WORLDWIDE REFINERY PROCESSING REVIEW

Monitoring Technology Development and Competition in One Single Source

First Quarter 2018

Sulfur Plant, and Alkylation and Olefin Oligomerization

Plus
Latest Refining Technology Developments & Licensing

@ HYDROCARBON PUBLISHING COMPANY

Translating Knowledge into Profitability ®
P.O. Box 815, Paoli, PA 19301-0815 (U.S.A.) Phone: (610) 408-0117/ Fax: (610) 408-0118

Review@Hydrocarbonpublishing.com



1Q 2018 Review
Sulfur Plant, and Alkylation and Olefin Oligomerization

1. INTRODUCGTION.....cittiiiittniiiteiiiiteniittesiiteasestssssostessssstssssosseasssstssssssssssssstssssssssssssssssssssssassssssasssssssssssssassssssansssssansssses 1
2. SULFUR PLANT . .cuiitteiiiteittenietenseitasietansittesseresssstsssossassesssssssssssssssessasssssssssssssssansssssssssssssssasssssnssssssssssnssssssssssnsssssnssssnnss 5
2.1 Market/Technology Trends & OPPOITUNITIES ........cc..cccueeeceeeiireeieesireeeieeeeiseeeieeeeiseeeieesiseseissesiseessssesisesesssesisesssseesses 5
2.11 g Yu oo [¥ o1 e o 1SRN 5
2.1.2 Market Conditions aNd OULIOOK ........eeiiiiiieeciie et e et e e e ee e e e saar e e e s treeessteeessnnaeeesssaeeeanns 5
2.1.2.1 Fuel Specifications and Unit Emissions CoONSIAErations..........cccccueeieiiiieiiiiie e eetee e sreeeeevae e e enee e e seneee s 5
0 0 2 0t A =Y e T o Yo = 1 Lo I STV =] PSP 5
0 2 0t Gt R |V T oY - 1Yo 1 [T [T U UUPPRN 6
0 2 0 0 A Y 1 o T | T B 11y a1 = TSP UUPRRRNt 9
A 0t O T = 1011 (=] ol L= S UU PP 11
2.1.2.1.2  Refinery Units EMItLiNG SUITUT ...cooeeiii et e e e e st e e e rate e e s enna e e e s naeeean 13
2.1.2.2  Sulfur Production, Demand, and PriCiNG........cccceeiiuiiieeiiiieeeiee e ccree e et e seee e e sre e e ssata e e sensaeeesereeeennseeesnnnees 14
2.1.2.2.1 Global Sulfur Production and DeMaNnd...........cceeeeuiieeiiiiiieeiieieeciteeeetiee e eetr e e eeae e e s eree e ssataeeesasaneesnnreeeas 15
0 0 2 0t R T U {0 ol e Yo [ ot o 1 S 15
A B Y U1 {0 o 0 1= 0 =Y o Vo [P UTR PP 18
A U | (U g o o ol YU UPPPRN 20
2.1.2.3  Sulfur Plant Capacity and EXPanSION.......cccccuiiiiiiei i ettt e e e e ettt e e e e e e settere e e e e e s eeatabaeeeeaeeeeansbeseeaesenanrreneas 21
2.1.3 Technology Competition, Directions, and FULUIe ProSPECLS ......c.ueeeecuvieeiiieeecciieeeeiee e stree e eeeee e e sveee e seaee e 22
0 N R Vol To I G TN 2¥=T 0 4o 1YY SRR 24
R T @1 - T LSRR 28
O e T I 111 - T I Y=Y o =SSR 35
2.1.3.4 Alternative Sulfur Production and Handling Methods............cccuiiiiiiiiecciiiiiiee et 40
2.1.3.5  AdVanCed ProcCess CONTIOl .....iiii it ettt ettt e e e e e sttt e e e e e e e ettt b e e e e e e s e aaabaeeeaaeeeeantbeseeaeseannsseneas 42
2.1.4 [070] s T TV o o PO TP UUU 43
2.2 RY e[ (=Rlo) B d gLy Vg A N =Tol g Lo oo |V RSP 44
2.2.1 g Yd oo 18 o1 e o 1SR 44
2.2.2 Commercial Process TECHNOIOZY ....ccccuviiiiiiee ettt e e e et e e e et e e e e saa e e esanaeeesnsseeeassneesennees 45
2 2 R Yol To I CT- 1S 2¥=T 0 4o 1YY SRR 45
2.2.2.1.1  AMEC FOSEEN WNEEIET ...ttt e et e e e e e e e bt e e e e e e eeeaataeeeeeeseesanbaaseeaeeeannnens 46
Nt 0 = 7 Y 47
2.2.2.1.2. 1 PUFATIEAT Rt aanann 47
N 0 A 1|V, 1 ] = 47
2.2.2.1.3 Dow Gas Treating Products and SEIVICES .........ccicuieeieiiiieiiieieecieeestee e estre e esae e e ssereeessataeeessanessnnseeeas 49
D T S 34 o 1Y/ e o Y| PSR 50
2.2.2.0.5  FIUOT ettt sttt sttt e st e s a e st e s a b e e sa b e e e a b e st e e ea b e e s b e e s abee s beenabee s beenabeesbeenareena 53
2.2.2.0.6  HUNESIMIAN 1 58
2.2.2.10.7  INEOS OXIOE...eeiteeeurieiirieeiiesiteesteesteesteesteesateesteessseessseasaseessseaasseesaseesssessnseesssesssessssessnseessessnsensnsessns 59
2.2.2.1.8  LUIGI/AIN LIQUIAE cecvveeiriectee ettt ete et ete e et et e e teeeateeeabeeeaseesabeeeabesebeeeabessbeesasessteeesessseesresans 60
2.2.2.1.9  Shell GIObal SOIULIONS ......viiiiiee et e e e e e e e e e ettt a e e e e e e eeeanbaeseaeeseesansaaneeaeaeannsns 61
2.2.2.0.9. 1 ADIP ettt h et et h et e h e e e bt e h e e e bt e e b et e b ae e bt e e b ae e bt e e be e e beeebaeenaeeeares 61
2.2.2.1.9.2  SUHINOL..ciieieeeee ettt e b et e b e e bt e e b e e e nae e e be e e bt e s baeenaeeeares 62
2.2.2.1.9.3  ADIP-X and SUHINOI-X ..eeiiiieiiiiecieee ettt st b e et e ba e e saeesbaeesaeeeanes 63
D 2 U K I U1 o LSOO PPTPPUORRTPIS 64
2 2 0t 0 Tt R 1 [ o o] o 1YY o1 o  JR S UUR PP 64
D 2 0t L0 I A =Y oo 1Yo T o o O UU PP 65
0 e 0 N U @ | O RSRPR 66

1Q 2018

|

Hydrocarbon Publishing Co./Copyright Protected



2.2.2.2  ACI GAS ENFICNMENT ceeiiiiiitteeie et e e e ee bt e e e e e eeebbaaeeeeeeeeesassaeseeeesenssssereeessanssrees 67

