 17.00 0.62 53.40




@ Si/Al Nlo] }E Zu) A= B3 B

ALolE FF/o| wWE v R w3243 H-ZSM-5 oA wrg-E9 He&7 L
Fgo] 1A LS & 4 gt oo H-ZSM-5 Zu] AoA] A|Leo|E L AHA| 77} wEgd

n)xE g AHE7] 984 Si/Al B]7}F 25, 40, 140, 200 ¢l H-ZSM-5& 650°C, WHSV =
2h”, oil/steam ratio(wt base) = 29| ZA 02 7tzte] uFSEo| i3] 247 EoF ] HE: B
3 &S A

Si/Al u]7} 25, 40, 140, 20022 F71go wie} NAPPE &7 HA AFEL FoE
Aok 2 F A "E#:ALS n-paraffinso| A 28.3%, 27.5%, 24.8%, 185%, i-paraffinsollx] 25.0%,
19.2%, 16.1%, 11.5%, naphthenesdl|A] 26.9%, 20.4%, 17.9%, 109% & RE ur-$-Eo]A Si/Al
vzt F7hEel wheh, SAAQA A TAE o] A¥Ho g LGk 22U EF
Si/Al W7} Z7}3bel e}l n-paraffinsll & 264%, 27.0%, 24.9%, 22.7%, 249%, 22.7%,
i-paraffinsol] A= 254%, 23.0%, 22.1%, 19.1%% odwde] wls) A 2 ZA7 F&o| £
A@E JeEhidth 28y naphthened] 79 A&THolEL A Foll @S]
27.2~295% Atole] UAT F&L FXIFFYHLY 42).

g EY] HMEEo] FEFE, F AgHolEY ST FolAFE G/ IAYLE FE&0l
n-paraffinso] A} 0,13, 0.13, 1.14, 0.20, i-paraffinso]#] 0.11, 0.12, 0.13, 0.18, naphtheneso] A]
012, 015, 0.16, 0.21 2 et Fuje] FAgHo] ZEHA &3l whgo] Fasts Foid
3l Gy 33HES] Aol A YEyT, ddd/ =z Byt So]EUATHE 11-13).

i
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100

n-Paraffins (a)
g0 || NI H-ZSM-5 (Si/AI=25) L
C__JH-ZSM-5 (SifAI=40) g
H-ZSM-5 (Si/AlI=140) /
H-ZSM-5 (Si/Al=200) /
3 60 é
H 7
3 404 / '
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Z
o - A o
Ethylene Propylene Gas yield
100 — -
i-Paraffins b)
g0 | HEE H-ZSM-5 (Si/AI=25)
I H-ZSM-5 (Si/AI=40)
H-ZSM-5 (Si/Al=140)
H-ZSM-5 (Si/AI=200)
s 60 4
H
E 404
>
204
04
Gas yield
100
Naphthenes (c)
50 || NI HZSM-5 (Si/AI=25)
| C—HzsM-5 (Si/AI=40)
HZSM-5 (Si/Al=140)
77 HZSM-5 (Si/AI=200)
s
z
?2 40
5
20 4
7
o lzl

Ethylene Propylene Gas Yiel

19 42. Variation of cracking as a function of zeolite Si/Al ratio: (a) n-paraffins, (b)
i-paraffins and (c) naphthenes. (Reaction conditions: temperature = 650°C, WHSV=2h",

oil/steam=2)
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# 31. Product distributions obtained by catalytic cracking of n-paraffins over different

Si/ Al ratio of H-ZSM-5 at 6507C.

H-ZSM-5

Si/Al ratio 25 40 140 200

Temperature (C) 650

Feed stock n-Paraffins

Conversion (wt%) - - - 71.68

Gas yield (wt%)
Methane 5.95 7.08 6.51 4.73
Ethylene 28.27 27.46 24,75 18.51
Ethane 8.18 821" 7.59 5.97
Propylene 26.36 26.98 24.85 22.68
Propane 7.68 5.69 5.33 4.24
C4 11.56 12.05 11.64 13.67
Total gas 89.09 87.87 81.09 69.96
C,/Cy” 1.08 1.02 0.99 0.82

3£ 32. Product distributions obtained by catalytic cracking of i-paraffins over different

Si/ Al ratio of H-ZSM-5 at 650C.

H-ZSM-5
Si/Al ratio 25 40 140 200
Temperature (C) 650
Feed stock i-Paraffins
Conversion (wt%) - - - 53.10
Gas yield (wt%)
Methane 8.16 7.45 6.11 5.58
Ethylene 25.01 19.16 16.13 11.53
Ethane 7.80 6.01 5.24 4.46
Propylene 25.35 23.02 22.08 19.09
Propane 3.90 2,48 2.04 1.38
C4 8.68 7.85 7.82 9.26
Total gas 79.50 66.33 60.20 51.50
C,/Cy 0.99 0.83 0.73 0.60
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3% 33. Product distributions obtained by catalytic cracking of naphthenes over different
Si/ Al ratio of H-ZSM-5 at 650C.

H-ZSM-5
Si/Al ratio 25 40 140 200
Temperature (C) 650
[Feed stock Naphthenes
Conversion (wt%) - - - 70.82
Gas vield (wt%)
Methane 2.92 2.86 2.85 1.80
Ethylene 26.89 20.38 17.93 10.91
Ethane 1.34 1.07 0.88 0.42
Propylene 27.20 29.51 27.44 27.64
Propane 3.41 2.01 1.89 0.71
C4 8.85 9.92 9.99 10.72
Total gas 72.02 66.67 61.84 52.50
C,/Cy™ 0.99 0.69 0.65 0.39
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A 8ol F7FE & 5 ATk Si/Al Hl7F 25, 20091 H-ZSM-50 2] ¢] HlL o] wa &
S S-S MBI v 550T, 600T, 650C R 52 A<eA) ] At A WHSV=2h",

oil/steam ratio(wt base) = 2 o} oA 7z} Wk & e 241759 3 =AY

Si/Al Bl7} 25Q1 H-ZSM-5 Zuff Ao =9 7h whgo] Oigh oddll, Z2gae 83
714 BEY TS 28 43¢ YERAa, AAG V1A ANE BEES B 340] JeERARAT
257h Aot wel ZE WEE dis A A4EY LAy 8L FU) 9 a1 F
n-paraffinsE 2 9 A P 9 AHEQ ogdey £&7 MYEE vt
550°C, 600C, 650CE A53gto] whal 14.1%, 20.7%, 283%% HA¥FH o=z Z7st4y), ¥ido)
Aoz Z2Ae Fvt £ 168%, 228%, 264%E JEHA 7t Zo) vl L& & F
A ole A W2 =rt SHdsS Zr PG G MYt asks Ao Mol 9
s FFoE 1A Wk s WA C~Csol A&ES] wkgo] o] Fojx a1, A Si/Al
HIZ71250 A A St A wheEEe] Golste] g3lyag A Ha oy AAHEE F

58 Zadds Tzgol 24E WS oA WEF HFTL A4 WFels T +
t}56].
Si/Al ®)7} 20090 HZSM5 v} ol €58 7 whgo] ol A8& 714 498 &

&5 39 47 19 459 JER AT, n-parffins®} naphthenes®] 8 5 A4 HAAES 19
460 JERHSATE i-Paraffins®] AAWHEE FHPAo] Zsled 6T ¥F712 571 b5
3T} Si/AlW]ZE 20021 H-ZSM-5& Si/Al ®]7} 2591 H-ZSM-5¢ H|3] A-H 71 Forn g
bl Fejddo]l @A JeEbgth n-Paraffins?] 8 5W &EE wE £5E 5507, 60
0C, 650TCE Ao AFSL 361%, 414%, 71.7%=, 714 WARAE 5£&L 34.8%, 41.0%,
70.0% ZF7vsht AFdarE Fomg 550, 600C oA E whezde] &
A Si/Al HI7} & zeolite®] 74 &2 4L A7) YsiME 650C o de] mLore whg
o] Hgsltt A

