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Hydrodesulfurization (HDS) of atmospheric residue (AR) over Ni-Co-Mo catalysts supported on y-alumina
was carried out to examine the effect of alumina pore size on HDS activity, hydrodemetallization (HDM) activity
and initial catalyst deactivation under deep hydrodesulfurization conditions.

HDM activity slightly increased with alumina pore size, but HDS activity decreased due to the decrease in the
surface area of the support. Deactivation of the HDS catalyst was greater on large pore size supports than on

medium pore size supports.

The combination of HDS catalyst with large pore size supports (40%) and medium
pore size supports (60%) did not improve the catalyst life.

HDS was carried out with the large pore size support

catalyst at the upstream side in the first reactor and the medium pore size support catalyst at the upstream side in

another reactor.

Catalyst deactivation was greater in the former than in the latter reactor.

These results suggest

that HDS catalyst supported on alumina with medium pore size has a higher performance than HDS catalyst sup-

ported on alumina with large pore size for deep HDS.

To examine the behavior of asphaltene (ASP) at the reaction temperature, adsorption of ASP was investigated

on catalyst supports with different pore size.

ASP was a large molecule at low temperatures, but the molecular
size decreased at HDS reaction temperature caused by the dissociation of the molecular structure.
ASP containing sulfur was preferentially adsorbed on the catalyst support.

Furthermore,
The chemical interaction between

ASP and alumina indicates that alumina is a good support for the HDS reaction.
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Table 1 Properites of Catalyst Supports
Support name Support A Support B’ Support B Support B” Support C
Mean pore diameter [nm] 11.0 10.5 13.0 12.5 15.0
Apparent bulk density [g/em?’] 0.53 0.54 0.53 0.52 0.50
Surface area [m%g] 220 220 210 210 210
Pore volume [cm3/g] 0.55 0.57 0.60 0.66 0.64
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Table 2 Properties of Feed Stocks

Crude oil name Arabian light (AR-AL)  Kuwait (AR-KW)  Lube fuel oil (LFO) Arabian heavy (AR-AH)
Density [g/cm’] 0.9714 0.956 0.997 0.995
Sulfur content [mass %] 3.42 3.77 4.17 4.2
Metal content (Ni + V) [ppm] 50 74 133 133
CCR? content [mass %] 11.6 13.2 18.7 12.9
Asphaltene content [mass %] 2.88 6.9 11.3 8.2

a) Conradson carbon residue.
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Fig. 2 Pore Size Distribution of Supports A, B and C
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Table 3 Properties of HDS and HDM Catalysts
Catalyst name CDS-R2 CDS-R9’ CDS-R9 CDS-R9” CDS-R7 CDS-DM1
(Support) (Support A) (Support B”) (Support B) (Suppot B”) (Support C) (Support C)
Shape and size [mm] Trilobe 1.15 Trilobe 1.15 Trilobe 1.15 Trilobe 1.15 Trilobe 1.15 Trilobe 1.15
Mean pore diameter [nm] 10.4 10.0 12.6 12.1 14.0 14.5
Surface area [mzlg] 220 210 200 195 185 175
Pore volume [em¥/g] 0.60 0.62 0.63 0.63 0.65 0.80
MoO; content [mass %] 12.0 12.0 12.0 12.0 12.0 3.3
CoO content [mass%] 1.0 1.0 1.0 1.0 1.0 V205=4.0
NiO content [mass %] 1.5 1.5 1.5 1.5 1.5 0.7
Table 4 Experimental Conditions to Obtain HDS and HDM HDS activity as pseudo Feed oil: AL-AR
Rate Constants at 663 K 20 |- 2nd order reaction
(fresh catalyst )
Operation variables Experimental conditions o
10 T,

Experimental apparatus Pilot scale fixed bed reactor

LHSV® [h™'] 1.0
Ha/hydrocarbon ratio [m*/m?] 700
Reaction temperature [K] 663
Reaction pressure [MPa] 15
Hy/N; ratio [—1 90/10

a) Liquid hourly space velocity.
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Fig. 3 Relationships between Catalyst Pore Size and HDS and
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Fig. 4 Effect of Pore Size on WAT under Deep HDS Conditions
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Fig. 5 Effect of Catalyst Combination on Activity and Catalyst
Life

Table 5 Experimental Conditions to Investigate the Effect of
Combined Catalysts on Catalyst Deactivation