2.2.2.2.1  BASF ettt sttt e ea b e st e e e a bt e s b e e eabee st e e ea b e e s be e e bee s beeeabeesabeenabeesbeenaree s 68
W R o6 ( 1] \Y, o] o 11 ST UURSR 69
D A e T o [V o ) OSSP UUPN 71
2 3 S | G [=Tel o1 g Yo [T =4V A o T U U S UUPRN 72
2.2.2.2.4.1  HIGHSULF PLUS ... 72
2.2.2.2.4.2  TC ittt ettt ettt ettt ettt et e h e s h et bt h b e b et e ehte e b et e nhte e beeeehte e bt e e nhee e beeenaee e baeenheeebeeenaaenat 73
. TR @1 - T L3S USSPRSNE 74
D e T8 N © )4/ =<1 o T X o [ ol o =T = U SR 75
2.2.2.3.1. 1 AN LIQUITE ettt ettt et ettt et b e ae e s bt s at e e bt e e bt e s b e e e bt e s baeenbee e baeenaaenane 75
D . TR N - - SR URRIN 76
2.2.2.3.1.3  Duiker COmbUSTION ENGINEEIS .......uvviieiiieiiiiiiee e ettt e e ettt e e e e e e e etae e e e e e e eesabasaeeeeeeesnsraneeeaas 76
D A Tt N S o [V T Y PP 77
e T I C 1o - g 1Yo T I A XY Yo Yol =] =L 78
2.2.2.3.1.6  Linde/BOC GaseS/WOIIRYPAISONS.........cccueeiuieereeeitieeeteesreeseeestseesaeestseessesessseessseessseesseeessseenseeenes 80
2.2.2.3.1.6.1  Low-level ENFICAMENT .....cooie et e e e s re e e e naa e e s rneeeeesnsaeeeennes 83
2.2.2.3.1.6.2  SURE Single COMBUSTION ......uviiiiiiie ettt e et e e te e e st e e e s tae e e snaaeesnseeeesnsaeeennnes 83
2.2.2.3.1.6.3 SURE DouUble CoOmMBUSEION .....ciiiiiiiiiiiiec ettt e e e e e e rrr e e e e e e s e e aaraeeeeaeeeenns 84
2.2.2.3.2  SUD-0EW POINT ClaUS ...ttt e e ettt e e e e e e ettt e e e e e e s e tbtaeeeaaeseeansaeseeaesensnntbaneaaasannns 86
D . Ty R - 1 U SRRURN 86
I N B R - 1T 1ol V=T | (o o H U UPP 87
2.2.2.3.2.3  DEG-ITS ittt ettt et b et b e a e bt e s h et b bt e h b e e bt e e nat e e b e e e nate e baeenbee e beeenaeeeat 90
2.2.2.3.2.4 Jacobs Comprimo SUIfUr SOIUTIONS ......uviiieiiiee ettt e e s e e e saee e e s enneeeesnrreeeennes 91
2.2.2.3.2.5 Lurgi/Air Liquide
A T T 11 <Tot A @ ) (Te F=) (o) o RSP UUPRN
2.2.2.3.3.1 GTC Technology
2.2.2.3.3.2  Jacobs Comprimo SUIfUF SOIULIONS ....ceiiiiiiiiiiieei et e e e e r e e e e e e e braaeeeeas 94
2.2.2.3.3.2.1  SUPERCLAUS ...ttt sttt ettt ste st esate e st te e saae e st aeessaeesaseessaeesseessseessaensaeessseenseeeseeensneenss 94
2.2.2.3.3.2.2 EUROCLAUS ..ottt ittt sttt et sat e st sttt e sate e sb e e saaeesat e e sateesbteesabeebeeessaeebaeensaesbaeenseeenne 97
2.2.2.3.3.3  LUIGI/AIN LIQUITE .uveeeereeiiiee ettt e ettt e sttt es e e e ee e tveesaae e tveesaae e abeessaeesbseessasesaeenseeesaeenseeesaeenseeanes 99
2.2.2.3.3.4  PrOSEINAT coeeeiiieie e e e e e e e e e e e e e e e e e s e e e e e e e e e e e e e aeaeaaaeaeaens 100
2.2.2.3.3.5 Rameshni & Associates Technology & Engineering (RATE) .......coeeeiiieeeiiiiee ettt 104
2.2.2.3.3.6  UOP/WOIIEYPAISONS ...ccvveeeteeeitreeeteeestreeeteeesteeeeseeestaeeesesessesessesesseeeesesesteseasesensseenseseteessesensesssesan 104
2.2.2.3.4  Other Claus PrOCESSES. ... ..uutiiiiieeieeiiieee e e e eeectte e e e e e e eertaeeeeeeeeesatteeeeaeseasastaaaeaeeeeaanssaseeaeseasantraneaeesaaen 105
2.2.2.3.4.1  AMEC FOSTEI WHREEIEK ...ttt e e e e e et e e e e e e e e e s baaa e e e e e e eensraaeeaans 105
D . T By A C I O =Yl o1 To ] Uo =Y RSN 109
2.2.2.3.4.2.1  GT-SPOC ... it iiiieite ettt ettt ettt ettt et e ettt e st sat e e bt e e s bt e s bt e e s bt e e bt e e s at e e bt e e nab e e bee e sabeenbaeesateenaes 109
W B Sy By A C 1 B O - TV TP SUPOTPOPPO 110
2.2.2.3.4.2.3  GT-SSRu ittt b e e h e e b et e st e bt e e s ate e bte e sateenbteenabeenaes 111
N N S A G Y U A Rt 112
D e T e Y [T <Y oll V[ - OSSR 113
2.2.2.3.4.3.1  MOdIified Claus PrOCESS ......uuiiieiiieiiieieie e e e ettt e e e e eecctre e e e e e e e eatreeeaeesesssatreseeeeseesnsraseaaasannes 113
2.2.2.3.4.3.2 Advanced Ammonia Claus TeChNOIOZY ......c..ceivciiiiiciie et 114
2.2.2.3.4.4 Sulfur Operations SUPPOIt, INC. c..uiieeiiiiie e cceee e ee e e e ree e e s re e e e nae e e s et e e e e sntaeeesnnaaeesnneeeans 116
2.2.2.3.4.5  WOI @Y PAISONS ...cciitiieeeiiieeectee e ettt e e ettt e e ete e e ettt e e e estaeeesataeesssaeeeastseeeansseeessseaeaansaeeeassneessseeaans 117
2.2.2.3.4.5.1 MOdified Claus PrOCESS.....ccccuviiieieriieiiiieeeeitteeeeeteeeesteeeesstreeesssseeesssaeeessseeeasssssessnsseeesssseeeans 117
2.2.2.3.4.5.2  AMMONI@ DESTIUCTION ccciiiiiiiiieiiicccccccieeeeeeeceeeeeee e e e e e e e e e e e e e e e e e e e e e s e e e e eeseeesesenees 118
B V-1 - T W= 14 41T | P URUPN 118
2.2.2.4.1  AMEC FOSEEr WNEEIET ...ttt e e ettt e e e e e e e e bt e e e e e e e e e aabbeseeeeseasansraseeaaeennns 119
D A R - 7 XY S SR 119
2.2.2.4.3  CANSOLY TECANOIOZIES.....uiiiiieiieeciiieeeette ettt e ettt e e et e e et e e e et e e e e ate e e stteeeesntaeeeensaeeesnreeeanssseesnnneens 120
1Q 2018
]

Hydrocarbon Publishing Co./Copyright Protected



2.2.2.4.3.1 CANSOLY SO, SCrUbbING PrOCESS. ...cccuviieiiieeeeiiie e ettt eestee e ettt e e e rtee e s saee e e s treeesnseeessnnaeaesnsseeeanns 120