Si/AlB]7} 25, 20091 H-ZSM-5 Zul] BFoA 2%7} A4 oda/zzdds] v A
o7} A & 4 %], hydrocarbon Ze}7 wHg & Cs oAkl Ly AEe] 47 =Y
HeS 4oz v FoAAMHELS JdYdeolnz gy AL, 74 Aol Wil rEo
hydrocarbon®| =27 E#H7} FAo] mejso]op & o]t} 58].
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100

n-Paraffins (a)

80| |- 550°C
—Je00°C
650°C

Yield (wt%)
N H (23
o 2 e o

Ethylene Propylene Gas yield
100 -
i-Paraffins (b)
80 | I 550°C
[Js00°C
vZzZAa650°C
9 60
H
3 40-
5
04
Ethylene Propylene Gas yield
100
Naphthenes (c)
80| | NN 550°C
[T s00°C
EZZA650°C Z
= 604 %
g 7
=t %
©
° 40
5>
04 7

[-%

Ethylene Propylene Gas yiel

19 43. Catalytic cracking of (a) n-paraffins, (b) i-paraffins and (c) naphthenes over
H-Z5M-5(25) at different reaction temperatures. (Reaction conditions: temperature = 650,

WHSV = 2h”, oil/steam = 2)
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¥ 34. Product distribution obtained by catalytic cracking of n-paraffins, I-paraffins and naphthenes over H-ZSM-5(25) .

Zeolite

H-~ZSM-5 (Si/Al=25)

Temperature (C)
Feed stock

Conversion (wt%)

Gas vyield (wt%)
Methane
Ethylene
Ethane
Propylene
Propane
C4
Total gas
C,7/Cy”

n-araffins

1.36
14.05
5.26
16.77
14.47
16.56
68.94
0.84

550
i—-Praffins

2.83
11.36
5.37
15.77
4.96
9.20
49.67
0.72

Naphthenes
94.85

1.09
15.70
0.85
18.69
10.20
12.92
60.55
0.85

600
n-Paraffins i~paraffins Naphthenes

- - 96.67
2.67 4.79 1.47
20.69 17.72 20.68
7.40 6.99 0.83
22.76 21.57 23.33
12.39 4.07 513
14.74 9.49 10.64
81.20 65.62 62.92
0.91 0.82 0.89

n-Paraffins

5.95
28.27
8.48
26.36
7.68
11.56
89.09
1.08

650
i—Paraffins

8.16
25.01
7.80
25.35
3.90
8.68
79.50
0.99

Naphthenes
98.99

2.92
26.89
1.34
27.20
3.41
8.85
72.02
0.99




100

n-Paraffins
(a)
80 -| | M 550°C
[—Je00°C
650°C
g
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i}
3
5
Ethylene Propylene Gas yield
100 —
i-Paraffins (b)
804 N 550°C
[600°C
650°C
::; 604
2
o
K] 40 4
=
201
Ethylene Propylene Gas yield
100
Naphthenes (c)
80 4 R 550°C
[C600°C
650°C
g %
£
©
° 40
=
20 -
0
Ethylene Propylene Gas yield

1% 44. Catalytic cracking of (a) n-paraffins, (b) i-paraffins and (c) naphthenes over

H-ZSM-5(200) at different reaction temperatures. (Reaction conditions: temperature = 6507C,
WHSV = 2h”, oil/steam = 2)
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[Ji-Paraffins

80 4 Naphthenes
9
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100
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T
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»
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0- |
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(b)

19 45. Catalytic cracking of model compounds over H-ZSM-5(200) zeolite at different

reaction temperature: (a) conversion and (b) gas yield. (Reaction conditions: temperature =
650°C, WHSV = 2h™, oil/steam = 2)
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Ligid product
(a)
70
Naphthenes
60
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504 [s600°C
650°C
T 404
H
T 30+
2
5
20 1
104
0 —

n-paraffins i-paraffins Naphthenes aromatics

Liquid product
(b)

19 46. Liquid product distribution of variety reaction temperature over H-ZSM-5(200)

zeolite: (a) n-paraffins and (b) naphthenes. (Reaction conditions: temperature = 650T,

WHSV = 2h”, cil/steam = 2)
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¥ 35, Product distributions obtained by catalytic cracking of n—paraffins, i~paraffins and naphthenes over H-ZSM~-5(200)

Zeolite H-ZSM-5 (Si/Al=200)
Temperature (C) 550 600 650
Feed stock n-Paraffins i~Paraffins Naphthenes | n-Paraffins i-Paraffins Naphthenes n-Paraffins i~Paraffins Naphthenes
Conversion (wt%) 36.14 44.27 41.36 51.57 71.68 70.82

Gas vield (wt%)

Methane 1.16 1.31 0.64 1.40 2.05 0.75 4.73 5.58 1.80
Ethylene 5.08 3.70 5.12 6.72 4.50 6.55 18.51 11.53 10.91
Ethane 2.89 1.77 0.12 3.51 2.52 0.13 5.97 4.46 0.42
Propylene 12,70 9.36 20.24 13.96 9.56 22.94 22.68 19.09 27.64
Propane 3.17 1.61 0.73 3.81 0.82 0.84 4.24 1.38 0.71
C4 9.70 6.30 7.68 11.67 5.31 9.65 13.67 9.26 10.72
Total gas 34.79 24.05 34.68 41.03 24.83 40.95 69.96 51.50 52.50
Cy7/Cy® 0.40 0.40 0.25 0.48 0.47 0.29 0.82 0.60 0.39

Liquid Product (wt%)

n-Paraffin 64.69 - 0.10 58.48 - 0.13 23.31 - 0.16
i-Paraffin 0.05 - 1.73 0.05 - 2.54 0.06 - 0.36
Naphthene 0.12 - 55.86 0.18 - 48.50 0 - 29.22

Aromatic 0.08 - 6.80 0.9 - 7.16 1.64 - 17.00




® W Azl BE Fu) HE Pa w3

H-ZSM-5 Zu] Zdoll A wr-EAIZE ZAge] W wg-E ¥ FHvjo] §4As g AR
s Si/Al BIZ} 140 Q1 H-ZSM-55 650C Adox], WHSV = 2h*, oil/steam ratio(wt
P45

ANZre) W& Zvje) 8448 HEE n-paraffins ( i-paraffins ¢ naphthenes S = e}
Pt} n-Paraffinss 713 YAE F80] 7] 83.0%NA 6A17F T 762% = 6.8% SJA3}7}

base) = 2 o ZACE ZAZe] WHEE WE 6A7 B Fol P B W2

ol

A1, i-paraffinst 61.4%9) 4 534%=F 8.0% A A5t 131, naphthenes= % 7] 63.6% A
50.8% 2 12.8%2] ¥4 Astyt Aoty 47). o]= Hu) Wie] coked® o Zwjrl we
o] #F7] £47] 3tell ZAt =& Ho] dealumination®| 7] wjiEo|th. &4 Asrt 7HE A

naphthenes?] -9 ¥h& Z7]ol= vt @A SE Fog|thrt 4 bo] Akt &AA S &

f

e == wg 2ol Evie) Y R $AHoz AN, Az
of Aol whel Zv) v Yol Hw, AR AT 45 4oz AP BY e

Aol 93A Hol &gxstet A B4 FHE FEA Aot

—eo— n-Paraffins
90 —— i-Paraffins T 90
° -—w— Naphthenes
804 Teo—eo-_ L 80
O —0—0—9 o 4
704 70
: _|x ]
2 5!\ =
s 604 \x‘o:e - 60 =
Q — 5 (&)
2 \é S—A A ¥
b3 v\v: '~
e e e
40 v\L!»\V\v 40
A_A\A\A*A‘EX:X:X:
30 . 30
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Time on stream (min.)

