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YEIMEE4> (naphtha) : 3 FEZSTEH]4E f~200°C
LM (AGO) : #IEZE1E200~350°C
WIEEMN CFEEMEAR) : HHEJE>3500C
R GEMEMEZEVGO) « 350~500°C
WEREMm (VR) : JJE)5>5000C
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P 7R o JER Y VR 0 2

T84y 4H /e, m%

URES #4-200°C | 200~350°C 350~500°C | > 500°C
p NS / 11.5\ 19.7 26.0 ﬂzﬂ
A 7.6 17.5 27.5 47.4
T 9.4 21.5 29.2 39.9
b 15.4 26.0 29.9 29.7 |
1 B 19.4 25.1 23.2 32.3 /
e W 19.9 34.9 \39y
YIRE 23.3 26.3 25.1 25.3
W] 31.5 30.6 23.2 14.7
BEE (A 29 27.6 25.4 18.0
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2H 5/ %
Seke ~50 ~20 ~10 ~15 ~20
ek ~40 ~60 | ~60 ~15 ~20
Ti K ~10 ~20 | ~30 ~65 ~60
YiR=git ~5 ~15
S/% 0.01~0.05/ 0.1~0.3| 0.5~15 2.5~5 1.5~3 3~6
N/% 0.001 | 0.001 | 0.01~0.05| 0.2~0.5 0.05~0.3 0.3~0.6
Vinglg 20~1000 50~1500
Ni/pg/g 5~200 10~400
H/C 2.0~2.2|1.9~2.0| 1.8~1.9| ~1.6 ~1.7 ~1.4
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%, glem? 0.8554 | 0.9005 | 0.9495 | 0.9204 | 0.8837 | 0.8466
BEEAEE, mm2/s | 20.19 83.36 | 333.7 | 109.0 | 57.1 10.32
kR, °C 30 28 2 17 36 33
& &, m% 26.2 14.6 4.9 9.5 22.8 19.7
BEGEiE R, m%| 0 1 2.9 0 0.1 0
BRIk, Mm% 2.9 6.4 7.4 6.8 6.7 3.8
IK5), m% 0.0027 0.02 0.096 0.01 | 0.0097 -
&8, m% 0.10 0.80 2.09 0.24 0.31 0.52
AEE, Mm% 0.16 0.41 0.43 0.40 0.38 0.17
HEE, polg 3.1 26.0 21.1 325 15.0 3.3
PEE, nolg 0.04 1.6 2.0 0.6 0.7 2.4
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LR By VO e | BEEF | BUEREY | b
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B, oC -24 -11 -20 -7 -15
&, m% 3.36 2.73 5.16
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N3 50 98.8 0 0 0 0
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] SNE GRS

KH | < e A7 |t A
EPA yiIgA
I H
20064F | 20034F | 20054F | 20104F |20054F | #5=2K | &U%
R, uolg 30 15 50 10 50 30 TR
I, m% | 6~10 4 18  |18(FFfit)| 10 10 10
FR, V% 25 22 35  [35(fFHt)| 42 35 35
7, Vo0 1.0 0.8 1.0  [L.0(FF#t| 1.0 1.0 1.0
&R, kPa | 51.7 48  |60~70(&) - 44 _ )
FE4AHE,
RON/MON | 99/85 | 95/85 | 05/85 | 05/85 | 96 | 91/82.5|91/82.5




B AR

2005 | 2008

i H 2 2 2011 N N
000 2009 ) 20 bR | JbxH

&, ug/ld 800 | 150 | 50 150 | 50
1% V% 35 | 35 18 | 35 18
7518 v% 40 | 40 35 | 40 35
7 V% 25 | 1.0 | 1.0 | 1.0 1.0
e fH 90~95 | 90~95 | 90~95 [ 90~95 | 90~95

RON




K| AMNE TS SE TR AR

KE | R o A | R

EPA yijIgAt!