2.2.2.4.3.2 CANSOLV Integrated SO;-CO, SYSTEM ...ccuuiiieeiiiie et e eetee ettt e e e e e e e e st e e e rte e e ssnnaeeesnsaeeeanns 122
2.2.2.4.3.3  CANSOLY TGTH ceuttiesiieiiiieseeesttesteestteesseeesteeesseeessaeesseeessaeassessssesesessssesansessnsessnsessssessssessssessssessns 123
D A S €1 Y SRS 125
2.2.2.4.5 CS CoOMbBUSTION SOIULIONS...cciiiiiiiiiiiee et ee e e e e e et re e e e e e e e e abbaaeeeeseesassaseeaaseennnsns 126
2.2.2.4.6 DuPont Sustainable SOIULIONS ........uiiiiiiiciiee e e e e e et r e e e e e e e abbareeaeseennnnes 126
D Sy A =3¢ (o 117/ o] o | S 128
2.2.2.8.8  FIUOK ettt ettt ettt e s ettt s et e s a e e s a b e e bt e e s a b e e h et e she e e b et e shb e e nht e e nabeehteesateenateenateeaaeen 129
2.2.2.4.8.1 Direct Contacting CONUENSEN .......eeiiciiieeiiieeeeiieeeecteeeesreeestreeeestaeessaseeeessseeessssseessnseeeesssseeeanes 129
2.2.2.4.8.2 SOy ClEAN-UP PIrOCESS ...vvtiiirreeeeitiieesiiteeeitteeesittesessssseessssreeaassessasssssessssessssssessssssssessnsssessnssessanns 130
2 3 I C IO W =Tel oY o] Lo =4V 2SS UUR U UUPPRRN 130
2.2.2.4.10 Jacobs Comprimo SUUI SOIULIONS .........eiiiiiiieee ettt e e e e et re e e e e e e e e abaaeeeeeeeennnens 130
2.2.2.4.11 John Zink Hamworthy COmMBUSTION .........uuiiiiiiiicee et e e et r e e e e e e e enees 131
2.2.2.4.12  LUFEI/AIE LIGQUIAE c.uviecereeeiee ettt e et e ettt s et s e e et e e stae e s tbeesateesaseesaaeessseesaseessseessseesseesssaeasseessseesseas 132
D Bt T Y, = Yo o = G [ oSS 132
D A N |V | G T TSP STPRPPRN 133
2.2.2.8.04. 1 DYNAWAVE et s 133
D A N Ny N YU 1 | =1 o =T o RUP 136
Bt S T o 03T o o - 137
2.2.2.84.15. 1 CLAUSPOL ... nanann 137
2.2.2.4.15.2  SUIIMATE ..eeiiieiiiecieeceeste ettt ettt e e ste e e ba e e ae e e ba e e bee e baeesbeeenbaeenseesnsaeenseesnbeeenteesnsaennseeans 139
2.2.2.4.16  Shell GIODal SOIULIONS .....ceiieiieecciiie et e e e et e e e st e e e s staeesnseeeesssseeeenneeeessreeean 140
2.2.2.4.16. 1 SCOT .eeeeiiieeeiteesiteeste ettt e st e e sttt e sat e e bt e e s bt e s bee e bt e s bt e e bt e s bt e e beesabae s bt e sabeeeabeesabaeenbeesabeeeabeesbaenbeenas 140
2.2.2.4.16.2  LT-SCOT ..ettiieeiieenite ettt stte ettt sit e ettt stt e s bt e e sbt e s ba e e bt e s bt e e bt e sabae s bt e s baeeabeesabaesnbeesabaesabeesabaesaneenas 141
2.2.2.4.16.3  SCOT ULTRA ... a s sanasananannsannnannnann 142
2.2.2.4.16.4  LS-SCOT ..utieieeeiiriesteestttesteestteesteeesteeesaeeestaeesseeesaeesseeessaaeseesasaeenseeensasenseesnsaeanseesnseeanseesnsensseesns 145
2.2.2.8.07  SHIEEC NIEH e nananann 146
Bt T Y oY O | 147
2.2.2.4.19  TECHNIPFMC ...ttt sttt et ettt e s et e e bt e e s at e e sa bt e sabeesateesabeesbteesabeesteesabeenseeesaseeseean 149
2.2.2.4.19.1 Reduction AbBSOrption RECYCIE ...cceceiiiiiiiieeciie ettt et e e e e st e e e st e e e s nee e e ssnsaeeesnsaeeennns 149
2.2.2.4.19.2 Multipurpose Reduction AbSorption RECYCIE.......ccuuiiiiiiieiiiiie et e e sree e 150
2.2.2.4.20 TKK TECHNOIOZY CO. ..uueiiiiiiiieeecciteee ettt e e e e ettt e e e e e e e et ae e e e e e e eesabaeaeeaaeeesassaaseeaeeeaasssaseeaaseannnses 151
2.2.2.8.21  UOP/WOTIEYPAISONS....ccuvieereeetreeeteeeteeeiteeeveeeiteesreeeseeesseeeseessseessseessseessseessseessseessseessseensseessseessrens 153
2.2.2.4.21.1 Beavon SUIfUr REMOVAL .........eeiiiiiieee ettt e e et e e e e e e et aa e e e e e e e e eaaeaeeeaaeean 153
2.2.2.4.21.2 Catalytic Thermal INCINEIratioN .........cccuiiiiiie ettt e et e e e e e e et r e e e e e e e e e eaaraeeeaaeean 156
2.2.2.4.21.3  AMMONIa COMBUSTION ......utiieeiiiieecieee ettt e etee e e e et e e e st e e e esteeessaseeeesasseeesssseessnsneeasnseeeeanes 157
2.2.2.5 Alternative SUfur REMOVAl PrOCESSES .......eiiicuiiieiiiieeeciieeeetee e sttt eeeste e e stte e e e sareeeestseeeensseesssseeeassseenanns 157
2.2.2.5.1 Adding a Redox Process for Increased SUlfur RECOVEIY .......ccccuiiiiiiiieecciie et ereee et 157
2.2.2.5.1.1 Gas Technology Products (GTP)
2.2.2.5. 0.0 ] LO-CAT
2.2.2.5.0.0.2  LO-CAT i,
2.2.2.5.0.0.3  MINICAT i,
2.2.2.5.1.2  Prosernat/Le Gaz INtEEIal.......cceccuiiiiiiiie et ecee ettt et eetee et e et e e staeere e ebaesbeeebeeebeesnbaesaseeens
D 2 T e T o 11| I [ o =1 Yo ] LU o o L3RS
2.2.2.5.2  Production Of SUIfUIIC ACIH ......ceeieiiii ettt e et e e st e e e s tre e e e eaa e e e sseeeesntaeeeennneeesnreeean
2.2.2.5.2.1  DUPONT STRATCO ....uutiiiiiiiiieeiieesite ettt sitesstteestte s bt essaeesbeessbeesbaesbeessbaesabeesabaesnbeesabeesabeesasaesnseesns
2.2.2.5.2.2  HaldOr TOPSOE .ceiiiieiittieee e ettt e e ettt e e e e e et e e e e e e e e s abbaaeeaeeeesabaaaeeaaeeeaansssaaaaaaesaasssaaeeaanaan
T V1 - OSSR
R T B A [0 ) GO SRR
2.2.2.5.3  Other ProCeSsSeS......ccceuccuurriereeeeeciiiieeeeeeeeecinreeea e
2.2.2.5.3.1 Alfa Laval/KT-Kinetics Technology/Univ. of Milan
1Q 2018
1

Hydrocarbon Publishing Co./Copyright Protected



2.2.2.5.3.2  BlACK & VEATCN .uvvveiiiei ittt ettt e et e e e e et e e e e e e e satbere e e e e e e e abbaa e e e e e e e abrraaeeeas 176

