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ABSTRACT

This paper describes the evaluation of kinetic parameters for pyrolysis and carbon char oxidation of

residual oil. The non-isothermal pyrolysis of residual oil was carried out with TGA (Thermo-Gravimetric
Analyzer) at heating rate of 2, 5, 10 and 20C/min up to 800°C under N2 atmosphere. The first order and
nth order pyrolysis models were used to fit the experimental data, and the nth order model was turned out
to follow the experimental data more precisely than the first order model. For carbon char oxidation

experiment, TGA and four heating rates used in pyrolysis experiment were also adapted. The kinetic

parameters for the residual carbon char particle were obtained with three char oxidation model, that is, volume

reaction, grain and random pore model. Among them, the random pore model described the char oxidation

behaviour quite well, compared to other two models. The non-linear regression method was used to obtain

kinetic parameters for both pyrolysis and carbon char oxidation of residual oil.

KEY WORDS : Residual oil(Z 2 zkA}5), Pyrolysis(E &

ol ], residual carbon(Z+EHA)

Nomenclature
a . heating rate, K-min™'
E : activation energy, J-mol”!
i : number of experimental data
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3, Gasification(7}2~3}), Activation energy(2-/d 3}

ko : rate constant defined by eq 1, min”
kg : rate constant defined by eq 13, min”
kp : rate constant defined by eq 17, min”
kv : rate constant defined by eq 11, min”
Ly  : pore length of char, m‘kg'l

m . heating rate, K-min™

a . heating rate, K'min" or K-s™

N : number of data points in data fitting
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n : reaction order, [-]
P : parameters in data fitting

R : gas constant, J-mol K

S . pore surface area of char at 7, m™ kg
SD  : standard deviation

S, : pore surface area of char at f,, m kg’
t : time, min

ty . initial time for heating, min

T : temperature, K

Tp  : temperature where heating is started, K
V : volatile remained in the particle, [-]

J* . ultimate volatile during the pyrolysis, [-]
W . sample weight, kg

Wy : sample weight at #), kg

Wasn : ash weight in the sample, kg

X;  : experimental data at i th temperature
Xicae : modelled data at i th temperature

X : conversion, [-]

¥ . pore structure parameter, [-]

& : porosity, [-]
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Atmospheric Distillation Vacuum Distillation

ht - run Vacuum Gas Oil
Naphtha & Gases

20 - 55 wt%

X TS
Heavy Naphtha Oxidizer
20 - 40 wt%

Kerosene
9 - 14 wt%

Gas Oil Ll._lbricating

oil Air
Heated
Feedstock

Blown Asphalt

10 - 25 wt%, > Straight-run
35 - 65 wt% Asphalt

Cutback Asphalt

Solvent

Fig. 1 Schematic flow diagram of petroleum distillation
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Char Particle
(Constant diameter)

Reaction Zone

Volume Reaction Model

Cab= Cas ! |

|
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Fig. 2 Explanation of volume reaction model
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Gas Fil Ash Layer

Reaction Zone
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Fig. 3 Explanation of grain model
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2.2.3 Random pore model

Bhatia and Perlmutter(1980)¢l &Jaf| A<tz =
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7)1 82 ¥ 4=(pore structure parameter), w, 2]

G A, A Al AeteE, 73 A

Z(pore surface area), 7]

T2 ek

(pore volume), 7]&3%™
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Gas Film

Char Particle

Random Pore Model

dz
dt

z=1—axp—kt(14+40t/4]
F=dwl (1)) 5°

- k(l z)y1—4ln(1—z)

- ﬂ\_’
|

Fig. 4 Explanation of random pore model

& Zo](pore length)= ¢12]9] 715 =7] ¥ (pore
size dlstrlbutlon) ﬁ@&ttﬂ ki gopﬂ Qq_ u}

[ =

o thale] t&%% A YA 7]%‘%94 FH A
g ghgo] R el whet i A JA} Be| wk
SEHE Z7 8 Hal pAuke s B gehitg
(chernical re act1on)°] dJofi}i= RE-S-HH(reaction
gtt) GhkAgto] Atk
1] ‘ﬂi—o—t ﬂi‘%%oéo-]ﬂ(kmem region)o| A & o]
WA = 3L 7]o] micropore$] A macropore$1 A&
e Favt §IA Hok ksl xeggof upel vt
-§ ¥ W (reaction surface) ©|%-38l= XHE A
2 M= w8 Arh(Fig. 4 Z32).

jine

o] elof glojx A GA AT whg FH A
S Imi/m’1= obelel zFo] Fojxint,
§=5,(1—z)v/1—4In(1—zx) (16)

o714 S= 1A 27] GAAT 1Y, ¢ =
drLy(1—¢,)/ S5 271 71372 (pore structure
parameter), Lyv= DA 713 (pore)e] Zel, @
= 78 % (porosity) & ZH2F YERATE ofuf wol 7k
2 porosimeter, & BET ¥H 42
Jom A (155 Wshd o

Trans. of the Korean Hydrogen and New Energy Societ(2011

[Tz] =S;—Siy (1—=) )

xof| W& BET ¥4

= *F‘l@}‘ﬂ x5t
yS 73 4 9l Random
A

pore & UE“«] H %%E, dx/dt, A3& x, &= =3
2ol yehd F itk
& o (1—2) Y191 —2) (18)
T T ln T
z=1—explkt (1+k,t/4] (19)