19 47. Catalytic cracking of model compound over H-ZSM-5(140) at 650TC. (Reaction
conditions: temperature = 650, WHSV = 2h”, oil/steam = 2)
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Aol AN HIFS FFE BT coked] F U2o] naphthened & & 5 Uitk W
AAAE BEFSLS 22 W 5 thE EAE A%l # e fle AJAE FAdr] 3
Si/Al H7} 25, 200 ¢1 H-ZSM-5& 650°C WHSV = 2h™, oil/steam ratio(wt base) = 2] &7

oz Zo) A% B3 W gk o W WFE FARY Y Azd oy A=
benzene 7.92%FA % (Aldrich, 99%), toluene 36.26%4%(Aldrich, 98.5%), p-xylene 42.29%
Al % (Aldrich, 99%), o-xylene FA]%(Aldrich, 98%) 2 wHU3HA E3ste] FuH|sIHU(F 36).
Si/Al H]7} 20, 20091 H-ZSM-5 ZFwjolA] WS 31482 4583%9 121%9] W& AEdES
Bk 1A AAE FE& E=F 09%8 045%F wf FSS & £ AATHE 37). AF7HA
AP Az 39 BE PIE PR 1T ATE AL WP olHe JolW, WFS 3
F2ol Zv] AEHPHUY & 2AHI Ho] 17} Aot HHFE hREE ThA aromatic
S8 HEMIAY cokeE FAT2E HF R A FHAHA S He ¢ F AT
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¥ 36. Relative composition of model compound used in catalytic cracking.

Contents in solution(wt%) Density (=)
Aromatics 0.866
benzene (CgHg) 7.92 0.880
toluene (C;H;) 36.26 0.865
pxylene (CgH,,) 42.29 0.860
o—xylene (CgH,,) 13.52 0.880

3£ 37. Product distributions obtained by catalytic cracking of aromatics over different

Si/Al ratio H-ZSM-5 at 650C.

H-ZSM-5
Si/Al ratio 25 200
Temperature (T) 650
Feed stock Aromatics
Conversion (wt%) 4.63 1.21
Gas vyield (wt%)
Methane 0.18 0.07
Ethylene 0.32 0.09
Ethane 0 0
Propylene 0.13 0.09
Propane 0 0
C4 0 0
Total gas 0.90 0.45
Cy/Cy" 0.90 1.00
Liquid Product (wt%)
n-Paraffin 0.05 0.01
i-Paraffin 0.50 0.14
Naphthene 0 0

Aromatic 98.556 99.40
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O% 489w U=ZE 989 AES UYelE GC B4 A, g457 5~107 A=
B3lraE o]Foj FF Jzetold, n-vebd 220%, 2#H 115%, -3 332%, dA
19.8%, W&E 13.6%= o]Foix AUtk E=F 1Y 49E & T AAHE JA 2 A A=
of A ¥h& Ay GC A ALY, 714 AR 43 F 71 BAQ 2A4rt #5599, o
g, dgd, de, =3, 229, 9 ¢4 A& Az AEFE. A H4EEY 45 v

Product®
Feed b 1 1 1 1 2
2002 A20 B50 C63 D63 D-1

n-paraffin 22.0 2.94 1.49 0.25 0.02 0.62 0.62
i-paraffin 33.2 5.32 2.48 1.18 1.00 2.41 2.43
naphthene 19.8 2.43 1.03 0.91 0.81 1.77 1.70
aromatic 13.6 16.5 31.9 30.5 27.4 29.2 29.3
olefin 11.5 1.13 0.59 0.27 0.18 0.40 0.40
Co 22.9 20. 4 23.2 25.2 23.8 21.7
Cs 25.6 17.8 18.5 19.2 16.5 19.9
Cy +C3 48.5 38.1 41.8 44 4 40. 3 41.6
Co /Cs 0.90 1.15 1.26 1.31 1.47 1.09
Total gas 71.7 59.5 64.0 68.5 64.0 65.1
HES AJRF T S A HA] ¥R 120 £) 7iA 8] A2E HFE 4
"RRAE (IS A HRY 2 2Y)
oz A Zu)0.5g, E=675C, WHSV=2h"', UIZEl/E(FAH])=2, 1}=ZE}
=1.0g/h
rezA Znj0.5g, ©E=6757C, WHSV=3h!, U}ZELE(FEAN])=2, UZE}
=1.5g/h

2002 : B A]®

A20 : 33} A REA FIHo7F 20wt
B50 : A3 3} A RTEA FFn]r} 50wt
- C63 @ Y3 ARZEA FFu7} 63wtx
- D63 ¢ B3t AEEA FFHufrt 63wtn, ZFHufrt 10wts T (D-132 TY)

ol
o~

D 2 o

ol it o

o o
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E 38l APAHoZ A2 BB AR} HFHN RS AL TR
W AT TS By /\]g(zoOZ)oﬂ% Qastel Mg wild, AaA ol FHHo]
A ol AER Aol $4tel, GHCT =485 &/Cy =090€ WelF Utk Wl A
B3} Fuls Ao POy SOndg 4% ga neksie 483 Zus AR o
£ 381~444%% YER I Q)

!

Total gas yield¥ 59.5~685%¢9) ojl=211, Jddl+Z2Hd 4§
o} FUl2e AL D63 AFd Wt HEAZF WHSVE Z/1AAS o 2-3h") L83 A

4% 9 total gas yield7} FAE Ao, z2HA A Fo| AulFez Frlstdh ol ¥
B Evjo HEAIS #A Fozn HkgEo] dedor AgAHe AL AR
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(A}) Long Run Test

Product
Feed
20 10A] 7} 19A] Z¢

n-paraffin| 22.0 0.40 1.47 2.31
i-paraffin| 33.2 2.15 5.74 6.58
naphthene 19.8 2.45 4.35 4.89
aromatic 13.6 31.0 28.0 28.4
olefin 11.5 0.31 0.84 1.25
Co 22.4 17.4 15.8
Cs” 17.8 19.6 18.5
Co +Cs” 40. 2 36.9 34.3
Cy /Cs” 1.27 0.89 0.86
Total gas 62.8 58.1 54.9
BEgZZ ¢ Zof(MFIAIY) 0.5, &%=650°C, WHSV=2h', UZE}/E(FAH])=2
U3ZEL=1. 0g/h, Al Zk=194| 2

=
olo

£ weBAgol g7l nasA g AL we
F =18 $3717 S el =3 44 AsE Ao E S5 8, Total gas yield7}h 74
e e Eu ARoh Mg Hgly) BEely, TRPA 8ol FAHEAN e 4
o] 76%—61%% FAF)FE AL Ful Byo] YR MAYPOE Aste] YA =Y
S Aol A7) Bl Qo saBk,

/\éo

i}

d

i
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(°}) Regeneration & AFH7} (&) A F A% H}

¥ 40. v Aol wE H= B3| W3 Ax

Foed Product

Fresh 1st regeneration 2nd regeneration
n-paraffin| 22.0 0.02 0.483 0.603
i-paraffin| 33.2 1.00 1.83 2.29
naphthene 19.8 0.81 1.39 1.74
aromatic 13.6 27.4 27.2 33.3
olefin 11.5 0.18 0.296 0. 388
Co - 25.2 23.1 20.5
Cs” - 19.2 19.9 17.8
Cy +Cq” - 44 .4 42.9 38.3
Cy /Cq - 1.31 1.16 1.16
Total gas - 68.5 67.0 59.2
Hhe-2 A : Znj(C63) 0.58, 2E=675C, WHSV=2h', UZEl/E(FAN])=2, L=
E}=1.0g/h
S A 24 0 L= 675C, F7I5tA(20ml/min), 242