D T B T O V2 - =Tl o} AU 1 TS 176
2.2.2.5.3.4 Paques BV/Shell GIODal SOIULIONS ........cccvieieeeeieeeeteeeeteeeetee et eetee e eeteeeeteeeeteeeeteseeteeeereseteeenree s 178
2.2.2.5.3.5 Paques BV/Shell GIobal SOIULIONS/UOP ......c..cooueiiiieieeeecteeeeteeeeteeeeeeeeteeeeteeeeteeeeteeeeteeeresentaeenee s 179
T T T R I = 1] Y O St 179
2.2.2.5.3.5.2  THIOPAQESG....ceitieeieeetieesite ettt estteestteestee e teeesaee e baeesseeebeeessae e saeessseesseesseeessseassseensseessseenses 184
2.2.2.5.3.6  THHOSOIV ceeiniiiiiieeitieee ettt ettt e b e et e s bt e e bt e s bt e e bt e s bt e e be e e b aeebee s beeeabeesbaeebee s 185
A R U VT g D =Y 1Y 1 Tor= o o o RSP 187
2.2.2.6.1  Black & VEALCN c...eeiiiiiieeiit ettt et a e st nat e s te bt e e saae e ae e e naeeenaes 188
D T A - T4 4T Yol S € o 10T o N [ oSS 188
D ST T =X o 1= 1 U | PP PRRR 189
B R S 30 e T 11V o] o | PRSPPI 190
D T8 S = [T | PP OTRRR 191
B A S ST o o 11=T o o = A OSSR PPTPPUTN 191
2.2.2.6.7  SHell GIODal SOIULIONS ....eieiiiiiiiiiesieee ettt sb e st e st e e sateesbte e saaeesateesateennees 192
D A R I o =Toll -4 TSSOSO OTRPPP 192
2.2.2.6.9  WOTIEYPAISONS ....eeeiiiiieeeciieeecitee e ettt e e seteeeestee e e s taeeeesseaeesansaeeeassaeeeasseeessseeeaansseeeansaneessseeeanssseesnnsans 193
2.2.2.7  SUIFUI FINISNING PrOCESSES ...uvviiiiiiiiiicciiiiiee e e e e ettt e e e e e e cttee e e e e e e e s bbtaeeeaeeesaataaaaeeaaeeeasssaessaaesaassntraneaaanannes 193
A S R - 4 1Y e ol Q€] o1 U] TN [ o TR UUUTRN 193
2.2.2.7.2 DEVEO USA ettt ettt e e e e et ettt e e e e e e a bttt e e e e e e e abt e et e e e e e e abbeeeeeeeeaanbraaeeeeaaaaan 194
D R T =X o 1= 51U | LU PRSPPI 195
D A N Tt R ) PO UORUUPPR 197
2.2.2.7.3.2 WELPHIl eeeiieeeeeee ettt ettt et s b e e bt e s bt e et s bt e e be e e b e e e be e s beeeabeesbaeeree s 199
2.2.2.7.4  SANAViK PrOCESS SYSTEIMS ...eeiiiiiieeiitiieeeeiee e ettt e e sttt e e e stee e st e e e sttt e e esteeessaeeeesnsaeesansaeeessseeeanssseessnsens 199
2.2.3 (00T 010 L=l fol T IO Y = 1LY 2 £ USSR 202
B T8 R V= o LT PP PRTPPPTPTRIN 202
D 70 0t R O - [ [ -} =1 1Y) SRR 202
2.2.3.1.2  Tailgas Treating Catalysts. ... .t e e e e et e e e e e e e e b b e e e e e e eeesanrraaeeeaeeanns 205
A B 7 ] ol @1 =1 V2] €SS 208
A B T O - T =T o | 07 7= 1Y 2y £ SR 209
2.2.3.4  Criterion Catalysts & TEChNOIOZIES.......cccccuiiiiiiiie e e e ee e e st e e e satr e e e ennteeesareeeeas 211
2 BT o F- 1o [o T gl o] o 1o 1IN UPUUUUPN 212
2.2.3.6  NeW TeChNOlOZY VENTUIES INC..riiiiiiiiiiiiiee ettt ettt e e e e ettt e e e e e e e e et aa e e e e e e eeeaasbeeeaeeseeantraneaaaeaanes 212
2.2.3.7
2.2.4
2241
A X o 1T T =Yl a1 T Uo7 =Y PSS 213
2.2.4.3  Bryan Research and ENGINEEIING......ccuuiiiiiiie ettt e st e e e te s e e aae e e srt e e e esntaeeesnnsaessnreeeans 215
2.2.4.4  Jacobs Comprimo SUUI SOIULIONS .......eeiiiiiie e e e e e re e e s e e e satr e e e eaneeeesnreeeaas 217
2.2.4.5  KT-KiNtiCS TECANOIOZY ...ttt e e e e e e e e e e e e e e ee bt baeeeeaeseesasaeeeaaeseanntbareaaaeannes 218
o R O T} d [ A=Te W T T I =T ) 4 [V PSRN 219
2.2.4.7 Shell Global Solutions
2.2.5 ANAlyzers and INSTrUMENTATION .....c.iiie et e e e e et e e e te e e e s bt e e e sstaeesnseeeeansseeeaseneesssenenns 223
2.2.5.1 AMETEK Process INSErUMENTS ..cooiiiiiiiiiieeei ettt e e e e e e s e e e e e s e ee e e e e s eaes 223
2.2.5.2 Applied Analytics
2.2.5.3  FIVES Pllard...cccueee ettt sttt st sttt st st e bt e et e s b e e e bt e s b e e e bee e ba e e beesbaeeaee st
R Y [ £« RO PO PP PRTPUPUPRIN
2.255 PACLP.................
2.2.6 Summary of Commercially Available Sulfur Plant Technologies..........cccovviiieiiieccieee e, 226
2.2.7 Comparison of Commercial SUlfur Plant CatalystsS........uiiuoiiiiiei e 241

1Q 2018
iv
Hydrocarbon Publishing Co./Copyright Protected



o Te T @) eT=Tgo L [o] g X0 [a Lo I ol e Tot o fol=X TSN 242

2.3.1 ACIH GAS REMOVAI ..ttt sttt sttt st e e s ab e e s abeesabeesabeesabeesabeesateesabeessteesabeenaseas 242
2.3.1.1  Amine SoIVENt REPIACEMENT ... .. .eiiiiiiie et e e e e e ettt e e e e e e s e e ara e e e e e e seeaatraseeeeeesnnranneas 242
2.3.1.2  Optimizing @n AMINE Uit ... i nanann 244
2.3.1.3  AMINE SYStemM OPErating ISSUEBS.....uuuuiiccc e naaann 247

B2 T80 0 Tt R 0o 10| =1 0 Y[ - [ | £SO UPPTOURPPUPPPTPRt 247
2.3.1.3.1.1 Importance of Chemical ANAIYSIS .....ccuieiiiiieecciie et e e see e st e e ente e e e snaeeeesnsaeeeenes 247
2.3.1.3.1.2 Hydrocarbon Carryover in AMIiNE ACI GaS........ceeeeeuriiiriiiieeeiieeeeeieeeesieeeessireeeseneeeessnseeeessseeeanns 248
2.3.1.3.1.3 Filtration and Separation of CoNtamMiNaNTS ........ceeeciiiiiiiiiie e sree e s rre e e e sraee e 250
2.3.1.3.1.4  REMOVAl OF HCN L.oiiiiiiiiiieite ettt ettt sttt sttt s st e st e s be e sabeesbeesabaesaneenas 252

2.3.1.3.2  AMiNE SYSTEM COMTOSION ..uuiuuiiiiieieie s sanananannnn 252

0. 0t T00S T2 T oo - o T oV - 256

2.3.1.3.4  AMNE LOSSES ...etteeeeeeeiiitteee e e e e ettt e e e e e e aaa bt et e e e s e ua et e et eee s e aa b ettt e e e e e e ab et et eee e e e aabaeteeeeeeaanbaeeeeeeaeaannee 257

2.3.1.3.5 Instability in AMINE REZENEIATON.......cccvieieeieeeeeiteeeeeee e et e e et e e e stee e e e tre e e s seaeeessseeeesntseeeenreeesnnreeenn 258

2.3.1.4 Proper Heat Exchanger Design for Acid Gas Removal UNits..........cceevciieieciiieiiiiie e e 260
2 T8 I T Y (ol Yol o I C = T o - [ o o= SRR 261
0 T8 B T U= = Yot o] VA U o= o [ SRR 262

