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Regional Capacity Growth

Regional Million Tons World Million Tons
50 - — 180
45 - - 160
40 - 140
35 120

30
100
25

2001 2003 2005 2007 2009 2011

| I World MNAM  ——WEP « MDE === Asia

Middle East Ethylene Capacities

Million Tons
40

2000 2002 2004
[l Saudi Arabia Elran @ Qatar
l Kuwait O United Arab Emirates @ Other Middle East

China Cracker Capacity Waves

Announced China Steam Cracker Capacity, Million Metric Tons
3.5

2006 2007 2008 2009 2010 2011
B Ethylene & Propylene

mFET:I3E
L4 % p :96.06.06

5B0-HRD-06-12



P T T SO ] 2012 5 SRS EL 2 RO BT Pri i
ﬁﬂ'x[ﬁ&l , ['Jj s 5ty = = -

Nowhere will be immune to

Middle East ethylene derivatives
glgll_bnn Tons Equivalent Ethylene

20

151
10

I
| Net imporis

oz 03 04 05 1] o7 08 1]:] 10 1 12
North America " South America B West Europe E Middle East
B indian Sub. B Northeast Asia " Southeast Asia Others

B. [
[P I e R b & 2 > A BNl e~ & EiET Steam cracker
F}?{&QI#—@% > I Eifﬁ,%%wg—%% » H 10% o TRIFT [T VAP VR ko BT 74 35k
VT PRI S e ELEIT ] HS FCC ~ 17 15E 1 & (Dehydro) ~ A i E1(Metathesis)

STHFE R RS R LR

Global Propylene Supply Development

Million Tons Alternate Technologies Share, %
100 [ 14
90 '
80
70

50
40
30
20
10
1]
2001 2002 2003 2004 2005 2006 2007 2008 2008 2010 2011

B8 Steam Crackers H Refineries
H Alternate Technologies Alternate Technologies Share

MG E 3
% H+ % p : 96.06.06 5B0-HRD-06-12



e T ﬁﬂfﬁ@ﬁwa@@w,WW@ﬁmwﬁw
P PR PR o S e PPN BB RV O] S0RY B = S S gt st o e
Bk [T IREL AR o ks

World
Propylene Net Equivalent Trade

Thousand Metric Tons
BOOO 7
Net Exporis

6000

Net Imports
o

o2 03 04 05 1111 or 11} o8 10 11

North America ® West Europe ™ Middle East " Asia  Others

E[[ﬁ”@;«lﬁgmgpl[ﬁﬁj G| > R f%,*ﬁfpu%}#@‘# A RO | pU SRl 55
A4 e

Brent Crude Oil Price History/ Forecast
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World Benzene Demand by Derivative
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China PX Pullthrough
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Brian S. Muldoon)
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Typical reactor cycle for CATOFIN

=10 minute Reaction
= Highly endothermic reaction Cycle

= Favorable reaction kinetics
« high temperature 600 *C
¢ low pressure 0.5 Bar abs

n Coke deposit control

= Minimal thermal cracking

= Minimal catalyst deactivation
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Commercial

CATOFIN- Propylene Units
1 Date

= Borealis, Kallo, Belgium (250 KMTA) 1992

m Pemex, Mexico (350 KMTA) 1995

m SPC, Saudi Arabia (455 KMTA) 2004

s APPC, Saudi Arabia (455 KMTA) 2007

= Confidential, USA (500 KMTA) 2010

= Confidential, Africa (250 KMTA) 2011
Total Propylene production capacity 2,260 KMTA
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4.7 R FEFRRACRR CPD ot SR YRR | (Computational Fluid Dynamics in Process

Design_Yvon Simon_Technip)
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Computational Fluid Dynamics
« CFD Used by TECHNIP: FLUENT
— Computational Fluid Dynamics

« CFD =TOOL Based on Physical Laws:
Conservation of Mass (Navier-Stokes)
Conservation of Momentum
Energy Conservation

* Geometry (2D or 3D) Divided mto Small Elements (finite

elements)

* Boundary Limits

» Method Adapted to the Problem to Be Solved

» Tool Solves the Equations in these Small Elements

» In case of combustion, relative simple combustion kinetics but
sufficient to get realistic temperature and velocity distribution

