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1.1 IROER
HBEMHITL2EEMOEL 20 Y ) Il T 5886
(Fluid Catalytic Cracking; FCC) #@EIIAMBR 7 v & X O F % ik
LTy, REOHMBIAEZEBEL AL, Z OEE TOEM D H N
(FCC XI&S) kv EMMASHT Y v E2HGTWD, Z0OHY U Rk
A2V rDOREEEDTWE, FCCHEEM OB (FCC k) 34
VU U REMBOMD CTEERHEL > TWE, FCC i I@E kiR % A
TOMNERRKL TV, EERILAKFEZGML CTRENMT 2 KE» EK
I ThHhDH, 7ok A@EEMBORBENHEE > T FCC a2 EHELT
TR, KETE I e Lo laibrREEOfGE T e XL L THE
OEBEENDE LTS DV, ftk, FCC UM & L T — %2 J8E 8
(VGO H W B 3T & 7228, it IR h o 7 AR E N gL b
DAREBEBRZELERBARFICR- TSI EnD, ZL OEE THEBME
EOWBE DR IT DO TW 5D, FCC & & (23 fil 45 5 A 28 B S A £, KOs F i
g B ~HERE TN — AR DR FITRBERR LS D, IS A LR E
UG BR TN, il O 5E R EIXR W RE TH DI, BE il oy fif BOGTE A
2Pk D BB CHEBR P it i A2 — S SR Al B9 I S L, SOk & L& L E )
B D il 5 FRE B B ISR A D4y DR il (T Ly v afili i) 2 FCC 25 & N~k
A — ERMAALTWD, 25, FEN CHENREIMERER T52L13%
EIEER EVLEARARRIETHY, OO O i #E R B N HE I T0D
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BRTCINHITIZTEEENER B L TME FICHRE T2, 28, ZOEERT
O il B 36 O T S AU 7o il S5 3o TR B ST P Ak A SRR X T D

FCC AWM P ICH ENLIE& B L RIIANFTIUL, =v T, FRITA, 8,
N RRETHY, 20565 H ENL A ~DREEREHWEVWDTEZD
INTFT VUL, = v, FRIDARETHY, TRETEZLOM WM E B3I T
V% B T16),

BANOMBIIRISHEAZRYVEL TSI BICKREBICKIFELTL S
B, FORIEERIZOWTIE, 1) FAEB TOKBALL, Q1) FOEHHH I
GENDERBALAE Y OMBE~OHERE, (111) O T 0 5% ¥ ik & (CCR)X 4
fif B0t CAE R D R O HERE, (iv) JRUBEI o o S e a R AL S W o fil S5~
DA, TE2b0%ETH D, QDI X OCAVITHELE To A F = —
7 OBRBEIZ LV ORI DO BAZRMBIEEEIRE TS, L L3O
BLOMMIIEOWTEHEELRRIELRZWAAFEHN b0 THDL, DF 0,
FOSHAZBEY T ) BICMBITKATASK T COREE M O
CRILEMOHERICI VAL TS DHLF R D,

JFOBE o DR F Uy UG W ix FCC il B 12 ok 25 HE R 35 LAl B O % 1 ik 4y
THHEATAIOME A EZHEEL TEHR T2 E, TYVIVIRELR FSE
2o JEBHI D = 7 AL B W 1T R il R F 3 I TR AE HE R LB K R
FOS AR S LD R ALY THLHKFE LT — 7 DI R 28 IS T £L<
2N, FRUT LGS W 13 Y TH D7D il 5 oo [E R B S A TR R Loy R TS M &
R L, NTFTUULMMEAEWESL TR AW E LKL, RN ToONFTPY
Db E M OB ENNED ERDZ LTI E MK T TR &2 D,

ZhiCx L, Zhon & Bl &Y OfBLICHERE L5 6 O B 286 - 57
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ARNTHDLN, XWX T VT LMEAMITESTARNOR e E ST TEELZIK T
SELD, ATV LEDOHLEAFT A EB I L 1D, £/, FCC fit i D€
FI7AMZLaX Ce T REAFT W THZELIZESTESTAMDIM KB M AW L
S, DRFJTRAVICNFER T2l sEsFiEa®E L 19, —F, fil
BEARC AN F Uy LA E A 2L A T 2 TR T o F U T AR AL ) O B 1
EMMZATESTIAMNL - ~DOE R BLM2 5281920, = b & WERELL
Ty VOREREZ BT TRIEE~ORBELZMAL=y 7 VAR EL A 20 1
THZ L 20, 20 Fl- FCC fiifiE LR A LT ATtz m ESEL 3TV U A
R DTDDT T AT 4T B E A T2 1T E D RFETHD,

