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Experimental study on the structure and reactivity of
palm kernel shell chars duing CO, gasification
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Abstract; The palm kernel shell( PKS) chars of different conversions were prepared in a tube furnace by using
CO, as gasification agent, and the gasification reactivity of PKS chars were tested by thermogravimetry analyzer.
The pore structure, degree of carbon structure ordering, mineral element content and distribution of PKS chars of
different conversions were characterized by surface area measurement, Raman spectra, X-ray flourimeter ( XRF) ,
scanning electron microscopy and energy dispersive X-ray spectroscopy ( SEM-EDX ), respectively. The results
show that the fixed carbon content of PKS chars reduces gradually, and the proportion of ordered carbon
stabilizes at 0. 30 ~ 0. 33 during CO, gasification. The ash content increases gradually along with the increasing of
conversion, but the gasification reaction index R, of PKS chars increases after a decreased stage. At the early
stage of pore size expansion ( conversion x <23% ), the change tendency of R, of PKS chars is in accordance
with the surface area. As the gasification reaction continues (23% < x <31% ), R, has few changes. The surface
area of PKS chars has a linear correlation with the conversion from 31% to 68% , and R, increases with the
increasing surface area and the catalysis of mineral elements as x >56% . When x >68% , the R, of PKS chars is
mainly controlled by catalysis of minerals.
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1.1 SEER

S JEURL N A2 55 ( palm kernel shell,PKS) |, 7=
HENERHEIL,

SEHGHIE o0 R HEAT R SR PR AL TR, BR L
AP R Y, BARXT 5 #AT U8
7, @ LR A 80 H (0. 178 mm) BT , 44 fr s
JFEE S E T 105 CFHEF 12 b, P FRm &
o B FER AT AR 1, BF1 A
LR T E E RS B RS T RK (PS) (FE A
(RH) Z— R AR ERR KN T E
#4314 Si,Ca Mg . Na 0%,

£ 1 BHEZNERYEST
Table 1 Ultimate and proximate analysis of PKS

PKS psit] RH!"2!
C 50.73 48.80 41. 61
H 5.97 5.80 4.99
Ultimate analysis w,/ % (0% 42.83 44. 30 50.71
N 0.36 0.00 2.62
S 0.06 0.00 0.07
Vv 75.21 82.80 71.48
Proximate analysis w,/ % FC 22.74 16.10 17.25
A 2.05 1.10 11.27
Higher heating value Q/ (MJ-kg™) Q 20.35 18.91 16.25
Si0, 0.53
Na,O 0.44
Ash composition® w/ % €20 0.33
K,O 0.094
MgO 0.25
AL O, 0.19

* :calculated by difference; °;suppose that the PKS ash consists of oxides
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Figure 1 Flow diagram of experimental apparatus
1.gas flowmeter; 2 :resistance furnace;

3.PID temperature controller; 4 ;thermo-couple;
5 :porcelain boat; 6:condenser;
7 . gas collector; 8§ ; water bottle
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A, BEE F AR E , AL P EE R AT &
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Table 2 Characteristic analysis of PKS chars after CO, gasification

Char-10%* Char-23%

Char-31% Char41% Char-56% Char-68% Char-85%

C 82.46 81.30 78.54 74.42 64.52 52.02 32.79
. . H 0.84 0.74 0.70 0.66 0.59 0.54 0.29
Proximate analysis
o (0] 10.28 10.09 10.19 12.55 12.21 11.44 9.83
w
v N 0.58 0.69 0.68 0.66 0.74 0.74 0.43
S 0.04 0.04 0.05 0.06 0.09 0.11 0.17
. . Vv 18.24 17.82 18. 14 19.59 19.90 20.94 12.81
Ultimate analysis
o FC 76. 16 75.05 71.76 66.77 57.72 43.91 30.71
w,
7 A 5.60 7.13 9.83 13.64 22.38 35.15 56.48
Ca0 2.28 2.82 3.61 5.05 9.25 12.06 18.28
Si0, 1.83 2.44 3.31 4.93 7.13 14.03 25.97
Ash composition K,O 0.37 0.46 0.83 1.11 1.40 2.00 2.85
w/ % MgO 0.35 0.45 1.03 1.22 1.24 2.06 2.78
Fe, O, 0.17 0.26 0.34 0.69 1.18 1.65 2.05
Al O, 0.16 0.22 0.35 0.39 0.58 0.95 1.45

*. the char of x,=10% and so on
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Figure 2 Relationship between conversion and
time of PKS char gasification with CO,
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Figure 3 Relationship between reactivity rate and
time of PKS char gasification with CO,
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Table 3 Characteristic parameters and R,
of PKS char gasification with CO,

Sample fspq /TN tios/Min  R/min™"
Char-10% 15.30 56. 10 0.033
Char-23% 18.20 58.30 0.027
Char-31% 17.70 54.60 0.028
Char-41% 17.40 52.70 0.029
Char-56% 15.80 46.40 0.032
Char-68% 12.40 39.30 0.040
Char-85% 7.30 25.20 0.068
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Figure 4 Variation of pore structure parameters of
PKS chars during CO, gasification
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Figure 5 Variation of surface area and R,
of PKS chars during CO, gasification
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Figure 6 Raman spectra of PKS chars during CO, gasification
a:char-85% ; b:char-68% ; c.char-56% ; d:char41% ;
e:char-31% ; f.char-23% ; g.char-10%
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Table 4 Main elemental composition of PKS chars gasified with CO,

Content w/ %

Sample -

C (0] Si K Ca Mg Al Fe
Char-10% -a 83.62 13.57 0.64 0.31 1.31 0.18 0.37 -
Char-10% -b 84.74 11.59 0.97 0.81 1.67 - 0.23 -
Char-23% -a 74.87 20.19 1.65 0.40 1.83 0.44 0.30 0.21
Char-23% -b 84.86 13.89 0.21 0.26 0.49 0.11 0.12 -
Char-31% -a 70.23 23.02 0.57 0.18 4.45 0.40 - 0.32
Char-31% -b 86.91 11.10 0.25 0.86 0.88 - - -
Char41% -a 75.42 19. 88 1.14 0.56 1.92 0.41 - 0.44
Char41% -b 90.83 8.37 0.12 0.48 0.20 - - -
Char-56% -a 73.61 22.70 1.24 0.24 1.57 0.36 0.09 0.19
Char-56% -b 91.93 6.59 0.42 0.65 0.41 - - -
Char-68% -a 73.43 21.54 2.08 0.41 1.66 0.26 - 0.16
Char-68% -b 91.58 6.53 0.51 0.81 0.36 - - -
Char-85% -b 20.50 46.77 23.94 2.00 3.54 0.45 0.43 0.33

a;position of well-developed pore structure; b:position of undeveloped pore structure
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EREIE R, T EZH Yo R AL E RS,
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