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Abstract

The hydrodesulfurization (HDS) of dibenzothiophene {DBT) were performed over
NiPtMo catalysts supported on HZSM-5, LaY and y- AL,O; under high H, pressure. And
the acidities of these catalysts were characterized by using TGA and DSC.

The result showed that the order of the acid strength for prepared supports was HZSM
-5>LaY>7- AlO,. For the acid amount, we obtained the same result for the acid
strength. The acid strength and the acid amount mainly depended on the kinds of sup-
ports whose acid site were strong or not. The activity of the hydrodesulfurization de-
creased for catalysts which had strong acid sites.

The origin of acid site was Bronsted in NH50 and NY catalysts. And it was Lewis in
NA catalyst. The order of desorption activation energy for pyridine was NH50>NY>
NA. And the resuit was the same for thiophene. The activity of the hydrodesulfurization
decreased for catalysts which had strong acid sites. The conversion of DBT over NA cat-
alyst was higher than NH and NY catalysts.
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Table 1. First Order Rate Constant of Sulfur Comr

pound
compound TP BT DBT BNT
Istorder | o o5 | 2000 | 220 | ss0
rate constant
Table 2. Bond Energy ( kcal/mol)
C-S C-H C-C
C-S 65 C-H 99 C-C 83
C=S 128 C=C 146
C=C 200
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Fig. 1. Mechanism of HDS of DBT.
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Table 3. Contents of LaY- Zeolite

Contents Sl()z Alzos NazO La,0y
Mole | 227 16 | 107
Ratio
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cals), $AFERIEE(NaOH), drjgriolEdole
{ANO:).9H0), 555 82 3} Table 49}
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Table 4. Contents of the Precursor of ZSM-5

Contents] Si0; | NaOH | TPABr| A NO:)3.9H0| H.0
Mole
Ratio 1 0.2 0.1 0.028 41
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nitrate] Co( NOs ).-6H,O, Hayashi Pure Chem-Ind],
chloroplatinic acid{ H:PtCls«6H.O, Inuishio Precious
Metals Co.] S°] 2}
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AzH vl ol Table 49} o0 Nig 1wt
%, Pt 0.6wt%, Mox Twt% & A7)

| Drying of supports(y- ALO,, HZSM-5, LaY) 110°C, 24hr |

{ Impregnation of A.M. ]

| Drying (110°C, 24hr) B

[ Impregnation (H.PtCl, N.N.) |

L Drying (110°C, 24hr) ]

| Calcination (550°C, 4hr, 2°C/min ) |

A. M : Ammonium Molybdate
N. N. : Nickel Nitrite

Fig. 2. Preparation procedure of catalysts.

Table 5. List of Prepared Catalysts

Symbols Contents
NA NiPtMo/ 7~ ALO;
NY NiPtMo/LaY
NH50 NiPtMo/HZSM-5 (Si/Al=50)
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Fig. 3. SEM photograph of ZSM-5.

3.1.2.2. 9484

Azx 2o F4 SXFE A8 Yl
A. A.(Atomic Absorption)¢} L C. P.(Inductively
Coupled Plasma)g& AM4-3led+dl, A. AE Barian
AFe] SpectraA 30001912 L C. P.x= Perkin Elmer
AFe] Plasma- 409} it}

Q4284 272 Table 6o JehAsch

Table 6. Amount of Impregnated Metals  (wt% )
Metal .
Catalysts Mo Pt Ni
NY 691 0.525 0.931
NA 6.89 0.534 0.963
NH50 6.87 0.528 0.981
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Table 7. Surface Area of Catalysts

B. E. T. Surface| Pore volume
Catalysts Area(mi/g) (em’/g)

- ALO; 212 0.89
LaY 550 0.64
ZSM-5 536 0.58
NiPtMo/7- ALOs 162 0.71
NiPtMo/LaY 430 0.54
NiPtMo/HZSM-5 396 0.50
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Details of reactor
1. H; gas tank 13. Preheater
2. Pressure regulator 14. Srtainless steel reactor
3. Eeoxo unit 15. Temperature regulator
4. Drying column 16. Temperature recorder
5. Gas mass flowmeter 17. Condenser
6. Pressure gauges 18. H.P. seperator
7. Capillary tube 19. H.P. sep. level controller
8. Supply tank 20. Back pressure regulator
9. Supply pump 21. Level control electrovalve
10. Feed tank 22. L.P. seperator
11. Feed tank level controller 23. Gas sampler
12. Metering pump 24. Wet gas meter

