WORLDWIDE REFINERY PROCESSING REVIEW

Monitoring Technology Development and Competition in One Single Source

Third Quarter 2009

Hydrocracking and Catalytic Reforming

Plus
Latest Refining Technology Developments & Licensing

@ HYDROCARBON PUBLISHING COMPANY

Translating Knowledge into Profitability™"
P.O. Box 661 Southeastern, PA 19399 (U.S.A) Phone: (610) 408-0117/ Fax: (610) 408-0118
Review @Hydrocarbonpublishing.com



WORLDWIDE REFINERY PROCESSING REVIEW

Monitoring Technology Development and Competition in One Single Source

Third Quarter 2009

Hydrocracking and Catalytic Reforming
Plus

Latest Refining Technology Developments & Licensing

http://www.hydrocarbonpublishing.com

WORLDWIDE REFINERY PROCESSING REVIEW is published by Hydrocarbon
Publishing Co. every quarter. Copyright 2009. All rights reserved. No part of this
publication may be reproduced, stored in a retrieval system or transmitted in any form or
translated into any language or by any means—electronic, mechanical, photocopying,
recording or otherwise—without prior written permission of Hydrocarbon Publishing
Company. P.O. Box 661, Southeastern, PA 19399 (USA). Tel: (610) 408-0117, Fax:
(610) 408-0118. E-mail: review@hydrocarbonpublishing.com




Abbreviations

1Q, 2Q, 3Q, 4Q ..(the) first, second, third, and fourth America
quarters, respectively IPO...oovviiiir, initial public offering
AAA ... American Automobile Association J Ve, joint venture
(USs) I =CT. liquefied petroleum gas
ANS ..o, Alaskan North Slope crude K e thousand
APl American Petroleum Institute (US) KL oo, kiloliter
ARA......ccoorn. Antwerp, Rotterdam, Amsterdam 0, pound(s)
ASTM ..o American Society for Testing & V1= [ Ministry of Economy, Trade and
Materials Industry (Japan)
borbbl..... barrel(s) MM ..o, million
B billion MOU...cocovrrinn. memorandum of understanding
boe ..o barrel(s) of oil equivalent 11701 JRR miles per gallon
CA .o, California Moo metric ton
CAA.........cceine Clean Air Act (US) MW .o, megawatt
CARB........cc.co... California Air Resources Board NA. e, not applicable or not available
(o1 [ cubic foot, cubic feet NAAQS.............. national ambient air
Cflev cost and freight quality standards
(o1} T cost, insurance, and freight NESCAUM ........ Northeast States for Coordinated
Concawe.............. Conservation of Clean Air and Air Use Management
Water Europe NG ..o natural gas
CIS .o, Commonwealth of N[ I natural gas liquid
Independent States NPRA ..oovvevrre, National Petrochemical & Refiners
CNG.....coveevevee compressed natural gas Association (US)
(01 AP centistoke NWE.......cccovvenae Northwest Europe
[0 IR day NYMEX ............. New York Mercantile
DOE.....cooevviene Department of Energy Exchange (US)
EEC ..o European Economic Community OECD.....cccvvuvene Organization for Economic
EIA e, US Energy Information Cooperation & Development
Administration OPEC......ccceeuenene Organization of the Petroleum
EPA oo, US Environmental Protection Exporting Countries
Agency OSHA.....cccois Occupational, Safety and Health
=1=Tof(\Y,) [ engineering, procurement, Administration (US)
and construction (management) PC .o petrochemical(s)
EULS.....cci 15 original EU members PM ., particulate matter
EU25......cccccee EU15 and the 10 new members RBOB........c....... RFG before oxygenate blending
admitted in May 2004 (S C T reformulated gasoline
EUROPIA........... European Petroleum Industry (2417 refining, marketing, and
Association (Brussels) transportation
FCV .o fuel cell vehicle RVP ..o Reid vapor pressure
fdeoeee free delivered SCAQMD............ South Coast Air Quality
FEED......ccce.e... front-end engineering design Management District (California)
fOD..oiii free on board VLCC ...ccove. very large crude carrier
gal ..o, gallon WTI i, West Texas Intermediate
GTL oo gas to liquid(s) Yoot year
S hour [ US cent(s)
HlorH2......... first or second half of the year € EU euro(s)
ICE...oiiiiiiis Int'l Commaodity Exchange (UK— £ UK pound(s)
formerly Int'l Petroleum Exchange) B e US dollar(s)
IEA .o Int'l Energy Agency (Paris-based) ¥ Japanese yen
IPAA.......ccoie Independent Petr. Assoc. of

Please note that other international currencies are abbreviated using International
Standards Organization codes, which can be found at www.xe.com.




