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Registration 8:00am -9:00am

Morning presentation session 9:00am -12:00pm
Networking Lunch 12:00pm -1:00pm

Afternoon presentation session 1:00pm - 5:00pm
Event dinner 7:00pm

Thursday, 14 November

Friday, 15 November Morning presentation session 9:00am - 12:00pm




Networking Lunch 12:00pm - 1:30pm

- (% T3
N 3
=z

3-1 AR~

FCC:xAE ™ 7 » - X ik » 102 # 11 7 14-15 p iﬁéﬁ‘-—“ﬁ NI AL

RALIT 4
mEad | RAL
BASF C.H.Ong BASF Overview
BASF Fabian Florez Refining/FCC Market update
BASF Joe McLean BASF New Technology Innovations
BASF C.J. Farley FCC Reliability
Axens Marie-Amelie Evolution of Resid to Propylene Technologies
Baudry
BASF Shaun Pan FCC Catalyst Selection and Laboratory
Evaluation
UOP Matthew Catalyst Losses-Troubleshooting and Mitigation
Wojtowicz Techniques
RSRI T.M. Knowlton Attrition and Gas Bypassing in FCC Units
RSRI T.M. Knowlton Cyclone Erosion and Dipleg Tricle Valve/Flapper
Valve Operation in FCC Unites
BASF Stuart Foskett FCC Catalyst Activity Modeling and Metals
Management
PALL Lindsay McRae Latest Developments for Catalyst Fines Removal
form FCC Flue Gas and FCC Slurry Oil




PR Ek

it g AL

Antifoulant Chemical Treatment for FCCU

BASF

Alexis Shackleford

FCC Monitoring Best Practices
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Catalysts Division

Mobile Emission Catalysts

Process Catalysts &
Technologies

Precious & Base
Metal Servicing

New Business Development

Automotlve
Emlsswn Control

Refinery Catalysts

T
Refining & Recycling
Serwces

‘ Indoor Air Quality ‘

Motorcycles &

Chemical Catalysts

Salts & Soluuons

Stationary Emissions

Catalysts

Other 2- wheel Vehicles Reclamatlon
Base Metal
& Buses Custom Catalysts
[ \
[PIESE] DIZIHEE Polyolefln Catalysts ‘ PM Refining

Mobile Machmery

Diesel Retrofit

Adsorbents

Precious Metals

‘ Management
‘ AnaIyS|s

‘ ‘ Temperature Sensing ‘

‘ Diesel Trucks

Small Englnes

Precwus Metals
Management Service

Fig.1 BASF’s Catalysts Division
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2013 Market Size:
MALBEMARLE " 665K Short Tons

I
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*Source — 2013 CCR Market Share Database
Market Size based on HART projections
1 FCC Technology Forum

Fig. 2 Global FCC Market-2013 Supplier Market Share.

Ak R ER U  F iE bR 40 0 4o Fig. 3 #757  FE3+ 2012 7] 2035 & 3k
S 7 R BB e 13.72% > A T A4 41% > d 7 L4 FCC & RFCC e £
FoACH-Egp i o B10 FCC MR 4y fik B 11427 & % % o o 3 FCC i 45
PR A 2B R A Ak AR AP K S L FCCHY

B et ¥ 48 0 BASF A k& F B 242 3] FCC i 4 -

Demand Incremental Demand

2012 Diesel 2012 -2035

Gasoline

Fuel Oil
Naphtha

88

MMB/D
Jet Fuel 249

LPG 3 5]
10.96 4.81

*Source: Hart Energy 2013 Other
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Fig. 3 Global Product Demand (million b/d)
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m Microspheres FCC Catalysts

B BASF kaolin mines in m Spheres of about 80 um m Zeolite Y grown from Al/Si
Georgia, USA ® Kaolin mixtures nutrients in microspheres

® Precursor for FCC catalysts  ® Unique BASF technology

Fig. 4 BASF FCC Catalysts-Integrated Value Chain
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(2) % = #a%7 3] &_Proximal Stable Matrix&Zeolite (Prox-SMZ)> 2 & 4 ¢ _ix
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hesy

(3) % = %3] £ Multi Stage Reaction Catalysts (MSRC) » 2 & 3¢ & 4
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DMS Prox-SMZ MSRC
B High activity zeolite B Highly stable & coke selective matrix | @ Catalyst particles with staged
e for bottoms conversion to LCO reaction zones
B |mproved hydrothermal stability
leading to higher unit activity B Proximal structure — zeolite and m  Different catalytic properties for each
5 < active matrix are created in a single stage
W Coke selective cracking process step and are intimately
= Hidh conversionlGasolinerca= dispersed B Stages specifically engineered to
g Y e achieve maximum product
B Successful operation in >150 ®  Ultra-low Na for max stability and performance across a wide range of
commercial FCC units! minimal H-transfer feed and product slate requirements

Fig. 5 BASF FCC Catalyst Platforms
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®m Due to export restrictions, Lanthanum oxide price increased from <$10/kg
to over $140/kg

® The price increase, which has since come down to historic levels,
prompted refineries to lower their catalyst REO (where it made sense) and
BASF to research alternatives to REO

Lanthanum Oxide Price Average REO Shipped
Asia Metals Index 28

s f\ 26 -
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Fig. 6 Rare Earth Price Has Been \olatile Since 2010.