+ Technip Elfliﬁf (Fl1 > CFD iR [8 e 3]

a. Drum © [ BEEEL IOl % B EEORY o
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€2 Hydrogenation reactor = 1% example €2 Hydrogenation reactor — 2% example
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€2 Hydrogenation reactor — 1" example C2 Hydrogenation reactor — 2™ example
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DESIGN OF LOW NOx REFORMERS

COMBUSTION AND NOx KINETICS
— STEP 1:.CFD {simple combustion) - SPYRO'
to establish flow profile
STEP2: \,m *-.mt I ATOR (NOx- P{!‘\ IPROCESSOR)

CFD + \.ﬂ\ ‘-JMI'I A'I'Iﬂ‘\ (}F A COMMERCIAL AVAILABLE
ULTRA LOW NOX BURNER
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Quench Water Tower
* Quench Water Tower
— Welocity Profile around Baffles Trays

Quench Water Settler : Degree of Solids Separation?

Size Diameter=35m
Length=17m

Particle « Loaded »

Quench Water Particle « free »

Process water

el —

Drains of coke and tar

Particles Heavier than 1050 kg/m? and/or Bigger
than 75 pm Do Not Leave With Process Water.

O

- FRA] I Cyclone @@t 1M CFD *JrET 1 ?Ei{ﬂ Cyclone V53 BEFsS=fitt | Vi
i ‘ﬁ@ ’}TH B R PSR s B

Quench Water Cyclone

= Quench Water Cyelone

Particles with a Density of 1050 kg/m3

Efliciency Particles Dimmeter
964 % 75 microns

984 M 106 microns

100.0 % 150 microns and above
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Feed Pipe of Compressor Feed Pipe of Compressor
* Compressor suction line = LUompressor suchon line

Indet i &6
* Homogensous Velooiry Profile

¥ Find a Salitian ta bnoreve Diribeitisn

Conclusions

TECHNIP Have an Extensive Library of CFD-Calculated Process Equipment
and Piping

+  CFD Is Now Fully Part of the Set of Design Tools Used for Design of Large
and Smaller Plants

»  CFD Can Be Applied to a Wide Range of Configurations

+  CFD Allows to Validate Designs Mainly in Terms of:
— Reactors design
— Cracking furnaces design (Firebox Combustion Patterns, Firebox
Combustion Emussion levels)

— Equipment design
— Piping Pressure Losses & Hydraulics

5. I |Z & MR 3R T 4 (Renewing OleMax 350 Catalyst to Maximize Propylene)
ik 2t ﬁﬁﬁ%\"?‘}ﬁﬁﬁf*w H fﬁJé@?* ’ PJF’F"{Z/[' [~ B e

6. B ZIREFY & 5 (Mega Cracker — Optimization and Chellenges Designing Hydrogen

Units)
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7. AR (3 #5{Olefin Conversion)
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Cracking by-product On-purpose

technologies technologies
100+
75+
%
Propylene 50+
Yield
251 ? f j
0 . : .

***f”ﬁf%ﬁ?%ﬂfiﬁ%&ﬁf‘eE'J RV I R T I SRR AR
‘F[&—J A AR J/FJ}&%{;‘*, * Hl LIA [T E%tﬂrjfi I/’Z/F‘%A‘(/[lj\ :

Ethylene + 2-Butene = 2 Propylene
REEERL  0.71ton 0.31 ton 1.0 ton
B 550 US$/ton 1100 US$/ton 1100 US$/ton

OCT I [~A1 » [ARAEH (e et i [ (R RE5E 5 L -
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OCT propylene production

6000-
5000
4000-

= 3000-
2000-
1000

0-
Q

Q,QQ% Q,QQB 1%6\ Q,QQ

Propylene capacity,

-]
&

P [P

60 KMTA to >750 KMTA OCT propylene capacity
8007 -
600 =
KMTA 400 UL
200 1H
Jannnn AR INLERLERTINAN]

128505 A T 20516180 1517192122325
Plant #
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8. Sud-Chemie CMAX #8#% (Sud-Chemie CMAX Catalysts)
Sud-Chemie 7 il i (5 5[ SRR » [° R (RS2 E S -

