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ABSTRACT

To abate the environmental burdens arising from CO, emissions, biochar offers a strategic means to sequester carbons due
to its recalcitrant nature. Also, biochar has a great potential for the use as carbon-based adsorbent because it is a porous
material. As such, developing the surface properties of biochar increases a chance to produce biochar with great adsorption
performance. Given that biochar is a byproduct in biomass pyrolysis, characteristics of biochar are contingent on pyrolysis
operating parameters. In this respect, this work focused on the investigation of surface properties of biochar by controlling
temperature and reaction medium in pyrolysis of pine sawdust as case study. In particular, CO, was used as reaction
medium in pyrolysis process. According to pyrolytic temperature, the surface properties of biochar were indeed developed
by CO,. The biochar engineered by CO, showed the improved capability on CO, sorption. In addition, CO, has an effect
on energy recovery by enhancing syngas production. Thus, this study offers the functionality of CO, for converting
biomass into engineered biochar as carbon-based adsorbent for CO, sorption while recovering energy as syngas.
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Fig. 1. Schematic diagram of experimental setting for producing
biochar derived from pine sawdust in N, and CO, atmospheres.
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Fig. 2. Mass loss pattern and thermolytic rate of pine sawdust as
the function of temperature in N, and CO, atmospheres.
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Fig. 3. Evolution profile of H,, CH,, and CO during pyrolysis of pine sawdust in N, and CO, atmospheres.
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A Ak vlo] A7} ojkslekA F2Fso] 7Y -
o F2 24U ERIskA). SHAINE ShA TGA A
(Fig. 4 (b)ellA ERIgh v} o], goo°Crolikslers =
AollA A|ZH vlo]2 2= Boudouard ¥F8-0 = 2l&) &t
a7F A, vloleal AAE o] AFdd] HAsie
o} A, 700°C/1AFE e Z71(18.8 wt.%) THR] 800°C/
O] 2kSFEEAN (4.9 wt.%) Z7A0IA] Blo] 2} ALt =go] oF
74% AT AAE o] A, 22 o) nlo)
LAE A7) 98 FYEe cuX|e} vlo] uj @
B4 el F7Isle, AAAR] SHeA EEfsitt. ol
Hlo] e} AL 8-S IEsle, YT T vlo|on)
2= oF o] ALk vlolexte] HIEHAT oitslekA &
2+ kS SRAFEITHTable 1). EH|BAIE, 700°C/o)Aks}t
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Z} 2.9ve} 33d] FbstAh o, 700°C/E A H
800°C/A4 271 thH] 700°C/o|AkstekA 270l Ae] )
Hlo]epi2~ oF tiH] oliksleka FEERe & IS Hol
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AE ks oA BlslE F7HEQ daksieka
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Table 1. Comparison of surface properties and CO, sorption capacity (at 1 bar and 25°C) of different biochars

Biochar production

Biochar properties

No. Feedstock Pyro!y.sis Speciﬁczsurface area, Total po}re volume, CO, sorption capacity, Ref.
condition [M%/piochar] [em’/gyiocharl [mmol/gpiochar]

I Pine sawdust fof‘tlzlo?;CNz 4243 022 1.48 This study

2 Pine sawdust forat1h7 (:r(:"CC 0, 548.8 0.29 1.61 This study

3 Pine sawdust foftlio?;ch 440.4 0.27 1.51 This study

4 Pine sawdust foratlf (:r(:"CC 0, 7372 0.41 1.81 This study

5 Peat moss foftlff?;ch 205.8 0.11 1.03 (Lee et al., 2020)
6 Peat moss foratlhg (:r(:"CC 0, 3493 0.17 1.22 (Lee et al., 2020)
7 walnut shell foratl.gﬁo;ch 397 02 1.65 (Lahg%“ligit al,
8§  Cotton wood fof‘t;lo?;CNz 99 001 132 (Creal;)elrgt al,
9 whie wood ] Oi?:item 840 055 134 (Shahk;f)af;; etal,
10 Vine shoot foratlhsgg"cc o, 593 026 1.52 (Mans Se)t al,

Table 2. Specific surface area and CO, sorption capacity (at 1 bar and 25°C) of biochars generated from various pyrolysis conditions

per unit gram of biochar

per unit gram of feedstock

Pyrolysis Yield, Specific surface CO, sorption Specific surface CO, sorption
Feedstock et o . .
condition [wt.%] area, capacity, area, capacity,
[m2/ gbiochar] [mmOI/ gbiochar] [m2/ gfccdslock] [mm()l/ gfecdslock]
Pine sawdust at 709 C 19.7 4243 1.48 83.5 0.29
for 1h in N,
. at 700°C
Pine sawdust for 1h in CO, 18.8 548.8 1.61 103.2 0.30
Pine sawdust at 809 C 19.5 440.4 1.51 85.8 0.29
for 1h in N,
. at 800°C
Pine sawdust for 1h in CO, 4.9 737.2 1.81 36.1 0.09
.2 B

B dPelxe 2UF Fitel nloleat ArkAelA
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of ofal] wle]eat W 54 sl UeRdth E=gk Hlo]
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