—J7, } L TlX FCC fill L ICHERE 328 (L AWM O ENE A SN TVD, Zh
R B OIS FHE FEICIVSEET A EOZ WEE M ABSNDZEICE KT
DD THDN, IRl B ~OHERE &R L T D, 816 & W 3l i 2 HERE
DI L K0 fil kL 7 2 T 28 R W A E R L, Z AU R 7R o Tl 8 A X
DA LT FCC %5 & N Cofil S it Bk 2 AL 9752 LR, E7ofidh I 5% 1 o HE 7%
WIZE->T FCC Dy MRiEEPME T 352 EDWMENRISNTND 22726,
Bayraktar & 27355 5  0 FCC % & 2> DB B L7 ¥ 5 ik i D gk (b & 9
CBIL, JE 1 B8R (AFM) B X OV xv ¥ — ) B A A& AR 1 BE K BE
(SEM-EDS) & H T, fit ik + £ i DAL AW DM 2R ICES2 DTk
ZWFFEL, IRAL K FZE O RIS ~DHEBEEE R T L)X TOMPTIELLT
RLTVD, Yuxia b 28(%, pi ¥ FCC 2L & TO AL & W O fil i~ 52 B 25
RO, WAL B EFT T 7T oS eS b amEL TR EHBIZIRINL, Ak
A W A 38k Ak & W D3 ik R - 2 — 2 B, il o~ oD 528 S
SNDIZH L, T7 T Bk E N W2 A 3 ik R 7 3K SR AE L, il B Rk gy &

fbamzo<Y, i EEZE TS24 | E LTS, Tangstad & 29%, N



FTUUL, =T HLWVEELEM EHE R ST FCC 2>\ T, Bk Fx [
RTOKBAFNZ I N TE TR TR LS 61, K FIEENE LY
MFHZEEWMELTND,

ZodoIZ, FCC il ~D kb &M HE R IS LW ME AL TG PEELICE T%
WEZE TR Y ICRSN TV LD, BIE BB HER L2 & OB L ITHO VTR
REbHE N,

AHFZETIE, FCC FLEHM T ICEFEE T2 B am oh TEHRILEMmIZHE A L,
FCC fit i \ZHERE L8k b & W O ~D R B2 R I 52 L, F7-F i fil it T
BLEINLIBILOMHEREFOREY AR ZER=ETHIAL, HE T8t E
Wy D5 B o IV BE 2B 8 T 2L a2 AR ICLT,



1.2 IEOBMESE

W7EDHEFR TR LIBY, FCC EEB~DKMULBEENE ML TV D
BUR T, MBHHICE EN DI AT VT AR =y TG W & o i HE R
TOEROGEMU, MEEMERICEELLITL TWD, KT EEHE o gtk
EWERENZE bRy, ME~OHBENHML TWD, SREBELSZ WV

HBIX FCCHEIE N T TANELDZENDH DL, BALEGWMHEREIC L D it 1
K OREY DO, ML EOEMICILO2MAMEORSE NI TV
L, ZNDDOBHBIZED D IEE O TIC L D il #EMEEA S o MRTE MO K
TEWoltE~DEEBERETTTICRINLTVD, LLAEBL, 1S
FEEDODETIZOWTOFEMOMH TS TR,

KR TIX, TTREEPOBRBLAPEMELZERL, Eo» 5K
FERTHEOBERICOWTHRT, £, LA WHER RO 5 MIEHRT
HRMHIZONWT I HICHRFTZMZ 72,

I, BILEDHERIC L DR EWE RO M LA ZEIC X 2 EREEALZ B <
7o OB FHICE Y e T, FEBEBOVMHEMBICR LN D REMIE
RN TEDLRMERBRZATRoTe, T HDORRICES T, kG WHEM
TR DA B W D 7o D R R IS O W TR N T,



1.3 KX DHE R

B 1ETIE, KXol s 22 FCC ABLIZHERE 5 2 FOBHH B 2k
DEBILEDDZBIONTENTZ, XTFT VT LEDE =y T VILEW
WZCOWTIEHRERNPOHERRINTWVWD I a7, —F, &RiiTekib
AVOHBIZLD2EERRES RoTWVDL I EERRT,