LA e S,

a.Basell 2% filfi¥ spheripol ZAE$E S - Sud-Chemie C-Max 120 °

b.Mitsui [¥ Hypol 544 5 - Sud-Chemie C-Max 220 °

2-?‘%'?{“\[@&?3

a. Dow [V Unipol Hy#$L #5 - Sud-Chemie C-Max 320 °

b. NTH fi¥ Novolen Z#44% 5 - Sud-Chemie C-Max 320 e

c. Ineos [I¥ Innovene A4 % - Sud-Chemie C-Max 320 °
Sud-Chemie [ /%S 5H £ £ -

a. ﬁ.'JE”JT?[\? » BB R 30-40 T SR

b. % i B L -

c. T R -

Catalyst Morphology

22
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9. X[ ["%#% 5 (Polypropylene)

Ziegler-Natta Bl [ ShLEVIFRT" 9 2F B ALrS(o i - il -TiCl4 + ANC2HA3 [rl) 2
o SR PRI A7 % r“iWr FEER A AR e
TR R AR B%Jﬁ% TAREE R :r,ﬂjljlﬂﬁ&ztp I e R O
iﬁf‘ﬁ[lﬁl“ll_ﬂﬁiﬁlﬁ » H clsrT S

a) EBatch polymerization in hexane, 70 °C, 7 bar, 4 hours

b)  Bulk polytest 70 °C, 2 hours

R SR PR o1 E A B St e -

aifeftl™ i ¢ = foIF| Basell Spheripol ZdA4 ~ Mitsui Hypol Process 5§44 + Borealis Borstar
_— %ﬁ °

e

K 7FE & = RIF] Union Carbide(UCC) IR ~ BP-Amoco §J*E BASF-Novolene S*35"
e %ﬂﬂ;ﬁﬁj’ﬁ%ﬁlfﬂ] : ?ﬂ%fﬁ%ﬁ’a’?\'ﬂ'ﬁl oo [ SRR B

n

lll o

10. B~ e s &R Pk #5(Catalytic Routes to Olefins_M Tallman )
A 2 SR R R R AR (5 %) A b (d%) o H RIS R

mp AL I3 E
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Ethylene

World Ethylene Demand Forecast
~4% overall growth

Million Metnic Tons
160
140
120
100
80
60
40
20
0

o0 01 02 03 04 05 06 0O7F 08 09 10
I 1 Ethylene Oxide [ JEDC

I 1EBz [ 1 Others

Propylene

World Propylene Demand Forecast

~5% overall growth
I}I'I(illgon Metric Tons

00 01 02 03 04 05 0O O7 08 09 10

Bl Polypropylene [l Cumene [ ] Acrylic Acid
[ JAcrylonitrile [ Oxo Alc E_Hl Others
(Source: CMAI) B8 Propylene Oxide

= T I ORI B O B 40 50~60% -
IR 90 | A B IR 5 R 7T B Ry o v

R

KBR 353 [l C4~C10 O] il (GRA #7775 SUPERFLEX #4565 fy PE.
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2 1.8~3. O) * Naphtha Z4i#(E5I# £7 ACO, Advanced Catalytic Olefins » 7% 44 [ KEES
[ PIE ' 0.7~1.1) ~ SIS R LR (A 78 MAXOFIN » wgi T
[ PIE i 3.0~4.0) BV EH (29520 > K (kR

a B & A TR TSR 20 ‘FJ SV B 2= SRE AR 2009 £ ST SEE
S 15 NC C4 3 B - FCC C4 % BRI~ FCC J4 7 C4 §fi~ DCC J4£; C4 i+ FCC {4
£ CS i ~ FCC Naphtha 3 » AE g J*%‘@%E*E.'J(P/E 'S 183.0) - 4 BV EE
AL EE R~ FCC B DCC iy lh (i Ebf By Hye

b.KBR =2 SK f "EF'EJ?@Z ACO(Advanced Catalytic Olefins)&#&d » I'] T gl’i}i’,%é#[ TG
EANES ?F}E(P/E 0.7~ 1.1) > ¥HE 2010 FH T o

c.KBR 45y MAXOFIN S - I'[ S THS SRS R SR  SEGIHT |56 % o ) (P/E
f'3E 3.0~4.0)

11, &S g f5{Advanced Technologies for PyGas Hydrogenation)

