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Process | ndustry Background

T he history of the Process Industry isa

story of technical accomplishment and
Innovation.

A chievements during thelast century

have led to both tremendous growth
and a high level of technical
sophistication.



| nnovations in the Chemical
Process | ndustry are Slowing

Products

Processes
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Proauct and prrecessinnovationsiirom 1950 to/1985.
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Platforming™ Technology

More Octane Barrels (Yield x RON) via Lower
Pressure and More Selective Catalysts

_Approaching Theoretical Yield
of Gasoline from Naphtha

- 1970s
1960s
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Fluid Catalytic Cracking Technology

More Octane Barrels via Zeolitic Catalysts
and Engineering | mprovements

/ 100 Barrels Feed
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Top Ten Refining Processes Licensed by UOF

Process Description No. Units

Merox™ M er captan Oxidation 1650
2. Platforming™ Catalytic Reforming 753
3. Unionfining™ Hydrotreating 675

(VGO, Distillate, Naphtha)
4. Polymerization Poly Gasoline Production 301
5. FCC Catalytic Cracking 212
6. Unicracking™ Hydrocracking 126
7. Sulfolane BTX Extraction 106
8. HF Alkylation Gasoline Production 105
9. Catalytic Condensation Higher Olefin Production 101
10. | somerization C./C, | somerization 99

UOP must continueto focus on innovation
to meet the challenges of the 21 century.

Uop 7



Sustalnable beveliopment Challenges or
the 213 Century for the Refining and
Petrochemical | ndustry

m Clean Fuds

- Cost-effective waysto produce zero sulfur/low
nitrogen transportation fuels

- Reduction of aromatics and olefinsin gasoline
while maintaining octane

m Alternativesto Crude Oil

2 Minimum Environmental Impact
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UOP’ s Gated Technology Delivery Process

Qualitative Quantitative Validation Realization

sl ] i G D

GATES

Ica O Nnevy Pproauct

NN0logy goals/economic case

fJF?erl

:errfe'r dology.
F

Doratienswith producer-partners

\ S

C c O
|

%
™

Q) (B
=

.

b
(@
—

A U

W D

y L2 LD
ﬁlﬂ:

( D
L @ M K

6

{®

) )
—t
\W ) CI )

=

I

(00)

\

H B B RN
U

UL
(2)
(W

=
(‘\
@
ol B
@
=
19b
L—L

D D
k (&)

J

0'\
L—L
(4>
U
0'\
"\

L
—

28



UOP Processes Developed in
Collaboration with Others

Process UOP Partner Application

LPG to Aromatics

Cyclar™

Fixed Bed Alkylation for

CEPSA Detergent

Detal

Etherification
Methanol to Olefins

Koch
Norsk Hydro

Ethermax'™
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Sunoco/UOP

Cumene Oxidation
Phenol Process

Sunoco

Toluene
Transalkylation

Biodesulfurization of
Caustic

Tatoray '™ Toray

Paques Natural
Solutions

Thiopag '™ Spent
Caustic Treating

11



Agenda

® Background

® Technology accomplishmentsin the
Process | ndustry

® UOP'sincentivefor innovation
® Challenges of the 21% century

" | nnovation tools
¢ Gated Technology Delivery Process

/ New M aterials

/' Combinatoriall Chemis <Y
/’\r l\Vanced Characterization

A

/. M anutracturing

* Toolsior processinnovation




IViaterials | nnovation [ 0o0ls

M aterials

v'New Materials | nvention

Combinatoria
Chemistr

v End-to-End™ Tool Boy

v'Materials Modification

Manufacturing

Advance
Characterizatio

Rapid Scale-up
Diverse Crystallization Methods
Diverse Portfolio

of Forming Technologies

Uop

Active Site

v'Structure Solution Tool Bc
Reaction Mechanisn
Adsorption Modelin
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Decade

1950-1969
1970-1979
1980-1989
1990-1999
Totals

Zeolite Discovery

and Use By Decade
U.S. Patents .
Known (Composition Commercialized
Structure Types or Use) Structure Types
27 2900 3
11 4900 1
26 7400 2
61 8200 S
125 23,400 11
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Structure Solution Tool Box




100Is Used 10 Solve the Structure of Uk

TEM: Unique surface
—» aomatic reactivity (yp

Electron
Diffraction

XRD

16



Structure Solution of a New Zeolite: UZM -5
(I1ZA 3-letter code UFI)
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New Tools Accelerate Structure
Solution of Nanocrystalline Zeolites

