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o Y A.B.C
ANTEK—7000NS T T R
20 ppb ~40% -
WK—2B S S,
500°C 2,
850°C 60°C 40 mL * min ™'
160 mL * min~' 30 mlL - 1
min ', Agilent—6890 Table 1 The orthogonal experimental for system of
4 5 ( n-octylic acid and magnesium sulfate
) ( Al ) B( ) C( ) D( )
) o 250 50°C 3 1 1 (5h) 1 (300%C) 1 (OmL) 1
min ~ 5°C * min"~" 100°C 10°C * min ™" 2 1 (5h) 2 (350°C) 2 (5ml) 2
180°C 3 min. 3 1 (5h) 3 (400°C) 3 (10mL) 3
/ 4 2 (10h) 1 (300°C) 2 (5mL) 3
5 2 (10h) 2 (350%C) 3 (10mL) 1
Agilent6890 6 2 (10h) 3 (400°C) 1 (OmL) 2
( EPC) ; Agilent 7683 ;0.1 An- 7 3 (20h) 1 (300%C) 3 (10mL) 2
. 8 3 (20h) 2 (350C) 1 (OmL) 3
alytical Model 5380 ( PFPD) . 0 3 (20h) 3 (400C) 2 (5ml) )
STARS.0 Varian o
PONA (50 m x0.2 mm x0.5 pm) 5
1.0 pL 30
g 1650 mg * L'
250°C (96.5 kPa) 35C 1.5C
L L 20 h 400°C 5 mLo
* min 100°C 10°C * min 250°C
15 min. 250C . ’
FT—IR Nicolet MAGNA—
IR560E. S. P 400 )
em™' ~4 000 cm ™! 32 4 em™'s X 5
SHIMADZU X Table 2 The orthogonal experimental results for system of
CuKa 40 kv 30 mA n-octylic acid and magnesium sulfate
20° ~ 100° 2°/min.
DS=1° SS=1° RS=0.3 mm. A B C D Y
1 1 (5h) 1 (300C) 1 (OmL) 1 540mg+L~"
2 2 1 (5h) 2(350%C) 2(5ml) 2 870mg- L
3 1 (5h) 3(400C) 3 (10mL) 3 1140mg-+L~!
4 2 (10h) 1(300C) 2(5mL) 3  910mg+L~!
. . 5 2 ( 10h) 2 (350°C) 3 (10mL) 1 890mg L-!
| 6 2 (10h) 3 (400°C) 1 (OmL) 2 1030mg - L~!
° 7 3 (20h) 1(300€C) 3(10mL) 2 850mge+L~'
Y 8 3 (20h) 2 (350%C) 1 (OmL) 3 770mg-L~!
me * L A B 9 3 (20h) 3 (400%C) 2 (5mlL) 1 1650mg e« L~!
T, 2550 2300 2340
C D T, 2830 2530 3430
o T 3270 3820 2880
10.0 ¢ T 850 766 780 SY, =T =8650
T, 943 843 1143 3 Y;* =9067100
T, 1090 1273 960 Sy =753489
20 mL 3h R 240 507 363

S 87822 447489 198022 20156
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3
3
Y A.B.C
S Vv F
4o 4 Fy Foos(22) F¢ 350°C + 375°C
Foo(2 2) B 0.05 400°C \425°C  450°C 40 h.35 h.30 h.
9 0.10 A 25 h.18 h
o B,C, A 450°C \475°C \500°C .525°C  550C 55
° h.50 h\45 h.37 h.32 h 5 mL
4.0 ~
3 16.0 MPa .
Table 3 The content of organic sulfides at the 3.1
factor’ s different levels
A B c
1 2 3 1 2 3 1 2 3
Y 850 943 1090 766 843 1273 780 1143 960
4 o
Table 4 The variance analysis of orthogonal 1 2 R
experimental results
S Vv F .
A 87822 2 43911 4.357222
B 447489 2 223744 22.20176 = L
C 198022 2 99011 9. 824697
D 20156 2 10078 i
T 753489 8 376744 Fo (2 2) =9.0 ol
Fyes(22) =19.0 =
T8 45 F
4
,“':'
Table 5 The factors’ contribution to the formation T
of organic sulfur
35
S /% 1 1 1 1 1
A 87822 2 43911 12 340 360 380 100 120 140 160
B 447489 2 223744 59 W/ C
C 198022 2 99011 26 1
D 20156 2 10078 3
T 753489 8
Fig.1 Sulfur contents of gaseous products at different
Y reaction temperatures for n-octylic acid
with magnesium sulfate
5, 5