F2ETIE, ZEBEIPOEIM LKA PSR L2 H L, 2
SEERTOERIZONT, BILEKORELRAET 52 LIT X0 BLEL
BE ST =B R 217> TCWbH, £, ${bE W HERERF o il L% ME (K B4
(ZOW TR 2N &, F3 RS PR AR T B 52 2 fil KL - 3% 1l o0 HERE 4 PH 2B 12 K
LR EHE LR T L BEA T TR T WD,

B O3 ETIHSMLEMHMBEHE MO MERE ~DREY ERBRE %2 E
R CHRT U EEALSLBICOVWTHAELEZ. BB kS
% v THRIEFL R ME o B 72 5 i i 2 H v CTEE & W HERE 1T K B o iR s
~OEBELEPFH, G EVHEBIC L DMERE~DEEE 22 1712 < Witz
DWNWTREL TWD,
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E2F FCOTHMEICHBLELZRXLELSMOMBENMELSSIY

EHICRETHE
2.1 [FLBHIC

FCC 7ru AT T 55 B 1 12H 54 8k & W 13k 15 2R T &
HL2ERNDO—2THY, HBHEFIZ FCC fi S (THEFE L Clb AL AFMEICE KR B4
FIET, ERNPOIER SN TV B D IEIANTVTL, =i, BEXOFND
LTHY, ZNHIZONWTIEE <O IE 03T bl 122, ZOX R PR EINTE
i TG 378,

— 7, EETEIMEICEBEEZNITTHREEILEDO - DLLTHNRE T DN
T D, Tk, JFURE I (S At B = 82 0 (DSVGO) & Wicd & 03, BUEE i B o
B oy B A B D R~ DR IBEL D IR0 ey, BES O O HE Ak I
£V FCC LEWNZIEER LM ICHER 328k 70 & A B 288 L, il 5 M RE
B ERITTIENI/m—XT I TS, ZHLJR 1 FE D 2 5k 0% i AL
ARSI, LR B ICE ENTW LA S E G % OIEIZ, BVEE O W
Bl OBL & ~Dan— a0 AR T 54 B kb & W <0 L it o B i 2 E
ERICHETLZ PR E PO DR ANE G L TWLEH S TS,

fih i EACHERE L= 8L & 9 XL Y OB BB TTEALE T 50, =y 7 /V[E Bk IZt
KEEMZFF>TNDHZ®H FCC KISIZBWTHEIERY THHKFZE - a—74E K
i KRSE, B THLAT VI FE DR T £l

FCC fii i ~DEAL G W HERT ICL DB LL T, FCC 2 E W T ol i o it B
PEICR BT NS EE O TR ISR T REnHESNTWD 6, 7z, 8
b A W HE 7 23 il 50RL - 38 T Tl 2572 filt BEORT 1 PN R o~ o0 JRUBE I B e oD 4 22
PERHESNTND D 8, S5, JLEHE P ITIE T ML LT LMEE Y D



FAETLDOT, AL AW ITMEE R 5 DL U7 VI T LK@ Rt &M ETE R L
T R - Kl ORI AL AP E LT <752E, I FCC fit S 2—LL
TV LSS, BREMOEREZHESTEHTARWEZEVLTL, 2N
DA FLPA ZE 2 7B LAl BETE MEAR T DOLIK &7 228, ZDMER OT-HITIET LS
FTARAE = T2ZERAEN THLIERRESNTND 9, 2RI LT,
A & W HERE R O fidt 5 R 1 COZEE W AR ITANA X — OFEFH IR AR <
NTOMPETELLLDO®E & 10650, B A NHERE LIS & DB
FIZHOWTARBRELEZ W,

BLM T TIX FCC 3% & 2508 1) 59 (2 flir fik 45 2 R B L MR 0 A 24TV E iR
BHINTVWD, EHELORBR TIXVFHME~OSEMHEBENEINT 5L
MEE DK TEAELDT—ANZ W, b aWHER EDHEVZL BRNITHDN
DOTNSEEOIR FTE2ELL T —AbRZToN TS