SR g H 5T R Tl >~ R S [ 6 P S e R
AP T R E e E A ISR > R gggﬂﬁ LA o N R
™ f‘,*‘ TRl R ( F&%ﬁﬁﬁ“f”ﬁ’@f@% ’ *ﬁ%ﬁ*gqf”f’z’ﬁg)

a.— "El JD m@fﬁ
b JD T }{’—”]’y Sl SEEh LAY indene ¥ 1:1—.?“[* IR 1% 2
R E I R |£lﬂ~'|5%3 R [ AP T — AR T R
Frsr[g, 3:1;: AR TR E - H‘%@ R R [i{/[ﬁ\

ﬁﬁ

Purpose

~ Saturate diene, styrene and indenes
CH2=CH-CH=CH2 + H2 - CH2=CH-CH2-CH3
R-CH=CH-CH=CH2 + H2 - R-CH=CH-CH2-CH3

@ K ©
@CH=CH2 + H2 — @CH2~CH3

Typical Product Specifications

~ Diene Value (gl/100g) : 0.1-1.0

~ Bromine Number (gBr/100g) : 4-30

-~ Styrene (wt %) : 0.1-0.5
25
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b.

W A Pk T

()DCPD : ™~ bR P > S B - BY5 B 1%

@%ﬁ*@ﬁ%‘aﬁﬁwéﬁﬁwﬁ%%ﬁ%ﬁﬁf%@W%’@%ﬁﬁ@*@
[ [ o

(i) & Sl 1Y CO ﬁB (P A T o 5 -

Olmex 600 ;7“&}%&?;:1; by dEI— A g [T ﬁ:—%ﬂﬁ%ﬂﬁﬁ ﬁmFbH PJ > *EJE &5 Pd EA]
115 0.3~0.4wtth » P 53 R BIERAAS o > ORI + e o=
S AR A ] -

N ;*T;’HJ[I a2 ’IE

—&W‘@%ﬂﬁ¢%P@%&“A%‘IE§F SR g
g

Purpose

» Olefin Hydrogenation and Desufurization
R-CH2=CH-CH-CH3+H2 - R-CH3-CH2-CH2-CH3
R-CH2-SH + H2 — R-CH3 + H2S
Thiophene (C4H4S) + 4 H2 — CH3-CH2-CH2-CH3 + H2S

Typical Product Specifications

~ Organic Sulfur (wt%) : less than 1 ppm wt
~ Bromine Number (g Br/100 g) : 0.1-0.5

W R TR BT

1DCPD E’ F&Hyf/\ff’l ) %’ﬂi}i’%ﬂ?ﬂd L‘j[ﬁ] @%%&;iﬁ[ﬁ: .

(11
(11

DEr Ui %’ﬂi’f‘%ﬁﬁa Rl lﬁ@g‘%‘}ﬁﬂdf
DFEET [P A ?ijglf’zz‘:}ir_;’?‘/’ﬂ%ﬁ%??ﬁﬁ&ﬂ\ SEIE 'EIB%M?JF' iim}ﬂ[i
(%o

(V& %Iy CO (R FRIERIE IR S -

o

fI

Olmex 806/807 [t EEITH1Z 78 & [~ #4% > Olmex 806 £ %FL SER > [EH BV A

> Olmex 807 FLEE1EEER > (B2 KR &V -
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1. & & #EE- 7vpY Sud-Chemie " Defining The Future ” j[ HH EL ’? P TR
ST =T A ﬁb(’F?ﬁlﬁ[’“‘*ﬁﬂg EH [*WEIE'*EII [ F’*EHﬁ’FLHE—%
‘Jﬂ | FTE s PRI AR *%E*FQF it ﬁ%ﬂ‘é&ﬁ%ﬁﬁb%“ﬁ‘?lﬂ SR,
AT~ e AR ii}P~J fJf"Huﬂ\ﬂHé}Eﬂ T ﬁirﬁﬁpﬁﬁu”
L R BIEE E[ﬂwj[ EHE > 0 ::‘y@l S aer ﬂjp[EJ
A@Q@V{ﬁ:ﬁn i E@ﬁ{ﬂjﬁ [RJ JF=fy F 1 = [gyl[g;jet Vit
2. P R A fiﬁl rf%a’r I BT R R R [ %J*E FUPEL A R
J,?E‘,,w;[v[(Naphtha)bi’?a* PRERT IE'E'%J}’?%E'IJ??” M Sinopec 5 Qu Pdfrﬁ?’?\f%mfm
Hikagalikfb > TR RIS Lummus FA SUTEROB R R | e for FRA T R A "‘ﬂ
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Renewing OleMax 350 Catalyst to Maximize Propylene
Production after Revamping MAPD Selective
Hydrogenation Process