(A

£ 409 AF AP Zujo) deiN LS AN 15}, 230 AR Zv] AN AP
A% 2o 0$FARE dEhiAT 13 29 A4 F olgd 2 Zadde] gAFe 2
7) Zv) Ao 3l 9%6.6%) BAHL GERQAAD, 23 FHo) AN FE 863%9 FAHL e
WAtk ole olHAA Zul AW 2o e HAHH} o]FAAA gL s Fuj AN
o] kA3 o]FolA A okgton, Hujo] HBgest WA APHUSE HolFEt B, &
WY 2219 A Age] A& = Uk

5

e
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() d54 s A5 e AF 2 & Ve g1

FE3F AE 23 08719 AFS 98 ol oy FA U =He AR AR
Fol gtk Ty 2L HEEe) wg7])8 P&ID B pilot A=H9] Apeo]Th

DCR Flow Diagram for Catalytic Naphtha Cracking

REGENERATOR FLUIDIZED REACTOR STRIPPER STABILIZER

SRR TR R
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@) 2xrd= A5 A7 9

A7F3EY
AreTER (184 - 334 A=) g
) . 1) A33l HA3 =73 FA}
1) spray dryers] s 5y | D 508 AOH SE 3
Zu) Az e
N N . o e slurry 5%,

A& B339 Matrix * spray drying =71 %3} e 2T W on =

AA 2 A& 7S Iy s S =] #4932 A= o 5 = T

44 2 A¥7)e g }_7‘5 ] 48k % 4 2) A¥ & Fuf z27] #

2) mele @ AAA 97

=
O.>L o\I
oflt {-ﬁ
b py
S
Tl

Wl 4% Bt

Eu 4 B 2% Ful A
FAY-g 2 Spray dryero] 93 A3 HAAZ =4 57
@ Atomizer 3 HEE, slurry 5%, FYUYEE 2 25 F

=8 A3} @ YAYH : micro-spheroidal
® Ay Jx =7] : 40~80 um
@ Al (Arrition Index) : 10.5 (ASTM D5757-95 ¥H)
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o C+G 45wtk A, G /G #Ha : 1.53-0.86
A ) 241G A (7%), 23 A8 (86%)

- A7
ARArER =TT ]
ey (127 - 284 F=9) T e
) 2E R AP A Az | 1) 9] £ 24
vlgrgsl | Y HA3 23 55 2) v Ay =4 Y
= ML |2 Ho) Y7 L 9 |9 Fu) 59 AL A
ANZE SFu 47 H7HA =<
BC02
B Co
BC4
B C3H8
— [0 C2H6
O CH4
B C3H6
@ C2H4
Fresh 1st generation 2nd generation
I 51 A8 ) AN A A3
@A AAd 2L WAy At
S & gk 313E (BTX) 4AY £7F 2 vgdAg 3=
WAF 2t AR (n-sheb, Laekd, 2H®, g §) o BE 4%
23 Az 24}
gA 4 2
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Moy Tm A7FIEY
v 124 - 494 A2 ar e
1) AEEslTo] ¢4 35
1) FHEs whgolA @A Fo 4¥E FET A3
gro me wa) A% 2 |2 SKAZ FAUZEE oy
5719 9% o3 oz PEEd W F3
2) Ak = 9 kg A7 | 3) AEEN ¥ WEE S%E
&R g7l sy 2| AF 2ol MAE 9% F7F AR AF 24}
#5% AZEE 187 (FT-IR, NHs-TPD) ZA} 4) H&2d (%, T/
A= 3) Bl Wh3E HEE3 F571, % %)°l £
A% ZHA w7 E o8 Hhe A@E/ 9= 7
4) F53 g7 AA/AH A
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23 4587t
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3. 37l d =

7 A75d ye 2 Ag

1) A+ WE

(7 bench 72 f5F W3 A€ AX

1% 53. Bench scale 7FE9 /%55 ¥H3 A|2H

(1}) Spray dryerol] o3 ¥ Zu] A=

1% 54. Spray dryer
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(th
Aol E @ 24 ByAEE (Pillared clay) AE v S

- Al, Si-NMR : &0 7% 39
SFTIR : 27 %%, ¥5 2 4% 4%

- Attrition tester : 3 Zv] ZFE==2A} (ASTM D5757-95 #H9 715F)

(vh 23t
o, BRI, 7taA 2 o2 TR AUV EFE R EFARVE AR S

E A9 I (EFdx0 &dxd 4 98 24 Hah.

() AEEA W 53
@ vze 98 (9 1059 HFES I 2

E 4L vEe da o1 28 3 2w n, F A4E (A 2 A e 39
4 =(g/ml) 0.726 B8 93 GC ¥4z 39 ¥ peak assign-
Z 4 (E3%) ment, @ GC 24 253 AL =209 A%
- n-wfejal 22.0 9 98 @ Uzgs 98 242 A2, B
- el 33,2 AolN Aze ZujE ALae] AERS WL
- Lp=E 19.8
e 136 o 23, @ YRE AT WY () BB
- gl 11.5 ANA} Az A4HE, AAE P2A)S o]La

of FEg F wgo]l ¥ H AR, JA=

7Y ARPlEI IS ARESh Ondinee 2 2z R4 stk (i) A" 7= No.E

i
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Wl 9 wHoew Z+ AFE (CHy CH, GHg CGHe CiHs,
CiHs, CiHp, CO, CO; 5)2 AZFSIATE (i) dAle AZFYH #AE EFHA S Fsie

PH WA V128 PP ol §3e] W xee 7 AR o 48P AR Z 4R
gl ehts 45719 4% Aolol B oF WAL HAF F YYEY TAS RE B
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@) wg 43

ik

aFE

(7h E5adx7)6 9 A= Ax L = (atirition index, Al) XA} A7

do
off
ol}ll
o
Jpye

ol 34N S99 v @& ZAHo] AZsty] e, Seje] Wty

de FIATIE Aol Fastth FHujo mlE £AHL Zujo A Aste EE old WE BF
BYE SV, B 38 S, A A FobE Fr Red @Y 3y 5§ I 28
Zufe] A 2 Aoz JAFS vXA "ok durdoez Zul9 nviEe 7t & I =4
A HE, € 4= 334 stress 5 g Qo2 wHEHo] A BL(FE 20mol 3
Z HE AL U3t JrREEs dytE o2 JbE ul R 2% 7] (accelerated attrition tester) =

=235t U}E’_X]E(attrition index, Al)) ¥+ n}X & (attrition rate)E YEPATH mlEAZE A4
A" AR EE AEFA dig HEEE E7)E FlolH, mRELS AT BUIEARE H
713 Aotk WwtE == 10004 %wRARE M o2 4P FCCEHEM Y Uriis< 9
slpm(standard liter per minute)ol A} 93% o] Ato] R ut, 88% o] Aol AP G o2 7}538T)
Qs Sl AFS H8 FE50 2 2F9E spRlge £
i

<1
= AXeH, 2FAx7] 324 9 &3y 24 wstd me S AlZE delsitt (X 42

2Bz).
¥ 42. 298 244 BE 48 F= Hlag

Al A2 A3 Ad
A& eto| E 60.2 49.7 50. 3 59.9
AAE A 6.0 17.5 17.8 12.0
AEB 4.1 4.1 4.1 0
A8 C 7.8 7.6 10.7 10.8
AED 21.9 21.2 17.1 17.4
Attrition Index 43.1 2.71 14.4 46.5

dg Eol, 47 X 420E ALEolES F A¥oZ 31, 1 oY kA AME & HES

EHst zRR/2 4Y50E A2 4% A2 OE AR BelFm Jed, duHe
A
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% 560l E 424 Az A¥ Fui JEHE deHlung BoFa e, FHEC
AgetolEL g & ] 7hA9] ME T& A& g wet EF R dolgs B
Fal e, A3 &Y H$ gas &)
10 o2 z2dd A% 57 @&l Hst S35}t

B A7z uFojdel AzE e APHA AN FE sed Uiv=E

ATk #LEH, vlve] EA4E AHSE 6L 53 B 548 Ad 99 Axrt
7bsetel et o dE

—_—

e

—=— Gas yield
@~ C2=+C3=
- Ethylene
—'V'— Propylene

;M

Yield(wt%)
[ ]
|
f
/.