ZZTARETIE, FCC & & DD EE B S A7z - i fil 48 2 F W TERAE & 1) HE 7 IRF
D NS B ER TR EBLODMIEMEE TICOWTHAEEZRBZRo7, AT HE
CBWTIEIHERB LIS AW OFEREBOBT NODELE, RHFIZHONTIS
fifg 15 MR AR TS DWW TE K B 22 247 W, O i fil 48 5% i 2 HI D IR D 2 & 0T 22 fid 15
{if ME |5 ~ DR R AW TRl ~ T,
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2.2 RE&
2.2.1 %

AKWFZETIT R Mo FCC & (FCC & -A, FCC & -B) 2 HEk It &
AT -t ok g OF- i ok 455 AR, Sl Ak 45E B ORE) 20 W e, P Al A RE 138k b
MM EPEINTLE0IEBEEOKR TEZELLLD, FHEAbE B B8k S
MHEFE B DN HEVZLARVICE DD TPEEE DK F2ELELDTHS, W
b B AR AL B (BR) o iR i T U e ey v a2 Ao — LU TH W
bDTHD, dEAMICH WAl A FHERBIOFEHEAL B EToznEh o
KRV TNV A1I~AS5BLVOB1~B4Il>\WT, #meRBILAEWOHE &

% Table 2.1 IZ/RL 7=,
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Table 2.1 Composition of equilibrium catalyst

Sample V205 NiO FeZO3 AF6203 2) NaZO A1203 SIOZ Carbon Others

wt%

A-1 0.80 0.49 0.92 0.40 0.27 28.8 66.7 0.05 2.03
A-2 0.72 0.47 1.03 0.51 0.60 28.6 66.5 0.06 2.04
A-3 0.64 0.40 1.32 0.80 0.25 28.7 66.6 0.08 2.05
A-4 0.48 0.25 1.62 1.10 0.23 28.2 67.1 0.10 2.07
A-5 0.49 0.30 2.04 1.53 0.24 289 660 0.10 1.99

Sample V,0s5 NiO Fe,0;3 AFe,0; 9 Na,O Al,O; SiO, Carbon Others

wt%

B-1 0.83 0.40 0.54 0.23 0.22 36.6 59.2 0.09 2.24
B-2 0.83 0.39 0.69 0.37 0.25 359 59.8 0.09 2.14
B-3 0.77 0.36 0.73 0.41 0.23 356 60.2 0.07 2.09
B-4 0.80 0.37 0.79 0.47 0.23 353 60.4 0.08 2.10

a) AFe,05; = (Fe,0; content in equilibrium catalyst) — (Fe,O; content in

fresh FCC catalyst)

12



222 EREAS DS

Al:03, SiOs, V205 NiO, Na:COs, Fez0s, La20s, CeO2, Pr¢O11, Nd20s,
Smz0s PRI Z A WTHE M EOERE Y A AT R, & 55 OB &K 2Rk
L7z,

fih BEEAEE 1g 2L, EARYBRIF UL 3g ZIRAL, WA IEE CI@MLAY
FTAM AR R LT, BT AN 24 6 X # 3 & (Rigaku Model: RIX3000) (&
v kL, Al-Ka, V-Ka, Ni-Ka, Na-Ka, Fe-Ka, La-La, Ce-La, Pr-LB,
Nd-LB, Sm-L8 # » X #5820 & Uiz, il it d o4 8 ik oy & 13k 1T
BL, HONCDEMLIEEE X BBE OB EREZH WTEBIY OR E
K7z, 8102 & 1X 100 oK MW IREZ S WEE L, A7 BT

WX fn % Others L TEI LI,

223 AP HERE (AFe,0,)DHEH
JEORE & E D Bk R o3 (3B il 4y R B AR TR IS HERE 975, omok 7Ly
Vafl BRI ER R XA M L TE ENDTED, SO T KD TR I A b il 4
WCHERE L7Vl il I B & H7V O 22k OXNTHE M L, 2ok, Sk
ST EICEAAE M EL THFEETLHEZEAONDN, Z2TIEINLDOBRIL Y &
Fe:03 EL THH LT, AFe20s 2R LT,
AFes03 (wt%) = (FCC E1fi it it > Fe:0s & A &, wt%) — (FCC 7L v afi

B Fe: 05 5 A &, wt%)

224 hESEFEERE
INSEE FEIX, fil it A 600°C T 2 KM BERK L7212, M AL, 250ml DART X

—ICENICES, TORBETHELZRLME LU,
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225 REHE
fol Lok - R OB L, EE R E M S (SEM) KEYENCE Model:
VE-8800 TATV, £7-ki + £ Jg Wr il 08k & ¥ 04 A 1335 68 A B+ 0 % 85

