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SbRAE X B R S 4w Axens 2> 3] A R 9 Prime-G+ B #2513t € 0 Axens 2 3§t &
Ba A REMARMGR R B SRR UL FRFAR LN AMERLNS
LEAS 10 ppm B BAR > AR B LB ERHAGE SOV EREER Mz 280
b AT LB BIER T > AT LB BRI LR E 2 ey L LR S
EHENBRRAESLE MU ERRRAENAS A A BN ERBE TSR i
T PRUALRB IR T N B 23K H 42 B AT Axens Prime-G+ # 42 4 24 % 145 4% 7
BoriE LR ERPTRERAMNE > REAEAREIUEAN T BREE -

kLR Topsoe MAELW » RTHAARE MW EMEBRGHEEYEY > LER
BIAE 4L L E B SCR A4 /brim AB 2 A gL 4 2 A - KEBEHE MY - RS S s
oo RSRRAL R REBMTFENRME URIHABHRE  REBHEZHEE -—RHE S
mEAREHDEBRM -
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Bl B3R AR E B A5 E 0k e b AR A 10wt-ppm EIRHTIREE » B E — - = VGO Ao 8EL
TG A RAREAT SR 0 ARIRE e ERLAL T35 SR 42 e B T35 A AR 4 2% 3
BHEMELHARERGLEZR  ERKREHEBLERA  BEURFAMTH 2RI -
Aid e R LG A R EEBH LR RMAREH b RON B4 2 5% - B H A&
DEIZIN BRKEBERE ARFASGSEFRRELERFRLV S EBEMNEL-
Rt EMALIGEREEROSBIRLCOZTITH » RALBZIwTBME -

bR EHERRBIKEE S v Axens 23] £ 1026 #E ey Prime-G+ workshop #2

10/27~10/28 &) Prime-G+ 6th User’s conference 3£ 7 10/29 #t Topsoe th-#E 3 F £ 25

=~ @B
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99.10 & btk 48 AR (AL AR -
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99.10.26 g %jo Axens 3] 2z T HaRAhm B R 2
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2. Axens Prime-G+ ¥ £ 1

BARGHE A LR hs AR B AR AL~ 4~ FCC Rt
MTBE 4 - AmBai ¥ 25R50hntmgim (FCC) Ak eHARARESR
R 36% ~ BERA A E R 40% - 1K FCC # XM Ma AR RAMBAREHE
Gtz — - B BHERARAEARS  BASSMERAME SR ARERS
AT ARAA ARSBAEA L HEL BN ARELE  AXnBa CHERER

Axens Prime-G+i5 s w EMAEEZTER

LCH to
Pool, TAME or Alky. Unit @

- Prime-G+ 1% Step /-

Prime-G+ process flow diagrant

BB mH R (IFP) Axens 2 3 B %69 Prime-G+# 2 % #k A %A FCC M
(HCN) #4782 M v SBLAL - WA S B in S7E MARIK » RE LSSl R R
B » A SE R 100% » BELE AR 98%  FRMAEKRYD » QREAMK  THIADE
45 & 10pg/g (10 wppm) &K °
& F b Bz ey (40~220°C ) FCC & > 4 & 2000~100 pg/g (2000~100 wppm) >
RON #2 MON 451 % 91 #2 79 > (RON+MON ) /2 % 85 - ;48 €A AN Prime-G+# & >
Prime-G+ & &4 %% 10pg/g (A7 A k58 0 o7 48 75,4 48 48 A, 82 50/ 7% 10 ppm) » RON = MON

& 288240782 (R+M) /2 £ 835 > Fixeiia%k B 1.5/% - HDS £ % 97.5% °




Prime-G+# 42 judh # i #8#5 #1 % & © Fp & Hindustan %1t 3] (HPCL) Visakn #5& jd Bt 4%
3 FCC R b AR 52 ¥ /4 ) Prime-G+# & - &M B # Mozyr fR b it 7£ B Axens 2>
&) Prime-G+% b BLAR $47 > LA 110 # 48/ 4 &4 Prime-G+i% b BLAk % B 4 & A8 1&45 FCC &5k
hu g K Consumer B4k 23 (CCRC) #% M Prime-G+i i % 60 #48/4£ % & » 4% FCC
A BLALE<1Sug/g » B R A0E RBBALH MK o LFE B btk AN 8 (Tupras) 4iE R
Prime-GH& #if 4 /5. 20 » Axens 2 3] $24% Prime-G+i% fif#» Benfree 447 > 4 & B A8 4
HHBREERRGEKR - AERE 43 L9/ Prime-G+¥ F 3% E# Tupras /) 8] Izmit B Ao
Izmir JR B > AR A EABREA A o 7 SMe zmit BRBX B 102 48/ 4 Benfree # B 45 550 %
KoZBREN206 5% 4FRKE - 8 E 2008 & » Prime-G+5 b BAL T © OGS
EAEHKIZE0 5 E -