59% 26%
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Fig.2 Sulfur contents of gaseous products at different

reaction temperatures for n-octane
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Table 6 Composition of gaseous products for the system

of n-octylic acid and magnesium sulfate

7

Table 7 Composition of gaseous products for the system

of n-octane and magnesium sulfate

Iv%

450°C 475C 500°C 525°C 550°C
30.8 33.9 40.2 43.9 44.4
45.9 44.8 40.6 37.3 35.1
0.5 0.8 0.5 0.5 0.4
10.7 8.2 8.6 9.1 8.6
2.7 3.8 2.1 1.5 3.0
4.5 2.2 2.4 3.0 2.8
2- 0.4 0.9 0.3 0.3 0.4
0.6 0.8 0.3 0.2 0.2
0.2 0.1 0.1 0.2 0.2
2- 0.3 0.6 0.2 0.2 0.3
0.0 0.1 0.5 0.2 0.2
0.3 0.5 0.4 0.3 0.4
0.2 0.6 0.1 0.2 0.3
0.0 0.7 0.7 0.1 0.1
2.3 0.5 0.0 0.2 0.0
0.0 0.1 0.4 0.0 0.0
0.7 1.7 2.4 2.7 3.7
8

Table 8 Organic sulfur of oil products for the system

of n-octylic and magnesium sulfate

Iv%

350°C 375°C 400°C 425°C 450°C
0.116 0.315 0.767 1.831 3.833
0.453 0.887 1.981 2.945 4.017
0.331 0.441 0.235 0.512 0.701
0.154 0.5% 1.277 2.003 2.488
0.786 0.917 0.800 0.543 0.598
1.324 1.083 0.645 1.447 0.207
0.015 0.006 0.000 0.083 0.071
0.000 0.045 0.000 0.012 0.137
0.000 0.000 0.163 0.035 0.545
2- 0.000 0.015 0.000 0.128 0.383
0.000 0.000 0.063 0.034 0.122
0.873 0.637 0.467 0.389 0.176
0.032 0.045 0.135 0.091 0.104
0.000 0.036 0.166 0.243 0.471
0.351 0.374 0.118 0.007 0.016
37.775 32.107 23.102 20.326 15.662
1.334 1.448 1.812 1.805 1.814
55.643 61.050 65.675 67.566 68. 654

lpg g™’

350C  375C  400°C  425C  450C

58.8 75.6 8.3  66.5  95.7

76.4  132.1 208.5 253.3 195.2

235.0  355.3 401.2 404.7 488.4

411.3 4947 899.3 1201.2 1191.6

2- 195.8 231.7 415.4 522.3 601.8
3- 80.3  96.8  500.8 498.7 509.4
Cs- 9.4 37.6  98.1 154.2  95.7
Co- 35.8  80.0 53.2 8.4 128.5
2- 136.3  272.7 455.5 474.1 477.3
C,- 423.0 507.6 500.1 622.5 657.4
Co- 24.9 453 40.7  58.2  70.1
C,- 276.1  231.5 168.2 154.4 192.7
2- 58.9  88.3 231.7 348.2 485.3
3- 158.0  110.2  333.5 507.9 327.1
Cy- 123.4  133.4  279.2  300.7 297.5
Cy- 29.4  31.8 50.1 69.5  52.1
Cim 64.6  96.9  200.5 198.5 187.5
25.2  45.7 199.8 275.4  309.2

106.9 76.3  325.3 355.8 314.7

C,- 7.6 36.7 77.4 174.3 208.9
C,- 352 74.8  198.3  256.7 375.4
Cym 1.7 12.7 542 102.3 154.6
0.0 13.5 89.9 145.5 278.9