(TEM) Hitachi Model: HF-2200 # H \WCHI & L7,

2.2.6 B EAE
fil £ o ®e Ak R W T X BB S K (Sherwood Scientific Ltd. H

MBS-AUTO) & H W THT 272,

227 MEREHEBRYORE

K ~OHEFEY O £, — & & O fil i 222 5 3 i =X ik 25 B2 RE o B2 5K R 4L
BOM @O (NE 38mmxE S 696mm) ICFE %, 345m/sec O ik 22
R A E N Ui I 2 i By, PR RE S TR i B9 IS I 3R O HITD &S A

TAT 0T, FEAER WX EEREPH 46 1% 42 eI &L, PHAG % 12 e [A], 12 i) 705 20
IRF [#], 3L TN 20 g [ 7225 42 W 6 O [ 12 8 BEHE THR ALK 15pm LU T O
BErnEn7rA00-1, 7740552, 77A42455-3 &L, 20 R #, 42 K¢
BICBREICL>TRE AR ESNE TR F2ENENaT 5r-1, a7 57-2 &L

7’1’
—o

228 MEDORESHAUE
fikt S DKL FE 3 A7 LRI — 8 O 2R 7=, 20, 30, 45, 60, 75, 90, 105,
150pm OB EOEi 2 A YT, ~EREMIEZL, k%o e E &

INDE B %K O, KL 3 A0 45 7o, IR B %1 Sepor AL RUIR B K 2 VW2,
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229 MEOCHABTERAE
fil 18 40 FL 75 F% 1L Quantachrome #: 5! PoreMaster 60GT %z T, KERE A

EAZEOME LT,

2,210 flgEiEMH

FCC fift 5 o7& M 13/ B ik &) g #2 firk 43 fi# 2% & (Kayser Technology Inc.f,
A ACE-R* )EH W TAT o7, MR BIIAMB & 9 g, KIKIRE 520C,
WHSV=8, fil it /J5 Bt tb %4 5.00 (H &) O T CIT o7, JFUBHH 1B
Bt # JE 7% i (DSAR) & DSVGO OfRFELE 1:1 R A M (L HE 0.9078, % ¥ ik
F2.1%) EH W, OIS AR Y TS 216°C ~343°C D 4y % Light
Cycle Oil(LCO), 843 CLL L ®# 43 % Heavy Cycle Oil(HCO) L7z, £7- &
B oy i R Ak o TR Lic, U o i R (wt%) =100 — (HCO, wt%)

=7 AR BIEKIE B ICER LI =R %E 7T00CICTER P TREESE T,
fit 45 > AWM THRETDH CO: a2l ELTROL, CO2 77 #71T
SERVOMEX Company Inc.# 1440 Gas Analyzer & \7=, $£7=, 1 fil

BED Ty — R P E S R L& & 2 H Ve,
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23 WBRELEE
231 HRIELEMHBBENSEEDOKE K

SR T O B Ab G W 03 il I ~HERR O 2 LIS RO AR B DS MR T
THIEFRLIMBNTWD 6710 Foskett © DX F i fil i O35 £ O K T 2
BAAYMHERICIoTELIR FREOANHA R IRITER 75818 XTn5
2, ZVEEMICOWTIEB TRV, Yaluris & 913, FCC ot cfil it b
(ZHERE T 2B D08k & ¥ OHERE & B N ICLY, 22E% E 2 0.15g/ml 2
FEECK T T52L0HHEERLTVEN, ZORTREIXIFCCEEX AT IE
B IF, M SN2 I KD E 22D, ZORKIZOWTIEIAH THD,

R TR ELTEMHH O FCC 25 #E -A, FCC %£ & -B Cidsi Bl f 0 28 8 1
N o7 Z e b, W Ivh S i il 4 o 8k b A W HERE B8 o = K 1L, FCC
EE LIRDOF T EDEEFICLDbDOEE 26T, £z, FCC & -A TIX ¥y
fi 15 > AFe203 O @& W IR BT W TAT AR ST N OO fidt 15 3 8h 4 MK T 328
RuEEUT, £z, FCC #E-B IZBWTH i fill i > AFe203 1% FCC & -A
FZE B TRWDBFE BRI AT AR SV 7 N O fil 15535 8 M 23K T L7,

TENE MR T 32RRELT, il ONIEE DK TR PR INDD, FCC
HEE-A DO B ST il BE A BE IOV T AFe20s S i 8% B OB 1% &
PN Fig. 2.1 1R L7, )P OFaybE FCC 3 E-A 26 E M 8 128 &z
ot b OB EME AR LIEL DO THD, ZORE RS, il B 00X I
AFe20s DM EEHITIE T 528Ny o7z, %72, AFe20s 2% 1.0wt%LL T T
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Fig. 2.2 SEM images of equilibrium catalysts, A-1, 2, 3, 4 and S.

