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The activities of two combinations of three catalysts with different mean pore sizes were examined in the
residue hydrotreating process. Packing of catalysts in the order of large to small pores enhanced the catalytic
activity, such as for hydrodesulfurization (HDS) and hydrodemetallization (HDM), and the pore volume of the
middle catalyst apparently controlled the catalyst life. The order of catalyst packing did not influence the prod-
uct states, but did affect the molecular weight distributions of asphaltenes and maltenes in the product oil.
Packing of catalysts in the order of large to small pores was found most effective for the cracking of asphaltene.
In contrast, packing of the catalyst with the small pores in the middle bed enhanced the cracking of maltene and
reduced the cracking of asphaltene, thus increasing sludge formation. Packing of catalysts in the order of large
to small pores in the catalyst bed increased the solubility of both asphaltene and maltene, thus reducing sludge
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formation.
trends in sludge formation.
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Table 1 Physical Properties of Catalyst

Surface area  Pore volume  Mean pore diameter

[m%g] [em®/g] [relative]
Cat. A 115 0.73 2.1
Cat. B 200 0.54 1.2
Cat. C 260 0.64 1.0 (base)

Table 2 Properties of Feedstock

KU-AR
Density [g/em?] 0.9856
Sulfur [mass %) 4.1
CCR [mass %] 12.8
Metal(Ni + V) [massppm] 120
Asphaltene [mass %] 5.9

CCR: Conradson carbon residue.

Table 3 Reaction Conditions

Product sulfur [mass%] 0.3
H; partial pressure [MPa] 14.2
LHSV [h™] 0.2
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Fig. 2 Trends in HDS Activity at Each Reactor Bed
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Fig. 3 Trends in HDM Activity at Each Reactor Bed
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Table 4 Change in Composition of Product Oil in System-A
[mass%]
Saturates 1R-Ar 2R-Ar 3'R-Ar Resins Asphaltenes
Feedstock 36.6 17.4 12.9 10.1 17.1 59
IPO A-1 475 17.3 12.8 6.9 13.5 2.0
IPO A-2 63.8 14.6 8.6 39 7.4 1.7
PO A-3 67.1 15.0 7.8 3.4 5.4 1.3
IR-Ar: 1-ring aromatics, 2R-Ar: 2-ring aromatics, 3'R-Ar: 3%-ring aromatics.
IPO A-1: Intermediate product oil was processed on Cat. A.
IPO A-2: Intermediate product oil was processed on Cat. A and Cat. B.
PO A-3: Product oil was processed on Cat. A, Cat. B, and Cat. C.
Table 5 Change in Composition of Product Oil in System-B
[mass%]
Saturates 1R-Ar 2R-Ar 3'R-Ar Resins Asphaltenes
Feedstock 36.6 17.4 12.9 10.1 17.1 59
IPO B-1 475 17.3 12.8 6.9 13.5 2.0
IPO B-2 59.8 15.3 9.8 4.8 8.8 1.5
PO B-3 66.9 14.8 7.9 3.7 5.6 1.1
IR-Ar: 1-ring aromatics, 2R-Ar: 2-ring aromatics, 3'R-Ar: 3*-ring aromatics.
IPO B-1: Intermediate product oil was processed on Cat. A.
IPO B-2: Intermediate product oil was processed on Cat. A and Cat. B.
PO B-3: Product oil was processed on Cat. A, Cat. B, and Cat. C.
J. Jpn. Petrol. Inst., Vol. 47, No.3, 2004
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Fig. 10 Molecular Weight Distribution of Asphaltenes in
Intermediate Product Oils A-2 and B-2
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A-2 ZHE8L 72 Cat. B 13 1IPO B-2 #4534 L 72 Cat. C & 0 -3
ILENKRE VD, WENER LT AT 7 VT v ETHMLE
MR, BE LT AT VT I 72. —J5, TPO B2 &4
B 72 Cat. C CIXIAHFPAZL T A7 7 VT Y LT E 27z
&, 5rFm 1000 RO E WAL T AT 7 VT DR L
TR R WHPOT 27 7 VT v Tea iR s i
72 72, Fig. 155550 % X 512, IPOB-2 ZHH L7z
Cat. C TIIBET A7 7 VT VDVl L T~ V7 v o~iz b L
7R PO B2 DT YAEIPO A2 DTILF VAL D b

