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Hydrotreatment of high aliphatic and low sulfur atmospheric residue (Residue A) over a combination of demet-
allation and desulfurization catalysts caused greater catalyst deactivation than low aliphatic and high sulfur
residue (Residue B). Since the catalytic dissociative reaction of the aliphatic group was initiated by the adsorp-
tion of the residue on the alumina support of the desulfurization catalyst, olefins produced by acid sites on the alu-
mina are probably responsible for the catalyst deactivation through the deposition of coke. Use of an amorphous
silica-alumina with stronger acid sites than alumina as the catalyst support for the desulfurization catalyst reduced
the reaction temperature necessary for the desired conversion (WAT) by 20°C compared to the alumina support
catalyst at 1500 h after the beginning of the reaction. However, catalyst deactivation of the catalyst supported on
silica-alumina was significantly faster than of the catalyst supported on alumina.

Feeding a mixture of Residue A (60 vol%) and Residue B (40 vol%) into the desulfurization process decreased
catalyst deactivation of the combination of conventional catalysts supported on alumina. ~Although sulfur com-
pounds in Residue B are important to reduce coke formation during the hydrotreatment of atmospheric residue,
effective hydrotreatment of Residue A with long aliphatic chains was not achieved with the present catalyst com-

bination.

Keywords

Catalyst deactivation, Coke deposition, Aliphatic residue, Asphaltene structure, Hydrotreating,

Heavy residue

1. #

AR IO 2 2BWT, BEHMOLBIIEELETE L -
THRTLORFITEENDLZ DT E, FHEINE
HEFR S, KESD 70 A Tid, EEERERICAE X
hb, CORBILIVMASELRH Lo, BRERZICLY
BEDEBE, KNIBEFHLVIIKEFA T—DHEE LT
FHENE, LL%ds, BEE LTOERBOEEIBL
L, {bo TEMD5VIITHO L ) ZBEHOFTEI AT
BIZOoNT, BERK 7Ot AI3ZFDEH WAL 5 BHED 5K
FTBE ) WBANLENLLTE Tz, —H T, BHEdhicg
INAHEESE S0ppm LTFIZT A2 kOB X2k
0, FRIMEEI ARG RC (RFCC) EBEROERHHE L THE
BT 50, BEERKE ST ANOERI ML - BELLSR
5E9 %o TET,

EEBRRAMEL, 7VIFEFSR oy r V- 7
7Y (Ni-Mo) $» 5V a/\N)L k-EF1) 75> (Co-Mo) »H
WHoNnT&7, L L, BRSO, HHEEOREZL Tht
BEGOEEENIERINL I, £BHAK, BifaK,
FREEIR, BLURLEBNOMAEEHED 5 VI TABEID

il

* To whom correspondence should be addressed.
* E-mail: takahashi @cen.kagoshima-u.ac.jp

J. Jpn. Petrol. Inst.,

BEEDOTRDIEIND L) 2k ol, HEHRAMBOERET
&, RUGEIEA (SOR, Start of run) (23T — 27 DEBHFETH
D, FHLE (MOR, Middle of run) TIZ= v 7 b d B\ i3/
T LADOMBERINOERIERTHLEEPN TV,
BEOMER, ZoHERISHET S LIRS hTna,
BAEOKFEBGEE F & T 2 KFNBEER ChRinz LB
BLE, RIPOHMEESE, AV NVEEBEFLTTATITILF Y
SEOEME LI LVIRESRE, ThbbEwRIDIRE,
BOWKEES, €L TRVWEMEREIVLETSH 2, 2070,
HBHRMERO SV ERRRAE - BREERSH (UUT, S
A) BB L TERECRESOBE R MEML B S 2 L1,
EIERGIR - BEZRSH (LT, BREMWB) 20ET2L0 D

CEBHTHRELHRESN T, LeLieroEEoid, &

STHAZEENRMAREEEICHB T L, BB 2418
L7zl & X0 b RISHBERICE LWERSIErET LI L %
ATy FREFERDOHENIDZ, TOLD LHESENRIE
REZBERTH LRI, RESHAZBHERTRBETLH %
AREE XS B BB LR ShTWw 5,

FREEIL, RICHBEZOMBEESZILD A = XL %HS
ML, RS A ZRAWA L &EOFMSHLIC RIT A &
DHMEBLURSHPICE TN IHRELEYONEERTT 2
BWT, %40y b7 MNILBEGTAMNEITo7. £

Vol. 45, No. 3, 2002



128

Table 1 Properties of Atmospheric Residue
Residue A Residue B

Density [g/ml at 288 K] 0.932 0.983
Sulfur content [wt%)] 0.163 3.75
Nitrogen content [ppm] 2720 2190
Viscosity [m?s at 50°C] 0.0521 0.102
CCR? content [wt%] 6.9 11.7
Asphaltene® content  [wt%] 1.5 6.1

Saturate [wt%] 41.0 17.8
Aroma [wt%] 32.8 69.5
Resin [wt%] 12.2 5.4

Ni/V content [ppm] 34/0 23/67

a) CCR: Conradson Carbon Residues.
b) Asphaltene is defined as a heavy hydrocarbon insoluble in n-
heptane.
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Table 2 Properties of Single and Combined Catalysts

@ Chemical Properties

Composition [wt%] DM1 DM2 MT95 HT25 Tri-2000
CoO — — 0.9 37 —
NiO 3.0 3.0 1.1 — 3.7
Mo0Os 1.5 4.5 10.5 14.0 14.0
V205 3.0 3.0 — — —

Catalyst support AlL,O3 Al,O3 Al O3 ALO; Si0,-Al,04

@ Physical Properties

DM1 DM2 MT95 HT25 Tri-2000

Surface area [m%/g] 220 220 200 220 300

Pore volume [ml/g] 0.67 0.67 0.63 0.50 0.45

ABD? [g/ml] 0.51 0.51 0.53 0.62 0.55

CBD® [g/ml] 0.61 0.61 0.63 0.72 0.65

a) ABD: Apparent Bulk Density.

b) CBD: Compact Bulk Density.