2.3.2 (0 L o e Yol PP UPPPPPR 262
2.3.2.1 Increasing Sulfur RECOVEIrY Capacity ...c.cccicccuuiiieiieeicciiiieee ettt e e e e et e e e e e e e eeara e e e e e e seeaabraseeeesenannraaneas 262
2.3.2.2  The Effects of EXEremMe TUMNAOWNS ....ccoiiiiiiiiiieeiieeeeritee st e e st e e e siee e s saee e e ssabeeessabeeessasteeesasseeessnseeesnnns 266
2.3.2.3 Benefits and Drawbacks of Oxygen ENrichment ... e e 267
2.3.2.4  Claus UNit SHULHOWNS c....oiiiiiiiiieiee ettt ettt st sttt b e et e s ba e e be e s baesbeesabeeebeesabaeenseesases 270
2.3.2.5  Claus Catalyst Life @Nd REUSE......cceccuiiieeeiiie ettt e sttt e e tee et e e st e e e s te e e e snaeeeesataeeeansseeessseeessnseeeesseeenanns 272
2.3.2.6  Advanced Control Systems for Claus PIANtS..........ccueiiiiiiiiieciiee ettt essee e e s tre e e nee e e ssnaeeeesneaeeeenns 273
2.3.2.7 Preventing Overpressure in Claus UNItS ......cuuieiiio ettt e e e eearae e e e e e e e e b e e e e e e e e ennraaneas 274
2.3.2.8 Preventing Liquid Sulfur Accumulation in Claus UNitS........ccccoiiiiiiiiiiiciiiiieeee et 275
2.3.2.9 Processing SWS Offgas in Claus UNItS .......c.uuiiiiiiiiiciiiie ettt e e et e e e e e e e e b ree e e e e e e ennraaneas 276
2.3.2.10 Analyzing Sulfur Content in Claus TailZas .......ueeiiiiiiciiiiiee e e e e e e e e rra e e e e e e e eeaees 277
2.3.2.11 Neural Network for Claus Temperature CONtIol .........occveeeeiieeeeeiie e eeree et e e e e e e 279
2.3.2.12 Benefits of Partial Oxidation Process vs. Modified Claus.........coceerrierieiiiieenie et 279

2.3.3 I 11 F s T =T 14 o= PSS 280
2.3.3.1 Experience With Designing @ TGTU ....ccciii ittt e e ettt e e e e e e e e et te e e e e e seeaabraseeeeeeennrsaneas 280
2.3.3.2  Proper TGT Catalyst SEIECHION.........uviiiii i e e e e et r e e e e e e e et re e e e e e e eennraeneas 284
2.3.3.3 Cold Bed Adsorption Units for Tailgas Treating ......ccccuueeiiii ittt 286
2.3.3.4  Amine Degradation iN TGTUS......cccuuiiiiiiie ittt e ettt e e e e e tre e e e e e e e tataeeeaeeseeaasaeeeeaeseaassaeneeaesennnsaaneas 287
2.3.3.5  Preventing CorroSioN iN TGTUS ... . s 289
2.3.3.6 SO, BreakthroUgh in TGTUS .......eiiiiiiee sttt et e et e e e st e e e s tte e e e sateeeesntseeeennseeesnseeeaanseeeeanns 290

2.3.4 GENEIAI SUIFUI PIANT ...ttt sat e e b e et e e bt e e sa b e e bt e e sabeesbteesateesbteesaeeenseees 290
2.3.4.1  SMAll-SCAlE SUIFUI PIANTS .ecueviiiiiieiie ittt sttt sttt sttt e bt e sba e s be e s bt e ebeesbaeeseesnnes 290
2.3.4.2  MOAUIAE SUIFUE PIANES weeiiiiiee ettt ettt et e e sttt e e s s be e e s sbbe e e sabeeessabaeessasteeesasbeeessnbaeesnnns 291
2.3.4.3 Improving Energy Efficiency of SUIfUI PIANTS .......oooiiiiiiie et e 292
2.3.4.4  Improving Sulfur Plant REHADIIITY........coiio it e e e e e e e e e e anraaee s 293
2.3.4.5 Liquid Scavengers fOr HyS REMOVAL.....ccccuuii i cctes ettt e ettt e e et e e e e ta e e s e naaeesnseeeesnsaeeeanns 294

2.3.5 SUIfUr StOrage and HanAIING ....ccoeeiii et e e st e e s ta e e et ae e e et b e e e ensaeessnneeeesnsseenanes 295
2.3.5.1  Premium SUlfUr SPECI ICATIONS ...ueiiiiiieeccceee ettt et e e e s e e e stte e e et e e e esataeeeenaeeesnseeeesnseeenanns 295
-0 2 1o [V1To Mo F- o [TgVd- T Yo I =T 4 1Yo o Y PSRRI 296
e T T T 1 [ Yol {1 o =SSP UUPR 299

REFINING RED AICIT! ...ttt ettt e e e e ettt e e e e e e e e aaaaeeaatsasasaaaeeaasssssenaaaesessssssanaaaseaasnsses 299

241 a1 e [U o1 [o] o O SRS P T TSPPPRR 299

2.4.2 ACIH GAS REIMOVAI .ttt ettt e e st e e st e e s bt e e e st beeesabaee s asaeeesabbeeesnbaeesassaeessnbeeesnnns 302
2.4.2.1  Simultaneous RemoVval of HyS @Nd COy...coouvriiiiiiiiiiiiieeiee ettt e e e eeearr e e e e e seeaatreeeeeeeeennrsaeeas 302

1Q 2018
\Y

Hydrocarbon Publishing Co./Copyright Protected



2.4.2.2  ADSOIDENT IMAtEIIAIS...eiiiiiiiiiieeeeee ettt eeert e e e e e e s bbar e e e e eeeeeabbsaeeeeeeeeesstbeeeeeeseasstrareeeeeennes 303