OOFAHEE A% o BASF 2 @I L fEAF Rl R P205 7 1
BiE FCC 4l ~ M4 d H 4 > 7% kBt FCC 4" REO - 4rFig. 7
ST o B SRiEARY 3 T P205 ¢ foit £ ¢ e Al A5 AIO-P i e Ve

REAETN 0 B ET foffd A Anin s FRE Y P05 FE Rl AR F A S

phospharus |

. 29 30

C'L_I Zn

B Out of the short list, BASF developed a way to use Phosphorus to not only increase

catalyst activity but also increase hydrogen transfer giving the same yield performance
as REQ

B Phosphorus acts as extra-framework species to stabilize framework aluminum similar to
RE cations

B During steaming, aluminum remains attached to the framework due to Al-O-P chemical
bond formation

Fig. 7 Search for Rare Earth Alternatives
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Corrosion &Force Majuere
Fouling

Gas plant
2%

Other rotating
equipment

Instrumentation

= Major rotating equipment
includes wet gas
compressor, air blower,
and expander (if present)

= Major rotating equipment
is ~ 50% air blower
related, 33 % expander, ~
17 % wet gas compressor

= Data from ~ 20 % of the
refining industry
presented (~ 80 units)

= Data include 2 units from
Japan, 3 from ‘North’ Asia

Fig. 8 What brings the FCC down?
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74

R2R becomes R2P for high propylene operation

Specific operating conditions & design:

+  540-560°C

+ C/lO=8

+  low HCpp

+  Optimized resid catalyst system

«  ZSM-5: 10-20% (40% crystal)

+ Robust LPG contaminant removal
and PRU system (ERU option)

No LCN recycle below
the feed to avoid poor
resid vaporization

Fig. 9 Resid to Propylene Technology.
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Chinese Petroleum Corp. -
Taiwan

* Resid to Propylene (R2P)
* Start-up: November 2012
* Feedrate: 80,000 BPSD

* 18 APl resid feed

* 64CCR

* 11 wt% propylene

* 2 catalyst coolers

Fig. 10 World’s First R2P
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58% of FCCs Perform Catalyst Testing Prior to Catalyst Selection

® Metal Impregnation
(CPS/Mitchell)

Crack on Metals (CMDU)

W Steaming

*Excluding Refineries in Mainland China
Source: 2009-2013 bid information

Fig. 11 FCC Catalyst Selection: Deactivation Method

Shaun Pan £ L 4% EPMA % 7 f21 3T grff 4 & s % > 4 Fig. 12
BT FRERAF S 5 A E e o f1* A f2i2 (CMDU, cyclic metals
deactivation unit) #7 & it cff &LaF 2y e B T G e iian 00 £ B T8

7l

Fem > 4o Fig. 12 & @ - F]* > Shaun Pan # L » 2 s * pLiz e (4L i -

I I‘ d-on Metals

Commercial E-Cat Lab Sample with Cracke
= Can mimic metal age distribution more closely matching E-Cat samples

# Nicontent is skewed towards the outside particle, agglomerate due to build-up of
concentration and so lose their dehydrogenation activity resulting in more
representative Ni activity

= BASF suggest CMDU is the best method to be used with high Ni loadings

Fig. 12 Electron Probe Microanalysis (EPMA) of Cracked on Ni vs Commercial

E-Cat Ni
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ACE(Advanced Catalyst Evaluation) & £ % gi32# * cs (pEk g 0 &
2001 # A= ix o~ 8 MAT &k 0% 5 75 (2R 2% B KAYSER TECHNOLOGY, INC
R 0 R A R ROGUSEASE TR R R B ERE T
NO. 6.069.012 5. - ACE i * ;48 i ) 7_&k & J& B (Fixed Fluid Bed, FFB) - Fig. 13

“t77 Z_ACE ¥ Jis B34 -

$1 Million Facilities Upgrade c&w@ [y

ACE Replaces MAT in 2001 i 2 > (NPl

Fixed Fluid Bed (FFB) design. = b:_ﬂefwch:d
Uniform temperature and coke L il 2

distribution.

[aer]

Automated design allows for quick

turnaround time lrwm_J[
Heght
“ Flexible and resid capable, =

.