3Q 2009 Review
Hydrocracking and Catalytic Reforming

I 111 oo [0 Tod £ o] 1P T TR OR PRSPPI 1
2. HYAFOCIACKING ...ttt bbb bbbttt ettt b et b e st n e e 3
2.1 MARKET/TECHNOLOGY TRENDS & OPPORTUNITIES ...vevvitttiseaseteseaseseseasessessasessessesessessesessessesessessesessessessasessensns 3
P22 0 R [ 1 o [0 ot T o OO TS TOPRPRRR 3
2.1.2 Market Conditions and OULIOOK...........cccueiiieieiisie sttt st st ere e e eneeneens 4
2.1.2. 1 FUBE DEIMANG. .....ccuiiieitiiieiee ettt bbbt et e b et b et e s be b e e re et ese e e eneas 4
2.1.2.2 Capacity, Expansion, and Project Delays .........cccciviieeiiiiieiiiiicie et 7
P B O 171 VS A1V 14 ] S 9
2.1.3 Technology Competition, Direction, and FULUIe PrOSPECES .........cccoerieireieinieiee et 10
2.1.3.1 Changing FEEASIOCK ........c.oiiiiiiiieiieeee ettt bbbt nn s 10
2.1.3.2  CatalySt DEVEIOPMENLS ......cviiviitiiie ettt st re e e e e e e e st e besbestesneeneennens 11
2.1.3.3 Process Design and Hardware DeVEIOPMENTS .........covevieierireie e et eeae e 13
2.1.3.4 Revamp and INtegration OPLIONS ........ccoeiviirieiiirieiie ettt sttt 16
2.1.3.5 Research and DEeVEIOPIMENT .........cociiiiiiie ittt sbe bbbt e e see s 18
2.2 STATE-OF-THE-ART TECHNOLOGY .....utitiiueisteesteaseasresseesteesteesseasseasssasesasessseanseassesssessssssesssesssesnsssnssnesssesssesnsenns 19
P2 R [ 11T [0 Tot T o OO OSSO PRSPPI 19
2.2.2 Commercial and Emerging Process TEChNOIOQY .......c.ciuiiriiiiiiiiiieieeesie st 20
2.2.2.1 AIDBMAIIE ..o bbb bbbt e bbbt e et nne 21
2.2.2.2  AXEBINS ... R R R R e e R e Rt e R e R e e Rt e R r e R r e nr e reenre s 21
2.2.2.2.1 Mild HYdroCraCking ........ccceieiuireiieieieeseesesestesese e seee e sne e e ssesneeneeseeseeneenes 22
2.2.2.2.0.1  HYC-10/HYC-10F ..ooiiiiiicieiceicieee et 22
2.2.2.2.0.2  H-Ollpg coveeeiiiieiie et 24
2.2.2.2.0.3  HYTaIl oot 25
2.2.2.2.2 Medium-Pressure HydroCraCking.........ccccevevivrivirsiesieeie e e s e 26
2.2.2.2.3 Conventional (High-Pressure) Hydrocracking ............cccovovineinininninecenee 26
2.2.2.3 Chevron LUummUS GIODAI ........ccoiiiiiie e 29
2.2.2.3.1 Mild ISOCRACKING ..ottt 29
2.2.2.3.2 ISOCRACKING.....cceciitiieiistiies ettt bbb 29
2.2.2.3.3 Optimized Partial CONVEISION ........cccoiiiriiiriiieiresiese e 33
2.2.2.3.4 Split-feed Injection and Single-stage Reaction SeqUENCING.........ccccvevvereieienienienn 35
2.2.2.3.5 ISOFLEX.....iiiiiiiiiieiisieiet ettt ettt bbbt nbe s 36
2.2.2.3.6  REACLOr INTEINAIS......ciiiiiiieire e 38
2.2.2.4 DuPoNt Clean TeChNOIOGIES ........cviuiriiiiiricit et 38
W ST (o] 111, o] o | OSSOSO 41
2.2.2.5.1 Single-stage MPHC ..o et st 41
2.2.2.5.2 IMPHC-PTU ...oiiiiiiieiee ettt 46
2.2.2.5.3 MPHC-LCO ..ottt ettt bbb 47
2.2.2.5.4 TWO-StAgE MPHC ......ciiiiiiiiese bbb 49
2.2.2.5.5 Spider-Vortex Reactor INTErNalS..........cccceviiiiieiisieseeie e 51
W T o T 1[0 o G 0T 1YL= SRS 51
2.2.2.6.1 Mild HydroCraCKing .........coeirueiiiinieiiinieiseses st 51
2.2.2.6.2 Staged Partial Conversion (SPC) Hydrocracking..........cccceeevenenenenenesciccenee 52
2.2.2.6.3 Back-ENnd Shift (BES) PrOCESS .......coviiiirieiiirieie st sese ettt se e snene e 52
2.2.2.6.4 ReACLOr INTEINAIS. .....ciiiiiiieire bbb 53
2.2.2.7 Shell GIODAl SOIULIONS .......oviieeiiieciee ettt ne et nee s 53
2.2.2.7.1 Conventional HydroCraCking.........ccccurieieienineiisise e e 53
2.2.2.7.2 REACION INTEIMNAIS.....ccviieiiiiieiree et 55
p < TS 11 To] o TSP 56