A s S — f ,,ﬁwﬂ R S
0 P - -5 i [, ey i

A1 A2

a9 56, 3 4204 AxF =4 G
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(b SRS B3] BE Puulm @ G Aol 9 A

C63 Ul AFg3te] WA/ Be] BAM) mE RIS Y5 vastged, 19 5794
nevtsl ol JijHoz Bel o] F7h BHEF D gas yield7h Foj7 WA WAA ¥
FHFHE £57b BV @ GG 589 Ph FES FU3 =W, @ G=/C= 1)
100] 77k ghg HelFol mzud Yol S5, @ C4 HAFo] T F7t

[e]
o
st e B2 Yok ol2RE AEZRAN £330 FFe BEANT & dEd of

rr
I
=
o
-
e
ox
&
4
o
1o,
=
2l
=2

|
£
s
L)
[ﬂ‘
e
i
2
i)
B
Ae
rE
oo
>
i
o
ol
il
o2
L

70
. —=—Gas yield
- .\- om - E,zh=TC3=
. () ~ e Ethylene
60 - -\-_-_..- - \-‘-‘-—-~.‘-\ M \I\-_- —v—Pro);I)erne
| ~m ~m . \-\-_-_- ‘m e G H 4
. m_ i C2HB
3 L j C3Hs8
50 M -\- o C 4
. —te— C O
— 40 e : iy GO 2
X . N @
e B BB . L S o
E ] TETee. et tees . ® ‘~...a~‘\0 - @ “‘0..
T 30 - . Oy o
2 : oo
> Te e Moty P,
20 - R LY ie e, / T,
-G Y Y &o9-ww ® H .
qvvé Y xv_v_v,v-véﬁx-x .‘vv’vvv‘ﬁgv bebe,
* rv~v-v~v-v'v-v~v
.l . < e
SR KB @@%ﬁ?@@@w&@ﬁé
0 - TR
Naphtha/Water : 3/1.5 3/0.9 3/0.45 3/0

Y 57 FAE FAMG e AR A
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WHSV gg_ 1.5 20 2.0  1.57T: 675C 685C _695T
70 %63 634 62.9 64.9
L e e
_ B TRy
60 L] | L BN : -\-"-__-,:,-/ \.
50 1
— 4 349.2 5 .
§ 4 1 ¢ 37.9 39.2 37 359 371
404 Tee g @ gy
=4 ] ® L - o-o- LA S N Y e, o e g
2 30 -
20 ¥ Yy g Vg A s s AT
] : f | . '”""'\'
10 oo
12 wg‘:zﬁ;w-
0 | :
Regen

a9 58. WHSV, x|t

(R4« Ev) C63,

> oo
=]

2% 3 AYe) e AEES 45 v
A

b/ E(FAN)=20, A 2= 710°C, 3h, T71F)

C63 ZvjE Ab§-38te] WHSVE 1594 2002 F7HAA HEE3 A5 vlusia (vhexd
675°C, A/ B (FAH)=20), gas yield7} °F 3%, Z#H F&o] & 2% F2sFeH, o] Fujs
710°Cel| A A8kl WHSVE 20 & 15904 247 st @ e, 20004 Bk 159 229 A gas
yieldo} S8 F&o] of 23% AAHA oW, 209 Z% AE@AFH m2 @A YPu7t A 2
w159 B4 A8 Aol Utk &, AEFAIME 2AFoEAN, A2 SN FAAA =4

< 23 5 s Aeg JjEd. WHSV=15414 & o $53 F8&°] #5HULRR, o] 21
AqM BFEFLE o|EE ZAIAT (decoking #g §lo] 3 FHY FulE AL AE3ty, v
S 2= HEAAS). HEREE T gas yield$} A A &= & %= FA X
SR (FE decoking HATT Frl AT AFHE AAe g 7UH), A # W
F&0] Frlete 9 Aol Aased, AL (=7 S/ el wEh) dd BAd" G4
Z 4%t gy vegoz BIHE Ao 4T 5+ Ak
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(th v n|&AA s WA 71E FA}

© Ae=olE 98 AA Y (steaming 7] © HA )

N, 10mi/min =101 A 550°C/4h B X2l

'

Steaming
WHSV=0.5h"1, Rex=8h
180~200C steam feeding

'

Steam X2l Al&EE 0.6N HCl==2 %
(15mI/gAl2)2Z 80CHI M 10AI2F m it

!

Washing, Filtering, Drying

!

Calcination 550°C/8h

Catalyst quenching to room temp.

a9 59. 571 & At g AEetelEdR AAY WY
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——m— Gas Yield
70 - — e . . - - S——— R @ Ethylene
R - propy|ene
n | - ] - C3
e O H 4
o G2H B
C3H8

50 4 . 2 —4*—CO
il G O2

Yield(wt%)

o 2 .
)k‘)?m il Ol B 6 St@gm dea%m S?eam-“HC?%eaiumi.
TOS(h)

a8 60. Aol 97 AAY AT AR 45H
(§h¢x7 . WHSV=20h", £% 675°C)

a9 599l 4R FuY WrdE ST st AgEelE A58 A3 WS
aok3lgT. YWtgoE ALFolEE L5} B3 £27)7F e 29794 ‘dealumination’
of oste] TE| F3 AHE EAZ At ¥k F FAE &HH, TIEIFE T 9
stol A cokingH o] HA wEAs Avh wEpA e oo 7&%@@% A AL ZA
s 5 HAFE dealumination¥} cokingg HA3} AlA ok 3tk B AFoMes ALTolE
B E A3 A717] A, (ol g3 d gubdel WMo 2) 124X steaming % steaming
I Ay AHE 47 Aoz whg T HAStE B3 Jmo FolE wlusttt
oAy a9 60 mEE AAMY A 5] A AEHolE A8
A Bl EAstE o] 10% ]9 gas yield 7t B 5% o] BAE
Aok W AA YT AlEe 7] B dHFH LR AT, (T ¥ 203t A) HEA
3} JE7F Bol ¢33 HAT =% AAdEe dYdAH Z2dA Y FFd G Ao 2

o ol 44ge A=A

r

19

—_—

¢

(o]
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@ A8 Zv] 42 (steaming A& 2 2 )

a9 6l A¥ Fai(Ce3)s 17 599 I o] Hstd AAE BT HEEN HE
= HAS[T ¥ C3e 27] 45 4, uhgo] Ao wel 4A vt
H AR AsE 27 842 C630l wiEte] A u, v HE S5 ANEHAS
< Pud F vk £ A7 A 23 steamingd steaming-2HA 7 714z UYEUE &
el HE 2l Aol 4% vE Aoz e, 2o U AAT ade dF Fol

rr

n
~~ —=— Gas yield
it N = -t Proplene
T Hm Al & N —%—C3
60 - L N N o Mmem gy | aecHa
T B B R —d— C2H6
- C3H8
BO .o S - —*—CO
‘l‘@a&. —@— CO2

Yield(wt%)
P
{

20 S
v/

e g,..@ ..... § <
0 (;263 4 Stgam s:;i@satum;m gihzdm ..... gé dea;gm;
TOS(h)

" 6l AY Fui(Ces) AAY AF ARES gewan (W27 : WHSV=20h", &%
675°C)
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2 54
el X &A% 7l ole] ASTYolE URE JERF F& 5oz FAFoEZN Y Fug
S HRE AT F Ae Ao AAYsEd oo tstels A A7 Folok (% 4 F
=),
¥ 43 48 Zo S0l o AN WY

= C63 D63 H50 G53

214

TToC
(A&l E. wix) 58 65 50 53
C, +C3~ |steaming A 46 47 42 43 43
R B o

steamin
(wt%) TR gy - 32" 34-35" 37-38"
_3'5'__

Ag=3

S 75 75 15 15
(Attrition Index)

o oagny | AEE AR | $48 Ageelze Eqes
H] 3 7Oh:;]- -2 orst 2+A 3l o1}, [dealumination X deactivation
CEINEIT SH | o) nm (GEs) AdE
*steaming X7