CHUNG-CHEN LAI, CHENG-WEN CHEN
) CPC Corporation, Taiwan
'[_ 25t September 2007
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Introductions

CPC Corporation, Taiwan

Description of the MAPD Hydrogenation Process
Objectives of the Revamp

Revamping of MAPD Hydrogenation Process
Modification of Existing PFD, P & ID, Material Balance
Modification of Existing Reactor & Surrouding Equipments
Catalyst Activity Test

Laborratory Equipment & Activity Test

Comparison of Commercial Catalysts

Activity tests of OleMax 350

Commercial Plant Test

Start-up Liquid Phase Reactor L-105A/B with OleMax 350
Comparison between Liquid Phase and Gas Phase
Economics

Yield Pattern of C3 Products

Economics Analysis

VI Conclusion
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I. Introductions

1. Number and Capacity of Ethylene Plants in CPC Corporation, TAIWAN

N

© Taipei
W@E °

S

0 TR
° @ kor
€ Kaohsiun Qi
© Lin Yuan
s © wisoi
® yung Ann
® Miao Li R&D
© chiayiraD

#5 NC S00KTA

#3NC 230KTA
#4NC 350KTA
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I. Introductions
2. Gas Phase MAPD Selective Hydrogenation Process in NO.3 NC

Bl CHEMIE @

Gas Phaso Reactor  Gas Phase Reactor  Groen Oil
L1054 Absorber

wan

L-105B/C

Green Oil

Chemical Grade
Recycled C3

C3LPG
503

Frosh C3Foed yarogen Fig 1-1 NO.3 NC MAPD Selective Hydrogenation Process (Gas phase)

from P-124A8
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Reaction of MAPD Hydrogenation

H:I.':H-I.'_I‘!.HMJ E g

H2 H2
PD/MA — Propylene —» Propane
4~7 wt%

& G.O.
Selectivity : Design 60% 40%
(Overall)  Real 50% 50%
Goal Maximum Minimum
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I. Introductions
3. Objectives of the Revamp

BUD-CHEMIE @

1. By modifying gas phase reactors to liquid phase
reactors.

By replacing G-55B to OleMax 350 catalyst.

N

“ Increase Propylene Yield
< Decrease Green Oil Production

<  Decrease Operating Cost

Department or individual botiom line
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Il Revamping of MAPD Hydrogenation Process
1. Modification of Existing PFD, P & ID, Material Balance

SlD.CHEMIE @

15t Stage Reactor 2nd Stage Reactor
-105A8 L-105C

Hydrogen

palymer Grade

psans PSOANE T

Chemical Grade

Fig. 2-1 NO.3 NC MAPD Selective Hydrogenation Process (Liquid Phase)
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Il Revamping of MAPD Hydrogenation Process

2. Modification of Existing Reactor & Surrouding Equipments

SlD.CHEMIE @

New design and modification all done by CPC:
1. Existing Reactor:

Diffusor, G/L distributor, recycle drum, pumps, Valves...
2. Existing Dryer:

Piping, Loading new 3A molecular sieve.

Department or individual bottom fine Page 8
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Il Revamping of MAPD Hydrogenation Proces

2. Modification of Existing Reactor & Surrouding Equipments

Diffusor

stn-cnm

S

Department or individual bottom line

Page 9

son-cummrs G

Distributor

Department or individual bottom fine Page 10

EPC & Catalyst Loading

L-105A/B/C

T
Ve 1670 h

TL ——=

Supporting 1n

Ring o

F20 mm Alum. Ball ——»
F 6 mm Alum. Ball

Catalyst

stn-cnre G

Diffusor

= Distributor

4420

Bed
F 6 mmAlum.Ball 1
F20 mm Alum. Ball /_,4’ e e e s 1
Bed Support l: o

.. OleMax 350

Department or individual bottom line
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Il Catalyst Activity Test
3.1 Laboratory Equipment for Catalyst Activity Test

Safety  Pressure

Valve  Gauge
Mixer Gas
Reactor sampling
Heater %
Cooler Pump
Vent
0 Back Pressure
Filter Mass Regulator Trap Wet type
flowmeter Gasmeter