A Fe;0; (Wt%): 0.40 (a), 0.51 (b), 0.80 (¢), 1.10 (d), and 1.53 (e).
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Fig. 2.4 SEM images of equilibrium catalysts, B-1, 2, 3 and 4.

AFe, 05 (Wt%): 0.23 (a), 0.37 (b), 0.41 (c), and 0.47 (d).
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Fig. 2.5 A TEM image (a) and electron diffraction at circled
area (b) of equilibrium catalyst, B-4.
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Fig. 2.6 A TEM image (a) and electron diffraction at circled
area (b) of equilibrium catalyst, A-4.
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Table 2.2 Product yield in FCC process using equilibrium catalyst
of A-1 and A-4
Conversion Dry gas LPG Gasoline LCO HCO Coke
Sample
wt%
A-1 84.3 1.8 14.6 46.4 15.7 15.7 5.8
A-4 77.7 2.0 15.2 41.2 13.6 22.3 5.7

Feed oil: 50vol% De-sulfurized atmospheric residue + 50vol% De-sulfurized vacuum

gas oil

Evaluation conditions: Reactor temp.=520°C, WHSV=8, Cat/0il ratio=5.0 (wt/wt),
Conversion = 100 - HCO

Dry gas: H, + CH; + C,H4 + C,H;, LPG: C3Hg + C3Hg + C4H g + C4Hg, Gasoline:
Distillate fraction from Cs to 216°C

LCO: Light cycle oil (Distillate fraction from 216°C to 343°C), HCO: Heavy cycle
oil (Distillate fraction over 343°C)
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Fig. 2.9 SEM images of equilibrium catalysts, A-1 and A-4.
AFe; 03 (Wt%): 0.40 (a), and 1.10 (b)
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Fig. 2.10 TEM images of cross sectional area of equilibrium
catalyst, A-4.
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Table 2.3 Composition of peeled pieces and core of A-4 catalyst

Weight Content (wt%)
Sample Peeling time

(g) Al,O; SiO, V,05 NiO Na,O Fe,0;
A-4 Ohr 43.07 28.2 67.1 0.48 0.25 0.23 1.62
Fine-1* 0~12hr 0.61 25.5 63.0 0.79 0.90 0.19 8.28
Fine-2* 12~20hr 0.33 26.6 64.7 0.71 0.71 0.19 5.20
Fine-3* 20~42hr 0.75 28.3 63.5 0.77 0.71 0.21 4.89
Core-1" 0~20hr 42.13 29.5 66.2 0.48 0.24 0.23 1.43
Core-2" 0~42hr 41.38 29.9 65.6 0.46 0.24 0.25 1.50

a) Fine-1, Fine-2 and Fine-3 designate fine fractions obtained by peeling
equilibrium catalysts for 12h, subsequent 8h and 22h, respectively.

b) Core-1 and Core-2 represent catalysts after peeling for 20 h and 42 h,
respectively.
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Table 2.4 Product yield in FCC on catalyst A-4 and on peeled catalyst

Dry

Conversion LPG Gasoline LCO HCO Coke
Sample Treatment gas
wt%
A-4 - 77.7 2.0 15.2 41.2 13.6 22.3 5.7
Surface-peeled 20hrs 80.7 2.0 15.6 43.4 14.0 19.3 5.7
Surface-peeled 42hrs 83.3 2.0 16.5 45.2 13.9 16.7 5.7

Feed oil: 50vol% De-sulfurized atmospheric residue + 50vol% De-sulfurized vacuum gas oil
Evaluation conditions: Reactor temp.=520°C, WHSV=8, Cat/0il ratio=5.0 (wt/wt), Conversion
=100 - HCO