: 100% steaming (750°C, 24| 7})

*steaming Z7 @ 100% steaming (700°C, 24A]7})
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(2h) Bench 29| 53 WS71E ol &8 AIFHv9 B7t A9

HZSM-5 A&l E7k 50% F/8 ABEv(H50)o FAF #3) 48& F%53F W8 A2d
& B9 FANAL, ol TAF W A¥ Agel vimadch (F 4 Fx). LHW $&(C2
+C37,404%) & RAF APAI @23%)RT} The RRAW, ZRPA $&(C2=/C3=, 087) |

A EAFET F5F A2 M Ne} g Z20e YA 5 Joke daE $eE
AR Sl eke e HEA Y Z1AB T 5T T A=HA A AL A BHE T HEFH
e $&(179%)°] Rk Ao ]9 4 i) &

AUE 4YSE @4 Azelw glor, ot HHaE 53 Wy EAEANA o5 Ul

B7t 3 S A

3£ 44. Product distribution in catalytic cracking of heavy

naphtha with fluidized-bed reactor

Gas product Catalyst H50
Fixed bed Fluidized bed*
Methane 7.9 10.1
Ethane 52 6.3
Propane 24 1.5
Ethylene 23.1 18.8
Propylene 19.3 21.6
4 8.0 8.5
C5 - 0.5
Unknown - 492
Gas yield 66.8 68.4
C27+C3" 42.3 404
Cc27/C3 1.20 0.87
Aromatic(BTX) 29.3 17.9
Un-reacted 2.7 11.8
* Reaction condition; catalyst 2kg, naphtha 300 g/hr, steam
150 g/hr, cat/oil =35.
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4. dzxd A g o

WHSV

2-8 h'!

Hlste] Cp, Gy AE{E7}

A4S 2 C,7/Cp ¥ 2E I

1xd =
1) Uzl 23 BAE (], 71A]) S 93
2) A&etolE Ald o3 AFuirt $t B4E& K.
- Sper(m’/g)= 450; SiOs/Aly03= 30-150
3) wg=xA
2% : 500-700°C; HE/L e} (FAE]) ¢ 0.3-0.5;
4) W+-g Az
- U 20 the @3 Ealf(2"H I )
8-25% o|%} FXH.
- WS RA(RE, EEH], FFAZ F)o uiet AR
- L=E} ARS : 72wtn
- Co+C3" = 48.5wt%: C/C3 = 0.7-1.3

150°C o]4+ "zt
=4E 23 22 &
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1) 243 Ful 4A & A
O A gelolE, FA3YE B AIIA o|% spray dryerof &g ZBFo] A= (1kg/Y)
@ 43 Fu] FR 3~ 57 A
* Sger(m’/g)= 400
* Si0./Al1:03= 30~150
2) 4BE A A} =24 3 (Atomizer FAKE, slurry vE, TUHE ¥ 2=
)
@ AUA}HE] : micro-spheroidal
@ ¥ U=} A7) : 40~80 um
® AL : 10.5 (ASTM D5757-95 )
3) WAl Z d= (n-mpebnl, [-mtebnl, 93, dA 5) 23 ks FE ol
4) BZF wkgTlel o3t AHES 2 gz
@ &% : 600~700°C
@ E/vi=ZE}l (FAM]) ¢ 0.3~0.5
® WHSV : 2~8 h'!
5) AP Sufel &3t FFE g Az
O FYUY XA T 3 Faf(AHIANZ ) w]ste] G, G AEETL
10~20% S,
@ WE2A(Z=E, hgEY], AFAZ 5o uet A% 9 /¢ v 2E Jhs
® LpZE} ARE : 58.6~67. 2wt
@ Cy+C3 = 38.1~43.8wt%; C,/Cs =1.0~1.5
© AR-FA o Hste] HELEE 150°C o] H
® Long run test (19 A|ZF) @ C,+Cs : 4.5wt% 24, C7/C3 74 : 1.53 — 0.86
@ g Fuf B 1x A8 (97%), 23} 25 (86%)
6) 755 &7] pilot system A #E, HX F
7) FAZ14 (K)ol 3t Fuf 45 B}
O Hoj7|doll B¥ Zuf 3 & AF
@ 45E7t Az, F 71H AEAINE 95% ool LX]
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w

A e
1) A% A WA F-5F 47| pilot system A2 #7 U JA JHE
@ YA e] F2 : 100-2000g/hr
@ Fm SXF : 1-10ke
2) ¥ Ful dA/AzR 4 H4¥E 918 243} 24 9
@ YA E] : micro-spheroidal
@ 4% 4A 27] : 40~80 um
3) UPd 20E A% Fu) FAvle He
© 4% Folel Beld 2 28 sle 4w

- AI : 10-15 (ASTM D5757-95 ®H)
@ AZzlolE f8 9 4¥ F) #47le R
- steaming # @], steaming-4H-Az] W & $Al &)
4) gz
25 : 675°C; E/UEE} (FAM]) : 0~0.5 WHSV : 1.5~2.0 h™
2| BLE ; 650-710°C (Z71=)
z 9g Az (R )
WME2A(2E, gEH], AFAL 5o utet ARE 9 &/G H 24 Jhs
A8 ZFulE 700-750 Coﬂkl steam deactivation A]Z] F =37l A3
ZE} AHE 0 ~60wtx
Cy+Cs = 34-38wt% , C; /C3 = 1.0~1.5

6) 5% WS A (BB F)

!
£

O 24 (2%, =1, AFAZL F)ol wet A& 4 G/C ¥ 2 7hs
@ A3 FHulZE regenerator &% 700-750°C, riser 2% 675°CoA 24r|7F -5 F
3587t Az}
- LIZE} A¥E: 66. 8wt

7) B3 &4
‘AEFEE A4 Fof W o] & o] &3lo] MM WUAIE FE AALYIE
Aedd o g ARt A (FHUHT 0 10-2004-0072644, 2L : 2004, 9. 10)
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N4z 58 oz 9 238 Foiel 7|6 =
L FRATE WA W A DR
ATHE e comE s
“HEES A% 7] A
Fa01%
FUusel gEBAMS |- W = fixed bed
N 30
Bz 1F reactor
- ZuAe - 1g
_9l2.2% = 500 - 800°C
- AR Apo| 2 2Ho] M
Spray dryer x| W ZHuj FAPPZAA] FFAH-
g 248 33t 9 FAA | - oA size = 100 nm - 5um 20
2.2] N - -
ZE O |paAan e wde wn | - ana) -
& By (BHAB7IE)
& A el E W A3HES
screening -
A= E3] Zv)] screening
% |- e w suaRs 4nE
gy AT
[e]
- 8K, FAUZELE o= N
_ - ° - HEESHEE = 550~700°C
Hulgkg 49
. - (Cy=) + (C3=) yield > 50% 50
- v WaEssel ¢
i ) - Thermal stability > 700°C
+4 35 5 Fu) FRE
k!
- ARATEE
A EFE2 2= 550~ 700°C
ii) (Cz ) + (Cg ) yield> 50%
100
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s Zo 478 37} e @ A SHE()
Spray Dryero]] 23t
pray Dryero] ‘4 . QIZ}3Ell= micro-spheroidal
) 8% #3324 4
A% 88 JA327)= 50~150 /m
B 2l o A&of 2R3t matrix/
afsmie . Attrition index < 2%
Matrix A7 | binder A% 30
4 B 7e
7 3% Sulol % HH HERLE < 700°C
M AL
=3l 8% 7k Co=Cs= yield 50%
Az 45871 long-run test | - Fujrg > 20 AT
Ba&n)e)
]2/ 5}
ejolm ol d o i PEL 25
s % A el 78 2| BRE > 80%
HOV-Z]7 ]% %uﬂ*é‘— H}%] 1 zﬂxg%t: = 600 ~ 750°C
7
o Fujet : 10g
&8 - o
Werl7 | e g5E wes AAA | o 0 "
s T 5% 9kg7lo] o3t FEEs 4
&3l % BIh/H|a
2kE7] A2} 95
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HdyEy F2 dg B Feobd 9 Ao (%)
- 4% F0E o83 A% (1)
- 8T w1gy] 24 J& | - AT UEUIY I B
Bench scale A (1~10 kg)
O = =
&S - UFZE} A 2]8F(100~2000g/h)
S 7101A12] 0
%HH 45871
- 4Y FUE o18% f5 | - AEHEHIE (700
= tLo Ex ®mHy
o voe e e - G + Cy= yield > 50%
- 535 g AJARe] oudA] balance
o:}a’:_ &EH - or:x E-Q} ‘{'?.‘;ﬂ Z:Zioﬂ ;{%E_
T — -
}__ &n A2 A al
ZHA§7]§_°,] Haﬂ &H ngx g}“a 25
i-}'et} - uﬂ"‘ - Oﬂ u"}t
2HA8 2A 43 - JBEE > 85%
- PABLE=600 ~ 750°C
s - 8% Ukl (B A | - S0l BAR 200g/day )%
A = v = N N
°® ﬂ] ‘f % 1"10kg) BIE ASE | - Microspheroidal A3 Znj 30
Bt 7le
© "y uff At 7|9t 7|4 (60~80,m)
95
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< T 719 #HIAZY licensinge] 7hsd Aoem HAEHW, oE SsiM=
Business System—?%—, Pricing System7l'&, 71&E5 Wt /A & v 4571 2

