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The effect of addition of several solvents on atmospheric residue (AR) hydrotreating was examined in the auto-

clave test.

Higher hydrodesulfurization (HDS) activity was obtained by adding solvents in the order of H,O >
light cycle oil (LCO) > tetralin > none (base) > 1-MN > phenol, using the same volume of solvent.
of deposited coke on the catalyst was reduced with all solvents.
ity, but tetralin was still inferior to water for the enhancement of HDS in the same molar amounts.
effects of H,O were confirmed through the activity test.

The amount
Larger amounts of tetralin enhanced HDS activ-
The specific

The amount of deposited coke on catalyst with tetralin

was similar to that of H,O. Enhancement of asphaltene desorption reduces coke formation on the catalyst
whereas the hydrogenative conversion of solvents with sulfur species in AR may indicate competitive occupation

on the active sites.
ing for long periods on the active sites.
based on the conversion and evaluation results.

products from the catalyst compared with the other solvents.

Solvents were not only hydrogenated but also contributed to inhibition of HDS when remain-
Consequently, the inhibition effects of the solvents were considered
H,O enhances the desorption of asphaltene and desulfurized

The remarkable effects of H,O addition are due to

remaining on the active sites for short periods, without inhibiting the HDS activity.
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Table 2 Reaction Conditions

Table 1 Properties of Feedstock
AL-AR
Density [g/cm’] 0.9713
Sulfur [mass %] 342
CCR [mass %] 10.4
Metal (Ni+ V) [mass ppm] 50
Asphaltene [mass %] 2.9

CCR: Conradson carbon residue.
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Reaction temperature [C] 400
H; partial pressure [MPa] 10.3
Reaction time [h] 3

Table 3 Properties of Solvent

H,O Tetralin 1-MN Phenol
MW 18 132.2 142.2 94.1
Density [g/ml] 0.998 0.976 1.023 1.080
Bp [T] 100 207.6 244.8 181.8
T [C] 374 448 499 421
P. [MPa] 22 3.7 3.6 6.1

MW: Molecular weight, Bp: Boiling point, T¢: Critical
temperature, P.: Critical pressure.

Table 4 Properties of LCO

Vol. 47,

Density [g/cm?)] 0.9640
Sulfur [mass %] 2.80
Nitrogen [mass ppm] 46
Composition [vol%]
Saturates 33.0
Olefins 3.1
Aromatics 1-ring 41.1
2-ring 15.9
3*-ring 6.9
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Fig. 3 Relationship between HDS Activity and the Amount of

Tetralin Addition
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Naphtha Kerosene LGO AR
None (base) 0.1 2.0 15.8 82.1
Tetralin 0.1 3.3 15.5 81.1
LCO 0.2 32 16.5 80.1
H.O 0.1 1.9 15.4 82.6
1I-MN 0.3 4.1 14.4 81.2
Phenol 0.5 3.1 15.3 81.1
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Fig. 6 Chromatogram of Product Oil from AR Hydrotreating
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Fig. 7 Chromatogram of Product Oil from AR Hydrotreating with Tetralin Addition
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Fig. 8 Chromatogram of Product Oil from AR Hydrotreating with 1-MN Addition
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Fig. 9 Chromatogram of Product Oil from AR Hydrotreating with Phenol Addition
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L, BaRET %5, 29 L2 ELS HODA MY v E Y
7N X B BLERIEHES X OF Tetralin DK F 512 X 2 BAAEHE A
EZHNAb,

HEEOIE, BHY 1BV T, HO0 DRIEIEB L OV
HEIZOWTHE L TE Y, KL TIL HO0 OFIMEh 25
W ERTEICREVWT EAEE SN, HO IE, L&
THELL (1), 2) OHEHIZOWT, Btz EL, a—7
PHEIEAREVERBEEND, 2D L) 12, HO DPEVIR
B g% 7R3 D1, 400°C, 10 MPa O & i s £ DK FERD L
BMELTHELTVWSEEZLND, O XEORINY O X
I, TEHESICEAE L CORFEILEND T e hwnizd, Btk
TS U v, BRI, el fild & @b o ks 2
T KA LBV TEWHAMSE A R L L5 TE 2,

DLEoELZIZL D, LCO %k iR o Bisinfe 1) F 13
TR ICHRRC & 5

Z 2T, LCO DIRMMK 2 ELET LENDH 5, LCO IEF
ELT28, 3ROFEFHRIEW TR I N TV DA, 1-MN
S L TR ERD R SR E vy T — 7 BRI DWT, LCO
D FE WA R MAE R IR B I I-MN L) b KA o
720 —H, RIEH LCO DFEEHALEW D KFENENL DT,
B B DORLEA R E W EFHIND A, LCO DKRELYO
KRFEBGEDKE L, T =27 EROIIH, Bisit B o B
B LHEEE S D,

5. #% 5

ARIFZETIE, AR ORFECLE I BT % KOTRIEIEAT LCO,
Tetralin, 1-MN, Phenol & IL# L C, 4FEMICKEVWZ L EZ R
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W U7z WM ORRE, il EIZRUE 3 2/bas L O
BRLE e O BLHETEHE, Ml b ORFEACMEG S, BRILOFE, fil
e BT L 72 B oo LA EE L &0 A OIS 2 R S B —
Ji, R EEA L TSR HET S EBE L, WEAZD
F(bERIE, WA S ORFALOETE (OBE) 2ERBLTw
B EFEZD L, RFAHHET LT B E BRI & I
LTWaEEZONDLDT, HALRD SIHIEMIZB T ARk
MEZHIETE b, T72, HIERIZBT 25N & B OB
EEZLE, RO BT 2 EE R ARV &l )
B ANEVERUICRAE T E 2wz, CHEE %5, Lokt
ST, WO RIBHER, (SRR & £ OR{LRD» 5%
BLZ. SO L) REREISOMREIINA T, M Ltoa—2
AR DB P ESACZ RS 5, ZRHIZDOWT, KAPWwg
NOELTHY, FENLIRERTOTHL ),

E

KIFZEIE, BFEEA OB &% b o T ) fiE $in Ak
Ly —OWREEE Lo/, 22T, E#HoEEET
%o
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ARWFFETIE, BUEAFAE T CHRIM DR FALLB G 12 B W TR
BEOTIN R L THET L, 5RO KFELLEIC BT 5 KD
FERMEZRANT,

WA SRERIML T — 7 L — 712 & 2 EERE & 47 -
72k R, RFALBIAE (HDS) & D51k H,0 > LCO >
Tetralin > None (base) > 1-MN > Phenol T& - 72, —J5, filifit
A a—7 72 EE, WML 2SE, Wb R
L7z

Tetralin (2 2W T, H,0 & NERML7Z5- b 17 - 720
Tetralin [XIRIIR ORI E & 12 HDS EEE M 1 L7228, %€
VETHELTY, H0 DRMEIRIIEZETH D, FRYIC
HDS it & A LS Tna,
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TAT 7 NT YEOQERRS ORI, 2 — 7 A
H95—77, URINIEEEEEE & B L CRdE Lot s E A
T 5o WMEREOTESIZ B 2R EHSR Ve, BlEE Y
WKFEILS NS —T7, Mo IRIEEAEE SIS AETE LW
W, FIBMHEE b, L7295 T, WA UG E 36T
RVl S & 2 oL 5 ERE L7,

H0 1, Mo @mEst & TR shilas L7z 7 A7 7
VT v B & OB E Y O il 120 & O Bis R AR R AR &
Vo F 7z, MBOTRIEE LY il R o iU 31 B R R
W, RIBHEER/NS W, FROZFENEZ KT TH
HHIEEZHND,
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