HOKKAIDO UNIVERSITY

Title E’Fr‘%ﬁﬁmﬁ%@ﬁﬁ@&m'm:ﬁ?Z.aﬁﬁ%?i (2D3) : BnfE £ TOBRRRELSMDOKRLDBERIS
Author (s) R, IE#Y; Sugioka, Masatoshi; A, Flk ftu
Citation LBEARBTEMMRMRSE, 71, 207-215
Issue Date 1974-06-25
Doc URL https://hdl.handle. net/2115/41214
Type departmental bulletin paper
File Information 71 207-216. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




AR LY O RICHEIC BT 2 DHE (eo 3
— BB It T D B B £ 4y 0 K FRAG A I e —

oW OE B % M Rk
(WEFn 48 48 10 /3 30 A 230

Studies of the Cracking Reactivity of Organic
Sulfur Compounds (Part 3)

—Hydrocracking Reactivity of Organic Sulfur Compounds

on Desulfurization Catalysts—

Masatoshi Sucioka and Kazuo AOMURA
(Received October 30, 1973)

Abstract

The hydrocracking reactivity of various organic sulfur compounds on the desulfurization
catalysts such as Co-Mo-Al and NiS-SA was investigated with a pulse reactor.

The order of the hydrocracking reactivity of organic sulfur compounds on these catalysts
in the range of 300°C-400°C were as follows:
on Co-Mo-Al catalyst,

(CH3):S < U <(CgH3)S <(n-C3H1),S < (CeHy)S <(n-C Hy)eS
on NiS-SA catalyst,
[L—s]] <(CHy)3S <(CyHj;) S <(CyHs) S < (n-C3Hy)oS < (#-C,Hy) sS

The order of hydrocracking reactivity of these sulfur compounds on these two catalysts
were similar to each other.

Further, linear relationships were observed between the logarithms of the apparent first
order rate constants in the hydrocracking of these sulfur compounds on these desulfurization
catalysts and the bond dissociation energy of the c-s bond in these molecules as shown in
the following equation ;

log k=c¢, —¢;D(c—s)/2,303 RT
where ¢, and ¢, are constants.

From these results, it was considered that the hydrocracking reactivity of organic sulfur
compounds in petroleum on desulfurization catalyst can generally be expressed by the bond

dissociation energy of the c-s bond of organic sulfur compounds.
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Table 1 Hydrocracking of organic sulfur compounds on Co-Mo-Al catalyst
Catalyst weight=0.20 g, Carrier gas (H,) flow rate=25m//min
Sample injection=2 pul

Reaction Conversion £x1072 . Reaction Conversion /&x 1072
Reactant temperature (°C) a(—) (ml/g min) Reactant temperature (°C) (=) (ml/g min)
360 0.16 0.20 300 0.65 1.30
380 0.22 0.31 3920 0.76 1.68
DMS 400 0.31 0.46 D-n-BS 340 0.8(' 2.46
420 0.49 0.83 260 0'95’ o7
440 0.66 1.35 ’ ' '
340 0.53 0.94
360 0.15 0.20
360 0.65 1.30 .
380 073 161 380 0.19 0.26
DES 400 0.77 1.84 THP 400 0.24 0.35
' ' 420 0.30 0.44
420 0.84 2.29 440 0.37 0.58
440 0.91 3.01 ’ ’
320 0.56 1.01
340 0.66 1.33 320 0.75 1.71
D-#n-BS ’ ’ DPS 340 0.81 2.04
360 0.77 1.81 360 0.91 204
380 0.86 2.46 ) ’ )
Table 2 Hydrocracking of organic sulfur compounds on NiS-SA catalyst
Catalyst weight=0.05g, Carrier gas (H;) flow rate=25mi/min
Sample injection=2 pl
Reaction Conversion  £x107% | Reaction Conversion k&% 1072
Reactant ltemperature (°C) (=) (ml/g min) Reactant temperature (°C) (=) (m/g min)
380 0.15 0.82 300 042 2,69
400 0.19 1.05 .
320 0.56 4,10
DMS 420 0.32 193 | D#BS » :
340 0.66 5.39
440 0.39 2.48 360 078 756
460 0.48 326 ? : '
320 0.04 0.24 380 0.50 3.47
340 0.23 1.32 400 0.59 4.46
DES 360 0.30 1.76 DPS 429 0.71 6.17
380 0.38 2.39 440 0.77 7.34
400 0.51 3.63 460 0.82 8.63
280 0.15 0.82
300 019 Lo4 . 420 0.20 1.14
D-n-PS 320 0.32 1.93 THP .
440 0.30 1.76
340 0.47 3.20
360 0.63 491