BLU
L
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PO A-3 k5B L7z Cat. C Tl, EE LT A7 7 )IVT ¥ D4R
HHEAT L, FRICHT= 1000 2D T A7 7 )V 7 ¥ HREHE I
B UTHER, T AT 7T v O L A EINE R L
720 F72, TPO A2 THIH SN2 5501 Cat. C I X BB T
WA L7z, Fig. 13 L0, PO A3 DYV T Y HEELL Tw
LI Edb, TAT7NVT Y ORESDIHLTIIVT V4512
WALL72DTHA I,

—7J, POB3 Zf# L7 Cat. B CIEZT A7 7 )IVT ¥ D45 AR
MWIEHPEIC 2D, BELET AT 7 MT v B L, 85612,
PO B3 ClE~ VT VB EEL TR Z b, BELRT
AT 7T YHGHRLCTY N T Ve LT A B 7 <
TNT VDK FALE NI T E AR S T,

PibEX b, filts 27 2 OFiEES 2> & il o YLK
EVHICHAEDE L Z LT, MEEOMAERFEIZL) T AT
TNT YD XD B EEBARNTE T E Tz, T, P
BRI P RFLAE AT LB N S Wl A F Wb &, T AT 7
T U DRI SN D T, <TG O RIHEST L
7o BRIELTWAT AT 7T ¥ D481 600 B X UF 1500
Db TNOITHPEEDT AT 7 VT VG LSS
b,

3.4. ERBOEBREN

System-A 3 X U System-B |28 V>T, MOR O [t i & 12 H
24 % 385C B L UTEOR D JULREE ICH 25 5 397C TH L
HDS fE L COERIMIZOWT, EFERAT v VB L OEA
Ty VRMAE LTz KEIHO AT v VERE % Table 6 12/R
T o 385C ORISR THE S 7z R PO A3 (385) B L UY
PO B-3 (385) Tld, EMEAT v VML ENT, WIEAT v
VIR EIIRASETH o720 L LEDS, 397C ORIBRET
55 N7z Algh PO A3 (397) B L UYPO B-3 (397) TlE, PO
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Table 6 The Amount of Sludge in Product Oil

[mass %]
Real sludge® Potential sludge”
Reaction temperature: 385C
PO A-3(385) <0.01 0.3
PO B-3(385) <0.01 0.3
Reaction temperature: 397°C
PO A-3(397) 0.03 0.5
PO B-3(397) 0.04 0.6

a) Determination by hot filtration.
b) Determination using standard procedures for ageing.

Table 7 Solubility Parameters of Asphaltenes and Maltenes
[(1000 kcal/m?)'"]

d(Ma) O6(As) 6(As-Ma)
Reaction temperature: 385C
PO A-3(385) 232 275 43
PO B-3(385) 232 275 43
Reaction temperature: 397°C
PO A-3(397) 231 279 48
PO B-3(397) 229 281 52

6 (As-Ma) = 8 (As) — 6 (Ma).

B-3 (397) OERMICBWTHEEB L OBER T v VAR T
K&y,

RVT Y ET AT 7T Y OMEEEERNITRTIREE L
T, Hildebrand DERENT A — 5 — (§) #HEM LI, v
TUYRBLOT AT 7T Y5ICBT A §IE, Takatsuka 54
DFPFNIHDE, Eq. ) IR TR THM L7,

o 3)
(1+ﬁ)

22T, CHEETFITH 5,

PO A-3 (385), POB-3 (385), POA-3 (397) 8L U POB-3
(397) O<NVT V5, TATZ7VT V5D EBLUTHED §D
% Table 712/RT . Eq. (3) & 1, SAVNS WIS, KFEHD
HEITLTWAEZERRT, LAEA>T, POA3 (397) B
PO B-3 (397) ® & (Ma) BL S (As) % ILE§ 5 &, fi
TAT L ORI S Al O P LEAK & WIHICHLA G D
HHIET, TATTNT U HORFADEITLTNDEI LR
IRLTWD, —J, HHE A P AL AS B /N & o file
WD L, VT Y GORFAAPHEITLTVWE I EZRLT
Wb, 72, § (AsMa) EX VT U ET AT 7T V55D
HEEEZEEWIIRTIOTHY, TOMHEIVNEVITETHED
PRI TV, MBS EHWES A 5, Table 7 X 1), PO
A-3 (385) B LU POB-3 (385) D& (As-Ma) Z[FZ%TH >
72D LT, PO A-3 (397) BLU PO B-3 (397) @ § (As-
Ma) (X PO A-3 (397) 2MEWVEZ/RLTEY, MBI EHW
ZENREEND, § (As-Ma) & AT v VHENEE OMRIE
WA, ATy VEEED RS TH - 72 385C 02k
il 8 (As-Ma) b TH -7z, F72, 397C DA T
1Z PO B-3 (397) DAT v VHEFEIKEL, § (As-Ma) b