% Bl Axens 2+ 3% 2009 2 A F &) S 44 %) & 5, B Ukrtatnafia 2 5] & A &9 Kremenchug #%
R RAHECE B 0 e H A BRSO RN 2011 A A AR V MM EE o
TR B % RH% Prime-G+ -~ GRS R RMEA DIH BHEILEE - RAMBE LA 5 I B
AFEN 61 HE/4F Prime-G+H B » ARG ERMEZ20 ppm - HEFB R LM ERL 8 E
BIFEEEHMEREEE P T RAAME RS BARILE B vik BA210 0 4 5H
RiEFIME (RON) 5 88 thde;5, 4485

B AT 6% P il €A B IR b B S A AR BBk A Axens Prime-G+i4, i o BB ER B 42 » &
MR R A B B B AR 0 36k 3 A s g A2 Sl o

3. Prime-G+ WORKSHOP it &

10/26 workshop ##31 € £ & 4+ # “Technology & process schemes overview ” ’process &
chemistry” ~ “operating variables” ~ “troubleshooting” ~ “catalyst loading & unloading” ~ ”start-up

2% *
Ay

procedure guidelines” » “shutdown, Emergency procedure & Safety guidelines” - "Normal Sampling
& unit monitoring for Performance” % 3% 28 it /7 i #1234 3% -

4 "Technology & process schemes overview ” £ %8 F 32 #| » Prime-G + process g %) & — &
¥ % : B A A% octane retention Fv catalytic system stability #94% R %3 » A4 single source

supplier &2 R & D ~ process design ~ catalyst - start-up ~ services * Reliability 2,4 hydrotreater
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with fixed bed reactor($4&4k A B 48 % & %) ~ no stranded investment » Continued R&D & Unit
follow-up ¢4 catalyst improvement & operating feedback included in new designs °

£ ”process & chemistry” £ 7t, 42 t £ # 42 F HDS selectivity &% % pA 28> HDS selectivity
SEIE M 0F 42 BRME (olefin) A &t 4 e ~ $114E 69 318 4% @ (octane retention) ~ RIK4Y &
# 0 ®% HDS selectivity M40 €153 2] & g (olefin) & 2 ey dade ~ B2 ) FIRMAR Y
(octane retention) ~ & % &) &4t > AT A B & HDS BN QT B B A1 o BdofTHE iR IR
MORBEORBEREBESZAMABLIALELBMBRNEE (FE2RBHBAMT LY
LA S & W B g quench & R B B 4L R &9 WABT )» 34735 Hy/HC SUid b e R K 693K 3HE
EEAR AR R S BRAE A RGTHE -

#"operating variables” ¥ 7. % » HDS ##f # # s % ey %% - % HDS RIE & bt ¥
WS BBV faF 4 WABT T @ & &4 4B et & 4o —k: €
WABT M4&E5 » /& HDS & it s 4 & BS54 E A4 - R g e daf MR F e
FoE A AMA - % HDS REZERER FOHESERDH SR AARAALRER
Bk RV EmARBE RGO FRERL 2R mEHARBEE EHEREAEH
WABT © 4848 846 J& h 2B % » &8 R ) € F1& HDS 97512 3% B384 (HDS #
JE RIS fa A et fs] ) > % 80 MR h 63 o HDS 8438 Mo € IR 4R M - AR A M8 HoS 44t
HDS R E{2F &% TS tpafe o PFUAAE amine RICIEF B A RE AN HS 2 /N
50vppm(E B AN G HiS 283 €A ERBREBE I F i ke Y) - T&MT
WA S BERHREHDS REZBAE  #F2THRMALCN 2 Z 44 LON A2 ER
o UEHEHE LS EORE SN THHES BN M FRMMHDS RESHA
08 A 43 WABT » % il B3 ubs » 23 AR LCN & 8 3445 LON/EHAYLL
M #3275 HDS RAE R BERGARHE - 2R ARGGERI B SR EFIHGHRER
# o B EEE A HDS RE %8 P& HDS S ARR OB ABRRS AARK -

