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Abstract — Characteristics of steam gasification and combustion of naphtha tar pitch, which is the bottom product of
naphtha cracking process, were investigated by using the thermo gravimetric analyzer to develop the technology for
obtaining syngas by using the naphtha tar pitch as a carbon source. Friedman’s and Ozawa-Flynn-Wall method were
used to calculate activation energy, reaction order and frequency factor of reaction rate constant for both of steam gas-
ification and combustion. The activation energy of combustion of naphtha tar pitch based on the fractional conversion by
Friedman’s method was in the range of 41.58 ~ 68.14 kJ/g-mol when the fractional conversion level was in the range of
0.2~0.6, but 183.07~191.17 kJ/g-mol when the conversion level was 0.9~1.0, respectively. In case of steam gasification
of naphtha tar pitch, the activation energy was in the range of 31.87~44.87 kJ/g-mol in the relatively lower conversion
level (0.2~0.6), but 70.63~87.79 kJ/g-mol in the relatively higher conversion level (0.8~0.95), respectively. Those results
exhibited that the steam gasification as well as combustion would occur by means of two steps such as devolitilization
followed by combustion or gasification.
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Table 1. Analysis of the naphtha tar pitch

Proximate analysis [13]  (wt%) Ultimate analysis (Wt%)
Fixed carbon 61.83 Carbon 90.35
Volatile matter 38.19 Hydrogen 7.62
Ash - Oxygen 1.07
Aromaticity by IR 0.83 Nitrogen -
Sulfur -
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Fig. 1. Typical example of TGA curves from combustion (a) and gas-
ification (b) of naphtha tar pitch (flow rate of (a): 30 ml/min, air;
flow rate of (b): 52 ml/min, steam/N,=1 atm, P;,,:20 kPa).
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Fig. 2. Effects of heating rate on conversion rate with the variation
heating rate in combustion (a) and gasification (b) reaction.
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Fig. 3. Typical examples of kinetic analyses on conversion level by
Friedman’s method for combustion (a) and gasification (b).

Table 2. Activation energy with the variation of conversion level
E (kJ/g-mol) by Friedman’s method

X Combustion R, Gasification R,
0.1 479 0.98303 319 0.99683
0.3 41.6 0.97337 34.8 0.93665
0.5 68.1 0.96411 449 0.98761
0.7 183.1 0.94034 70.6 0.93665
0.9 1912 0.96666 87.8 0.99683
Average 106.4 54.0
SD 744 243
X E (kJ/g-mol) by Ozawa-Flynn-Wall method
Combustion R, Gasification R,
0.1 42.4 0.97586 36.2 0.99141
0.3 42.0 0.97585 34.7 0.99009
0.5 74.7 0.95959 36.6 0.98855
0.7 138.7 0.93926 48.8 0.98453
0.9 209.8 0.96494 88.3 0.99233
Average 101.6 48.9
SD 722 22.7

SD: standard deviation
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Fig. 4. Typical examples of kinetic analyses on conversion level by
Ozawa-Flynn-Wall method for combustion (a) and gasifica-
tion (b).
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Fig. 5. Reaction Order for Air by Friedman’s Method (a) Devolatil-
zation (X=0.2~0.6), (b) Combustion (X=0.9~1.0).
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Fig. 6. Reaction Order for Steam/N, by Friedman’s Method (a) Devolatil-
ization (X=0.2~0.6), (b) Gasification (X=0.8~0.95).

Table 3. Reaction order with the variation of heating rate obtained by
means of Friedman’s method

For air X=0.2~0.6 X=0.9~1.0
B n R, n R,
5 1.78 0.94220 0.74 0.97040
10 1.27 0.96163 0.76 0.97606
20 1.29 0.93244 0.80 0.97636
40 1.03 0.99757 0.84 0.97903
Average 1.34 0.78
For steam/N, X=0.2~0.6 X=0.8~0.95
§ n R, n R,
5 1.74 0.97040 0.85 0.92052
15 1.26 0.90744 0.93 0.88471
30 1.02 0.99367 0.40 0.86913
50 1.04 0.99250 0.35 0.93049
Average 1.26 0.63
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Wall method (a) Devolatilization (X=0.2~0.6), (b) Gasification
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0.8~0.95).

Table 4. Activation energy and frequency factor on heating rate for
air by ozawa-flynn-wall method

Devolatilization (X=0.2~0.6)

P n E [kJ/g-mol] R, A [min™]
5 1.78 234 0.98278 209.2
10 127 24.7 0.98627 309.1
20 129 26.4 0.98583 828.0
40 1.03 30.0 0.99229 2069.2
Combustion (X=0.9~1.0)
P n E [k)/g-mol] R, A [min™]
5 0.74 2.1 0.99026 320.4
10 0.76 420 0.99735 510.4
20 0.80 382 0.98575 647.4
40 0.84 43.0 0.99768 2021.1
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Table 5. Activation energy and frequency factor on heating rate for
steam/N, by ozawa-flynn-wall method

Devolatilization (X=0.2~0.6)

P n E [kl/g-mol] R, A [min™]
5 1.74 46.1 0.96317 27953.2
15 1.26 63.0 0.99218 721927.4
30 1.02 65.8 0.99536 525782.9
50 1.04 632 0.99638 383782.6
Gasification (X=0.8~0.95)
P n E [kJ/g-mol] R. A [min™]
5 0.85 17.2 0.98928 27.1
15 0.93 17.9 0.99735 81.6
30 0.40 16.8 0.99944 712
50 0.35 229 0.99571 2774
250 whe} 16.8~22.9 ki/g-mol?] *H$lelA 27k dojFiet. wks-

2AkEel QIR S&& el whbx 7] WAlelAE 1.03~1.78
7} 209.2~2069.2 min'e] HLlelA BojFE & 4= glolar, HE
A= 0.74~0.849} 320.4~2021.1 min'e) B oA doj@dS &
T ATt 55 JAFERE )R] 9] 5T TRAstel|x] WEEAle} Hl
EAFY) 3R 27] DAl E 1.04-1.749) 27953.2~383782.6 min™ <]
Frol AN, HE Al M= 0.35~0.931) 27.1~277.4 min™'2]
whol Akl ).

Ag7IE
A : frequency factor of reaction rate constant [min™]
E : activation energy [kJ/g-mol]
f(X) : function of conversion rate, (1-X)n in Friedman's method
F(X) : integration of A/p exp(-E/RT)
k : reaction rate constant [min’']
n : reaction order
R : gas constant [8.314 J/g-mol-K]
Re : correlation coefficient
t : reaction time
T : reaction temperature [K]
X : conversion rate
J2[o|A &K}
B : heating rate [K/min]
# At

= AT FEelUA7 = AT e] ] A1€l(A7-2802) 0%
P10 ] ATl FAR=YT.
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