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Hydrocracking of Vacuum Residual Qil (Part 3)
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An integrated hydrocracking process using a combination of hydrothermal cracking and hydrocracking was
proposed and tested using a micro-autoclave. In the first hydrothermal cracking stage, Arab heavy residue was
cracked under hydrogen at 8 MPa (cold charge) and 430°C for 2 h. In the second stage of hydrocracking, an alu-
mina-supported nickel molybdenum catalyst was added to the first stage product and hydrocracked under hydro-
gen at 8 MPa (cold charge) and 410°C for 2 h. Two series of reactions were tested in three cycles. In the first
series, fresh catalyst was used in every cycle whereas, in the second series, the same catalyst was used in succes-
sive cycles.

Relatively high yields of distillable fraction (VD) were obtained by this integrated hydrocracking process,
although 60 wt% was the maximum yield of VD in the hydrothermal cracking process and hydrocracking process.
In the first series, the yields of VD and vacuum residue (VR) in the first cycle were 85.7 wt% and 6.7 wt%,
respectively. The yields of VD in the second and third cycles were 86.9 wt% and 87.8 wt%, respectively, which
indicates that the yield of VD increased with recycling and that the cracking of the hexane-soluble fraction in VR
proceeded by recycling. In the second series, the yield of VD in the first, second and third cycles were 86, 86
and 69 wt%, respectively, which suggests that the catalyst activity decreased in the third cycle.

The basic catalytic activities of the fresh catalyst (catal. A), spent catalyst used in the hydrocracking of VR
directly (catal. C) and spent catalyst used in the hydrocracking of VR after hydrothermal cracking (catal. B) were
measured for hydrogenation, hydrodesulfurization and hydrodenitrogenation using 1-methylnaphthalene, diben-
zothiophene and carbazole, respectively. Catal. A was most active followed by catal. B for all reactions. Two
major explanations are possible why higher VD yield was obtained in this integrated hydrocracking process.
First, unstable components in VR were stabilized in the hydrothermal cracking process, so deactivation of catalyst
was less compared to catalyst exposed to untreated VR. Second, hydrogenation of unsaturated bonds in VR pro-
ceeded during hydrocracking process, so the hydrogenated VR was cracked more easily compared to untreated
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VR in the hydrothermal cracking process.
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Fig. 1 Block Diagram of the Integrated Hydrocracking Process of Residual Oil
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Table 1 Product Yields in Complex Hydrocracking of Residual Oil (Series A”)
Cycle-1 Cycle-2 Cycle-3
Reac-1 Reac-2 Reac-1 Reac-2 Reac-1 Reac-2

H, consumption [wt%] 1.1 2.5 1.8 2.5 1.4 2.5
Yield [wt%]

HoS 0.5 4.9 0.5 5.0 0.5 5.0

Ci-Cy 4.6 1.2 5.8 1.2 6.0 1.2

VD 85.7 86.9 87.8

HS 4.6 6.3 5.7

Asp. 2.1 4.6 7.5

a) Series A: Fresh catalyst was used in each cycle.
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Table 2 Product Yields in Integrated Hydrocracking of Residual Oil (Series B”)

Cycle-1 Cycle-2 Cycle-3
Reac-1 Reac-2 Reac-1 Reac-2 Reac-1 Reac-2

H, consumption [wt %] 1.1 2.5 2.0 2.3 3.6 1.2
Yield [wt%)]

H,S 0.5 5.0 0.5 4.7 0.5 3.8

Ci-Cy 4.7 1.2 6.0 1.2 6.7 1.5

VD 85.6 86.3 72.0

HS 4.8 7.5 13.5

Asp. 1.8 4.0 17.2

a) Series B: Catalyst was not changed after each cycle.
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Table 3 Elemental Analysis of Asphaltene and VGO