L831A Fu, ZAE7F Group 9] Shared Service/Supportings F3 83| F3o] 7}

9] B T4 g H&E& FI1F 4%9. o] B¢ 7I&AFL Solution Package FE
7b 2 Aol Va5 AAAHYE B 24 Ba¥ ZloF ddd

o ATEE:FA Uy A5 43 43 2 S UTH BlE 4

A= 27, A% 2 F9 A% AQ & AR

BAIE : A% ZdE A% g 2 A8 A7 AR &
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Circulation RateE -#A|3li= Zo] 7}s3tth. System AP7} A1 }a] A # X W, Slide Valvewto 2 1 2}o]
E BAATA EaA Ho] 9837 Zv Circulationo] & A ).

Regenerator AP + System AP = Regenerator Slide Valve AP +Reactor AP
Stripper AP = Stripper Slide Valve AP + Transfer Line AP + System AP

System AP = Regenerator Top P - Stripper Top P
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Regenerator Stripper

P=0
1 °
=
o, 5
- !
wn =
I q
> S
< £
3 P
g 3
P =30” H,0 g =
= = & AP=30"H,0
= e
P=10"
AP =257

P=5

Figure 4. Schematic of DCR Pilot Unit

ul. DCR Pilot Unitol] 2] $&

1) * Under-fluidization A} ¢} %A 4

o Regenerator
- Zv)Zo| Channelingo] WAshe] Gasst Fvizte] FET&ol FolAA N3, weba Zvd

Regenerationo] &+ 8] 3.

o Stripper
- Zuj o] Stripping §-&°] W]

* Vessel v]Fol Bridges} A7 Zof9] Flows} YR E= 495 @y eF

2) AP =3
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DCRo| M = Z0]&¢] Level#} Circulation RateE A& 2 A ojstr] 93

At

0o 1] Level =4 &
@ PDT 24: Regenerator AP
@ PDT 23: Regenerator Disengager AP
@ PDT 63: Stripper AP

@ PDT 62: Stripper Disengager AP

o Zu] Circulation Rate =4 -&
(© PDT 103: Riser AP
® PDT 102: Transfer Line AP
@ PDT 25: RSV A F ot AP
PDT 64: SSV HZ ¢}k AP

o Riser Bottom Plugging 7} %] -&
©® PDT 104: Reg./Riser Trans Line AP

( RSV M4 (Gl6)
( Reg. Mid (G14)
( SSV Hd (S8)
( Str. Mid (S5)

( Riser Inlet (R8)
( Reg. Top (G1)

( RSVAY (G16)
( SSV At (S8)

( RSV 39 (G19)
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Reg. Top (G1) )
Reg. Top (G1) )
Str. Top (S1) )
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<> Riser Outlet (R2))
< S8V &¢ (S12) )
< RSV &%t (G19) )
< SSV Z4 (S12) )

<> Riser Inlet (R8) )



3. General Data Collection

7}. Pressure = A

1) Pressure Gauges & Transducers

(D PI-61/PT-61: DCR Unit Pressure (Stripper Top)

@ PI-40/PT-40: Oil Feed Pump (P-43) Discharge Pressure

@ PI-51/PT-51: Stripper Steam Pump (P-51) Discharge Pressure
@ PI-52/PT-52: Riser Steam Pump (P-52) Discharge Pressure

2) AP Gauges & Transducers

Znf 2 9] Level¥}t Catalyst Circulation Rate®] A& Ajo] T Unit Pressure #| ool A8 (PDT 61: Unit
Pressure A|©}-8- AP Transducer)

3) Pressure =73 System

- DCRo] 2o &HdEow 7[71REE 9] FE Pressure Gauge?} Transducer (PDI 80/PDT 80 #|2)
+ DCR EA¢F dx 2 g%l Flow Control Cabineto]] 2bso] g)t}.

- Pressure Tapg8- A}-&3F Pressure =73 System (Fig.5 =)

“Pressure -

Transducer -

"Pressure’

Rotameter
Overhead line
I

to unit

Fig. 5. Pressure Measurement by Pressure Tap

- Pressure Tape] #AA
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D 3eo® $A5E DORD Wl Wolzl 9jxe] A7 AAT} b
2) B4 2] Gauge9} Transducer 912 o] 7}F
3) Nitrogene Z# R Yo AFx)P2 0]} Pluggings FH8lE ZAZEE A7E B3

- Pressure Tap2 & Zo W Ul+= Nitrogen® <o) XA &
A & 4 9o, Pressure Readingol| = G3Fg nlal 4 gluh
U 2533

o DCRE] 2L =242 StabilizerZ A|¢)sl12 25 K-type Thermocouple (chromel- alumel)S- A&
- Stabilizero| &= # & &Aoo A&+ T-type Thermocoupled A} (TE-81, TE-82, TE-83)

o A8 %+ Thermocouple® =7 Process Read, Control, Safety Cutoff £2] 3 7FA 2 Y& 4 9l

(D Read Thermocouple (TI)
- Tap& E3) Vessel W2 AFSsle] &3
- 24 Processe] £EZ 7} REskA el

@ Control Thermocouple (TC)
- Heating Tape9} Vessel Wall Alo]of A3
- Heater Outpute] A& A whgdd oz rAd Lxx 07} 7Fsal A

@ Safety Cutoff Thermocouple (TSS)
- Computer Control Systemo|v} Thermocouple®] £ 2% A] Heater Qutputs #o] HEZ

Edely A4S vidd HAF

o,
rot

Process Read
Thermocouple

<+—— Insulation

Heater
Safety Limit

Thermocouple
Control

Thermocouple

Figure 6. Thermocouple Configuration
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t}. & Circulation Rate =7}
o +AZFo| Zv] Circulation RateE A3 wWo]= Transfer Line <kwhe] AP correlation, &%
Correlation &%= d}, @ G w3l7] Correlation W o] ALEE) =6 o]% dm3tr] Correlation o] 7}

4 Asal.

o ¥337] Correlation '3

=

- Catalyst Transfer lineol] X ¥ dw3lr]o] 2+ Cooling Airet Catalyst®] Input % Output &%= 30| &
o] &38}o] Zvu] Circulation Rate (G ngkeko] H#HE Ak