3Q 2009

I

Hydrocarbon Publishing Co./Copyright Protected



2.2.2.8.1 Flexible Hydrotreating/Mild Hydrocracking ............ccoceevvirenninennienenseseee e 56

2.2.2.8.2 Medium-Pressure Hydro-Upgrading...........ccoeveeieieneie e 57
2.2.2.8.3 FDC Single-stage, Double-catalyst Hydrocracking..........cccccoevevvivvnvicvencnese s 59
2.2.2.9 UOP... ittt bbb bR bt b e bt b e eh et b b et abe e benre e 60
2.2.2.9.1 MHC UNICIaCKING......coviuiiuiriiiiiiiieisitsiese sttt 61
2.2.2.9.2 UNICIACKING . ....eiitiiiiieie ettt ettt e bbb b 62
2.2.2.9.3 Partial-conversion UNICraCking .........ccccviveieiieiiiiiiiie s 66
2.2.2.9.4  DIESEIMAX ..e.viviitiieiiitiieeesie ettt bbbttt b et bbbt nane 71
2.2.2.9.5 HyCyCle UNICraCKing.......cccouruiiiiriiirinieisenieses et 72
2.2.2.9.6 Advanced Partial Conversion UniCracking..........cccocoooeiiienenininisiene e 74
2.2.2.9.7 HPNA ReMOVaAl SYSIEMS .....cuveiiiiiiiiieiiesiesteee e ste st sre et re s e s ae e sre e ens 75
2.2.2.9.8 ReACLOr INTEINAIS ...c.ecviieiieiirie e 76
2.2.2.10 Summary of Hydrocracking Process TEChNOIOGIES .........c.ccureiiiriiiiiiiiscreeec e 76
2.2.3 Commercial and EmMerging CatalyStS..........ooi ittt 80
2.2.3.1 Advanced Refining TEChNOIOGIES ........ccviiiieiiieie e s eneas 81
2.2.3.2 AIDBMAIIE.....iieceeee bbbt h e et bt nae b b 81
R T T ¥ (-] 1 LTRSS 83
2.2.3.4 Catalysts and ChemiCals INAUSTIIES........ceiiriiiieie st sbe e 84
2.2.3.5 Chevron Lummus GIODEL...........ccoieiiiieiiiieiese ettt sne e 84
2.2.3.6 Criterion Catalysts & TeChNOIOGIES ........ceiveeeieiererire e e nne 88
2.2.3.7  HAlUOr TOPSBE.....eeeeiiiteieeieite ettt ettt b ettt b e bbbt et b ettt eb e et e b e et e sbe e b e sbe e 90
P B T N1 o] o To] 1 OSSR USRPRTUTSRTRN 92
B e IS 11 To] o LT oSSR 93
2.2.3.00 UOP... ettt bbbt bbb bbb bt E bt b e bt b e b et ebe e benre e 94
2.2.3.10.1 Maximizing Middle DiStIIAtES ... 94
2.2.3.10.2 Maximizing Naphtha Production .............ccocueiiieiiiiiiie e 95
2.2.3.10.3 Catalyst Design Engine and Recently Developed Catalysts...........ccccoeevvvvnvivnnnenn, 95
2.2.3.11 Summary of Commercially Available Hydrocracking Catalysts ...........cccccevviererinninsienininnnnns 98
2.2.4 Commercially Available Control and Optimization SYStEMS ..........ccciireiriiniene e 99
2.3 PLANT OPERATIONS AND PRACTICES.....cutitttiittatiasteateesteesteesteasseaseasseasessseaaseasseassesssasssesseestesssessesanesssessessseenns 104
2.3.1 Process Designs and OPEIALIONS ......c.ccciueiuiiieiieiisieiieeieeieestesestestestesseeseessesaessessessessessesssessessessessessenses 104
2.3.1.1 Shifting from Maximum Naphtha to Maximum Middle Distillate Yields.......c..c..cccccererrnine 104
2.3.1.2 Reactor Configuration Options for Distillate Production .............cccccevvriiiiiininiesieierene e 105
2.3.1.3 Maximizing Diesel Production in VGO HydroCraCkers ...........cccoerererenenienieienene e 106
2.3.1.4 Changing Configuration to Boost Yields and Process Alternative Feeds...........cccceevrvernnenn. 107
2.3.1.5 Upgrading LCO and/or HCO in HYdroCraCKErS ........c.ccueverieiisieresesiesieeieseese e e eeeneenae e 108
2.3.1.6 Integrated Processing SCHEMES ..o 109
2.3.1.7 Economic Considerations in Hydrocracker DEeSIGN .........ccccveeriieieiiienenineeieee e 109
2.3.1.8 Setting OPerational PrESSUIE .........cviveieiiieiesiesie st te e se et et st e e sresta e e e e sae e e besresresre e 110
2.3.1.9 Comparison of QUENCH SYSIEMS .......ccviviieieicre e sre e 111
2.3.1.10 Benefits of Moderate Pressure Hydrocracking (MPHC) in Clean Diesel Production ............ 112
2.3.1.11 Mild Hydrocracking (IMHC) .......cooeiiiiieice ettt 113
2.3.1.11.1 Mild Hydrocracking: Feedstock, Conversion, and Product Quality ...................... 113
2.3.1.11.2 Retrofitting VGO Hydrotreaters to MHC UNitS..........ccccooovvvrviicieence e 114
2.3.1.11.3 Options for Improving the Cycle Length of Mild Hydrocrackers .............ccccceeee. 115
2.3.1.12 Undercutting LVGO to Increase Hydrocracker Utilization ............cccoooeieiiiininienininicee 116
2.3.1.13 Increasing Feed Flexibility to Allow Resid Hydrocracking..........cccccoovvvevieveneiesiesie e, 116
2.3.1.14 Posttreatment of Hydrocracker Naphtha for Downstream Catalytic Reformers..................... 117
2.3.1.15 Process Revamp for Added HyS REMOVAL ......c.ooiiiiiiiiiiceee e 118
2.3.1.16 Reactor Revamp to Improve ULSD ProduCtion ..........c.cccooeiiiinininieeiee e 118
2.3.2 Catalyst Selection and DEACHIVALION ..........ccceiiiiiiiieeieieee et e e e e e reees 120
2.3.2.1 Selection Process for Hydrocracking Catalysts .........ccoeeererinieriesnne s 120
2.3.2.2 Catalyst for Processing Various FEEAS...........cciiriiiiniiiieree e 120
2.3.2.3 Effects of a Catalyst Change on Gasoline QUality ..........cccoeriiiiiiiiieniiieeee e 121
2.3.2.4 Catalyst Structure: HOmogeneous VS. STACKEd............ccceveiviiiiicie s 121