i H
20064F | 20034F | 20054F | 20104F |20054F | #5=2K | &0k

BR, nolg 15 15 50 10 50 30 y R
T90, °C <334 |288~330| <350 | <340 | <330 | <320 | <320
I, VY0 35 10 25 25(fF#k)| 25 15 15
LIRS, v%| 1.4 1.4 11 |11(FFD| 1.0 2.0 2.0
IA] /5., °C 52 52 55 55 55 55 55
RWAYS ] 48 48 49~47 | 49~47 | 50 55 55
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E| SE AR

H 2000 | 2009 | 2011 iﬁ%? jﬁ%?
Fi&E, ng/d 2000 | 350 | 50 350 | 50
T90, °C 355 | 340 | 330 | 340 | 330
77 JE VYo 35 | 25 25 | 25 25
ZWTR V% | 11 11 11 11 11
RWAY ] 45 50 55 50 55
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HDS
| 0.01-0.05 1 150.
HN Gas.
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g T | > 0.05
= Dies.(0.5~1.5) Dies.
Y ’l HDS i > 0.05
‘LCO
AR |2.5~5 03-04\
V MACS ] FCC AL ‘ L
ac. | 15-3 ‘ Gas.(0.1~-0.2) | Fuel oil
VR 1
3~6 ’| Coker I Coke,  ciar. ol

FCC-based refinery configuration



S

B AR

X ©

&

-
T

Il
T

t—m

EY1is

fE&A

T % A DA TR i L

IR

= 460~570°C. 1~2 KRSk

i




Some Important Events Relating to Cracking

Event Year of Commercializtion Significance

Thermal cracking
Tetraethyl lead

Catalytic polymerization
Catalytic cracking

First commercial silica/alumina

World War 11

Original upflow FCC

Thermofor catalytic cracking
(TCC)

Paraffin alkylation

Synthesis and commercialization
Of zeolite X

1912
1923

1936

1936

1940

1941-1945

1941
1942

1942

1954

Initial MW reducing process

Octane appreciator for cracked gasoline

Recombination of olefin to gasoline

Improved efficiency using clay as catalyst

Superior cracking catalyst

Great demand for aviation gasoline;
Acceleration of refining process

Model I, pioneer fluid cracker

First moving bed bead catalyst cracking
process

Efficient process for combining cracked
Fragments to high octane gasoline

Future component for zeolite cracking
catalysts



(continued)

Event Year of Commercializtion Significance

Synthesis and commercialization
Of zeolite Y

Hydrocracking

Zeolite cracking catalysts

Short contact time riser FCC

Controlled combustion zeolite
Cracking catalysts

1959

1960

1962

1971

1975

Future component for zeolite cracking
catalysts

Cracking of heavy feeds in presence
Of hydrogen and dual functional
Catalyst; growth was slowed upon
Advent of zeolite catalysts

Zeolite incorporated into matrix;
Revolutionized catalytic cracking

Maximum utilization of active zeolite
Catalysts, minimum overcracking
And coke formation

Promote zeolite cracking catalysts
Capable of converting CO to CO,
Improved yields, selectivity; lower
CO stack emissions
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[ 0.01~0.05 1 Iso0.
HN Gas.
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‘LC - "| HDS | -
V V&GO |l Fec 1Ak || -
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VR |
3-6 ’| Coker I Coke, Clar. oil

FCC-based refinery configuration
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C+1/202 — CO

CO+1/20, == CO,

. (H)+1/202 —_— 1/2H20

= S+x/20, SOx
‘1: N+x/20, === NOXx

scyclond ~15 min

RS .
CxHy,H,S,NH,|:

cyclone
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AL RAL P i A

JEORLvH KIRVGO | KR H# | BEFIVGO+9.5% i
<C, 1.7 2.4 2.0
C,+C, 10.0 10.9 9.4
YR 52.6 50.1 47.6
PR [ gmseyh | 271 | 26.2 325
(wt%) —
£ S: 4.5
HH 0.5
A2y 4.1 9.9 7.9
PR 0.5 0.1
Sk EEC,. C,, 10~20%, H#I1E>50% ‘
ﬁ/m 45~55ff/o, IQO‘N (80~90)%—|% ;ﬁ%ﬁéﬁk%ﬁ%
Levh: 25~35%, T NBEEAK