4 troubleshooting” ¥323] » T AL FRMAE R ERB AR THAD F %48 B4 (splitter)

&

RIS E AR(THMm LCN 2 BURSHALE BFAREASLBRER S ELRRC

) A HDS REZNEBSHHEEARE (THd MR R e Z\ ECRE ) K3 80

i

bR IEHIEE) - L RAMA EWR I HAARE SHU RIESR » QAR TR
HRABSOFEISHARBEAERLER P ABSEHISAR FTHEE SHU RES E




P8 MAV HAAAZE HDS RESH L2 ARAEA EXM wTAELR LB PHIEL 28
%% HDS A8 % 4 Ct 6 RE » BRAA THRD TH b B RRIERIE RIEH o
4 "catalyst loading & unloading”™ ¥ 42 | # HAB LG22 EFE © AR T/ o B B3 K
BReGETHSE  RANSCEBBAGETIER I AR 2HAAFRGEMI ML
BEAN (FloFE S4E) S TRELFFLBEOEALBRBEZ RS 0E  £2
FE(EEFEHEARE 20CHRARLE) FAFELBROERE R IHARCBMR
BN AEZREZSNETHABLIEIEARRL  BRESZSULAREE  #HUAY
ERENREE > EHERAFTRAEARBENERBRAES SRR ALEEL  BIBY
RETHEET - AHEH L BROILAN S RGREIAY BB EEEAREY
B AT BB BAL MY S B2 MN 05v0l % » AR BRE SR R -
4 ”start-up procedure guidelines” ¥ L ¥ 422 » it BT EHIE Y ERIE E RS
P ERRBESSERRRBRE THERMREDBERE XL RMEEBE ARG
AR LI TREHREGEMEBE (2~3 C/hr) - M amine 44 * & H)S £ BREQEE
# 2] 100 mol ppm 8% > 212 1% £ #) amine % 7% 2| amine RN (4 30% 8% HE )
IR R T 6 HoS IR R/T 2] amine RS SE e 4] - A EABIE P BIHE UE 05 5% 8
BAMERY M E - BE A RS MRS KA LON 4258 » 334 splitter &
RiEEFREREMEE DER AN SRS

W\

4t "shutdown, Emergency procedure & Safety guidelines” % 7. & » % 4 % shutdown % & &
MEAEE > SHU A% EMAH) SR B RBAS 494 F > 2 turndown flow R 22 8 SHU # 4
pump f£3E 4] € L8R LT B 44 3] &AL SHU» 42 % SHU & i34} 8 42 1® turndown flow
EHMELE SHU &4 RIBAR > 34 2% HDS RE & * #% LCN o HCN 5R4-%4 3% % i 448 > 12 20°C/h
BFHRIRERE 0 EHEEH SHU REZMHBERAL > TS ALERAATHRERAD S
B - HDS 2 EM B S22 A+ 45 amine BME - BB A5 AR > 3t B4 amine 755%
P63 > & SHU % #uhA 46 4 2] splitter » 3 ©I £ ¥ 69 B 2B » & splitter 89 B 3B & £ 28
HifArso 3 HDS RIBE » K4 A HCN I A HDS REE © M8 & B & R4 > B AL
KEBIEREGHE LR E 2 MG EIR -

#2"Normal Sampling & unit monitoring for Performance” % 7t % + 2.8 947 64 1L 5 2 47 2