3Q 2009

i

Hydrocarbon Publishing Co./Copyright Protected



24

2.3.2.5 Ex-Situ Presulfiding of Hydrocracking Catalysts...........ccocereiireneiineneienense e 122

2.3.2.5. 1 CRI ottt ettt ettt ettt b et b et ab et b e erears 123

2.3.2.5.2  BUIBCAL......ei ittt ettt r b b n e nr e nr e e ne s 123

2.3.2.5.3 TRICAT oottt ettt et bbbt 123

2.3.2.6 Hydrocracking Catalyst in the Last Bed of @ ULSD Unit ........cccccoviviiinininne e 124
2.3.2.7 Disproportionate Catalyst Deactivation in the First Bed of a Hydrocracker .............cccccc...... 124
2.3.2.8 Asphaltene Contribution to Catalyst Deactivation .............ccocevveieviniciinine e 125
2.3.2.9 Hydrocracking Catalysts for Cold Flow Property Improvements ............ccocvevvvviveecreneenienns 126
2.3.2.10 Recovering Spent Hydroprocessing CatalyStS.........ccooeveireinineinienesenee e 126

2.3.3 Fouling, Particulate Deposition, and COrTOSION ..........cciiiiiieiiienie et 127
2.3.3.1 Causes of Hydroprocesser Fouling and Possible TreatmentS.........cccoceevevvvieireiveiecne e senees 127
2.3.3.2 Elimination of Polynuclear Aromatics (PNA) BUildup........ccccoveiveveniiiisiiece e 128
2.3.3.3 Iron Sulfide Buildup in VGO HYArOCraCKErS.........ccoiiiiirieisienieisienese e 129
2.3.3.4 Feed FIlter OPEratioN .........cccoiiiiieiieieie ettt b bbbt 130
2.3.3.5 Corrosion DUE t0 FIUOIITE ......c.oiviiiiiiieise et 131
2.3.3.6  Corrosion in AuXiliary EQUIPMENT .......ccvieieeeeiee e et 132

2.3.4 Detecting and Preventing Process Variable Problems..........ccocooviiiiiiineneeeseee e 132
2.3.4.1 Increased Yield using Multivariable Predictive Control (MPC) .......cccccoiiiiiiiniiniicie 132
2.3.4.2 Detecting Radial Temperature Spread and Preventing Reactor Runaway............ccccccevevvenenn. 135
2.3.4.3 Improving Hydrocracker Temperature CONtrol..........cccoovvvrieiiveeeieciere e 137
2.3.4.4 Ammoniation Passivation DUFiNG SArtUD ........cccooeririiinenieeseee e 141
2.3.4.5 Inline Hydrocracker Cleaning SYStEM .........ccooiieiiiiiiie e e 142

2.3.5 Safety and DEPIrESSUIIZALION ........coueiviiieieeieeeie et e e e et a et e e st e st e tesaeste e e esae st e bestesresbesneeneeseenes 142
2.3.5.1 HydroCraCker SAfELY ........ccviviiiieiicie s 142
2.3.5.2 Emergency Depressurization: Triggering Criteria, Rates, and Modes ..........ccccooevvvenerinnnnn 143
2.3.5.3 Operational Status of Emergency Depressurizing Valves and Interlocks ..........c.cccceveienene 145
REFINING R&D ALERT! ..ttt ettt b bt e st e s b et enbe e et e e e s meeeneesne e neenneens 145
2.4.1 General Hydrocracking IMPrOVEMENTS. .......cveveiiereresieseseereeeessese e ste e sresraseeseesaeseseessessessessessesnees 150
O R (0 1oL PR STRSTIPR TSRO 150

F A R = 1 =1 | TSSOSO 150

2.4.0.0.2 RESBAICH ...ttt 152

O O 71 1) SRS 152
O A R (< | PP URRTRTR 152

2.4.1.2.2 RESEAICH ... bbbt 155

2.4.0.3  HAIOWAIE ....ocviiieicecie ettt b et bbbt b et b et et b ettt et b e 159
2.4.1.3. 1 PAENES ..ottt bbbt n s 159

2.4. 14 OPBIALION ..ttt ettt bbbtk b etk bbbtk bRt E Rt b e bbbt be bt 160

p A R o 1 =1 | TSSO 160

2.4.0.4.2 RESEAICI ....cviiiiiciiite ettt ettt enn 160

2.4.2 Product Selective HYAroCraCKiNg ........ccovivrveieieresiesesese e eesee et ta et snesre e enaeseenes 160
O R o (010l SRR STRUPURTION 160
B R o 1 =1 | TSSOSO 160

2.4.2.1.2 RESEAICH ...ttt bbbttt 163

O O 11 1) SRS 164
A R e (< | PSSR RTP 164

2.4.2.2.2 RESEAICH ... bt 164

2.4.3 HeaVvy OIl/RESIH FEEUS.......cciiecieieieie sttt st e be s e e sa e e et e testesteaneeree e enes 165
2.4.3.1  PrOCESS ...ueetite ittt b bbbttt b bR bR R R R R Rt R Rt R R Rt Rt r e 165
O I N R 1 (< | OSSR 165