B R - | 4= 1 | 03 OO P PRSP 303
D Ay R =TT Y ol o RO PRSPPI 303
243 ACIA GAS ENFICNIMENT ..eiiiiiiii ettt ettt e e sttt e e st et e s eabee e e s bteeessteeesabaeesanbeeessaseaeesnseeennn 304
B T0 R o | (=] 0| £SO TP PP OPRPUPPUPRN 304
O B £ (1 -1 o o ORISR 304
2.44 (O TR I =Tel Y o]l =4V 2SS 305
B R o 0Tl OO PRSP 305
2.4.4.1.1 Multiple Claus Reactors/REACTION ZONES......cccueeccveeriieeiieesieesiteesreesiseestreesseesseesseessseesseessseesseensnes 305
O A © )4/ =L =1 o T =X o ol o T o 1T | SRR 307
B o Nt R o | €= 1| £ ST PPPT PRI 307
D A (1T | o [P PR TP 307
244,13 SUD-0EW POINT....eiiiiiiiiiietee ettt ettt e e e sab e e e s bte e e sbbeeeesabaeessasaeeesabbeeesnnbaeesnnsaeas 308
2.4.4.1.4 Process and Reaction MOAEIING.........coccuiiiiiiiieeciie ettt e e s e e e stre e e nae e e s b e e e esnsaeeeennneas 308
B Bt N o €= 1 £ PO SPPRPPPPI 308
D ot By S (=TT =T [ o] o RO PO URORUUPPR 309
2.4.4.1.5 Improving Energy and/or Process EffiCiENCY .....cccevciieiiiiiiiiie ettt s 310
B Y SR Y [ Eof=Y | =T 1= Yo 10 PRSPPI 313
Ny R - | -1 1Y £ PSP URUPN 314
2.4.5 LIE L= N E=T: 141 V=PRI PURPRRNE 315
TN R o o Tol <13 T TOPPP PO PRTPPPTPTRN 315
O € - | 1Y PSR 320
D Tt R - | 1= 1 | 3OS PPTPRRTN 320
2.4.5.2.2 RESEAICH .ottt sttt h e st e e h e e st e e na bt e s beenhteesateenateesabeennes 321
2.4.6 U1 (O T DI 1ot 4 o] o O UPUT 321
2.5 WOrldWide INSEAIEA CAPACTLY.........oeeeeieeeiieeeeet ettt ettt e sttt et e e st e e e stte e s s staaessseaessassesenasses 322
2.6 CONSTIUCTION ...ttt ettt e ettt et e e ettt e e+ e ettt e e e e e e e ass s e e e e e e eaaassseeeeeeeeaaasssnneaaaeeaaanans 324
2.6.1 ReCent CONSTIUCTION ACTIVITY ..ooiieie e 324
2.6.2 (@feT 0] o] (=1 d=To I @fo o 1y { f U Tt A o] o TN ad o] =T o 3RS 331
2.7 =g = =] o= USSR 366
3. ALKYLATION AND OLEFIN OLIGOMERIZATION......cccettttiteiieiimiiiisssssssssnsssssessssensssisssssssssssssssnssssssssssssssssssssssssssssssnsnnes 389
3.1 Market/Technology Trends & OPPOITUNITIES .........c..ccvueeeeeeeeeeieeeeeeeieeeeeeeiseeeeeeeiseseeseeeiseseisseeisessesessssesssssesses 389
3.11 [[aT oo [¥T o1 [o] o NP PRSP STPUPOTPPRN 389
3.1.2 Market Conditions aNd OULIOOK........cuuiiiiiiiiieiie ettt st e e e st e s sabe e e srabeeessbeeeesanes 391
3.1.2.1 Gasoline SUPPIY aNd DEMAN ....cocoeeeiiieee e e et e e e e e e e r e e e e e e e e eaarb e e e e e e eeeantbaaeaaaeeanns 392
700 0020 I R [T 4 N =T T T TSSOSO TSP 393
0 0 B YU [ o] o J O O P T PP P TP 395
700 0t O T AN 1 T H T SO P O TRRPPPP 396
K T8 A Y R X - B - 1ol 1 o TSSOSO TSP 396
3.1.2.2 Alkylation Capacity and New ConstrucCtion ProjJECES .........uiiiieeiieeiiiiiiiee e ettt e e et e e e e e arre e e e e e e e 398
3.1.2.3 Mandated Blending of Ethanol and the Impact on the Gasoline Pool............ccccoeeeieeiiiiiiie e, 399
3.1.2.4 Impact of Shale Boom on Alkylation OPerations .........ccccuiiiieeiieeiiiiiiiee e e e e e e arrer e e e e e e 401
3.1.2.5 Safety and ENVIiroNmMeNtal CONCEINS .....ceiviiieeeiiieectee e etee e eette e ette e e s rtre e e e s taeeesnaaeessseeeesnsseessnseneessseeenns 401
3.1.3 Technology Competition, Directions, and FULUIe ProSPECS........ccveeeeciieeercieeeeieeeeeireeeeree e st e e e sene e e 403
200 00 A T U o I Yo o Y1 4 VA= o [ PSS 403
700 1 700 0 R - | T TSSOSO POTRPPTPP 404
700 T 700 A - DY © TS 404
% 0 70 A [ oY Tol T V1o I 14V - 4 o ISP UPUPN 405
% S T0C o [ o I Yol To 1Y 1 42 - | 4 o o P USUPN 406

1Q 2018

vi

Hydrocarbon Publishing Co./Copyright Protected



IR O S O 11 T o W O = oYy Y= 2= [ SRS 407

3.1.3.5 Revamping Liquid Acid Units to Solid Acid and lonic Liquid UnitS........ccceecueeriiiiieeeiiie e e 407
IR R T T 2171 D I = 3 Vo £ O PRSP SRR 408
3.14 (6073 ol [V o o RO PP U PTPP 409
3.2 R [ (=Rlo) B oLy AV A N =Tol Tq Lo oo | VOSSPSR 409
3.21 ek e [U o1 [o] o O PSPPI 409
3.2.2 Commercially Available TEChNOIOZIES. ........viiieiiie et e e e e rae e e s abe e e e nntae e e nnees 414
3.2.2.1  Alkylation FEed PretrEatMeNnt......ccccuii e cciiie e e cee e ettt e e etee e st e e e s et e e sate e e s sateeeesntaeeeensseeesssseeessnseeesanns 415
R Nt R (=Y o [OOSR PPPPRRPPTN 415
3.2.2.1.2  HONEYWEII UOP ...ttt e et e e e e e et e e e e ata e e s asaeaeantaeeeasssaeessseaeeansaeesannseeesnseeean 416
3 A o 1o\ | QY] P (o] o PSPPI 417
3.2.2.2. 1 HONEYWEIH UOP .ttt ettt e e e e e e et a e e e e e e e eeaabbeseeeeeeeaanbaeaeaaeeeeannsaaseeaaseannses 418
3.2.2.2.1.1  Gravity Circulated HF AIKYIation.......oooo ettt e e e e e e aaaa e e e e e e 418
3.2.2.2.1.2 Forced Circulation HF AIKYIGtion ........c.coeoiiiieiiiieeeciee et ree e e et e e s sanae e e eeeenes 420
3.2.2.2.1.3  REVAP ettt ettt st h e b e h e e b e e bt s be e e bt e s b e e e be e s beeebee s beeebeesbeenareena 421
3.2.2.2.1.4  Inventory ManagemeEnTt PrOCESS ... s 423
3.2.2.3  H S04 AIKYIATION ..ttt et s sttt s b e e bt e e st e s be e e bt e s baeereeeares 423
T e TR R €1 - . USSR 425
3.2.2.3.1.1  CDAIKY oottt ettt ettt ettt e ettt e e bt e e ae e e ba e e bee e bae e bee e bae e bee e baeabeeebeeebeestaenreeans 425
3.2.2.3.1.2  CDAIKYPIUS..cceveeeieeeiteeeiteeete ettt e ste ettt e stee e taeesaee e bae e aee e baeeseesbaaensaeenbaeenseesasaeanseesnseeenseesnsaesnseesns 430
3.2.2.3.2 DUPONL Clean TECNNOIOZIES. ... . .eiiiiieee ettt e e e e e et r e e e e e e e abba e e e e e e e e asbaseeaaeeannnnes 431
I T R 1Y =Y BT Yo Y == o o [ SRR 431
3.2.2.3.2.2  Butenes Feed Fractionation ........cccocieiiiiiieenie ettt sttt sttt st st e s b e b e sneenas 432
3.2.2.3.2.3  STRATCO ALKYIQtION ..eeiutiiiiieeiieerte ettt ettt ettt sttt e s be e st e sbaesbeesabeesabeesabaesaneenas 433
RS T S Q£ Y ot 437
K T e T T 0 o1V = USRS 438
3.2.2.3.2.6 Integrated Alkylation and ONSIite SAR/SGR ........covueeeiieieeeiieeiteeeeteeeeteeeereeeeteeeeteeeeteeeeteseereeeneeens 441
3.2.2.3.3  EXXONIMODIL. ..ttt ettt ettt e e e st e e e s bt e e s abeeeenabaeesenreeesataeenn 442
3.2.2.3.4 Refining Hydrocarbon Technologies (RHT).....ccccciiiiiiie ettt e et e e s nre e s 444
3 Yo [ o I Vol To 111 QY] =1 4 o Yo USSR 446
I N R O T N1 o =110 F= 1 (=TT 446
B.2.2.4.2  EXEIUS oottt ettt ettt et et e e et e e e e a bt e e et bae e e e bae e e e atae e e abeeeeabaeesenraeenatraeenn 449
. T (4> T 450
3.2.2. 8 LUPZieeeeeeeeeeeeeeeeeeee ettt e et e et e e e et et e e et e e e et eee et ee et et aeeee e e et et e e et e e e et e e eeee e e et et et e e eeteeetenaeeeeeean 454
3 S [ o1 Tol M T [V 1o AN |42 - 4 o o F PSP 455
3.2.2.5.1 China Univ. of Petroleum/PetroChina/Well RESOUICES.......cccvveiieeiiieiiireiieeeeeeeeeeeeeeeeessssvereeeesesssanes 455
3.2.2.5.2  HONEYWEII UOP ...ttt e et e et e e e et e e e e ate e e s nsaeeeentaeeeasssaeesssseaeeansaeeeannseeesnsenenn 459
3.2.2.6  Butane OXydehydroZENatioN .........ccciieiiciiiieieeecciee e et eeete e e st e e e s te e e e sseeeeesaseeeeansseeeesseeesssseeeesseeesanns 460
K I N T8 R U o T« [ T TSRS P PSRRI 460
3.2.2.7  ReNEWADIE ALKYIGTION «....uuiiiiieieeeeeee ettt e e e e e e e e e et et e e e e e s e araeeeeeeseaaabreaeaeeeeannraaeeas 464
I S R =3 = [V TP 464
3.2.2.8  Olefin OligOMEIIZAtION ......uiiiiii et e e e et e e e e e e e ba e e e e e e seeaabaeeeeeeseaassraseaaesennnraaneas 465
3.2.2.8.1  AXEINS ceeeeeeei ettt e e e e e e et e e s e e et e e e e e reee e e e e e e e rre et e e e e e e ra e e e e e e ee e nrrnnteeeeenannee 465
3.2.2.8.1. 1 DIMEISON ceneiiiiieiiiiesiteeete ettt ettt et b e et e s be e et e s bt e e bt e s ba e et e e s b e e e be e st e e ebeesabaesaneenas 465
3.2.2.8.1.2 Polynaphtha and SeIECtOPOL.........cooviiiiiiiiie ettt e e ree e st e e te e e e snraeeesnraeeeenes 466
TR B A €= 21 T 11T o S 468
3.2.2.8.3  HONEYWEI UOP ..ottt ettt e e e e e e et e e e e e e e eeatbaseeeeeessasbbaseeaeeeesnnssaseeaesesanses 469
S - T (4> T 473
3.2.2.8.5  LYONEIIBASEI/KVABINET .....ccuveieereeereeetie et ete et eete e ete e ve e eteeetveeeaaeeetreesaaeesaseesaseeesseessseensseessseensneas 474
3.2.2.8.6 Refining Hydrocarbon TEChNOIOGIES ..........uvuiiiiiiieiiieee e e et e e e e e e aar e e e e e eennees 476
32,2, 8.7 I P IM e aan 478