@ Combinations of Catalysts [vol%]

DM1 DM2 MT95 HT25 Tri-2000

Test 1 5 5 10 80 —

Test 2 5 5 10 — 80

J. Jpn. Petrol. Inst., Vol. 45, No. 3, 2002
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Table 3 Typical Operating Conditions for Pilot Plant Test

LHSV [h™] 0.30
Partial press. of H, [MPa] 15.45
WAT? [C1 370-415
Hy/oil ratio [Nm?/k] 850
H, purity [%] 90

a) WAT (Weight Average Reaction Temperature) was 3.0 wt%
of CCR in product oil.
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Temperature profile
of catalyst bed.
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Fig. 2 Relationship between WAT and Process Time in Reac-
tion of Residue A and Residue B (Test 1)
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Table 4 Comparison of Properties of Spent Catalysts from Commercial Unit (Residue B) and Pilot Plant Test (Residue A)

@ Commercial Unit (Catalysts were collected after 8000 h operation.)

DM2 HT95 HT2S
Catalyst name
Fresh Spent Fresh Spent Fresh Spent
Moc? [wt%] 0.0 90.0 0.0 25.5 0.0 17.5
Coke [wt%] 0.0 31.5 0.0 32.1 0.0 355
Surface area [m¥g) 190 44 200 66 220 78
Pore volume [mi/g] 0.74 0.06 0.63 0.15 0.66 0.24
@ Pilot Plant Test (Catalysts were collected after 3200 h operation.)
DM2 HT95 HT25
Catalyst name
Fresh Spent Fresh Spent Fresh Spent
Moc? [wt%] 0.0 15.0 0.0 10.5 0.0 1.5
Coke® [wt%] 0.0 51.5 0.0 60.1 0.0 70.5
Surface area [m?/g] 190 14 200 20 220 . 20
Pore volume [mi/g] 0.74 — 0.63 — 0.66 —

a) MOC: Metals (Ni + V) on catalyst (wt% fresh catalyst).
b) Coke: wt% fresh catalyst.
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Table 5 Effect of Process Time on Properties of Product Oil from Residue A

Sample name Feed Pr.1 Pr.2 Pr.3
Process time [h] — 88-96 716-724 850-866
Ave. react. temp. [C] — 398.7 397.2 406.8
LHSV [h™] — 0.3 0.3 0.3
Composition of oil [wt% feed]

Ci-Cs — 1.17 0.97 1.57

Cs-190C 0 1.1 0.7 1.1

190-370°C 5.3 14.8 12.8 16.7

+370C 94.7 85.2 87.5 83.2
H; consumption [Nm?%kI] - 93 129 188
Properties of Oil

Feed Pr.1 Pr.2 Pr.3
Cs* Cs* Cs* Cst

Density at 288K [g/lem’] 0.9320 0.8982 0.9052 0.8982
Sulfur content [wt%] 0.163 0.022 0.031 0.028
Nitrogen content [ppm] 2720 615 — 790
Viscosity [m%s at S0TC] 0.0521 0.0153 — 0.0118
MCR content [wt%] 6.9 2.8 35 2.8
Asphaltene content [wt%] 1.5 2.3 — 2.8
Ni content [ppm] 34 16 16 15
Dry sludge content . 1 5 6

(FS tester No.)

T T 397~399C TH - 72h%, 850~866 BRI Tix 407C T
+HL/, Table 5056505 L912, F54 AT v Y (Dry
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Ttz FRENED, —F, 70t AL 850 Bl LT
12, KEHBEENIHMITO2EREICR- T, XEESE

CHELZIZOPHDO T, RKESEDORELZFIFIARAT VY
DEBEVHWEALWVWIKRII 72, ZOERIIE, 7otX
BEOEKR, +hbb WATDLRE L QIREBN4UTD
HAB LU 190~370C OBAHHEML-Z L, HVIET A
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ko AV R AN _
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HERN % Fig. 4 IR L7z, AIEDOFHSTFEIL, 5232 g/mol T
b, BEOFNIZ 349 gimol Il o7, T/, BHICHE
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Molecular Weight

Number of Condensed Aromatic Sheets 2.266
Fraction of Aromatic Carbon 0.360
Number of Aromatic Rings 20.77
Number of Naphtenic Rings 3.59
Number of Alkyl Substituents 5.20
Average Carbon Number of Alkyl

Substituents 15.783

Fig. 3 Estimated Molecular Structure of Asphaltene in Residue
A
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Molecular Weight

=3,491
Number of Condensed Aromatic Sheet  2.429
Fraction of Aromatic Carbon 0.523
Number of Aromatic Rings 17.51
Number of Naphtenic Rings 2.68
Number of Alkyl Substituents 3.21
Average Carbon Number of Alkyl
Substituents 5.940

Fig. 4 Estimated Molecular Structure of Asphaltene in Residue
B
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Fig. 5 Relationship between WAT and Process Time in Test 1 and Test 2 Combination
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