2.4.3.1.2 RESEAICH ...t bbbt 168

2.4.3.2 CALAIYST ..ottt bttt b 169
2.4.3.2. 1 PAENES ..ottt bbb b n s 169

2.4.3.2.2 RESEAICH ...eoiie ittt 171

2.4.4 Hydrocracking Alternative FEEASIOCKS ........couiiiiiiiie i e 172
2.4.4.1 FiSCher-TropSCh LIQUIAS.......ccviiiicieitiie ettt n e e 172

3Q 2009
i

Hydrocarbon Publishing Co./Copyright Protected



A Ot N = (0101 172

244001 PaBNS ...oveiieeieiiiieieeste e sttt sttt st et be e nre e 172
244102 RESEAICH ...ciiiiicici et 174
2.4.4.1.2 CatalySt .....oocee e 176
244121 PaleNlS...c.ciiiiie et 176
244.1.2.2  RESEAICN ..ot 177
2.4.4.2 RENEWADIE FEEUS.......ociiiie ettt ettt 177
24.4.2. 1 PIOCESS ...ecveteteeteeieeii ettt b bt se et b e bbbt e et ne bbbt b e e n b ene e 177
2442101 PaleNIS...cciiiieecie et 177
244212 RESEAICN ..ot 178
2.5  WORLDWIDE INSTALLED CAPACITY ..iiuttiueiitteiteeteasteasresseesteesteesseassssssssmesasesaseanseassesssesseesseessesssesnsssnnsssesssessseenns 179
2.0 CONSTRUCTION ...utiutertitistesteetesseeseessessesseasesseaseasee e easeneeasenbeeh e e b e e se e s b e e e b e AR 4R e AR e 4R e eb e e e en b e nE e ab e e b e ehe et e e e en b e nnennenbeane s 182
2.6.1 ReCent CONSIFUCION ACLIVITY ....c.ooiiiiiitiiieeiteee ettt et 182
2.6.2 Completed CONSIIUCTION PrOJECES. ......viiiieitiiteie ittt bbbt e e e bbb s 189
2.7 REFERENCES ......ttittetteattesteesteestee st aeeaseesseesseeaseessees st as s e ase e s b e e aE e e Rt e Re e 4R e e eR e e eR e £ R e e a R e eR s e eE R e nE e e s EeenEe e nbeenneannesneeaneenneenns 198
Catalytic REFOIMUING........coi et re et e esre e re e 215
3.1  MARKET/TECHNOLOGY TRENDS & OPPORTUNITIES . ....c.vettitereetestereatesteseetessesessesseseesessesessessesessessesessessensesesseneas 215
B 200 0 R 191 oo [0 Tod o o PO ROTRRTROPRPP 215
3.1.2 Market Conditions and OULIOOK ..........cc.ooiiiiiiiiiiiii et bbb e sbe e 215
3.1.2.1.1 Supply and DEMANG .........ccceiueiiiiiieieiieie ettt sttt st nn s 216
3120001 GASOIING oottt 216
3.1.2.1.1.2  Aromatics (BTX) ..ecviviriciiiirieiiicieesie st 217
3.1.2.1.1.3  Pricing TIENUS ....cceivevirieieresieistesieiesiesiesesie s et sreestesreessesresesse e 219
3.1.2.1.1.4  Catalyst COSES.....ccveiiiieiieiiecit st 220
3.1.2.1.2 Catalytic Reforming CapacCity.........cccovvivrieieeieniiererisesese e 221
3.1.2.1.3 Fixed-bed Reformers vs. Continuous Catalyst Regeneration Units....................... 221
3.1.3 Technology Competition, Directions, and FUtUre ProSPECLS ........ccccucieriireieiineneeiee e 223
3.1.3.1 Process Operations, New Units, and Revamp ProjectS.......c.cccccevereienesecieeiieie e sie s 223
K TN B O 71 1) <SP 225
3.1.3.3 THENAS IN R&ED ....ccuiiiieie et ettt et e st e besbesbeeteeneene et e eeneenne s 226
3.2 STATE-OF-THE-ART TECHNOLOGY ....ecuttiuttittaiteateasteattasteesteesseasseasessssasessseaaseanseassesssasssessessbesssessesnssssssssessseenes 227
K T R [ 11 (oo [0 To1 T o OO SO 227
KT o (o Tor= T I T o] [T S 228
B.2.2.1  AAXEIIS ettt — e e aR bt e ot e e e bt e e teeanbe e e taeanbe e e teeabe e e taeareeans 229
3.2.2.1. 1 SEMI-TEYENEIALIVE .....eeviieeiteiti ettt sttt ettt bbbt et seesbe b sbeenas 229
I B @ Tox v 121 43T SR 230
3.2.2.1.3 Dualforming/Dualforming PIUS ..........cccooeieriirieiieieiece e 232
3.2.2.2 EXXONMODIL ...coiiiii e e e 234
B.2.2.3 Uittt e b e bRt Ee bRt Re bttt naens 234
I o o - 0] 4 11T SRS 234
K I B O @1 = - 0] 1 21 o S 235
3.2.2.3.3  CYCIBX oottt b et 237
3.2.2.3.4  ChIOISOTD .ottt 239
B.2.2.4  ZBOSIT...ueeeiieieiiee ettt bt bt E et Rt be et Re st r e b bt et aens 240
3.2.3 Summary of Commercial Process TEChNOIOQY .......ccuevvrieiiriiiiise s eie e 241
3.2.4  COMMETCIAL CALAIYSES ......eiviieiiitiieieete ettt et b e ettt eb e e b e sbe e 243
KT O R AN C: 4SO 244
3.2.4.1.1 CCR CatalYSIS....cuiiuiriiieiiiiiicirieete ettt 244
3.2.4.1.2 Fixed-hed CatalyStS........ccccrueieiiiiiese st 245
3.2.4.2 BASFE CatalYSIS .....ciiiiieiieiiiie ettt bbb et 247
3.2.4.3 Criterion Catalysts & TeChNOIOGIES .........cceiiiiiiiii et e 247