Simulate unit yields [~ ]

“ Excellent precision

Fig. 13 ACE(Advanced Catalyst Evaluation) Fluidized Laboratory Reactor.
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“ Set ACE temperature 10-15°C
higher than commercial riser
outlet

“ Select an injector height, which
gives commercial conversion at
+/-10% of C/O

“ Run a series of cracks varying
C/O, example 3,5,6,7,9

* Regress ACE yield data to
commercial conversion

Fig. 14 ACE-Commercial Alignment.
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(1) Attrition » ¢ B2 41 T B o

(2) Cyclone Damage > #“ BEE73% & #8325 M o

(3) Dipleg Plugging » s+ Bk 3% & $ F 423 B -

(4) High Cyclone Loading » ¢* Bh2 5k 155 BE o
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Holed through dipleg

Regenerator Second Stage Dipleg

Fig. 15 Erosion

Regenerator Cyclone
Crossover Duct

Fig. 16 Erosion

KA EALY €3 S BRI D fof i dE m R | FE P chiz 1 > PSRI (Particulate
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Solid Research Inc) 2 # &1 T.M. Knowlton & % rr*u{r*ﬁ Attrition and Gas Bypassing
in FCC Units f= Cyclone Erosion and Dipleg Tricle Valve/Flapper Valve Operation in
FCC Unites & RA5ie (745 2 o FIfJ 4k + /it @ i 2K o B4 ehi=® 3 Fig. 17

“75% th= 8 0 (1) & jet fo nozzle ; (2) & bend §=(3) & cyclone -

Most Attrition in Fluidized Bed Systems is Due to Particle Impact

p

JET/NOZZLE BEND CYCLONE
GAS DISTRIBUTOR

Fig. 17 Most Attrition in Fluidized Bed Systems is Due to Particle Impact

PR dde s BB A G = A 4o Fig. 18 #5m o — F e BLA 2] AR
AL A F540 Fig. 18 = Bl a7 P €884 B peak o ¥ - —ﬁa{tﬁ o
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Types of Particle Attrition

ABRASION FRAGMENTATION

Percent
Percent

Particle Size Particle Size

Fig. 18 Types of Particle Attrition

Rt e e ig & f MOFiQ 19 3 L83 PR dhid R ig & 400 1
Fole BAR A o UniE RO A€ et AR A b A G B ) 0 2t & Abrasion
B D ARG PR s o Bt R & od R 2 S

3
Fragmentation % 3# °

Abrasion Dominates . Fragmentation
Dominates

Attrition Rate, g/h

Threshold
- Velocity
Test Velocity :

Velocity, m/s

Effect of Velocity on Attrition Rate

Fig. 19 Effect of Velocity on Attrition Rate.
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Fig. 20 Baffles Must be Positioned Correctly in the Bed.
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Results of Cone Erosion Erosion of Drywall Joint
Compound on a Plexiglas Cone

Comparison of Cone Erosion in Second-Stage Cyclones: Actual vs.
Plexiglas Cone Coated with Drywall Joint Compound at PSRI

Fig. 21 Cyclone Erosion
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Fluidized Activity Histogram - Resid FCC Units

Fluidized Activity Histogram - All Units "
100%

25

+ 90%

20 80%

+ 70%

- 60%

-+ 50%

- 40%

-+ 30%

- 20%

—+ 10%

- 0%

2 2 s e 5 8 e d Py enn
e 8 v v 8 B B~ ~M~R®~S®R~®RBSRS
-
o

FACT, wt% ¢

2 8 252 8BRRRRILREBRRERS
] FACT, wt%

B On average, gas oil FCC units have a higher Equilibrium activity than resid FCC
units, with a median FACT conversion of ~75wt%, compared to ~72wt% for resid
units

Fig. 22 Catalyst Activity Benchmarking
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The decay function is shown on the Catalyst Activity vs Catalyst Age
chart. If we known the starting, or
fresh, catalyst activity, we can
calculate the activity of the catalyst
(before considering metals effect) with
the equation

Ay = ap — 0 - (a;—ag)?

5

Catalyst Activity
© =N W B U N ® ®©

T T T T T 1
50 100 150 200 250 300
Catalyst Age, days

So what is the fresh activity? Fresh catalyst is too active to testin a MAT or
ACE unit. Therefore, when fresh catalyst is reported, it typically refers to the
activity of fresh catalyst after steaming, for example 1450°F for 5 hours.

To model deactivation, a conversion of approximately 90wt%, or an activity
of around 9, should typically be used.

This is also important in FCC simulation models, such as FCC-Sim.

Fig. 23 Hydrothermal Deactivation Model

FCCRAF B haAf ¢ 2 F 24kt > Lo g 241" 8
o R E o PALL 2 P L FCC1 SR E L & HRUET - 2§34
#3173 f @ o PALL = @ ¢ Lindsay McRae + 4 4 £ Latest Developments for
Catalyst Fines Removal form FCC Flue Gas and FCC Slurry Oil -

FCC 1 8% * cEif f ik B4 Fig. 24 #75% » 5 % 4 % » H 4% i¥ & 250-750
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FCC Flue Gas Filtration
Applications:

* 4th Stage Filter (UFF)

* 3rd Stage filter

* FCC Hopper vent filter
(spent cat hopper, fresh
cat hopper)

Fig. 24 FCC Flue Gas Filtration
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Without Hakuto program With Hakuto treatment
(One year operation) (Two years operation)
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Fig. 26 Performance of the program.
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BASF FCC Technology Forum Kyoto, Japan 14-15t November, 2013
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Fig. 27 BASF FCC Technology Forum Photo
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