Requirements for successful cracking catalysts

1. High activity

2. Reasonable activity stability

3. High selectivity to gasoline vs coke and dry gas

4. Thermal and hydrothermal stability

5. Accessibility (sufficient diffusivity and internal porosity)
6. Attrition resistance

/. Resistance to poisons (metals, nitrogen, etc.)

8. Acceptably low cost



NaAlO, Spray Dryer

Na,SiO NaOH ReCl;, NH,CI
p——
3
m Filter | Dryer
Na zeolite crystallization lon exchange v
82-100°C, 12-24 h ‘ Tl ‘
m ..........
: Al source Microspheroidal
SIsource NaOH fluid catalyst
@
» ©
@ @
1-5
Mixing of zeolite in 2 I‘_70 “_’l

Amorphous hydrogel hydrogel

Simplified conceptual scheme for manufacture
of commercial fluid cracking catalyst
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4A 0.42 Na,,[(AlO,),,(Si0,),,]-27H,0 1:1
5A 0.5 Na, ,Ca,,[(AlO,),,(Si0,);,]-31H,0  1:1
X 0.74 Nagg[(AlO,)ge(S10,)146]-264H,0 1~1.5:1
Y 0.74 Nagg[(AlO,)54(Si0,) 46]-264H,0 2.5~5:1
Mordenite  0.6x0.7 Nag[(AlO,)4(SI0,),]-264H,0 5:1
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i Dies.(0.5~1.5) : Dies.
"o "| HDS |
y VGO e 1 Alky. || ]
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FCC-based refinery configuration

Hydrorefining
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Why to desulfurize ultra-deeply

04 More stringent environmental regulations

Gasoline Specifications

USA Western China
CARB Europe (Beljing,

Phase Il Shanghai
etc.)
(2006) (2005) (2008)
Sulfur, ppmw 30 50 50
Aromatics, vol% 25 35 35
Benzene, vol% 0.9 1.0 1.0

Olefins, vol% 4 14-18 30



Why to desulfurize ultra-deeply

Diesel Specifications

US Western China
EPA Europe (Beijing,
etc.)
(2006) (2005) (2008)
Sulfur, ppmW 15 50 50
Cetane number 55 not set 50
Polyaromatics, wt % (max) 2 11 10

Sp. Gr, max 0.840 0.845 0.845



Why to desulfurize ultra-deeply

24 The hazard of sulfur to environment

< Acid rain

< To poison catalysts in catalytic converters
< Major fraction of particulates

<> Ozone production and smog

& elcC.



Why to desulfurize ultra-deeply

_(Z Fuel cell based engines -- zero sulfur fuel oils

CnHanie + H,0 + Oy > H,+CO,

(30 ppm S) (H,$)
Pt catalyst Pt electrode
poisoning poisoning

\ 4
Reform.
— —> H2 >
S-free

FC based engine



Structures and HDS reactivity of organic

Vitesse de réaction

sulfur compounds present in fuel oils

S résiduel (ppm) e
|

I“ﬂu—'

'
e Je

| el 1o

|

|
110 7 2 340 350
Point d'ébullition (°C)
1

—gasoline<«t > diesel <




Gasoline pool

- Main Pool Bases:
v Butane
v'Reformate: C4-C,; mainly aromatics

v FCC gasoline: C:-C,, mainly olefins and
aromatics—main contributor of sulfur (> 98%)

v Alkylate: C:-C,, paraffins
v Isomerate: C.-C, paraffins
v Oxygenates (MTBE et al.)