Sample H [wt%] C [wt%] S [wt%] N [wt%] H/C
VGO Series A 12.12 87.56 0.0 0.13 1.66
Series B 11.96 87.41 0.0 0.14 1.64
Asp.  Feed” 6.71 82.54 7.59 1.26 0.98
Series A 591 84.98 1.85 0.76 0.83
Series B 5.64 86.80 3.82 0.90 0.78
Thermal hydrocracking
430C,2h 5.60 82.27 7.60 1.33 0.82
430C, 4 hV 5.09 81.99 7.61 1.40 0.75
Catalytic hydrocracking
410C,2h 7.08 83.85 4.88 1.23 0.96
410C, 4h? 6.84 84.81 373 1.23 0.97
3.3, RSERHEDTEIMTE 1009 ; ]
FHA B L ORI B OFIGIZOWT, 2RZRZEEHHE > %l i
b o RO EBIMDTLRGH &7 > 720 VD IZHH B & OV 807 — 29 i~
i . ® % — :
RO B OBE 5 OHCESE L b o720 OT, FEBIZLY “ o %
350C DT o4 s L IEBM (Vo) MazemirL 8 607 %
- g 29
Zo @ %
VGO 3 X U8 Asp. DIEESHHE % Table 3 17730 Asp. 120 g 0 2.7
WTIEARH &L OS5 FI2BIT 2 430C, 2h DK FE(LES 2
) . - 20 -
fRIOGIC & 2 Asp. DA, = 7 Vv-FY 757> /7 3 Ffiit
o ; o . S VS A|B|C A|B|C A|B]|C
£ 410C, 2h OKEGPEIICIE & D Asp. D12 HF& THIIZ o
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B2 LB Asp. DIEB L= X V-8 77 /7 3 Ffil
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DI DS Asp. WEEDPR DT, RF A TIEAKIEILB L OBiNT
O 5 F-SUB 720 TR S Wi, 728 ZITROMmATE
DE Asp. Wil SNz EZOND, —J7, RFIB Tldfi
X P S 5720, Asp. (2T 5 KkFEL, Bifts &
OBEFRIFT 2V TNOEED R A OMEEL ) KT
LI ENRENTZ, BB, RHIAIBITS Asp. IUEFRIZKHE
SRR O Y L0 b EVwoT, UG 1 OKFE G F T
THROMATEIT LI EEZOND, FRFT D Asp. DEHRE
HEIE, KEMDHEMTIECE 2h & 4hTwuFhd
1.23% CTEFHMT O Asp. DEIZITIZEE L, KFELBSHE
MTRZNLIVIBFWETH 720 RTTELATIERIAT
0.76%, FZHIB T090% THbH, KREGTELAIZLD Asp.
MOBREDVREENRT LD I EHIRENTZ, Asp. DI
IBEEICOWTIE, R A TRAKECS RO B 4 h O
FEDIIIT 12 DRFETH > 7275, R5) B TlaKFELSMEMRD
KB 4h OFERIIZIZEHE Lo 720

3.4. {EREMEDEM

VR DKFALS# (410C, 2h)? (TR L 7B oo fille (il
C) B X UOKF LGB KFZALGH (—EH, KIG 2,
410°C, 2h) (I L2z ofll (i B) 0 1-2F Vv 74
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A: Fresh catalyst, B: Spent catalyst used for hydrocracking of
VR at 410°C for 2 h, C: Spent catalyst used for hydrocracking of
thermal cracked VR at 410°C for 2 h.

Fig. 2 Hydrogenation of 1-MN, HDS of Dibenzothiophene
and HDN of Carbazole over Fresh and Spent Catalysts