#1, 2L, 21 CoMo-Al 108 NiSSA X BALT 4 FEEFA 7 = vOKFSL
M 3\ 2 4 RIS & 3R & OB A R T, fods, L, 2R Lo SR ik BErmdk 2314
CREL, EWHNLEEERLICEEDHETH D, 2hih, ZhbOBERELAHOKREL
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Fig. 1 Effect of the reaction temperature on the hydrocracking
of organic sulfur compounds on Co-Mo-Al catalyst
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Fig. 2 Effect of the reaction temperature on the hydrocracking
of organic sulfur compounds on NiS-SA catalyst
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Fig. 3 Arrhenius plots of the apparent first order rate constants

in the hydrocracking of organic surfur compounds on
Co-Mo-Al catalyst
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Fig. 4 Arrhenius plots of the apparent first order rate constants
in the hydrocracking of organic surfur compounds on
NiS-SA catalyst
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DMS, k=257 x 105 exp (—20.900/RT) (ml/g min) (2)
DES, k=550 % 10% exp (—10.600/RT) (3)
D-#-PS,  k=1.38x10%exp (—11.300/RT) (4)
D-#-BS,  k=8.70x 105 exp (—12.700/RT) (5)
DPS, £=8.90 % 10° exp (—13.000/RT) (6)
THP, k=438 x 105 exp (—15.900/RT) @)
NiS-SA LT Rt OB ER
DMS, k=2.09 x 107 exp (—16.200/RT) (8)
DES, k=330 x 105 exp (—12.400/RT) (9)
D-n-PS,  k=2.82x10°exp (—16.700/RT) (10)
D-#-BS,  k=2.45x107exp (—13.000/RT) 1)
DPS, k=5.35x10% exp (—19.400/RT) 12)
THP, k=760 x 107 exp (—18.500/RT) (13)
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Table 3 Hydrocracking of organic sulfur compounds on Co-Mo-Al
and NiS-SA catalyst

Reaction log £ (ml//g min)
Catalyst | temperature

o DMS DES D-»-PS D-»-BS DPS THP
300 0.41 1.65 2.09 1.88 1.99 0.96
Co-Mo-Al 350 1.07 1.97 2.48 2.07 2.39 1.27
400 1.52 2.25 2.81 2.45 2.73 1.57
300 1.14 1.79 2.43 2.08 2.14 0.82
NiS-SA 350 1.65 2.18 2.83 2.59 2.43 1.39
400 2.06 2.49 3.17 3.02 2.68 1.87

Co-Mo-Al T RE i G
DMS < THP < DES < D-1n-PS < DPS < D-#-BS
NiS-SA L CokFE LSBT G
THP < DMS < DES << DPS < D-n-PS < D-n-BS
Zhibh, ThbOFEBRILEYORKESBEIGEY Co-Mo-Al & NiSSA Ltk T
LIEFE CFFICH 0, BIFEAL 7 0 FEOKES MG Ui o gt - o
LT B ERbhoTz,
43 KFLDERGE logk & cs FEORBT XL FE— Dics) LOME
Rk DT DR T DIRIEIE A v 7 7 & VOB RGOS B\ T, B IR S
AL HTEVGThD c-s FEHEDOMEE= % — Dic-s) & EHRERICH D, BO M
c-s FEAOMEITHBEINTA I ENE BT 2T, BEEA fS’ifﬂ LIcBETYH
BRSO 5 G cos A O M= A F — T —FINC BT T X 20 B a3
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in the cracking of aliphatic mercaptans in the cracking of aliphatic sulfides on
on SA catalyst SA catalyst

o Table 4 Relationship btween Taft ¢* and bond

dissociation energy of c-s bond in
mercaptan and sulfide molecules
R
%h
I RSH D(c-s)eate=15.74 6¥ +74.21
2. CH,
3. CiHs R o¥ D(C—S)obs D(C“S)calc
or 4. Gty
5. 1500ty CH;, 0 74.2 Kcal/mol 74.2 Kcal/mol
b e CH, —0100 734 72.6
< nCH, —0.115 721 72.4
= iso-CgH,; —0.200  70.6 711
'.‘j sor n-CHy —0.130 unknown 72.2
- sec-C,Hy —0.210 unknown 70.9
5l tert-C,Hy —0.320 69.4 62.2
RSR D(c-s)eate=44.43 0% +73.49
o R o* D(C—S)ohs D(C—S)calc
. . | . . , ) H 0.49  95.3Kcal/mol 95.3 Kcal/mol
s 05 04 -0z 0 0.2 0.4 T.5
. Tai CH,; 0 73.2 73.5
aft o

Fig. 7 Relationship between Taft ¢% of alkyl CHs  —0100 693 69.1
group and the bond dissociation energy #-CsHy  —0.115 unknown 68.4
of ¢c~s bond in aliphatic mercaptan and 7#-CHy —0.130 unknown 67.7

sulfide molecules
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