0.0 8.9 354 8.4 159.3
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Table 9 Organic sulfur of oil products for the system .
of n-octane and magnesium sulfate
lpg g™ 450°C
450C  475°C  500°C  525°C  550C
47.5 549  57.9 19 34.7 500C 2h
45 29.5  300.6 279.4 107.4 o
200.8 130.9 194.7 166.4 148.9 3 FT—IR
22.8 12 64.6 45 44.8 » »
202.2 853  289.9 382.8 329.5 ° 3400 cm 1640 em
333.4  611.4 1131 1314.5 1896.7
33.9  66.3 51.2  23.8  49.7
83.4  19.2  65.5 30.3  48.4
Cs- 30 83.7 257.3 225.8  164.4 1173 em ™! S0; 501 em ™!
2- 368.5 499.9 1073.2 1267.8 1836.8 Mg—O0O ' MgO
3- 151.1 231.1 473.7 631.8 788.9 4 X—
Cy- 17.7  49.8 8.8 427  15.1
Co- 67.4  56.5 53.3 253  40.7 °
2- 256.6 376.1 469.5 572.7 746.3 FT—IR
25- 271.7  297.7 251.1 230.8 283.2 .
2 4- 150.2  206.3 340.8 257.5 428 ok S R R
Co- 46.9 722 3153 111  35.9
2 3- 97.7 128.2 240.7 194.3 310.4
2 4- 3.2 43.8  102.4  73.4 133
Co- 32.8  80.6 138.1 156.7 185.2
C,- 27.8  31.7 30.1 27.8  40.8 -
2- 110.8  333.8 222.2 210.7 257.2 =
3- 297.3  317.9 331.1 339.2 382.4 s st ITA AL+
2-  5- 40.5 28 40.5 31.9  48.1
C,- 51.9 58.6 8.7 75.9  73.9
3= 4- 39.7  49.5  64.8 51.4  76.1
23 5- 75 76.2 87 75.6  79.4
Cy- 43.6 285 32.2 22 39.6
2 3 4_ 34 3 45 4 68 4 62 8 64 3 ]ll:l{i 35:){' J{(I:ll) 25:11) Z{iLJl} ]5:}“ H)I[ill :'}lllll ll)
Cy- 169.4 349  465.8 459.3  421.6 WL fem”
79.9  210.3 372.3  366.2 294.2
47.4  98.2 186.5 276.1 331.5 3 FT—IR
201.3 630.1 886.9 1018.5 1885.8 Fig.3 FT—IR spectrum of the solid product after calcination
8 9 »

3.2
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wld B8 1 L
MO " AT (1-x)"] T
J 12
. 13, n=0 1
MgSO, e e .
LR SRR VR R
MgO °
12
. . . . . . . Table 12  Linear regression coefficients for the reactions
10 20 30 40 . 50 60 70 80 0 02 04 06 03 o0
26/C) — 0.9923 0.9876 0.9806 0.9773 0.9721 0.9689
4 XRD — 0.9982 0.9973 0.9948 0.9899 0.9846 0.9812

Fig.4 X-ay patterns of the solid product after calcination

10 11

10
Table 10 Reaction conversion for the system of

n-octylic acid and magnesium sulfate

/%

350C  375C  400°C  425°C  450C

— 18.78  20.45 23.33 25.17 25.91

11
Table 11 Reaction conversion for the system of

n-octane and magnesium sulfate

1%

450°C  475°C  500°C  425°C  450C

— 25.8 31.4 35.4 38.3 39.9

n n
19 20
dv _ o wer n
dt_Ae (1-x) (1)
dT
’de
d« B 1_,,_E
mlar (1 -n ] =Mk (2)
(2) n
! dx 1
B ] L

AT (1-x)"1 T

X

—lnF~103/T

45.23 kJ * mol™"  1.06 x10* s~ 48.6 kJ *

mol ' 2.3 x10%s7',
4
59%
26% 12%
300 ~550°C

300 ~550°C
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Simulation Experiments on Effect of Reaction Conditions
for the Formation of Organic Sulfides

YUE Chang4ao' LI Shusyuan' XU Ming" ZHONG Ning-ning’

( 1. State Key Laboratory of Heavy Oil Processing China University of Petroleum Beijing 102249;
2. New Energy Office in Daqing Oilfield Co. Ltd. Daqing Heilongjiang 163453;
3. Faculty of Natural Resource and Information Technology China University of Petroleum Beijing 102249)

Abstract Orthogonal experimental on the system of n-octylic acid and magnesium sulfate were carried out to investi—
gate the relationship among temperature reaction time and the amount of water in the system. The results show that
temperature is the critical factor in the process of the formation of organic sulfides which gives contributions of 59%

to the experimental results. The second is the amount of water 26 percent and reaction time gives less effect. And
also the thermal simulation experiments and kinetics for systems of n-octylic acid with magnesium sulfate and n-oc—
tane with magnesium sulfate were carried out. It is shown that solid magnesium sulfate could react with n-ectylic and
n-octane gas to produce magnesium oxide hydrogen sulfide coke carbon dioxide and organic sulfides as the main
products. With the increasing temperature the conversion of inorganic sulfur to organic sulfur especially to thiophene
sulfur increases. The values of apparent activation energy for n-ectylic acid with magnesium sulfate and n-ectane with
magnesium sulfate are 45.23 kJ * mol™ and 48.6 kJ * mol™.

Key words simulation experiment; effect of the reaction conditions; n-octylic acid; n-eoctane; magnesium sulfate;

organic sulfur compounds