3Q 2009

iv

Hydrocarbon Publishing Co./Copyright Protected



3.3

3.2.4.3.1 CCR CAtaAlYSES ..ottt 247

3.2.4.3.2 Fixed-Ded CatalySts ........ccoiiiiiiiiiiiese e 248

3.2.4.4 EXXONMODI...coiiiiiiiiiice e e e et 250
3.2.4.5 Indian Petrochemical COIP. .....coveieiieiire ettt n e s 250
B.2.4.8  SINOPEC ...ttt bbbtk b et h e b b e b bbb e bbb bbb bt 250
3.2.4.6.1 CCR CAtalYSIS ...cvevivieiiieiciiiieiee sttt ens 250

3.2.4.6.2 Fixed-hed CatalyStS ........cccviviiiiiiieiisc e e 251

K I B A U L @ | SO PRSP 251
3.2.4.7.1 CCR CAtaAlYSES ..ottt 251

3.2.4.7.2 Fixed-Ded CatalySts ........ccoiiiiiiiiieiee e 253

3.2.5 Comparison of Commercially Available Catalysts..........cccocoveiiiiiiiiiiiiinicc e 255
3.2.6 Additional Catalyst and Adsorbent TEChNOIOQY ......cc.evvviieieiiiiie e 257
T I R L V(- 1 SRS TUPUPRURTION 257
3.2.6.2  CONOCOPNIITIPS. ...ttt ettt bttt se bbbt beer e e e 257
3.2.6.3  Johnson Matthey CatalyStS ..........cccciviieiiieiieiiieie sttt 258
3.2.8.4  SUG-CREIMIE ...eviieiiiteiieeete ettt bbbt bbbt be st b e b st e bbb ne s 258
KT T T UL | OSSOSO 258

3.2.7 Comparison of Commercially Available Advanced Control and Optimization Systems ...................... 259
PLANT OPERATIONS AND PRACTICES .....cttitieutietiesiiesieesieeste e et s s sseesne e s essesssesseesreesbeesbeenneasessneesneesneenreennenns 262
KT 20 A T N o o] 0T AT PSSR 262
3.3.1.1 Product Slate and FEEA TYPE .....c.vruiiiiriiieirieis ettt 263
3.3.1.2 Feed Rate CONSIABIALIONS ........couiiiiiieieeieie sttt b ettt se bbb bbb e e 263
3.3.1.3  SUITUr MANAGEMENT ....eeiiiiie ettt e et st e e s be et e e s e e b e e et e besbeebeereeneeeente e es 264
TR T 0 S | o] [PPSO P PR PR PR PR 265
BL3LL5  IMIBICUIY .ottt bbbt h bbbt Rt Rt 266

3.3.2 Problems Encountered when Processing Non-straight Run Naphthas...........ccccccooiiiiiiniiicnen, 266
3.3.3 Reformate Benzene and Aromatics REAUCTION .......oceveiieiieienieiceie e 268
3.3.4 Chloride and Water Monitoring and CONEIOl............ccovviiviiieiieree e 270
3.3.5 Chloride-related ProbIEMS .......c.ooiiii et 270
3.3.6 Red Ol iN the REFOIMET .....ccuiiiiieee e bbbttt b e bbb n e e e 273
3.3.7  PrOUUCE SIALE.... vttt ettt bbbt et b et b ettt e et e ettt b e 273
3.3.7.1 Maximizing Hydrogen ProdUCHION ..........cceviriiiiieieeiese et 273
3.3.7.2 Aromatics Production in Catalytic REfOrming .........cccooevviiiinninenn e 274
3.3.7.3 Flexibility in Naphtha Conversion for Integration with Petrochemical Plants....................... 274

3.3.8 Revamping Fixed-bed Units to CCR Reformers or Hybrid UnitS..........cccccooeviviiiennniesie e, 275
3.3.9 Revamping Semi-regenerative Reformers to Low-pressure Operations...........cocvvevvvrvrveeereenereneenens 276
3.3.10 Strategies to Maximize Reformer Profitability During a Revamp ........c.ccveviiniineneineeseeee 276
3.3.11 RUNNiNg CCR N LOW-COKE IMOUE ......cueiuiiiiiiiie ettt sttt bbbt se s 277
3.3.12 Hardware INternals FailUre...........ccooiiiiiiice et 277
3.3.13 Extending the Cycle Life of Semi-regenerative REfOrMErs ..........cccocvvvvivviveicieciese e 278
BL3LL3LL CALAIYST ...t bbbttt et 278
3.3.13.2 Operating CONUITIONS. .....cc.ciiiirieiieie ettt ettt e b se bbb e beenees e e e e e e 279

3.3.14 Reducing Frequency of Turnaround in CCR and Cyclic Regeneration Reformers..........c.ccocevevvennnne. 279
3.3.15 Improving Energy Use and Reducing CO, Emissions in Catalytic Reforming.........c..ccccceevvvvivvvnnnnnn. 280
3.3.15.1 Reformer Heat Exchanger Types and Operating Problems............c.ccoeovrenninenninensenee 281
3.3.15. 1.1 WEIAEd PIAL......coiviieeicieiieiice ettt 282