1Q 2018

vii

Hydrocarbon Publishing Co./Copyright Protected



3.2.3 Summary of Alkylate and Olefin Oligomerization TEChNOIOZIES .......c.vvviiiiiieecieeceee e 479

3.24 Comparison of Commercially Available Advanced Control and Optimization Systems........ccccceevcveeeeciveenn. 486
3.3 Plant OPerations QNGO PrACLICES .............uueeeeeeeeeceeeeeee e ettt ee e e e ettt e e e e e e ettt saaaaeeessatasesaaeeessssssasaaasesssssssensaaaaan 488
3.3.1 (=T Te M 0le] a1 To L= =Yoo 1 PRSP TPUPOTPPRN 488
3.3.1.1  FEed CONTAMINANTS .iiiiiiieiiiiiee ettt et e e st e e s sttt e e s tbe e e s sabeeessabeeeesbbeeesaabaeesaasbaeesasbeeeennbeeessassaeesnsseeannn 488
3.3.1.2  Alkylating AIRernative FEEASTOCKS ........uuiiiiiiiieiiieee et et e e e et e e e e e e e e eaara e e e e e e seeanbbaeeaaaeeanes 489
T8 700 2 R = o 1Y/ 1Y o VSRR 489
TR 700 0 A X 0V =Y TSRS 492
TR 00 T (1o o TV =T o 1= TSSOSO POTRRPROP 494
3.3.1.2.4 Isomerization Butane SIOP SEr@AM .....cccuiiiiiiiie ettt e e s e e et e e e aae e e et e e e eentaeeeennneas 495
IR T80 00 S I -4 oY Gl =1 o T LU PR 495
I8 70 A SR =TT I o T ol 6] =T PRSPPI 496
3.3.2 Lo 1A =Y 4 oY o U PURPRROt 496
3.3.2.1 Disposing of Acid Soluble Qils from HF Plants.........cccceeiiiiiiiiiiie et eeeee e stee e e e e e e s s areeeens 496
S 200 0 A o ¢ o 1] o [ OO PRPPSPTPN 496
3.3.2.3 Chemical Cleaning in HF Alkylation Units Prior to TUrNarouNnd.........ccccceeeeeiiiiecciiee e e ecivee e e sivee e 499
3.3.2.4 Online Monitoring of HF ACid CatalySt........cceiiciiiiiiie ettt cee et e e e e st e e et e e s enneeeesnreeeeas 500
3.3.2.5 Safety and Mitigation TECNIGQUES.........uuiiiiiiieeeee e e et e e e e e et e e e e e e e e e aarrareeaaeeanes 501
3.3.2.6  Optimizing HF Alkylation FEEA NOZZIES ....cccceoeeeeiiiiieee ettt e e e ettt e e e e e et rareeeaeeenes 503
3.3.2.7 IMProved ValVe DESIGN.........uuiiiiiei et e ettt e e e e et ee e e e e e e e baareeeaeeesaabaaaeeeaaeseasssaeeeaeeeaaastbaneaaasannes 504
T T S0 Y o BT =T | IY=Y [Tt o] o PSRN 505
3.3.2.9 Inspecting Joints in HF AIKyIation UNit........ccoooiiiiiiiiiie et see et s et e st e e et e e s eanaee e snreeeens 506
3.3.2.10 Treating HF Alkylation Products to Remove Organic FIUOKIdes..........ccccvveiiiieeecciee e 506
3.3.2.11 Revamping HF AIKYIation UNItS ......ccocciiiiiiiee et e et e s e e e s te e e e st e e e entaeesenneeeesnnaeeennnes 507
3.3.2.11.1  Revamping to HySO,4 AIKYIGTION ....uuviiiiiei ettt e e e e e et re e e e e e e e b raeeeaeeeeaes 507
3.3.2.11.2 Revamping to Solid Acid AIKYIQtioN .......oociiiieii e e e e e e e e 509
333 [ Y O AN |42 - 4 Lo TP TP PURPRROt 510
3.3.3.1 Boosting H,SO, Alkylation Unit Capacity and Throughput............ccuviiiiiiiiiciiee e 510
3.3.3.2  ASO FOrmation and DIiSPOSal.......uiiiiuiieeiiiieeeeiiiesetee e stee e et e e e tae e e s tteeeesneaeeeennaaeessteeeenntaeeeannraeeanreeeans 511
T8 75 . T o T o o XY To T o I [ o I o LU L1 =SS 511
3.3.3.4 Optimizing Propane Content in Refrigeration SECtiON .........cccviiiiiiee e 515
3.3.3.5 Spent H,SO, Regeneration and TreatMeENt .........uuiiiiiiiiiiiiiiiiee ettt e e et e e e e e e e eaarr e e e e e e e e e nnbraeeaaaeeanes 515
3.3.3.5. 1 REEENEIALION o oi i 515
2 T8 TR T I ¢ <=1 1 0 1=] o SO TSP PT TP PPPPPRN 516
3.3.3.6 Maintaining Good Reliability of PH ANQIYZEIS.......ooviiiiiiieeee e et e e e 516
3.3.3.7 Electrostatic Precipitator Use in Caustic Wash SYSTEMS ........cueiiviiieeiiiieeeciee e eree e s 518
334 F Vol e I\ Yo T T=L=T 01T | SRS 518
TR 20 R Vol To I W1 T 117 PSS 518
I T Vol To ) oY == TSRS 519
S S T 2 ¥ o) o I Yol o I D 18T o1 o1 o =SSP URUPN 521
335 Process Control, Monitoring, and Optimization..........ccuiiiiiiii i e e e arre e e e e e e e eaanees 522
3.3.5.1 Dynamic Simulation for Debottlenecking a DeisobUtanizer ..........cccveeeiiiieciiiiee e 522
3.3.5.2 Response Surface Methods for Optimizing an Alkylation UNnit ........ccccccueereeciiiicciee e 523
3.3.5.3 Measuring and Maintaining Circulating Acid Strength and Acid Levels..........cccccoveeiiiieeiccee e, 523
3.3.5.3.1 Employing Multi-Objective Optimization to Alkylation Processes ..........ccccceeecreiercieeesiveeessieee e 526
3.3.5.3.2 Isostripper Advanced Process CONtrol (APC) ......ccueiieciieeiiiie e e sree e tre e e ae e e st e e e eana e e e ennaeas 527
3.3.5.4 Effective Instrumentation to Optimize Alkylation Unit Process Control..........ccccceeieeciiiieiiecieecciieeeeee e, 527
3.4 L L el WAt 0 Y =T a U 528
341 oY oo [¥T o1 [o] o NP PP TRUPOTPPRN 528
3.4.2 FEEASTOCK PrEtr@atMENTt ..o ..ttt e st e e e st e e st e e e sttt e e e s abeeessasbeeesabaeessnbaeeenanes 532