HTAGBERARBTES TAEAGALREE G TEF 58950 LBRAR T AR/ A




BT A%BEGRAL  —EEELFRERGLBIMFARLEY -

4. Prime-G+ 6'" users’ conference

£ 10/27~10/28 & users’ conference ¥ 4+¥ % 38 AR % #1343 4 "Prime-G+ technology
configurations & commercial update”$% & B A7 & # a9 H 8 0 4F R &£ B 2R ARG RIS
2 BATHRABAESHEHRLEI  BiNAE 2005 Fe9 00 S MR S50 ppm - £
2009 4845, 0 A5 B R B A K2 10 ppm > M £ B/imd K8 tier2(2004~2006)4 % % 30
ppm * 7 CARB 3 42 # (California)@| & % %] 10 ppm - f 2010+ CARB 4 (CAYR#EEHFZE 5
ppm * 7 B A4 2007 4 E64THL S 10 ppm 5 &L T fo - R & B R &9 A8 947 X 10 ppm &9
BARAM
# "Prime-G+ operational outline”3% 38 Prime-G+ A i iv MM UL LA E RO T 4 >
Prime-G+ b EMAMLELAREGONE EEASHSE - FRENKRERERESR
ISR B LTI B4k o Prime-G+ (b o M A A2 AR RR @ BUAN 451
HESAREHER  frevamp case PRI G LB AA RGOV E LI H TR R
GHENEAR MURENTALEESSHES 10~100ppm > TH A ELRBERGTE X
#”GS Caltex project & operation” ¥ 1 # B GS Caltex & i Biff Prime-G+ %7 hu SALAR
#4246 M 4% % » GS Caltex $R b Btk & % 76,000 BPSD » Ry RIR &4 F R ~ MM R BH ¥
W (34— 2% 50 KRB mER ) FCC #3R & % 94,000 BPSD » # Prime-G+ 3,7 Ao 8
RLEE 424 B 4 46,000 BPSD » £ £, & /& % CCR reformer > Prime-G+ %, hv 8 M AL R A2 12 F
MR 284 SHU o HDS #8444 451k 6948 T4t > f& SHU RIE B 43:4% 5 447 4% SOR B
WiVEB A > & HDS REZMABMEASE HRFHRBORER > BABEGERRSEE
%04 HDS % e B ag 4 T o ik £ A e 48 k7460 42 HDS B £ B K € 3% X 4& Prime-G+
Ao A BB AR st PR > TR 4A &4 LCN CS5 & 5%
4&.”operation safety issues” ¥ » SHU #4 emergency shut down 25 % feed pump £ ¥ 87
FEABARBEE@BALBERE) BRES B FAFER  ZHERARKEORE
RELRBEEEARD  THRESHOMAEE S ¥ k£ FCCEH FLIEALS
52 > suA%sp SHU RE S » #853] A inert 4} & feed pump £ %85 » FILBpfF L A RE
ARBEGELBERE) RREZAGAFEER ZERAREORBRLERBERN

L BPAF b

s g R s

S —



& THRES H o RRBRE - SHU £ % shutdown 25 > SR M R A A48 F R A LE
PIRE FIERRESBEENESFE SR HAGBE AL AN BEEER I %D e
M EIRAGRIDMER2 NS BRGRAFBE UER 2 AN LA HIELR GRS
AR EE T00C AT » A% M A SHU B# B AR 0 2 NS4 BUIBG BISHIEIE - L5
WERG B R - REERRE L RIS RAEAA EE6BE LA (AR 20C)
RE > REBANBAHZETRABYEATREETLE ABBEATHE REEE
L RAREE purge » EEAERAATH O 4 FHM 05% @ B EE T A AR DE BKER
7> A BHEETRE G-

4”TOP 5 contamination issues™3g#2 ¥ > As # & FCC A hE1EM HDS BB Z A0 + &
BB A ERRAEFCC o5 R €34 SHU B4 R4 €23 E# 4 HDS
Bk L o PR P e S BB R L B4y 0 7T 4 HDS RE B L3 fu— s R Ay > R AR
AR BRSO KAMYE - M COx (CO&CO,) A F—BATHRR > £ & H4K HDS a5
MAER EPERRTHEL CO, APEHR CO#30~40 % EHEBEANA 100 ppmV
B COx By @HMWRBBEREH 10~ 15T » HISefafo €38 A0 20 ~ 2596 » COx R FEE ] »
B % CHs & T R &R > TT{£ A Drager pretube 67 33051 + pretube CH 24101 » % UOP
603(GAS chromatography)% % % 88 » 28 %4 A N.G. X FG.2£/& > @ %4 A N.G.% FG.
RIEIER B EK > F & -Freewater 9755 R H R AN AW SHURE R 4 B A% -
TRAM AR AL KRERIE > THA £l » R By void fraction » 3t % & R ME
BEREH A o Axens Prime-G+ i BB YR E R EREABE Y FCC Kbtk bt
# o B % 5k Ak ¢ Kb 79 T A 44 aliphatic 4= asphaltic hydrocarbon + & 2 # £ KUJE 3 69 7 &
AL AR BE e o MRMIFE G s SHU #v HDS BH 4 ¥ 5B TUEL)
CHERBTCRAWBEER G MERNEL MALBNTYHAREERGHH (Thask
KPR RIE) SR EHHRAABRBFEE TRARARSLMEA  THEL A
AT RLFHEKAERER -