Event Beta UZM-5
First Synthesized 1967 1999
Time to Solve Structure >10 yrs 10 months
Structure Reported 1988 2002

*Structure provides an under standing of
catalytic and adsor ptive properties

*Zeolites offer high acid site density for
catalytic applications (low Si to Al ratio)

*Zeolites offer ion-exchange capacity and
compositional diversity for separation
applications
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| mpact of Combinatorial Chemistry

Technology Commercialization = Reduced timefor catalyst

B | | | | discovery and process

E;, | : | | development

° : Combi | ' Conve}mnaj —Increased probability of

i o | | | SUCCESS

> | | : : —Increased throughput of
. . . . technology

Time (yrs) commer cializations

Reduced Risk for ~ [IS Stronger patent pesition
Breakthrough Pr ogr ams
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End-to-End™ Combinatorial System
y

Creenin J
ytic c formulations




COIMDI T alrgetl. INEW Fal alllll
| somerization Catalyst

m C. Isomerization

p——

g >/\ Values are

n-Pentane i-Pentane blending RON
61.7 93.5

m C, | somerization

n-Hexane 3MP 2,2DMB 2,3DMB

= Ring Openir
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Commercial | som Catalysts

'Formation of high octane
products favored by low
temperature.

' Two classes of
commer cial 1Isom

catalysts exist:

e Chlorided alumina catalyst:
most active; reactor
system is highest capital
Investment

s Sllifated zrconia and
7e0l1tIc: lower activity;
reactor system is lewer
capiival cost

Uop

Cs+ RON Calculated
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C./C, I somerization Catalysts
Activity Comparison

-\Ch!orided Alumina

.
\
Zeolitic ~

ulfated Zirconia

100 150 200 250

Temperature (°C)

Market Need: higher activity.
catalyst fior usein lower
capiital reactor system
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POSl-Synthesis Comopi

suk Processing and Finishing
Binary Modifi
Support YRYRYEYY T1 T2 mariiggll -
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A
M eets

Target
>5% Yidd
| mprovemen

WHSV / hrt

Prototypes are a Significant
I mprovement to Reference




Pilot Plant Testing Confirms Combi Leads

v =

Combi #3

Combi #1
+

g Combi #2
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New, Combi-Devel oped
P1-242™ Catalyst

C./C, | somerization Catalysts

™
m P|-242™ catalyst y Activity Comparison
da/d Oped from 837 hlorided Alumina
combi formulation  _ 4l any o
O
5 ST e F
Higher activity than . .o rieez caaghs Waad
. . @) i Zeoliti
sulfated zirconia or i R

zeolitic

Simple drop-in Into
jowest capital reactor
System

Uop
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Process | nnovation Tools

Experimental Data

v'Pilot Plants

Engineering Technolog)

Coreskil
| nstrumentatio

Analysis
| nformatics

M odeling

and Contr
Process Flowshestin
and Desig

Separation

v'Reactor Systems

v’ Kinetic Modeling

v'Cold Flow Modedling
Computational Fluid Dynamics

Uop

Adsorbent:
Adsorption System
Membrane
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Reactor Design Options

Downflow
Adiabatic

Radial-Flow
Adiabatic

Fluidized-Bed
Reactor

E 2

UOP 2868-5c
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Reactor Design from Kinetic Modeling

Ebulating
Bed

Fixed-Bed

ouis Axial Flow
Hydrocracking
Circulating CyC”f{ Fixed
Liquid Riser Bed Axial Flow
minutes Detal

Alkylene

Kinetics Time Constant

d




Reactor Design for Alkylene Process

m Processrequirements:

— Short contact time
— Rapid disengagement

— Freguent regeneration




Fluidization
Testing In
Alkylene Cold
Flow Model
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Liquid
ANSPOrt
IREACLON

Alkylene Process

LPG
Alkylate

m Usessolid catalyst
m No acid soluble all
No corrosion

tenance

Reguced me

Higher yields
Innovation Teols:

A
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Summary

" The Process I ndustry must focus on innovation
to meet the challenges of the 21 century

® Innovation tools can accelerate the delivery of
new process technology
® A Gated Technology Delivery Process
® Toolsfor materialsinnovation
v'Materials
v/ Combinatorial Chemistry
v Advanced Characterization