(
S eReEe} AL Jge WA 2ow, Zujo Heat Capacity? W 74bo] 75

il

Catalyst Circulation Rate = (Constantl) * (AT.u)/(ATcatays) + (Constant2)
& Gas =34

1) Product Gases

Stabilizero] 4 22]® Cs ©]&+2] Light Gas Product: Wet Gas Meter (FQT-81)o] A} Volumeo] =4 ¥
%, On-Line G.C.ol 2]afjA] zx=Ao] EAg

2) Flue Gases

Regeneratord)] 4| 1}2 Flue Gast= Dry Gas Meter (FQT-21)0)A4] Volumeo] ZAH F 7}AFEA 7
(AT-21,222324)°] &]s} O, CO, CO, SO/NOQ Lyl BEAE

3) Nitrogen Balance
Gas 43 FA-H42] ConsistencyZ A 7387 ¢85t Nitrogen BalanceE £ A o) So]7}7]
off &A] Check g}

Input +% = (Pressure Tapo] ¥+ N, (FT-1, FT-2)) + (Regenerator Air fZF %4 & MFC
(FTC-30)°] &)

Output -3 = (Wet Gas Meter (FQT-81) &%) + (Dry Gas Meter (FQT-21) &%)

¥ HE Input %% Regenerator AirZ ] 9]38}3 Rotameter 8} Needle Valveo] <] Control E

v}, Liquid &3
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1) Oil Feed

Feedo] 4AAZF %H(ER)S) HFAMI S 73] Feed RateE 1311, o] ZFE Gear Pump(P-43)2]
I AHETE Z2HEE WL 7 E Manual 2 %A 5Fo] Feed RateE Control 3
2) Liquid Product

- Stabilizer Bottom © 2 H-E] Product Tank (V-81, V-82)o] Batch® Collect ™ Light Hydrocarbon Gas (Cs
o] 5HNE A A3F7] 93] Product TankZE ¢F 110°F (43°C)E 7FE A7),
- A A% Liquid Product: Funnel& A}-&38}le] Water2 A7) 5F & SIMDIS9} Product E4 &40 AL-&%.
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4. Process Control Setup

7}. PID Control

1) Proportional Control

ol

AW4=9ol Set Pointe] xjolo)] wlg|dle] RAERE 2ol E42 Controller Outpute =LA W 3A|

el

2) Integral (or Reset) Constant

Y

—_

AWML Set Pointe} tF2 e JMA = A 7re 2ASIY RAS oz A7ro] HojALE HAAE
AA H. FIX S/Wol| A= Reset Constant’} R AF7E v sly, X7} Z-&= Responsive 3|3,

3) Derivative (or Rate) Constant

FA M7} Set Pointe) W Ele] vlE A
AA WA, FIX S/WolA = F=X7 &
At Myt dojus A7 A9 glem

He-stm e A ke FASHA W3 Controller Output™=
42 Derivative Action®™= A&, thFE-FEo] o] Systeme] F
2 Derivative Constant= 27} §1&-.

L}. Feedback Control Loop

Imput Device (TC, PT, FT, O, Detector )0l 4] Signals AFHY A de|=E Control Deviceol] 4
3t Controllerol) = Input Signal3#} Set PointE A& HWate] RAXE ZASte] Output SignalS
Output Device (Heater, PCV, MFC %) H it} Output Devicei= o]of] F3lo] FHZAL W3A 7| of
thA]l Input Deviceoll 4 M Z$ oz 984 A =-$ Input Signalg Controllero) W44 @t (Fig. 7

).

i

- 188 -



Process

Process Gas Stream
Gas Exit | -
Pressure
T ”Z Transducer
Air supply ransaucer Air Signal
(20 psig) (3-15 psig) (
) N
t System Pressure
Control Valve
Signal
(4-20 mA)
& y
Signal
Interface Computer Interface (4-20 mA)
Board Control Board
System

Figure 7. Example of Simple Feedback Control Loop

t}. Cascaded Control Loop

Cascaded Control Loop: 2719 Control LoopE Hol & A2 3 Loop2 Outputo] F H# Loopg
Set Point7} €t} (Fig. 8 &%), o] W& Vessele] Znj Level Controlel| wl-¢ F+&38FA AH&E 5 9ok
Vesselo] §-4 %31 &5 E= &0 Flowe] oFo] Vesseld] =7)o) wls) w9 &S AL Zu) Levele] W3
S pAse $9 EE FEEEE WA= deli Aol 9i$ 4r] 9ol Upsetso] o @ Response

u

H A
7v %31, Level 5472l Noiseo| R7FetA wb-&-8HA ¥ o] Controlo] wj-9- o] A =t}

O

Vessel9] Levele F&5 & %8 ©]£3F Cascaded Control Loops Control 3 Level Control Loopoll 4]
%< % Control Loope] Setpoint® T/ ®th FE& T ¥Ma7F A7 A&eA et HE= bbg
| =% Vessel Levele] ®sle] 23] w88 dart §A =ol <t E Controle] 7Hs 37 o

O

1) Isothermal Mode :
DCRo| A &= [sothermal Mode 49} 7% wtg7lo] FUEHE Zvlo) §U4 59} Regenerator & Zuj
[¢]
o

Leveld <143k Cascaded Control LoopE Regenerator®] Z vl Level2 dAdA A A zlth

2) Adiabatic Mode :

Adiabatic Mode®] 7 §-oll = Strippercl] /] Regenerator® U&= &vje] £ 2 Level2 Control %t}
g 2% Controlo| = 0] F o] &% = g4 o Afoe Tube Wi 227 9F9 &% Control
Loopol] Setpoint& A A s A =t}

ety
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Process

Catalyst Gas Stream
—_— \ -
Transfer
Differential
P Pressure
Air supply _Iransducer Air Signal Transducer
(20 psig) (3-15 psig) ( (Catalyst
E— > Transfer
Rate, AP)
t Slide Valve
) Signal
Signal Computer (4=-20 mA)
(4-20 mA) Control N
System
Differential
Pressure
Transducer
Catalyst (Regen. Level
Transfer AP Signal Measurement, AP)
Setpoint Computer (4-20 mA)
Control
System

Figure 8. Cascaded Control Loops; Regenerator

Catalyst Transfer
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o Control Scheme Depending on the Operation Mode

Operatidn Mode

ALY 2 g

Adiabatic

i) Reactor AP : RSV-21& #FA]7]7] 93+ Control Loope] Input ko
Z A}-&. Reactor &% Control Loop= & Set PointE Hh-e-
- Controller: PIC-103 (Cascaded control)
- Input: PDT-103 (0-5V)
- Output: RSV-21 (4-20 mA)
- Remote Input (Set Point): TIC-101 Output (4-20 mA)

i) Stripper Transfer Line AP : SSV-61-8 ZEFA|717] €3 Control
Loope Input 722 A}&. Regenerator Level Control Loop= FEH
Set PointZE H-2-

- Controller: PIC-102 (Cascaded control)

- Input: PDT-102 (0-5V)

- Output: SSV-61 (4-20 mA)

- Remote Input (Set Point): PIC-24 Output (4-20 mA)

Isothermal

i) Reactor AP : RSV-218 2% A]7]7] 9% Control Loop?] Input ko
= A}-8. Regenerator Level Control LoopZ5-E| Set PointE Hr2-

- Controller: PIC-103 (Cascaded control)

~ Input: PDT-103 (0-5V)

- Output: RSV-21 (4-20 mA)

- Remote Input (Set Point): PIC-24 Output (4-20 mA)

i) Stripper Transfer Line AP : SSV-612 ZEA]7]7] 93k Control
Loop2] Input Lo 2 A&, Operator/} Set PointE A, =, 93}
+= Circulation RateE 7] #3}o] Operator’} Set PointE 3] &
- Controller: PIC-102
- Input: PDT-102 (0-5V)

- Output: SSV-61 (420 mA)
- Set Point: by operator
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