AR EL(cha)d) MFS W3AY A
= 5e8, aK/minsh 27 E% (T)

Mo
Ry =)
o olo

A
4 g v
T=at+ T, (20)
o] #AE o]&atH 7|9 Al 74A] Bee] tf gt
RhEEE A 5S ARehd offol 22 Heks,
of g 2 45 + AUtk

- Volume reaction model :

2
X=1—exp(— %koefE/RT) 21

- Grain model :

_ RT"? ko ¢ B/RTT3 (22)

X=1-[-35"%

- Random pore model :

2
X=1—exp [—}i—gkjoe_E/RT

(23)
T _
(14 (AL e 7))
ol o] mdle] thgk Ak chare] 7]-31 WEg-ol
3k 71E9) Hl52 TGA WA oAkl w2
£ »dH % random pore model 258 # 5—% ki
g A2 BT, B Ape M w SR

L
2
Fothel tistel 39 mAE Hgstn 4
thalo] AMuI RRE chare] WA A|4E

. 8), Vol. 22, No. 4 539



U

e
fol
02
e
o
02
A
0y
2
og

() [ e | o =
Table 1 Properties of resiual oil for this study
C (wt. %) 84.1
H (wt. %) 10.3 Accumulator  Flow  Flow
N (W‘t %) 0.15 coil  conlroller o
S (wt. %) 3.76 Back Pressure PUReEaRs W —Omput
egulator
difference (wt. %) 1.69 |
LS
Heating rate (kcal/kg) 10,100 SYSTEM OUTLET
Flach point (C) 316
Residual carbon (wt. %) 20.765
Viscosity (cP) at 100C 2,100 S
at 120 DC 600 o controller .
at 140C 225.1 ;A:Z‘FIC;N—(:‘_AS T O
Ni (ppm) 120 Accumulator  Flow
V (ppm) 210 coil r‘nn(mller -
Na (ppm) 110 FURNACE GAS O i
Solubility (%) . L
Asphaltene (wt.%) 13.1 Fig. 5 Schematic diagram of TGA
Heptane-insoluble (vol.%) 13.5
Toluene-soluble (wt. %) 99.36
4= F4& Slete] W= CHAN Abe] 453 &
A71(TGA, TG 151)E AHE3F ) 2 417]& &
ke o] AlE o o N -
T-aie) 3 9] A EL levenberg-marquardt o) 25C/ming] 7t9&Ee} luge] FAZA Aoe
ol —Z__,_‘ 235 L
o} 1.8 & AFE-3F U] A Y regression method & 2 X1 glom weer= 1100C7HA 52 7}
o 10 o = = e s
fittingol] ¢Jate] WA ko, A9 #s D= F SEnl BAs AR A W A3se 13
A1 \ s WEIAl 2yl Ad]7ky B
AERREL EERIER RS DI ETC R B/ A ol ol
= 1 -
standard deviation)¥= o} 9} o] Fojxith o7 A5 ¢ ATEG R LAY AZ/

SD= [E - P2 (24)

Koo/ (N

A7IA, X9 X, = 0 A £ 9
I 2l S, N2 dlolH i, P 3 YA] 3t
HE ghs ek

28 7k
TJ

3. &g 2 A}

3.1 95 2A

E AFoM s Ao gl T 3k SA
AHFE AFESER o AAREAA] ddE A F
g A8 AIE Table 10 YERNA

3.2 ASZK| H qiH

Aol A FAbe] i L AFekao] b
540

Fig. 6 Photo of TGA
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Fig. 7 Model prediction and experimental data at 5C/min with
the first order model
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800C7HA e aL 1087 A8kt
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Fig. 8 Model prediction and experimental data at 20°C/min
with the first order model
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Fig. 9 Model prediction and experimental data at 5C/min with
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Fig. 10 Model prediction and experimental data at 20°C/min
with the nth order model
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Table 2 Pyrolysis kinetic parameter

Heating rate First order model | nth order model
_ ko =29
2C/min ’;“; ;‘72;5 5 E = 44764
' n = 039247
_ ko = 31
5C/min 1’?:— 61:(’;19 4 E = 46.898
' n = 022231
_ ko = 58
10°C/min 1’2? _ 7228613‘9 E = 52288
' n = 0.19446
_ ko =77
20°C/min ]g) _ 75;%332 E = 55610
' n = 0.13378
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Fig. 11 Model prediction and experimental data at 5°C/min

with three oxidation models
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Table 3 Kinetic parameters for residual carbon oxidation

) VR model Grain model Random pore model
Heating rate

[K/min] ko E ko E ko E v
[1/min] [kJ/mol] [1/min] [kJ/mol] [1/min] [kJ/mol]

2 5.16x10" 176.9 4.82x10" 177.4 7.43x10" 211.0 5.16

5 9.69x10" 183.4 9.62x10" 184.3 6.58x10" 187.7 25.0

10 9.15x10" 185.9 4.71x10" 1825 3.32x10" 213.2 4.05

20 4.20x10" 188.8 3.74x10" 2222 9.97x10" 201.7 19.9
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