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Selective Pyrolysis of Japanese Cedar to C;-Chemistry
Materials. II. Particle Size, Portion of Wood,
Temperature and Time Dependence of CO Percentages
in Produced Gases, and Kinetic Investigation

Tetsuo Nakacawa*, Kazuya MinaTo** and Yukio KATAYAMA®**
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Résumé

To obtain a detailed information on wood as raw materials for C,-chemistry, the exper-
imental results in our previous paper were analysed, and the kinetics of the reaction was
discussed. In view of the carbon monoxide {(CO) percentage in produced gases from
pyrolyzed Japanese cedar (Cryplomeria japonica D. Don), its percentage was found to be
higher as a pyrolysis temperature was higher. However, it was barely irrespective of the
size and portion of wood collected, and pyrolysis time. The activation energies obtained
experimentally were 8.73X10% J mol~! and 9.07X10* J mol™!, respectively, for sapwood
and heartwood portions in the temperature range between 200 and 300°C. These values
were in a good agreement in the order of magnitude with those in the references.
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1. INTRODUCTION

To obtain a basic information on wood as raw materials for C,-chemistry, we have per-
formed a pyrolysis of Japanese cedar (Cryptomeria japonica D. Don) powder in our previ-
ous paper”, and discussed particle size, portion of wood (sapwood and heartwood),
pyrolysis temperature and time against weight loss and the conversion ratio of the
produced gas to carbon monoxide (CO). As a result, we found that the temperature was
higher as the weight loss and the conversion ratio were greater. However, we have nei-
ther analyzed our results in view of the CO percentage in produced gases, nor referred to
the kinetics of this reaction.

The purpose of this paper is, therefore, to obtain the additional information on wood as
raw materials for C,-chemistry on the size and portion of wood, pyrolysis temperature
and time against CO percentage in produced gases through an analysis of our previous
results?. Moreover, we have discussed the kinetics of the reaction by the use of the first-
order reaction model, and obtained the frequency factor and activation energy of the rate
constant.

2. EXPERIMENTAL

Experimental conditions have already given in the previous paper?. In brief, the
pyrolyses were carried out using a Shimadzu pyrolyzer PYR-IA equipped with a Shimadzu
gas chromatograph GC-7AG.

3. RESULTS AND DISCUSSION

3.1 CO percentages in produced gases
Temperature dependence

In order to discuss appropriate conditions about the conversion of wood powder to CO,
we would like to propose the following two equations:

w
Weo,

Weo
0= wen, Tweo, @
where w, is the weight of the produced gas 7 (i = CO, CO,, or CHy). It is necessary to
raise the P and @ values in order to utilize wood for C,-chemistry material.
Figure 1 shows the relationship between the pyrolysis temperature and the P value. The
pyrolysis period was ten minutes. The P value for sapwood is increased linearly in the

temperature range between 200 and 600°C, but is increased greater over the temperature
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Fig. 1. Relationship between pyrolysis temperature (7°) and weight ratio of CO to CO, (P). (A) and
(B) represent sapwood and heartwood, respectively. Pyrolysis period is 10 minutes. O, A, and
[J are for 60-80, 80-100, and 100-150 mesh, respectively,

of 600°C. The similar pattern was observed for heartwood but the P value was more slow-
ly increased below 600°C.

Figure 2 demonstrates the relationship between pyrolysis temperature and the @ value.
The pyrolysis period was ten minutes. The pattern of the € value in Fig. 2 resembles that
of the P values in Fig. 1 for both sapwood and heartwood. The sudden enlargement of the
@ value in the temperature range between 600 and 700°C implies the increase of CO gas
produced. Comparing Fig. 1 with Fig. 2, we can admit that the CH, gas is also increased
in its amount in the temperature range of 600 to 700°C range.

We may, therefore, conclude that the effective pyrolysis requires the higher temperature
pyrolysis in view of the CO percentage in produced gases, and we can estimate the validi-
ty of our previous results.

Time dependence

Tables 1 and 2 indicate the relationship between the pyrolysis time and the P and @
values at 300°C and 700°C, respectively. It is obvious that the P and @ values are indif-
ferent to pyrolysis times, particle size, and portion of wood collected.
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Fig. 2. Relationship between pyrolysis temperature (7°) and weight ratio of CO to CH, +CO,.
Pyrolysis period is 10 minutes. Legends are the same as in Fig. 1.

Table 1 Relationship between pyrolysis time and weight ratio of CO
to other gaseous products at 300 °C
(a) sapwood
¢/min 1 5 10 20

P 60-80 mesh 0.44 0.46 0.44 0.61
100-150 mesh 0.43 0.48 0.53 0.54
Q@ 60-80 mesh 0.44 0.44 0.42 0.56
100-150 mesh 0.43 0.43 0.49 0.50
(b) heartwood
#/min 1 5 10 20
P 60-80 mesh 0.55 0.47 0.49 0.52
100-150 mesh 0.48 0.50 0.49 0.36
Q@ 60-80 mesh 0.55 0.45 0.46 0.50
100-150mesh 0.47 0.47 0.47 0.35