1Q 2018

viii

Hydrocarbon Publishing Co./Copyright Protected



3.4.3 (o 1O Lo I AN 144 = Lo 1o o PSR 533

I N C =1 =T - | SRR 533
0 T A o o\ 1 QY = [ o PP UUP 537
s 00t N o oY oYY 537

s 007 Yo 11 e g 0 = ) 539
I e T B o DY @ T Y| 1 4T Y o R USR 539
3.4.3.3. 1 PrOCESS .uuuuuuuuuuuuuiuuuiu s 539
314.3.3. 0.0 Pl NS i s 539
I 0 T 0 (1Y Y- o] o USRS 545

I 0 0 T A - Y - 1V €Y= g o Vo o L VYR 545
. TS T 00t R oY = o 3 545
I T T =TT o o U 547
s TS TS T Yo 1o g 0= ) 547
314.3.3.3. 0 REACEON it s 547
3.4.3.3.3.2 S PANATION e s 555
I TR 70 e T (<Y or ol 1 SRS 557
B14.3.3.308  OtNeI ettt e et b e e e bt e s be e e bt e s be e e bee s beeebeesbeesbeena 557

3.4.3.4  LeWis ACIH AIKYIATION .....eeiiiiiiei et e e e et e e e e e e et e e e e e e e eeeaabaeeeeeeeeaaatbaeeaeeeennnraaneas 560
0 T S [ o1 Tol M To [ U 1o N1 42 F- A o o F PSP 561
s T 0t N o oY ol Y3 561
s T 0t U0t N oY = o 3 561
I R T 0 (<1 Y- o] o USRS 566

R I T A - - | ] 3 SP 567
314.3.5.2. 0 Pl NS et 567

I TN R =TT o o PRSP 571

s TS T =Y 1o 0 0= ) 573
e T . Tt R oY = o 3 573
I T B =TT o o U 576

I T Y/ 13 C=Te ol o A 14 F= o T o SRR 577
3.4.4 Y [T I Vel Te I 1S - 4 T o TP USSPRPN 580
Bud.4. ] PrOCESS i s 580
Nt Rt O o Y 1= 0 580

R R N A Y=Y <= ol o W PP UUPPRRN 585
Ny - | -1 1Y £y PSP 585
0t o Y =Y 0 585

I Ay A £ (=T Y=Y ol o PSS 590
Bi4.4.3 B QUIPIMIENT. e s 591
3.45 Alkylation with Liquid or SOlid CatalySts .....c.uuiiieciiii et s e e e eae e et e e e raea e e s nneeeesrreeeenns 593
3.4.6 (0] o @ [7={o T g1 7.2 Y u o o F SRR 594
3.5 WOrldwide INSEAIEA COPACILY ...ttt e ettt e e e e ettt e e e e e e e st aaaaeeeasatsasaaaaeeesssssssenaaaeaaas 595
3.6 (006 X3 1Y Lo 1 o] T PPNt 596
3.6.1 RECENT CONSTIUCTION ACTIVITY .uuuuiiiiiiieiecce e aaanann 596
3.6.2 (0oT0 Y o] (=1 ¢=To I @fo] o 1y { d U Tt 4 o) o TN od o] =T o1 -SSR 599
3.7 L= = =] (o= TSN 604
4. LATEST REFINING TECHNOLOGY DEVELOPMENTS & LICENSING........ccceeeesrrnnmnnmnreennnneeniisssssssssssssssssssssssssssssssssssssns 623
4.1 L2 [V e [ e 1}V Lol @ o Tol 4 Lo SN 623
4.2 Hydrotreating (INCIUGING HDS) ...........ooeeeeeeeeeeee ettt e ettt e ettt e e ettt a e e et s e e atsaeeasssaeaatssseesassasensssaaas 625
4.3 [2 0o [ o Yol go Lol {1 1o IO U UPUUNt 626

1Q 2018
iX

Hydrocarbon Publishing Co./Copyright Protected



4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12
4.13
4.14
4.15
4.16
4.17
4.18
4.19
4.20

(000 4 o TSR 627
Kol L =T LD =T LY e] Lo ] [ 4 4o TS UUP ST 627
| 2T =L ] 4 Lo PSR 628
Hydrogen Production QN PUFfICATION ...............uueveeeeeeeeeeieeee et e e e ettt e e e e e e st aaaeeesstsssaaaaasesssssssenaaaaean 628
Gas CONCentration PIANT/VAPOE RECOVEIY .........uceeueeiieeeeeeeeiireeeieeeiieeeeiesesisseeesesisseesesessssessssesssessssesssessessssssessesens 629
LUBE PLOGUCTION ...ttt sttt ettt et s e e bt sne st e st enaeenne s 630
Aromatics and Light OIEfiNS PrOGUCTION ...........ccecueeeeeeiieeeceeeeeeeeetee e ttta e e ttte e e e stta e esaaaeesstesesssssaessseasasssenanns 631
Catalyst and Carrier SUPPOIrt DEVEIOPIMENTS ............eeeeeeuieieeeieeeeceeeeee e et e s tea e e stee e e st e e esaaaeessesaesrsaaesnsees 634
Process Controls GNA SIMUIGEION ..........cocueevuieeiriieiieeieeeeeee ettt naeene 634
INAUSEEIQ] INTEINETE Of TRINGS (10T ).ttt e et e e et e e ettt a e e et s e eetsaeeesttaaseatssseeeasseseennes 635
XTL (Biomass-, Coal-, aNA GAS-TO-NQUIT) .........ooeecueeeeeeeeeeeeeeeee ettt e et e ettt e e et e e e et e e eetsaaeesasesanans 640
L2110) V=1 K oL [V ot o Lo ¢ U EUP ST 640
CO, Emissions (Carbon Capture and SEQUESEIALION) ...........cccuueeeicuueeeesiieeeesieeesieeeesteeeeeeteaessaaaaessasaesssaaensnsees 641
Y 1= = 11K [ X3 PP 643
L oL TN Yo =2 5 S 644
= = =] ol SRR 644
1Q 2018
X

Hydrocarbon Publishing Co./Copyright Protected



	REVCOV.pdf
	WORLDWIDE REFINERY PROCESSING REVIEW
	First Quarter 2018