Fig. 4. Schematic diagram of experimental appa-
ratus.
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Table 8. Operation Reaction Conditions

AL 4udgE F3t
£ A7l AP B2
T 8

Reaction variation Operation conditions |
1. Catalyssts 4g

- Loading weight 80 mesh

- Particel size
2. Reaction 723K

- Temperature 30x105Pa

- Pressure 20g cat-hr/mol

- Contact time(W/F) 4

- H,/H.C.mol ratio 0.2mol%

- DBT mol%

3.3. &Zojo| AMEN

3.3.1. 449 29

Qe FHE Fasie PR BAAHL P
HAde FAA A H4 29EFPE 2AEE A
olt}.

Hede] BronsteditAel FF=E4 AR
o] o] H3, LewisAtHoll Azp4g Fojsin F3
= A9 ede] At

Zojo] EAsle AHY FFE d7] A &
uie] d7]al HHde FFA7 F FT-IREZ #e
e Femeg Ak dd 3 278
A2 27]1(40m £ /min)3}ell A 20°C/minZE 500°C
7R £ AFE o] L&A AN F¢ {AF
o BEES w7|¥ ok 150C7HA] WAAIA 14
7+ E FEAHAT

Fig. 5 ol NH50, NY, NA, &019] [RE5 W=
£ Jehigdct. NH50, &vje] 7% 1540cm ‘ol A
BrinstedAb8e] #alsiglar, 1460cm™'ell A 2Fy}
LewisAtd o] #al=lgich. - ALO:E HAZ 3 NA
Zold M ALHo)|EE GAR & ooy Bt
o9 o}3} BronstedAlH-& Rgov, AdHow
733 LewisAtd-S ¥4} Algelole s Az ¥
Zuojo A ] AHL F2 FA7] 9] &l 2% Bro
nstedAbA el & ZHelw, r- ALOE 2A2 & &
vl 38 LewisAtgel 9% Z1& 4 4 ok

3.3.2. A=

AR d719 g3z vizd 4 ok
Alged g7l Hde F}A7lm 20°C/ming]
LLEEE L2 E Zorly d3Ee 4V%E &

1 7- ALO
1 2 HZSM-5

3 LaY

Q@

[}

=

3 2

3

&

=

e

F 3

1,700 1,600 1,500 1,400 1,300

Wave number{ cm™'}

Fig.5. FT- IR bands of pyridine on each catalyst.
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Table 9. Maximum Desorption Temperature of

Pyridine
Catalysts Maximum desorption temperature{ K)
B=10K/min}| f=20K/min}{ 8=40K/min
NA 3015 326.7 3782
NH50 378.2 4029 407.3
NY 365.9 377.1 3946
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Fig. 6. DSC curve of pyridine desorption over each
catalyst.
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Fig. 7. Desorption activation energy of pyridine.
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Fig. 8. Desorption activation energy of thiophene.
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Table 10. Desorption Activation Energy  (Kcal/mol)
Pyridine desorption | Thiophene desorption
Catalyst .. .
activation energy action energy
NH50 225 18.8
NY 13.0 16.4
NA 10.7 12.9

Table 110 eleae) 35} 22t peaks] £E&
e,

Table 11. Maximum Desorption Temperature of
Thiophene

Maximum desorption temperature( K)

Catalysts o 0K, /min] f=20K/min| A= 40K /min
NA 370.3 3745 4012
NH50 | 406.1 4210 446.2
NY 380.0 394.4 4074
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Fig. 9. DBT conversion on each catalyst.
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DBT : dibenzothiophene

F : feed rate(mol/hr)

HC ¢ hydrocarbon( n- heptane)

HDS : hydrodesulfurization

HH.C. : hydrogen to n- heptane mol ratio{ mol/mol)
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NA : NiPtMo/7- ALO:
NH50 : NiPtMo/HZSM-5
NY : NiPtMo/LaY
MPa : mega pascal pressure)
P : products
Pa : pascal in pressure unit
PT : total pressure
W : catalyst weight
W/F : contact time( g- cat.hr/mol)
X : conversion
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