VR A = R A FC Y Y A L




Gasoline challenges
(5 Conventional HDS

R-S-R
High temp.
7%7 + H2 .g P )ZRH + HzS
catalyst High press.
RHC=CHR
g % n H2 :I_g:temp.)RHZC-CHZR
catalyst igh pres.
T Disadvantages:

Increase of hydrogen consumption,

Side reaction Reduction of octane number
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Distillation endpoint, °F

FCC gasoline composition




How to meet gasoline challenges

@® Selective catalytic HDS with minimal
octane loss

(Exxon SCANfining process, 1500 ppmS —»120 ppmS, 1-
1.5 road octane loss)

@ Combination of HDS and isomerization
and alkylation

(UOP/Intevep ISAL process, 1450 ppmS—10 ppmsS, 0.4
—1.6 road octane loss)



Diesel challenges
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Steric hindrance

Dibenzothiophene and its derivatives
are very difficult to be removed via
the conventional HDS processes
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High activity HDS catalysts

d How to improve activity?

New supports

Novel active components or promoters
Optimization of sulfidation procedure
etc.

M. Vrinat, et al. Appl. Catal. 1990, 62, L13.
P. Afanasiev, et al. Chem. Mater. 1999, 11, 3216.
|. Bezverkhyy, et al. J. Catal. 2001, 204, 495.

small range activity improvement



How to meet the challenges?

1. Bulk HDS catalysts
(Bulk nano-sulfide. NEBULA)
New Bulk Activity

2~ New HDS catalysts
(Mo,N. Mo,C. Ni,P etc.)



Specific surface area < 50 m?/g, pore volume <0.2 mL/g
High pressure, high hydrogen consumption, high operating cost!

900 - :

800 -

ExxonMobil, Akzo Nobel, Nippon Ketjen

2001

.

700

600
500

400

300
200

HDS activity

CoMo Alumina

100 -

I I I
1950 1960 1970 1980 1990

Years

|
2000

Fig. 1. Development of the HDS catalysts in the last 50 years.

Catalysis Today 107-108 (2005) 531-536
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4,6-DMDBT HDS reaction pathways over
Co(N1)Mo(W)S/ALQ, catalysts

DatlE— b
, 324 265
S S S

CH3 CH3 CH3 CH3 CH3 CH3
100 l kDO 4410 l le 7350 l kD2
(D) =
—_— —_—
88 51
CH3 CH3 CH3 CH3 CH3 CH3
| ez |

Mochida, I. et al. Advances in Catalysis, VVol. 42, p345.
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“Classical” Bifunctional Mechanism
for Reforming Reaction of n-Hexane
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Scheme 1. Original “Classical” Bifunctional Mechanism for
Reforming Reaction of n-Hexane and methylcyclopentane
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Figure 4. Coke deposition on a 0.6% Ptalumina commercial
reforming catalyst during chloriding with CCly in H; at 400 "C.
For comparison. coking on a 2% Pt/alumina catalyst with a low
Ft dispersion and on the carrier alumina are also shown. Pulse
reactor data: catalyst weight, 0.3 g. Adapted from Delannay et

al. (1980).
Pty iU, WA 545



C{}E at

reactor exit
Co. from coke
(a.u.) 2

[ on alumina
4 B /
EGE from
coke on Pt
2 1
Q .
200 o 400 600
T C

Figure 5. Evolution of COz during temperature programmed
combustion of coke on a Pt/alumina reforming catalyst. Adapted

from Barbier et al. (1980).
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Figure 6. Coke deposition on a 0.6% Ptialumina commercial

reforming catalyst at 1 and 7 bar pressure, with Hz'hyvdrocarbon
molar ratio 2. Adapted from Menon and Froment (1982) and
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Figure 7. Temperature-programmed combustion of coke on the
reforming catalyst after the coking experiments of Figure 6.
Inset: simultanecus recording of the weight changes of the
catalyst. Adapted from Menon and Froment (1982) and Menon

(1990).
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