LY OKRFEE, VR VFF T o OREB XN
—VORE R % Fig. 2 1IR T o726, Al il i
(il A) OFEFE? B TRT . WTFNROBIBIZO VT fil
BEADTEUPRLE L, RTEEC Th o7z, BTt
A T RRHNE K A B B TAFE TR IS 2 6 h3 7 T
L7zt (i 2 T, JFURRMASE AR 2l 5 7' 2 X
(AR THEEDOTFEE F AN E W EE 2 Sz,
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SRFRSOETCTUE, A T e | A0 i A | = TR 0 131F
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4. & =
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KON FICFEG L TWBEEEZ LN 5L, Pl o 3kF e
ENDH T LI VKBMGEIERL, ORI LTION
WHES B Z B LTI YA NEACZ I T 5 2 13 B <
AMHNTEY, B2 KFES SR OFAL T T ) Fikix
1933 4£® Pott-Broche ¥ DR jic 7> & BRI — 7 A % Bk 5
%70t A0 FUH R ORI O 37 0 2 2978 S AED R
L 71 A ETELFH SN TV S,
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5. % B

430°C 2B 2 RFE LB R & 410C 2B 2 kT fE%

MARDbE T O ALY, WEREY S IR ICEVIEET
RS D Tz IRFEALBS R S 72 FORHI AR SR L5 T
BISEON L0, MEOFERTIMZONL I L, K
AL FALEE S 72 LA S ARIRIC L D S5 s 2 L
W&, SR Lz EEZ ST,
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MEFRMDKREIE (53 ])
KRB DE EKFEPBEOEETOER

SAREEEATO T, RAIET, SEAREE, SHIFE, FEREE—-T, BHLE™
DRSS AT, 305-8565 FIRILD LT 1-1-1 FERHF P 5

() fEE AL v 5 —,

IR 2> 5 82 SR TR s T a2 & LT, KEL
B & K FAL DR E A G DR A KF LS T oL A %
AL, 2o VTS 70t =7 L =T %[N
PRIz BEMICIZT €T v - AN =l OBERM v,
F AT, KFEME 8 MPa, BUGREE 430C T 2h DK%
(LB IR 24TV, SRWTZ DOERGEIC 7V 2 FEE L= v 7
V-FY 77 il (Ni-Mo/Al) % I 2 K FEHHE 8 MPa, S
LB 410°C T 2h DRFALG W EAT o 720 RIS il % 5
L7214, ZERC X o TorlE L 72 Es S 128 LV R 2 N
2 CHEERR D KT BUGIZDWT, 1 BRI Hih it 1 5siimd 5
B & folh 2 # 0 9) LB 3 5 BOG % 2 2 395817 - 726

TR DIRFACES TR D B TR B FREO 70 2 2Tl
BRHIICR I3 5 60 wi% TH - 7275, M KFEALS R 7
O ATEZNE Y S 2750 & RN Sz, 11
BTS2 A T uk 2T, 1 IEH O R B
LT S OIRIZZENZN 85T wt% BLU 6. T7wt% TH
D, SFHIBPERIE 295 H T 86.9 wt%, 31EH T 87.8wt% L1
BRE LD ITHERL, B S FOANFY L AER ARSI AR

J. Jpn. Petrol. Inst.,

213-0012 1G53 it X 3-2-1
O (BIE) (M) B a s v —,

213-0012 JIRS T St X 3-2-1

STELIZHET 5 2 EATRENTZ, MEEA IRV B LEHT 2
TR AT, PRI I EEB L0 2 5 H T 86 wt%, 3
TEET6OW% TH Y, 31EH THEEDFRFETEDOM T 2530
bz,

R (ARt A), TR O B K R IR L
7o (i C) B X OURFECBG R O K FEAL S F Al
R L7zthofl (g B) o/kFELiETE, KECBHTEES £
ORFEMREHGEEZZNEN - AFLFTE LY, IR
VFF T BEPHNN =V EHCTHNZ, WTNROK
DWW T b il A OF L RS E <, KW THlEB Th -
720 BT UL A TERWAIESHE S B e LT, R
D_ENEZ BTz, (1) FERINE K EGE AR CEmy I
ANLEGE T KE A D331 L 724 Al 12 i 2 0T, JFURRNASE B2 fil
EEACfEIL S 70 A AT O W T 2 2 B 7z,
(2) IHHEFE S ORI A O —H AR FEA LR T AR TR EL
SNTEAHEAE LR, ROKFECBFE LI TR S
N3 ko,
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