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Abstract — The depletion of conventional oil reserves and the increasing energy need in developing countries such as
China and India result in exceeding oil demand over supply. As a solution of the problem, the efficient utilization of
heavy oil has been receiving more and more interest. In order to utilize heavy oil, upgrading processes are required.
Among the upgrading processes, thermal decomposition is thought to be relatively simple and economical. In this study,
to understand basic characteristics of thermal decomposition of heavy oil, we conducted pyrolysis experiments of deas-
phalted oil (DAO) produced by a solvent deasphalting process. DAO is a mixture of many components and consists
mainly of materials of carbon number 20~40. For the comparison with results of DAO pyrolysis, additional pyrolysis
experiments with single materials of carbon number 30 (C;yHy,, C5iHs530,S, C3,Hg;05P) were conducted. Pyrolysis
experiments were carried out non-isothermally with variation of heating rate (10, 50, 100 °C/min) in a thermogravimet-
ric analyzer. Average pyrolysis activation energy determined by using Arrhenius method, Ingraham and Marrier method,
and Coats and Redfern method was 72~99 kJ/mol. In the activation energy calculated by Ozawa-Flynn-Wall method,
DAO had wider variation than other single materials.
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Fig. 1. Molecular structures of (a) C;,Hg,, (b) C;,Hs30,S, and (c)
C;3yHg;05P.

Table 1. Properties of DAO
Physical Properties

Density (g/cm’) 0.933
API (at 15 °C) 20.3
Distillation cut

% Temperature (°C)
5 506
10 528
20 555
30 576
40 593
50 610
60 628
70 645
80 667
90 695
95 714
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Fig. 2. Thermogravimetric curves of (a) DAO, (b) C;,H,, (¢) C3,Hs30,S,
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Table 2. Activation energy and frequency factor calculated by Arrhenius method
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Fig. 5. Kinetic analysis by Ingraham and Marrier method (a) DAO,
(b) C3yHgp, (¢) C3Hs50,S, and (d) C3Hg;05P.
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Table 3. Activation energy and frequency factor calculated by Ingraham and Marrier method

Sample E, (kJ/mol) A (min™") R2
B=10°C/min B=50 °C/min P=100°C/min B=10°C/min B=50°C/min B=100°C/min B=10°C/min B=50 °C/min B=100 °C/min
DAO 77.6 78.8 80.3 8.97x10 1.16x10° 1.64x107 0.9893 0.9977 0.9857
CsHe, 73.2 76.2 86.8 2.18x10 2.42x10 6.26x10 0.9998 0.9993 0.9996
C3oHs50,8 81.4 90.9 100.5 4.28x10 2.93x10? 1.17x10° 0.9873 0.9941 0.9930
C3oHg;05P 42.0 479 483 7.10x10°  3.89x107 1.04x107! 0.9326 0.9510 0.9597
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Table 4. Activation energy calculated by Coats and Redfern method

R - e

Samol E, (kJ/mol) R?
ample =10 °C/min B=50 °C/min =100 °C/min =10 °C/min =50 °C/min =100 °C/min
DAO 71.9 72.5 81.1 0.9636 0.9971 0.9896
CyoHer 78.4 82.7 94.8 0.9995 0.9999 0.9985
CyoHsgO,8 78.4 84.8 97.0 0.9971 0.9970 0.9977
CyyHeOP 23 50.7 519 0.9820 0.9807 0.9861
@ ° we01] ® ° om0 AL 8|57 ol T2 EdE] FallEo] &dsleiA)t
a5 it A :z:gi 45 M\ :tux:gi ;l_fi__ﬂ] "]‘E]"d' 7}1"_&0 “'H’%%q
a=0.6 a=0.6
ra=0.8 *a=0.8
4 ) a=0.9 4 A\ \e a=0.9
n35 QSS 4. 7E4 E
£ £
’ ’ 2 AT ST gl S-S B fle A vAlR
2 ‘ 25 WY ZAFoA of~Zdlo] A|AE DAOS DAOS] Hi ©AF 302
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w] ovoa moe 1ok TR
Arrhenius 5, Ingraham and Marrier "%, Coats and Redfern %
- - A" W, Ozawa-Flynn-Wall 1S o]-§-5to] sl A3 Ao ie 2
£ £” A S T8l SEAATE AT = AUt A AgHEe) dis)
: ’ -2 o] o]Fo]2|:= Arrhenius, Ingraham and Marrier, Coats and
25 s Redfern B 0 & AR it B glellUA] ghe- A2 & 2o 7F U
. Z Fok=t], DAO7} 72~99 kJ/mol, CyoHe,7} 7395 ki/mol, C3;Hs0,S7}H

1000/T (K-Y) 1000/T (K1)

Fig. 7. Kinetic analysis by Ozawa-Flynn-Wall method (a) DAO, (b)
CyoHgzs (¢) C3Hs30,S, and (d) C3Hg;0;P.