Operation variables Experimental conditions

Experimental apparatus Pilot scale fixed bed reactor

LHSV® [h™] 0.2
Hy/hydrocarbon ratio [m*/m?] 1000
Reaction temperature [K] 641-693
Reaction pressure [MPa] 15
Ha/N, ratio [—1] 90/10

a) Liquid hourly space velocity.
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Table 6 Properties of Feed and Products Oils on CDS-R2 and (CDS-R3 + CDS-R7) at Start of Reaction (SOR) and End of Reaction (EOR)

Feed oil SOR EOR
Khafji AR CDS-R2  CDS-R2 + CDS-R7 CDS-R2 CDS-R2 + CDS-R7

Sampling time [h] — 100 100 2400 2000
Reaction temp. [K] — 653 663 683 691
Composition [mass%]

Ci-Cy 0 0.44 1.0 2.5 2.4

Cs-463 K 0.1 0.1 1.2 3.2 3.9

463-616 K 7.2 11.5 16.6 21.6 24.0

616" K 92.7 90.5 84.0 78.2 72.6
Density [g/em?® at 288 K] 0.979 0.928 0.920 0.908 0.910
Viscosity [mm?/s at 323 K] 980 187 72 48 31
Sulfur content [mass %] 3.95 0.59 0.55 0.63 0.57
Nitrogen content [ppm] 2270 1370 1470 1050 1410
CCR? content [mass%] 13.0 5.7 5.4 5.1
ASP content [mass%] 8.2 3.6 5.4 5.1
Ni content [ppm] 28 11 13 7.0
V content [ppm] 89 34 18 32 14

a) Conradson carbon residue.
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Fig. 6 Effect of Loading Order of Catalyst on Catalyst Life

K % THDS % %jii L7225, FEHEEIZH1T 5 AR O HDS TldZE
Ex RS 2 HICTIREN 678 K WTIZ % 5 L 2514 5
DT, Fig. 5705 KD 55 M Al o LG 177 ar 134
1000 BER &3 Sh7zo ZhUIx LT, CDS-R2 HFSIEAT
1%, FlUEEFE A A% 2300 BER & HLA AR O 2 5Dl EI2 % 5 72,
bbb, SO LMK S LA R & 3 2 il %
ﬂ%?‘% L, FORBZ ERMCE T ST, Ao Rz L

Fx b oK a e L,

Table 6 (UGG (SOR) & US# T (EOR) (2817
5 OO X ) LB S R oWt R R L 72, MAE
Sfifit e B &, A Z Vs L O ASP &3 CDS-R2 H
MARLY WA T 275, WEEmB L U%E (CCR) ARI2E
CODMERTERNR SN o7, IO ORI, MIFLE
DELI Dl & A DT O Z K& (EETE W
ZEERRBELTVD,

MLEED 570 2 I OSSN E 2 AL S5 2 L 12 X BiETE

T#H5H CDS-DM1 %l L 72, EEBOTIE, K& RMLEEY b
O CDS-R7 % Liifilic 40 vol% FIE L, A5 & v Tz
DMIFLE & D CDS-R2 BT E N7z, —T, EBROTIE, Bis
Z OVl ASFEIE & 725, CDS-R7 & CDS-R2 DA % £ 5D
EHER L CHRH L7z, 2ok &, EHSILEEZET 5 01
T, Khafji 2585072 AR L ) b & 5I2EY % LFO
(Lube Fuel Oil) ZfEH L, 4.17 mass% @Eﬂ-mﬂj@ﬁffﬁ
% 0.3 mass% (2 &7z, LFO Ok % Table 3 | Jirh
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Table 7 Experimental Conditions to Clarify the Effect of
Catalyst Loading Order on Catalyst Deactivation

Operation variables Experimental conditions

Experimental apparatus Pilot scale fixed bed reactor

LHSV? [h™] 0.2
Ha/hydrocarbon ratio  [m*/m?] 1000
Reaction temperature [K] up to 693
Reaction pressure [MPa] 13.5
H/N; ratio [—] 90/10

a) Liquid hourly space velocity.

T o TR BRDS TIC T S - P oML % b O fil 1254
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FIE L 72FEBR@Q L ) bRE oo figsns, L, <
T v DKFAIZ L B ASP DI 2NIE AL DIEE TH T,
NE A ETREE b D CDS-R7 % FiitfNC I L 72 E£BO D I8
KREALEED NS V2D, RIUBD IV T v &0 kY, B
OOWEHRTA/NE L 5B EEZ LML, EFFFRIETINL
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7% 8.2 mass% & MK & 7 Arabian Heavy 2> 5 1 5 1172 AR
(AH-AR) % 272, AH-AR OWVE X Table 3 DO
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% Fig. 7R L7zo WARES KW E 2 AT, B
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HDS JEiE, £ LT3KUEDORMETEIESNTYDS
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