42" Axens catalyst cycle management” ¥ - A 4% & life event 1,4 % i% B4 44 - 8 38 g1 75 4L ~
B -l BAREEE S > axens A RE T EIRE R

4£”Antek-Sulfur analyzer model 6200S” % 8] & PAC 7 8] /- &3 & 6200NS 247 1% -

4 ”Refiner presentation-Alon project and operation” % * ALON USA % j& B #F Prime-G+ %,

10




i SR B A2 AE A 4R G Bk & A 68,000 ~ 70,000 BPSD > JR it R IR Ay B 48 M B tE i
FCC 932 & # 24,000 BPSD > ) Prime-G+ 4,7 v 51 R #23R € & 13,800 ~ 14,820 BPSD
& A % R % Semi-Regenerative Reformer °

42 pressure drop issues understanding & control” 3£ £2 ¥ 42 8| > # AR EZH R E > FHIEH
&9 B B (845 - particles §) ~ {2 MM RE (gums - O, €HEREOGRESL )~ BN REE -
LAIREOREEE T4 TERBEHBES  HERTHZRPFBEHERERK &
MR ARMEEAYE ARG EN S BB LU G ARG N EHUY » BRBEE
#4 start-up/shut-down #2 5 F8iiT > B 2@ & A REA A EM © dodb > UKD TR
B E SR B ERAE -

4 operation issues case studies” £ 3 > & R E #y f i A AR S 4 4R £ HDS R
JE& & 3 HDS JEPE oA Bare 18 o B4E MK © 2 & F & 3L benzothiophene (& ¥ 4 HDS &
JE & JE 3% €. 4% benzothiophene % &%) Mm&H HoS sty » AR 81&49 RSH/S 4 st 2 £ £
BF R L - EHE T stabilizer F/B 2 B4 4 4R €1 HDS FHAEHMME X
A& 3R HS Sty RVP €8 o o f /£ Amine absorber B ¥ & x4 /E85 0 » & BB FE
#1 2 Prime-G+4 % 0 2 R4 HDS Brt 850 @Ak I AAEE
BHRAERRAGEHERTRME  BERERANRBENEESE > BRI RBAUER
B3 AVER K o f£ Quench zone 9 & & » /£ quenchbox RR&RESMR AR | RRIE
TR AR S 0 2 & 4 hotter” zones €48 KM IE 0 3 AR ME R T2 ¥4 colder” zones
AERSGRSH FHEBEN ML - W wBHRETM > B3 hodf A5 B IR F hofl 6947
# o 4 Quench zone &9 % B4% » £ & BAZ &4 liquid quench & 7% 4 Rt > 4 quench zone
THEAEGHEHRBENH - &% quench AAUBERANRKEERME S E2AES
St BB E NG 5B 0 R R T ey R B % - £ quench zone #)iR & B RHK B

4. Technology and catalysts development” ¥ 7T, > Axens B A7 4t #f PG+ SHU A& ¥ B 45 37 —
KR E & & B AT HR-845 B4 B A £ %751 69 HR-855°HR-855 2 HR-845 B A AR 6948 Ik
i HR-855 44 % &1 (#8x HR-845 % 2096 ) & 34 iu s M tg ¢y BALRIE » 3% #w light RSH &4 #%
fe# > 3 T2 & SHU 2 HDS #9324k &4 » HR-855 Bri§ f2 2011 £ L X R4 A - £ PG+
main HDS #5481 &y HR-806 ;%% £ HR-816 A % % 2 & # A ¥4 49 HR-826 - HR-816 £

11
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2007 £l BRETAREEEN A EMGTMIE R > 7 HR-826 FABAEEMKE
Biainey it (HR-826 89 ¥ 521848 % 8 HR-806 1% 3096 » 3 T & 8L A4 A ) » HR-826
B 48 48 2011 4536 84 ¥ 74 A o4& PG+ polishing #5 4% 8 & HR-841 % i 2 HR-851 HR-851
& HR-841 A& S 6975 > HAAMGEEN - BUKNEE » $144) base metal 4 > HTH
BABE N ILE - ABE N F L (et HDSBE T L emaBhis)wiEer
BATRME h ACT-979 RIFEAE N ARBBMELARERYAESMER  FRFRELA K
B R B Fo kg TR E HDS FHE R AL oIS 606 N BRI F7 A € 4R 4L 300
B REZM AR BHAE LA RN H ALY -AXENS £ 8 2 45 % & #% Equiflow
Hy-Mix (B34 chimney tray R4F 2| 26953 R ) fv Low delta P #9355 & o