Dry gas: H, + CH4 + C,Hg + C,H;, LPG: C3Hg + C3Hg + C4H;y + C4Hg, Gasoline: Distillate
fraction from Cs to 216°C

LCO: Light cycle oil (Distillate fraction from 216°C to 343°C), HCO: Heavy cycle oil
(Distillate fraction over 343°C)
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Table 3.1 Chemical components, surface area, and pore volume
of fresh catalyst

Surface Pore

Fresh  Al,0; SiO, Na,O Fe,0; Others Area Volume®

catalyst (wt%) (m*/g)  (cm’/g)
Cat-1 32,6 64.6 0.13 0.62 2.0l 172 0.18
Cat-2  29.2 68.1 0.14 0.53 2.02 177 0.23
Cat-3  26.5 70.8 0.14 0.46 2.0l 184 0.32

1) Pore volume in the range from 10nm to 1,000nm in diameter.
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Table 3.2 Properties of feed oil

Kind of feed oil DSAR DSVGO
Density (15C) (g/cm?) 0.9172 0.9068
Viscosity (50°C) (cSt) 186.8 44.8
Sulfur (Wt%) 0.27 0.24
Nitrogen (Wt%) 0.13 0.09
Carbon residue (wWt%) 4.1 0.4
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3.2.10.2 #E Ll T fi fuh 0% O FA W

#2147 Al 3% (A)
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Fresh Catalyst

|

Steaming at 750°C for 13h
l DSVGO with ferric octoate,
I_ vanadium octoate and nickel

octoate

Reaction (Impregnation)

\ 4

l Reaction temp=400"C

Regent Stripping

Heating up to 780°C

1 Steam pressure: 77%,
Regeneration ) O/N, mixed gas
Heating up to 800°C

Deactivated
Catalyst

Fig. 3.1 Flow diagram of pseudo equilibration of FCC

catalyst.
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Heater

Catalyst
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N, or (O,+N,) — «—Feed oil

H,0

Fig. 3.2 Apparatus for equilibration of FCC catalyst.
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Table 3.3 Properties of pseudo equilibrium catalyst for Cat-1"

Fe,O0;  AFe, 05  V,05 NiO SA pv?
o (Wt%) (m’/g)  (em’lg)
(A) 1.43 0.81 0.65 0.39 120 0.18
(B) 1.42 0.80 0.64  0.40 119 0.17
(C) 1.43 0.81 0.64 0.39 118 0.16

Repeated time of metal compounds deposition: 20times (A), 40 times (B), 100

times (C)

1) Mole fraction of O, in regeneration step: 0.21.

2) AFe,0;=(Fe,O3 content in pseudo equilibrium catalyst) - (Fe,O3; content
in fresh FCC catalyst).

3) Total volume in the range from 10 nm to 1,000 nm in diameter.
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SKY X1,

Fig. 3.3 Distribution of iron element in pseudo equilibrium
catalyst by SEM-EDS analysis.

Repeated time of iron compound deposition: 20times (A), 40times (B), and
100times (C).

Mole fraction of O, in regeneration step: 0.21
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Fig. 3.4 1T, Cat-1 O# LAl T oMEER F K m D SEM & % /R
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EVRHLMNIZRoTb DD, # IR LHEMBEI A 100 & LG TH
CEMHBEEDOZ N FEME TR ONDL L) RMBERTOEEMITEL

TELod, 7y yaliok R L L TRESRER TR T,
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Fig. 3.4 SEM images of catalyst particle before and after pseudo
equilibration of Cat-1.
Left: Fresh Cat-1, Right: Pseudo equilibrated cat (C)
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Table 3.4 Properties of pseudo equilibrium catalyst for Cat-1"

Fe,O; AFe,0,”  V,05 NiO SA pv?
e (w%) (m’/g)  (cm’/g)
(B) 1.42 0.80 0.64 0.40 119 0.17
(D) 1.43 0.81 0.65 0.39 120 0.17

Mole fraction of O, in regeneration step: 0.21 (B), 0.07 (D)

1) Repeated time of metal compounds deposition: 40times

2) AFe,0; = (Fe,03 content in pseudo equilibrium catalyst) - (Fe,O3 content
in fresh FCC catalyst)

3) Total volume in the range from 10 nm to 1,000 nm in diameter.
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Fig. 3.5 SEM images of catalyst particle after pseudo
equilibration of Cat-1.