(10°)” x5 =14.8-11.8x
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KEWEERLTEY, HEEL2 PO A3 (397) &bl L T
Wz THDH ). EIMD (FELE) AT v VERE § & DBRIE
MOENTVDAD, KIFFRICBWT, BEAT v JICBEHLTD
VB AT S 7z,

Db XD, il FHLESRKEVIEICHA G DR
System-A Tl&, System-B & HIK L TA T v VAR EZIH§ 5
ZENTET, System-A TlE, 7 A7 7 VT V55 DKEN
HEFTL TS (As) 2N, —J5, System-B Tld, w7~
SORFEAPHEATLT, § Ma) AWVhE WV, TOHRE, A7 v
UHER LR TV, 2F ), mEMEDTFEMAEIZL Y T
TTNT YVHDNITNT Y DOIRFECHDHER, AT v DR
LRI ko, ZoMmi, FISBILEA T v VIZBWw T
Tho7z,

4. #

ARIFFECIE, FEMOKELLIEIZ BT 2 3 FEO ML A w)
FIZOWT, FRICMEEoOFHMAEICEE LTREL, DTo
AR E72,

(1) fEOH AT LD s 27 22RO tkiErT 2
%o

(2) fill > 2 7 L ORTEER A & il O FIGHFLLEDTK Z WIHIZ
HAEGDLELIET, TAT 7T DL BB &=
MIZHRETE, 2ORAT vy VAEREXIRTE/Z, 22T, H
Bl O MEREDSNEE > A 7 A RO MREICR & R MITL
720 WML D #%FTAY HDS 3 X O HDM i 14 < filt i 75 v 1.
FLTRUER S,

(3) YVF YT AT 7T Y OMEEE EREMIORTIRE .

L C, Hildebrand DEMRE/NT A — & — (§) %R /- H
FAEAT v VINATEHIEAT v VEREIZDOWT b B
PEEH N7z,

(4) SIEAFENMDEANEZRLTEY, MEoFGMILEIK

EVIEICHAEDE A, TAT 7Ty OREAHEDD
R LT, B R R LR DS/ S il & AL A B o
TAE~N VT Y ORFEACDHEITT 5720, FRITBEEAT v
TR LR T R b,

il
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LS DR & 5 fliE & MK RIELIERICEHRA TOMETIEIRRF ORR

FETOTD O T R

KA

HE™, KT BA™D, #H

Bl 12).13)

g 2 =AM kR ROLFZERT, 340-0193 % EELSEF I HEBL R 1134-2
U RFE R F B AT LA, 816-8580 F7 M2 H 1l 2 H 23 6-1
B IR EEIG S B AL AR ZE T, 816-8580 4R iU 2% H i #: H 43 6-1

PRIl DK FZACLBELTIE, WPEAT R B il 2 B A G b
RS AT LA L T b, RIfsETl, FHMILED
B B 3FOMBMAEIFZHEH LR 217 o 7285, M
JLENKEVIEICHAGDES &, Bift (HDS) B X UHAERE
(HDM) {&HEASTA) b L 7ze B35S, BB A > 2 7 2 41k
DRI AT T RBEDR E VN, il dFar 12O TR Bl o
LS EETH - 72,

—J5, LB OMBICE LTI, AR X 5 B
HAEFIIROSNE o720, TAT 7 VT VaBLO< VT~
GrO5r T A L CIRBAE 2 WS S e, bl s A 7
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L DFTECE A & Sl O SFIGHFLAEAR S WIRICHL A A DR S 2
ET, IEOMEEHMEICEV T AT 7 VT O L) HELK
NN LTz F 7z, B LS LE AT R Y
NSV VB L, T AT 7 VT YOS S B
—HT, INVT VO5RIEIT LT,

fildtE O FIGRIFLEDK & VIEIZHLA G D726, A i
DT AT T NTF B LIVT U 5OMETHEEL 2, &
Ty VHERDPIGITE 72 AR LI NVT VLT AT VT Y
75 Hildebrand DB /NT A =% — (§) #HEML, AT v
VIR ETMHZEDING A —F —DEPSHETE T,
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