3.3.15.1.2 TWISLEA TUDE ...ttt 285

3.3.15. 1.3 ROU BAFFIE ..o s 285

3.3.15.2 Fired Heater Capacity and EffiCIENCY .........ccoiiiiiiiiiiiiieseesee e 285
3.3.15.2.1 GENEral SIrAtEOIES. ... .cviieeeerieiteeieeieeiee ettt bttt be bbb see s 285

3.3.15.2.2 CCR Reformer FUrnace UPQrade ........cccceiueveieiiinieie e seesie st sensnneneas 286

3.3.15.2.3 Ceramic Refractory COAtING .......cccvvrviveieriereresesesieseseeee e esiesreste e e sresneeneas 287

3.3.15.3 CatalySt REGENEIALION .......eiveiiitiieiiete ettt bbbt 288
3.3.15.4 Advanced Process CONTIOL.........coiiiiiiieieee et s 288

3Q 2009
\Y

Hydrocarbon Publishing Co./Copyright Protected



3.3.16 Using Pre-reduced and Pre-sulfided CatalySt ..........cccoeiriiiiiiniiereseneese e 288

3.3.17 Platinum Losses from Reforming CatalySt.........ccoeiiieiiiiie i 289
3.3.18 Justifying @ Change Of CatalySt..........ccciviiiiiiiiiceicsc sttt s re s reens 290
3.3.19 In-situ Regeneration and its Importance for Reclamation .........c.cccecveveiire i snse s 290
3.3.20 Problems in the Catalyst Circulation LOOP.........cociiiririiiiieinieriee e e 291
3.3.21 Separating Useable Catalyst Pills from FINES ..........ccooiiiiiiiiiiiie e 292
3.3.22 Advanced Process Control in Catalytic Reforming UNitS..........ccccvviiiiiieiiicic i 292
3.3.23 Online Measuring Tools: NMR Spectroscopy and Gas Chromatography...........cccceevvivrverierenesesnnnn 293
R o S TN [N e R e B I AN =1 1 RO 294
I A [ 411 o To [0 To3 1T PRSP ROTRROURTRTRN 294
B 0ot RSP 297
K I A @0 ) 1o U - [P 297
B S R = (=111 PP OUURR P 297
3i4.2.1.2 RESBAICN c..ccuviiitee ettt ettt ettt e e e st e e be e et e et be e ehr e et be e naae e streenare e e 301
Bi4.2.2  HAIOWAIE ....cuiiiveicte ittt ettt be e b e e b e et e et eebaesb e e s be e beebesabesaeesbeeebeeabeenbesnbestaesteens 302
K N - 1 =] 1 PSS 302
R = (<11 T 1 o ORI 303
I B T Y, [T [T T T OO SO 303
I T R =YY 1o o [P OPRROT 303
KB B O - |71 S 306
3.4.3. 1 MURIMELAIIIC ...ttt e et e et e st e e sba e e sbeesbesesbeesnbesans 306
R T N A =\ (<] | OO 306
R T N =TT 1 (o o [PPSO 307
Bi4.3.2  ZBOIIT vttt e e e e be e abe e beebeehbeebeeabeebeenbesrbenraen 312
Bi4.3. 2.1 PABITS ... iveeee ittt e e et e e e b e e e tre e e ebre e e s aabaeean 312
314.3.2.2  RESBAICN ...cuvii ittt ettt ettt eb e e st e e b e e et e e st be e ehre e ntbeeeare e stbeenare e 313
3.4.3.3 Promoters and AGGITIVES .......ccueieiiiiie ettt ettt sttt ste b s sre e sbe e sbeebessbesraesraens 313
K T T R - 1 =1 1 <SPS 313
3.4.3.4  PIAatiNUM RECOVETY .....ocuiiiiiitiieeiiete sttt et b ettt sb ettt b et b ettt sb ettt sttt b e b 314
R T N =\ (<] | OO 314
3.4.3.4.2 RESBAICKN .....viiviiiti ittt sttt b bbbt et ara e are s 314
3.5 WORLDWIDE INSTALLED CAPACITY .uitiititeititeiteeitteesteeestreesseeestseasseesssssesssesssssassesessssessssessssessessssssensessssssenseesssns 315
T I 0] N £y = 1U Lo i [0 N PRSI 318
3.6.1 ReCent CONSLFUCTION ACLIVITY .....eiueiuieiiiiiie ittt sb bbbt ebe e bbb ees 318
3.6.2 Completed CoNStIUCTION PrOJECES. ... cviiiieiiitiie ettt sttt st e st be e re et e e e e e besresreens 321
R A = =l =1 N o =X USSR 324
Latest Refining Technology Development and LiCENSING........ccocuririeieiereseneneseseeeeeees 337
4.1 FLUID CATALYTIC CRACKING ...cciittteeiittiteeeitteeeeitteeesetteeeeaateeeesbeeaeabbeeeaassseaesabaeaeabbeeesaaseeesssbeeesantbesesnnseeesssreeann 337
4.2 HYDROTREATING (INCLUDING HDS) .....coiiiiiiiiiiiii ettt ettt sttt ettt esbeaneenaena bt snenns 338
4.3 DESULFURIZATION (WITHOUT HYDROGEN) ...utivtiuietieseisiestestestesseaseeseesseseessessessessasssessesesssesssssessesseessessensensessenses 338
A4 DEASPHALTING.....ccctteeeiitteeeeeitteeesettee et etbeeeeatteesesebeeeeaatbeseaasteseesbaseeabaeseaasseeessabeeaeanbbeseaassesesssbeeesantbesessseeesssrenens 339
4.5 RESID UPGRADING. ....ccciittiteeititieiitteee s ittt eeaiteeeesateeaeaatteeeaasteseesbseaeataeeeaasssseessbaeaeastbseeaaasesesssbaeesansbesesnsseeesssrenans 339
4.6 HEAVY OIL, EXTRA-HEAVY OIL, AND BITUMEN UPGRADING......cccciitiieiiiiieeiiieeeestireessneressneeesassneeessnsneessnneeas 339
4.7 CATALYST AND CARRIER SUPPORT DEVELOPMENTS ...iiitieiteeiteesteeiseessteeseeesssessssesssessssesssessssesssessnssssnsesans 341
4.8 BIOFUEL AND BIOCHEMICAL PRODUCTION ......ccitttteeiitteteeateeeeiireeeesittesesasseeesssbeeesaatsesesassesesssresessnssesesassseessssenens 341
4.9 CO, EMISSIONS (CARBON CAPTURE AND SEQUESTRATION) ....euieteeueeutestestestesteaseeseesessessessessessesneesesseessessessenses 342
o O |V Tod = I I = LSRR 343
411 REFERENCES....uteitteittteiiteesteeateessteesseesstessteessseeasteesssesasseesssesssseesssesasseesssesasseesssesanteesnsesasteesssessssesssessnsesnnsenans 344