4#”APC contribution to Prime-G+ energy efficiency” £ 7T * 4 T Axens B AT
advanced process control % # > J& B 42 SHU 2F#y 478 1518 89 8L R B4 4] » 4 Splitter 2[4y

RIF A LB R B A AL S SR AE 3R B 694 4]0 42 HDS /47 B A R #4T & S iUd R

B IS LR A RAE A 9 &R -

4£”Option to produce ULSG” £ 7L ¥ * B #7 & B4 id & b 91 b 64 346 532 -

Typical Feed S, ppm Product S, ppm
North America 500 — 2000 30-50
California 100 - 300 10-20

South America 500 - 2000 30-100
Western Europe 200 - 1000 10-20

Japan / Korea 50 - 2000 10

A Prime-G+ AR RHIMAALESHEI0-80wppm &5 b AL BAT XA S
HELHE IOwWppm e A A ZUE AULCEEURRHERRESSHE e EBRS
HDS REZRFKEESHBR (BRI %  ERESEERAEYE) B ERBHE
Esa (MR FE R EZEHAB TR - &2 H%E % #2847 revamping 85 » 5] 2A:1
3 3% FCCN splitter (i) Mit@fo HDS @y &4 ) » 2 f 4548 47 % MR8¥ =T B3 2% SHU & HDS
RIE# >3 i MCN % A NHT / Reforming (4o st 6 FIRMAE o 125 R @ TH1K) > 4 3
%24 HDS RIEE (MR ERAIA% > B RBFAY) ARG ARERELL AL
¥ 10 wppm 89754 » EHPAYE FCC T4 Z ULSG > 2R AN AEER

12




revamping & Prime-G+# #2 4 & ULSG» 24 AFREN LRI » THHBFHRAREN
MITERE

4t ”Prime-G+ lincensees’ website” #1414 Axens &) 48354 — i E 319 -

FEbR B2 REMAT AN TR > Axens 2 & L BH TH T EEHESSBRRE
B EEERTHETENELZRH > T eREOHMNEANEAZERR E8ER

5. Topsoe k342 53

£ 10 A 29 B AT/ Topsoe tht#E 43 & & catalyst & technology &5 VP Henrik W.
Rasmussen #:4% > B7/E4k 448 pasadena &9 M T B %3 > R4 7] VP Raymond V.
Yellig /42 Topsoe # SCR A4t 2 & Spibey £ E AR » HEM B @K ~ BT EBEIL - R
WY RAOMRFTRFE MR OABERME RFHEET—BRYESSE @
BRIM gt 4 & - B2 AHE R AR BEELRLY > @@BRGMREE > BRTERIFH
B o ARRBEGEHLERT  BRTTHEINERALERFBE > £ Topsoe hEEMNE
4.4 VP Henrik W. Rasmussen 1143 B #7 Topsoe &) BRIM A 4 & 3% S5 A8 41 B 2 A8 9-(F4

BABFLBME 1) - GhHEb0 ERAEEASEE—FERERR -
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4t Topsoe B 6 A L3 AR B ENMAER (THILER) > AHEEXETK
RORBEFAREEFE  CARARAAREMAEFILAREMN SABREEHLT > 1
FALH A BB B R RSB M k£ EM > HIKEB Topsoe 4B B 3K » £ AR ey R E &
T OALAEE AR ARSI R T R

Highest temperature, °C (°F) 200 (390)(|250 (480)|[300 (570)

Time frame, hours (sulfided catalyst)|| 48 12 2

REEHE R FHERE, BERFEN 400 degree F (or 204 degree C) -
mENBEHARBHCHRAE S8 XG0 BUASHEREE ALY
o TR

Highest temperature, °C (°F) 200 (390)(250 (480){1300 (570)
Time frame, hours (oxidic catalyst)|| 24 6 1
=~ SR REHR
[N 45— .