Fig. 3-1 Lab. equipment for testing MA/PD hydrogenation catalysts

Department or individual bottom e Page 12
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Il Catalyst Activity Test
3.2 Catalyst Activity Test in Laboratory (Bench)

® SYSTEM : Adiabatic fixed-bed reactor
® FEED : NO 3 Naphtha Cracker C; Cut
® Dynamics : L/D, LHSV...... , etc

® Reaction Conditions :

FEED TEMP. °F (C) 95 (35)
LHSV(hr) 15~75
H,/MAPD(mol/mol) 0.5~1.1

E :
i
J_&

Il Catalyst Activity Test

3.2 Comparison of Commercial Catalysts- Propylene Yield

95

Qnasm, %
o
3

—m—0OleMax 350 ——A —4-B -eC

0.6 07 08 0.9 1
H2/MAPD ratio, mol/mol
Fig.3-2 MAPD Conversion vs. H2/MAPD ratio based on
3.4% MAPD in feed, LHSV=25

o
SOID-CHEMIE s
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Il Catalyst Activity Test

3.2 Comparison of Commercial Catalysts- Propylene Selectivity

65 - —#QOleMax350 —<+A —+ B o C

60 - - -
0.6 0.7 0.8 0.9 1
H2/MAPD ratio, mol/mol
Fig.3-3 Propylene selectivity vs. H2/MAPD ratio based on
3.4% MAPD in feed, LHSV=25

Department or individual bottom line Page 15
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1l Catalyst Activity Test
3.3 OleMax 350 Catalyst Bench Test- MAPD Conversion

100
95 OleMax 350
90
85 ——————— o
80
75
70 H2/MAPD=0.8
65
60
55
50
45 —_— e

0 10 20 30 40 50 60 70 80 90 100
LHSV, V/hr
Fig. 3-4 Conversion of MAPD based on 3.4% MAPD in feed

H2/MAPD=1.0

Qnasand M %

H2/MAPD=0.6

BUD-CHEMIE @
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Il Catalyst Activity Test
3.3 OleMax 350 Catalyst Bench Test- Propylene Selectivity

100

99 OleMax 350
98

o M—) HEMAPD=0.6
96

H2/MAPD=0.8
95 /
94 H2/MAPD=1.0
93
92

91
90

Sttty oRTyere %

0 10 20 30 40 50 60 70 80 90
LHSV, Vhr
Fig. 3-5 Selectivity to propylene based on 3.4% MAPD in feed

100
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IV Commercial Plant Test
4.1 Conversion & Selectivity of OleMax

Performance Test of OleMax 350 in Refinery
Catalyst : 1.80 M?/ea (loading 11/02/2003) to L-105A/B/C

Feed : 33,000 Kg/hr, MAPD 3.6 wt%(with recycle)
Location : 1st-stage reactor (Start-up 11/16/2003)
RXN Conditions :

FEED TEMP, °F(C) 95(35)

PRESS, bar 235

LHSV, hr' 35 (with recycle)
H,/MAPD, mol/mol 0.63 (approx.)

Department or indivicual bottom fine Page 18
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IV Commercial Plant Test
4.1 Introduction of OleMax 350

Physical Properties* of OleMax 350
“ Pd content : 0.3 wt%

< Pd state : Reduction

< Bulk density : 0.5 Kg/L (Typical)
< Shape : CDS extrusion

“ Size : 1116”

< Surface area : 17525 m?/g

< Crush strength : 25 (N)

*submitted by vendor

Department or individual botiom line: Page 19

32

- Bl
o Diteing the Fuhwe

L -

SlB.CHEMIE @

IV Commercial Plant Test
1. Start-up Liquid Phase Reactor L-105A/B with OleMax 350

L-105A outlet

[ “m

190 | Gas Phase AT =65"F

r L-105A feed
130
120 lqui -
10 | Liquid Phase AT =40 °F
100 -
9

(180)

(150) (120) (90) (60) (30) © 30 60 9 120 150 180

Operating Period, day (Zero since Nov. 16, 2003)
Fig. 4-1 Reaction Temperatures of the 1" stage Reactor L-105A
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IV Commercial Plant Test
1. Start-up Liquid Phase Reactor L-105A/B with OleMax 350