3Q 2009

Vi

Hydrocarbon Publishing Co./Copyright Protected



1 INTRODUCTION

This issue of the Review covers recent hydrocracking and catalytic reforming technology advances,

technical challenges, and R&D work. Additionally, the "Latest Refining Technology Developments &

Licensing" section provides updates on various refining technologies.

In the hydrocracking section, new products and topics covered include:

Revamping a Chevron Lummus Global ISOCRACKING unit with a two-stage recycle configuration;
ExxonMobil's revamp of a VGO HDS units with MPHC design to increase conversion on the unit;
UOP's enhanced-two stage Unicracking process;

Albemarle's 1015MD distillate selective catalyst;

Axens's HYK 742 catalyst for use in their HyK-HC process;

Chevron Lummus Global's ICR 179, ICR D179, and ICR 183 catalysts;

Haldor Topsge's BRIM TK-605 catalyst;

Sinopec's RHC-1 catalyst;

New advanced process control (APC) systems;

Recent concerns and interests for refiners: using a flexible catalyst during an operational change;
maximizing diesel production in VGO hydrocrackers; upgrading LCO and/or HCO in hydrocrackers;
employing integrated processing schemes to reduce consumption of fuel oil, natural gas, and fuel gas and
CO, emissions; a need for novel catalyst formulations to deal with changing feeds and evolving product

demands; and advanced hydrocracking catalysts that improve cold flow properties;

Latest R&D works related to integration of HC and other processing units, kinetic modeling to improve unit
efficiency, use of amorphous solid acid, mixed zeolite and amorphous substrates in a single catalyst

formulation, mesoporous MCM-41, and heteropoly acids and anions.

In the catalytic reforming section, new products and topics covered include:

Updated information and Axens's, UOP's, and ExxonMobil's commercial offerings;
Profile Wire Scallops from UOP to allow for larger catalytic reforming units;

New reforming catalyst offerings from Axens, BASF Catalysts, Criterion Catalysts & Technologies,

ExxonMobil, Indian Petrochemical Corp., Sinopec, and UOP;

Advanced process control and catalyst management systems to improve efficiency and energy use;
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« Current plant practices and operations include feed considerations for optimizing product flexibility, meeting
product specifications, and limiting contaminants in the processing reactor; strategies to specifically reduce
benzene in gasoline products; avoiding the deposition of polynuclear aromatics in the reformer and heat
exchangers; experience for revamping fixed-bed reformers to full or partial CCR modes; schemes to extend
catalyst life and to reduce energy use/CO, emissions in catalytic reforming operations; identifying problems

in the catalyst circulation loop and justifying a catalyst changeout;

« Novel process, hardware, and catalyst technologies in patents and R&D work regarding process optimization
and flexible operations, modeling techniques, catalyst formulation, catalyst preparation, enhancing hydrogen

yield and recovery, utilizing halide promoters, and recovering precious metals from spent catalysts.

For clients who are interested in sharing this valuable newsletter company-wide, we offer a new service
called ReviewNET. It permits the licensed company to post all the technology topics on the company's intranet
system. Since we update the information often, ReviewNET will be your LIVE refining technology
encyclopedia. If you want to know more about this new service, send an inquiry to

review@hydrocarbonpublishing.com.

DISCLAIMER. The information and statements presented in this publication (Worldwide Refinery
Processing Review, ISSN: 1535 9085) are believed to be reliable, but are not to be construed as a warranty or
representation. The subscriber of the Review should undertake sufficient verification and testing to determine
the suitability for his or her own particular purpose of any information or products referred to in this
publication. The subscriber assumes full legal responsibility for the use and/or implementation of all
information provided. No warranty of fitness for a particular purpose is made. Nothing in this Review is to be

taken as permission, inducement, or a recommendation to practice any patented invention without a license.
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