Mole fraction of O, in regeneration step: 0.21(B), 0.07 (D) and (E).
Deposited Fe,03: 0.80wt%(B), 0.81wt%(D), 0 wt% (E).

Times of metal compounds deposition: 40
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Table 3.5 Properties of pseudo equilibrium catalyst for Cat-1"

No Fe,O; AFe,0;” V,05 NiO SA pv?
' (Wt%) (m*/g)  (em’/g)

(D) 1.43 0.81 0.65 0.39 120 0.17

(E) 0.62 0.00 0.64 0.41 120 0.18

1) Repeated time of metal compounds deposition: 40times, Mole fraction of
O, in regeneration step: 0.07

2) AFe,03 = (Fe,03 content in pseudo equilibrium catalyst) - (Fe,O3 content
in fresh FCC catalyst)

3) Total volume in the range from 10 nm to 1,000 nm in diameter.
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BT WR H IR B8 Th o7z, Wi & O oMl FL A T 0 (2-¢) 0 % i 1l & O
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Table 3.6 Properties of pseudo equilibrium catalysts"

Fe,0; AFe,05;”) V,05; NiO SA pV?

No. Catalyst 2 ]
(wt%) (m“/g) (cm’/g)

l-a Cat-1 0.62 0.00 0.64 0.41 120 0.18
1-b Cat-1 1.03 0.41 0.64 0.40 119 0.17
I-c Cat-1 1.43 0.81 0.65 0.39 120 0.17
2-a Cat-2 0.53 0.00 0.63 0.39 120 0.23
2-b Cat-2 0.93 0.40 0.65 0.40 119 0.22
2-c Cat-2 1.34 0.81 0.65 0.40 120 0.22
3-a Cat-3 0.46 0.00 0.64 0.39 123 0.31
3-b Cat-3 0.87 0.41 0.63 0.39 122 0.31
3-¢c Cat-3 1.28 0.82 0.64 0.41 121 0.31

1) Times of metal compounds deposition: 40, Mole fraction of O, in regeneration
step: 0.07

2) AFe,0; = (Fe,O3 content in pseudo equilibrium catalyst) - (Fe,O; content in
fresh FCC catalyst)

3) Total volume in the range from 10 nm to 1,000 nm in diameter.
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Fig. 3.6 SEM images of catalyst particle after pseudo equilibration
Catalyst: Cat-1;(1-¢c), Cat-2;(2-c), Cat-3;(3-¢)

Mole fraction of O, in regeneration step : 0.07

Times of metal compounds deposition: 40
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Relationship between AFe203 and pore volume of
pseudo equilibrium catalysts.

Total pore volume in the range from 10 nm to 100 nm (a),
and from 100 nm to 1,000 nm (b) in diameter
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Fig. 3.8 Relationship between AFe;O3 and conversion.
Conversion: @ Cat/0Oil=5.00
Conversion=100-HCO
HCO: Heavy cycle oil of fraction over 343°C
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Fig. 3.9 Relationship between AFe;O3 and gasoline yield.
Gasoline yield: @ Conversion 85wt%
Conversion=100-HCO

HCO: Heavy cycle oil of fraction over 343°C
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Fig. 3.10 Relationship between AFe;03; and coke yield.

Coke yield: @ Conversion 85wt%
Conversion=100-HCO

HCO: Heavy cycle oil of fraction over 343°C
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Fig. 3.11 Relationship between AFe;03; and hydrogen yield.
Hydrogen yield: @ Conversion 85wt%
Conversion=100-HCO
HCO: Heavy cycle oil of fraction over 343°C
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Fig. 3.12 X-ray diffraction of treated Cat-3.
Pretreatment of Cat-3: Fresh cat-3 was treated at 750°C for 13h
under steam, then ferric octoate and nickel octotae were
impregnated into cat-3.
Test 1: Pretreated cat-3 was calcined at 600°C for 1h in air.
Test-I1: After calcinations at 600°C for 1h in air, the catalyst was
treated 750°C for lh in N,.
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FCC Fluid Catalytic Cracking

Eq-Cat Equilibrium Catalyst

Pseudo Eq-Cat

DSVGO De-Sulfurized Vacuum Gas 0il

DSAR De-Sulfurized Atmospheric Residue

LCO  Light Cycle Oil

HCO Heavy Cycle Oil

ACE Advanced Cracking Evaluation

WHSV Weight Hourly Space Velocity

SA Surface Area

PV Pore Volume
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