7 OleMax 350

y=0.0101x+2.32

0 30 60 9 120 150 180 210 240 270 300 330 360
Operating Period, day (Zero since Nov., 2003)

Fig.4-2 AP of 1% stage reactor L-105A while operating

Department or individual bottom fine Page 21
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IV Commercial Plant Test
1. Start-up Liquid Phase Reactor L-105A/B with OleMax 350

9% St 3
%0 -
85 e

Declination of Conversion
P for 1st stage reactor

30 L L L L L L L
0.4 05 06 07 08 09 1 11 12

H2/MAPD ratio, mol/mol

—8—3nonthsconv  —4—3nonths selec 18 nonths conv 4 18 months selec

Fig. 4-5 Performance Curves of OleMax 350 on Real Plant
(1% Reactor, H2/MAPD=0.63, LHSV=35, approx.)
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IV Commercial Plant Test
2. Comparison between Liquid Phase and Gas Phase

100
95
90 -

85 1 2004 Liquid Phase
80 OleMax 350

75 ¢
70 |
65
60 [ o Pl
55 ¢
50 e

480 120 -60 O 60 120 180 240 300 360

%

2003 Gas Phase
G-55B

Operating period, day (Zero since Nov. 16, 2003)
Fig. 4-3 Selectivity to propylene through 15t stage reactor
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IV Commercial Plant Test
2. Comparison between Liquid Phase and Gas Phase

18
16
14
Elz 2003 Gas Phase
g 10 G-55B
8
E 6 2004 Liquid Phase
g, OleMax 350
g ) o, e ..
] o 0 N
[

4180 150 -120 -9 60 -30 0 30

Operating Period, day (Zero since Nov., 2003)
Fig. 4-4 Overall Green Oil Production After 2™ stage Reactor
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V Economics
1. Yield Pattern of C3 Products

SD-CHEMIE 6
et Rei o

90
Liquid phase
& Gasprese amnatad
70
60
§ 50
.EAO
30 ‘\’\,o/‘vmwy‘\‘x‘\«/\*‘
8 20 ‘\H'WH" PP
O [t
0 NY“‘ AT A “f“/ VS S e el i
2 20 A7 4 -1 8 5 2 1 4 7 10 13 16
Operating Period, Month (Zero since Nov., 2003)
—=—P.G. Propylene —+— C.G. Propylene —— Propane
Fig. 5-1 Comparison of C3 products yield pattems
Department or indivicual bottom line Page 25
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V Economics
1. Yield Pattern of C3 Products
Product Distribution
03 Products, wt% Gas Phase liquid Phase
Polymer Grade 64.23 7514
Chemical Grade 29.36 20.75
C3LPG 5.58 3.82
Green Oil 0.88 0.09
Total 100.00 100.00

(Base: 16,500 Kg feed/hr, MAPD 5~7.5 wt%)

Department or individual bottom e Page 26
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V Economics
2. Economics Analysis- C3 Product Value

1.04

1.03 Liquid phase

1.02 Gas phase

P LA e
3 0% s \ { ‘\

¥ |
g 0.98 -

0.97 |

0.96

2 19 -6 13 0 -7 4 -1 2 5 8 11 14 17 20
Operating Period, Month (Zero since Nov., 2003)
Fig.5-2 Product Value Represented by Relatve Scale
(Base: product value by gas phase RXN system)
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V Economics
2. Economics Analysis- Profit by Effective Catalyst OleMax 350

Polymer Grade Propylene : + 11.0 wt%
Chemical Grade Propylene : — 8.4 wt%
C3 LPG (propane) : — 1.8 wt%
Green Oil : — 0.8 wt%
Energy Consumption : — 10%

Product Value : + 1.8 wt%

3 &
- 96.06.06
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VI Conclusion

» Liquid phase process is more effective and profitable for
the MAPD selective hydrogenation than gas phase.

» OleMax 350 take ranking on the top among several
commercial catalysts by a bench activity test. OleMax
350 also showed outstanding selectivity and reactivity
on the commercial plant test.

» Because of catalyst over-loading in L-105A/B reactors ,
the first operation cycle is more than 2 years. For a
suitable reactor design, the cycle length of OleMax 350 is
estimated to exceed 12 months.

* The C; product pattern can be up-graded by OleMax 350 ,
which are represented in terms of higher product value.
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