R AUk 4 8 Axens ) Prime-G+ B st € WH#R S R TAMH € LEHLER Y
Prime-G+ ®£24 A AR BTGB E MR GPGLEEFREBH > g4
PSR T TUREFH st » LT 2RERBER > BAHLEMFEBET  SREYH
A8 Bl 893 E I AR IR H SE M ey PR 0 B ¥ Axens Prime-GHE B R EAMEH TR » Lok
ffas > AN EHMEEERARNBRKETN LR LARLEY  BEHHEME
BokHE > BN LA e R e £ AR% - M Topsoe #9435 » SCR MHE 2 A &
fbeg 4k B2 - HBEMB AR - BRZFAEEE  RORBRAELE 6B T Y 94EE -
RV ANBRE  RRHBRE-—BRUELSY MBRIMABRO A ZE - AREEEFL
HRBEHRY > SBRBES > BETERZRFRBE > FRAMABE DR T MBS
kA BN -

14




2
%14tk Prime-G+ HEHH €4 0 BRI dA ARG AL EELHE 10 ppm
MTFH B AAAREL « BETA BRSO ESR HEHNBELRREEE  HUE
SR RENEHEENLSY -

P Sk

M4+ 1 Topsoe ff #k
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Tops@e R&D in Hydrotreating

1000

ivity

Rel. vol. act

100 ~=
1950 1960 1970 1980 1990 2000 2010 Year

Many Perspectives for Further Catalyst Developments

HALDOR TORsoE [

BRIM™ Technology

- advances in catalyst preparation

CHEMICAL

& ENGINEERING NEWS

The newsmagazine of the chemical world

NEWS OF THE WEEK

Desulfurization Catalysis

STM reveals atomic structure, func-
tion of active but elusive catalyst
phase.

DESULFURIZATION CATALYSIS X 5

C & EN 2 (2001)

Topsege researchers with Besenbacher’s group (2001)
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The Heart of the Hydroprocessing Catalyst:

Brim sites

Catalyst pellet Alumina support CoMoS slab

HALDOR Torsoe 1

Edge Terminations of CoMoS

g

Coball S edge

Mo edge

BRIM™
sites

The ne' metalllc BRIM™ sites o |gh électron
density are located close to the edge of the CoMoS
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CoMoS Model

Reaction sites for hydrogenation (brim sites)

HALDOR Torsoe (1)

The Direct Route in ULSD
Occurs at Edge Vacancies

S vacancies

Topsoe researchers with Besenbacher’s group (2001)
HALDOR TORsOE (T




Interaction of Sulfur Containing
Molecule with Edge Vacancy

o

STM image after quenching to 250K

Topsee researchers with Besenbacher’s group (2004) HALDOR Torsoe [T

Mobility of Thiolate Species on
Ope-dimensional Metallic Brim States

Time-lapse STM images
J.V. Lauritsen et al. Nanotechnology 74, 385 (2003); J. Catal. 224(2004)94
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Reaction sites on Co-Mo-S

Reaction sites for hydrogenation
(Brim sites)

Reaction sites for direct HDS

(Type | and Il sites) HALDOR TopsoE M)

Transmission Electron Microscopy

i

Demanded
tunnel current

.

Feedback
circuit
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A new in situ FEG TEM

for catalyst characterization
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Commercial Status for Topsge’'s New
Generation of BRIM™ Catalysts

m Total sold volume: >15 MMIbs

m > 75 References

= >5 MMIbs TK-578 BRIM™ sold to
14 units

Confidential Information — For Internal Use Only HALDOR TOPSOE m

Goals for the next generation:

m Higher activity
= Unmatched stability
® |mproved cost effectiveness

The above criteria are met if the utilisation of the
active metals on the catalyst is improved. This can
be achieved through preparation of catalysts having:

® |mproved metal dispersion
®m [ncreased number of reaction sites

Confidential Information — For Internal Use Only HALDOR TORSOE




In-situ characterisation of the new catalysts

= [mproved metal dispersion is achieved through:

— Less stacking and clustering of metal slabs

Metal slabs can stack or cluster, which will reduce the number of active sites

v

G
Wz, vz ‘vz @) Wz 7772 777

Stacking Clustering
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Titan ETEM
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Carbon Laydown