Fig. 7& 2+ A 852 Al £245(10, 50, 100 °C/min)ollA 2] G5
ZF 24 A9E 01904 0.9 Ale]e] A3k dis] Ozawa-Flynn-
Wall ] o2 B243510] npe} 1/T 342 A4 H3ls 2313 Zlo]
t}. o] Z1lellx] Zh H3kgol] tist 2Ae] 71e7= g W3l
A 2] EAslolUA| o vldsta, AXES B3l 7} kgl tigk 24
steiAE At

Table 5= Ozawa-Flynn-Wall W 0.2 AL Al 552] 843}
YUAE YeRd 2191, M3kgo] AdTE AR5 Gisl] 43t
N7} OiAA o= gl Zs FR1E 4= Qlar, M3l ke
A slel7) 9] AJoli= v EZRI CygHgy, C3oHsg04S, CyoHg304P
o] AR} HFEZ DA0S el 1 FHo] R AA el
t}. o]= DAO7}F T 24 & A% Zlo] ope} ofe] E4o] 411
E3Eo)7] wlitel dsl 7)ol sz Al dofuhs vl A
2L ©hAaapl] 245 diRe)7) H7) Akl o] foll= ’hArt

Table 5. Activation energy calculated by Ozawa-Flynn-Wall method

78~108 kJ/mol, CyHg;05P7} 42~52 kJ/mol®] &3l &/ 5ol
e HEITh gk, MWk 0 7 2 wT) Aksdte] wEl A3l
YR8} RIERIAP} sl A 3e Baict.

Coats and Redfern '3} Ozawa-Flynn-Wall ®H2 W11}
AREEA] ek A7 17] wiiZoll, Arrhenius R ¥} Ingraham and
Marrier 9 0.2 RIEQJIAZ} ALk ik, sk Rt B/ sloly =] oh=
o] WIERIALY] A7) HA i) depHH & AlolE KAt

kA, Z47Ye] AR F48k= Ozawa-Flynn-Wall O =
AR 3t GdsteldR] gk thE 4] o R R E A gl
H|&1o] tha 21012 WS Ozawa-Flynn-Wall Wi o2 #2419 &
Aol A= Hgao] Asdas I Sk e Bl
Agkgo] wE A slell#] €] Afoli= Tl B4Q1 CyH,, C3oHsg0,S,
C3Hg;05P2] 735-HU} J3H2221 DA02] 9ol 1 %o] A7 1
ERsith, o= DAOZE @ B E 4% Zlo] oz} ofe] o]
491 &gE0)7] ultol didl 27)olli= izl A dojvk=
Hl A 2L ghaape] BARE dRart B7] ARtslal o] felle=
A7 W 2l E 7] ol Rl B0l s €43t
o7} A UERd o= ettt

. E,, (kJ/mol) R?
Conversion
DAO CsoHe, C30Hs50,8 C30Hg3045P DAO CsoHg C30Hs30,8 C30Hg3045P
0.1 102.1 62.6 97.0 89.3 0.9994 0.9844 0.9986 0.9325
0.2 105.3 64.7 99.9 96.8 0.9981 0.9847 0.9969 0.9373
0.4 111.2 69.1 106.4 103.4 0.9965 0.9826 0.9934 0.9433
0.6 123.5 70.9 111.9 110.9 0.9916 0.9836 1.0000 0.9563
0.8 143.1 72.8 113.4 113.5 0.9945 0.9845 0.9961 0.9779
0.9 158.4 73.9 112.7 114.8 0.9966 0.9845 0.9999 0.9844
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2 (No. 20114010203070) Rro} =5}l t),

ARE71=

Q

: degree of conversion

: reaction time [min]

: reaction order

: rate constant [min™']

: Boltzmann’s constant [1.381x107!® erg-K™']

: Planck’s constant [6.626x107%7 erg-s]

: gas law constant [8.314 J/mol-K]

: absolute temperature [K]

: frequency factor, pre-exponential factor [min™']
: activation energy [J/mol]

: heating rate [K/min]

gmgm}—]w:w»:

: weight of sample [mg]
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