3.2 Kinetics for this pyrolysis reaction
Apparent rvate constant and appavent activation energy

It is of great interest to study a mechanism of the pyrolysis reaction with the aid of the
kinetics. Because the kinetics of wood and cellulose has already been investigated®!9, we
can compare our results with these previous studies. Therefore, in this section, we focus
on the kinetics of this reaction. Supposing that the first-order reaction is applied to this
initial pyrolysis one®, we can draw the following equation:
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Table 2 Relationship between pyrolysis time and weight d W_” P 3)
ratio of CO to other gaseous products at 700 °C di - ’
(2) sapwood

where W is the weight of wood

t/min 1 5 10 meal, ¢ the time, and % the ap-
P 60-80 mesh 1.9 1.78 L.97 parent rate constant. Equation (3)
100-150 mesh 2.49 1.83 2.14 X
is reduced to?,
Q 60-80 mesh 1.38 1.17 1.33 W
100-150 mesh  1.58 1.34 1.41 In [——] =kt (4)
W,
(b) heartwood where W; is the initial weight of
t/min 1 5 10 wood meal.
P 60-80 mesh 1.59 1.58 2.07 Figures 3 and 4 indicate the re-
100-150 mesh 1.75 1.31 1.7 lationship between the pyrolysis
Q 60-80 mesh 1.09 1.08 1.35 time and the natural logarithm of
100-150 mesh 1.19 0.96 1.17

weight loss of wood meal at 200
°C and 300°C, respectively. We
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Fig. 3. Relationship between pyrolysis time (¢#) and natural logarithm of weight loss of Japanese
cedar wood meal. Pyrolysis temperature is 200°C. Legends are the same as in Fig. 1.

obtained the apparent rate constants % by using initial linear parts, and summarized them
in Table 3.
In general, the rate constant % is represented as*®,

_Ea
k=A , 5
b exp }?TJ {5)
or
E,
Ink =InAd — , 6
nk =lIn T (6)

where A is the frequency factor, E, the activation energy, R the gas constant, and 7 the
absolute temperature.
Figure 5 shows the relationship between the reciprocal absolute temperature and the
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Fig. 4. Relationship between pyrolysis time (/) and natural logarithm of weight loss of Japanese
cedar wood meal. Pyrolysis temperature is 300°C. Legends are the same as in Fig. 1.

Table 3 Relationship hetween temperature (7) and the rate

constant (%),
(a) sapwood

T/K

473 573 673 773 973
k/min™ 0.0178 0.900 1.35 1.66 2.03
(b) heartwood
T/K 473 573 673 773 973
k/min~} 0.0177 0.994 1.39 1.55 2.00
°
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Fig. 5. Relationship between reciprocal pyrolysis temperature (1/77) and natural logarithm of rate
constant at temparature range between 300 and 700°C. (A) and (B) represent sapwood and
heartwood, respectively.
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Table 4 Frequency factor (4) and activation energy (£,) natural logarithm of the

(@) Present work rate constant, namely,
Sapwood Heartwood Arrhenius plot for this

300~700°C 200~300°C_ 300~700°C_ 200~300°C  purolysis reaction. The

A /min-! 6.83 7.80X 107 5.41 1.87x108 data at 200°C  are
E, /] mol™? 9.40x10° 8.73x10° 7.92x10% 9.07x10¢ eliminated because of the
) References large deviation of the
Sitka spruce Douglas fir White pine first order regression

wood meal [3] wood meal [3] wood meal [5] lines. From the lines, we

200~275°C 110~220°C 245~325°C obtained the frequency

A /min™? 4.08% 10" 3.18% 107 9.00% 10 factors and the activa-
E, /] mol™ 1.40x 108 1,04%10° 1.15X10° tion energies of this

reaction shown in Table
4. However, the frequency factor and the activation energies in this work are smaller
than those in references®®. These facts imply that the main pyrolysis reaction does not
occur in the temperature range between 300 and 700°C. Therefore, we tried to recalculate
them by using the data at 200°C and 300°C. The new results obtained are also listed in
Table 4, and these values are of the same order of magnitude as in the references. The
difference between experimental values and references is probably due to the experimen-
tal conditions such as a sort of wood species, size, atmosphere, pyrolysis time, and so on.
These findings suggest that the main dissociating reaction occurs in the temperature
range of 200 to 300°C.
Moreover, we cannot admit the difference between the activation energy of sapwood
and that of heartwood. Probably the pyrolyzing mechanism for sapwood is the same as
that for heartwood.

4. Conclusions

We have performed the pyrolysis of Japanese cedar (Cryptomeria japonica D. Don) wood
meal, and discussed the particle size and portion of wood (sapwood and heartwood) col-
lected, pyrolysis temperature and time against CO percentage in produced gases, and dis-
cussed the kinetics of this reaction.

The rate constants of the main pyrolysis reaction are 7.80 X107 exp (8.73%X10* J mol~!
/RT) min~' and 1.87X10%exp (9.07X10* ] mol~' /RT) min~! for sapwood and heartwood,
respectively. The frequency factors and activation energies for sapwood resemble those
for heartwood, and these facts indicate that the decomposition mechanisms for sapwood
are the same as for heartwood. The experimental values of the activation energies in this
work are of the same order of magnitude as in the references.
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