Confidential Information — For Internal Use Only

Carbon Laydown

Confidential Information —~ For Internal Use Only

CH4:H2=1.1, 2.1
mbar, 997 °F

10 frames per
second

Growth Rate = ~1
nm/sec

5 nm Resolution

HALDOR TOPsoE (1

CH4:H2=11,21
mbar, 997 °F

10 frames per
second

Growth Rate = ~1
nm/sec

1 nm resolution
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Metal ﬁstacking (TEM)

mm TK-576 BRIM™

06
mm TK-578 BRIM™

Frequency

Stack height

Results indicate improved metal dispersion!
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Metal clustering (TEM)

0.40 |- mm TK-576 BRIM™
= TK-578 BRIM™
5, 030
Q
@
gr 0.20 b 29% of the metal slabs are 8 nm or longer
L P —
0.10
0 pra—.
2 4 6 8 10 12 14 16 18 20

Length (nm)

Results indicate improved metal dispersion!
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Active sites

Can be measured by Infrared Spectroscopy (IR) of
adsorbed NO

HALDOR TOPsoE (1)

NO adsorption on HDT catalysts

NO ad
140 Activity vs. NO absorbance
CoMo-NO 150 1
1.20 1
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1.00 g‘
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< 0.60 ® / 7

£ 50 / Ve
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Results indicate increased number of reaction sites!
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Features of the BRIM™ products

» Highest activity catalysts

= All new BRIM™ products are delivered in oxidic state

» No use of chelating agents

» Easy loading at ambient conditions

» No special requirements during start-up/activation

m Can be regenerated using conventional regeneration

technologies
» Good physical integrity

= Minimal loss during unloading and regeneration

Confidential Information — For Internal Use Only

HALDOR TORSOE (¥

Naphtha
- Activity and Density
Service Catalyst Activity Density
TK-559 BRIM™ Base Base
Naphtha
TK-561 BRIM™ Base + 20% Base — 9%

HALDOR Torsoe (¥
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New Products for FCC P/T and HC P/T
Activity and Density

Service Catalyst Activity Density
TK-558 BRIM™ Base Base
FCC pretreatment | TK-562 BRIM™ Base + 10% Base — 6%
TK-560 BRIM™ Base Base - 11%
TK-559 BRIM™ Base Base
FCC pretreatment
TK-561 BRIM™ Base Base - 9%
TK-605 BRIM™ Base Base
HC pretreatment
TK-607 BRIM™ Base + 10% Base - 9%

Confidential Information — For Internal Use Only
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The New ULSD Products
Activity and Density

Service Catalyst Activity Density
TK-576 BR'MTM Base Base
ULSD TK-568 BRIM™ Base - 15% Base - 14%
TK-570 BRIM™ Base Base — 9%
TK-578 BRIM™ Base + 20% Base - 5%
TK-575 BRIM™ Base Base
ULSD
TK-607 BRIM™ Base + 10% Base — 9%

Confidential Information — For Internal Use Only
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TK-57}8 BRIM™ references

Customer

BP, Toledo, OH, USA”

Chevron, Salt Lake City, UT. USA'"
ConocoPhillips. Roxana, IL, USA™
PEMEX, Salamanca, Mexica'’
PEMEX, Tula Refinery, Mexico’
PEMEX. Tula Refinery, Mexico™
PEMEX. Tula Refinery, Mexico”
Tesoro Refining, Mandan, ND, USA”
Undisclosed Refiner, Europe'’
uUndisclosed Refiner, LA, USA'"

Undisclosed Refiner, TX, USA”

Summary

Unit

A-DHT
CHDN
DHT
U-14
U-800 H
U-700 0
HDD-5

DDU

Feedstock

SRGO/MLCO/Coker Dist.
Coker Distillates

SR LGO/LCO
SRGOLCO/SRKE
SRGOACO

SRGOACO

SRGOACO
SRGOALCO/Kero

Coker Distillate

SR Diesel/Cracked stock

LGG/LCO/FCC Naphtha

Confidential Information — For Internal Use Only

Capacity,
BESD

20,000
7,000
55,000
25.000
25,000
25,000
25000
16.000
18.000
30,000
54,000
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= BRIM™ catalysts have been in the market for six years
and are widely used in the industry

= The next generation BRIM™ catalysts offer:
— Improved activity or same activity at lower fill cost

— Unmatched stability

= All the new Generation BRIM™ catalysts for Naphtha,
HC pretreatment, FCC pretreatment and ULSD installed
in many commercial units

= \We currently have more than 75 references for our new

Generation BRIM Catalysts
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