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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 Hy, CHy4, and CO during pyrolysis of pine sawdust in N, and CO, atmospheres.
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during pyrolysis of pine sawdust in N, and CO, atmospheres at the isothermal temperatures (for 1 h) of (a) 700°C and (b) 800°C.
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oA AYAE Hloloxte] ¥ EA AxE Wlwsjrd, A
2 UH] olakslebh oA F V1] Furt Fvlshe
WA, 7)Fe] it A7 Asign) ol okksleka
Z00A A3 wlo| k] ol wA|7]|Fo] Wt
Az, visEdAe] S7Re= € & ok

J. Soil Groundwater Environ. Vol. 27(2), p. 41~49, 2022



46

S
>

o
:{S

—
dz
N
[3,]

@*Nz
1 —— CO,

»
o
1

(Increase of 5.2%)
1.61

-
(4,
1

-
o
1

CO, sorption, [mmol CO,/g,; ...
o

00 6#%——
0 5 0 15 20 25 30

Time, [min]

2
=

- AYS
(b) 25

(Increase of 13.8%)

- - N
o o o
L L L

CO, sorption, [mmol CO,/g,; c.p.
o
o

o
=)

0 5 10 15 20 25 30
Time, [min]

Fig. 6. CO, sorption test of biochar from pyrolysis of pine sawdust under N, and CO, environments at the isothermal temperatures (for

1 h) of (a) 700°C and (b) 800°C.

3.3. HIO|2X} & M& "I}
A vloleate] F2 5L

Hryetr) f1al, olikst
=~ &2 AF(CO, sorption test)o] F=3Y= AT o]xks}
2 B2 AIAS 98, TGAZ) AFEEIEE. TGAE 2
27 150°CelA X7 B R B ES AlAgH
, 25°C7HA] AR o] F, FAAE ollsletag %
31993, 304 B SHFAT Fig 62 30 5 &
Hlo]oxF A & 2 o|iksieiae] oS 8% At
ojty. 7} x={dE ¥4 A= 700°C/Z22(1.48 mmol/g),
700°C/0 1Ak e A (1.51 mmol/g), 800°C/A2~(1.61 mmol/g),
800°C/0]2F8 k2 (1.81 mmol/g)E ERIF YT A tiH
opkslekh: 274 THE HlolAl= U B2 okksigh
A5 FABIAT g oisleA 21ioA] dEsl 2%
7t 7V nlol ko] oiksletA {350 ST
o} o]t A5 M BET WS B3l ERIE vlo]
QAfe] HIHA Ao} fAlSE 3oz VeIt oiet
A] vlo] @} ARl A o) ikstekAel] gt 3xH 54
o] WHgh= okslekA: F3Fs 7l Tofske S g1l
st Aske wlolexte] 3 SAY o ikslekA §&
2] LS SsiA oidst vlo| el thgt Axe} vl
=SH(Table 1). TFRE, Blo] ulj2= FFol we) &na
22, AEEA Fad 5 22 A AR vlgo
uf-$- olslr] wiizel, kst nlo] k] W 544E A
A vlashs AL offd). a3dx, opikslekA &8 At
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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!)isis Speciﬁczsurface area, Total pc;re volume, CO, sorption capacity, Ref.
condition [m™/gpiochar] [em/ghiochar] [mmol/ghiochar]

1 Pine sawdust fo?tlzo?r?CNz 4243 022 1.48 This study

2 Pine sawdust forat1h7?20(é 0, 548.8 0.29 1.61 This study

3 Pine sawdust fo?tlio?r?CNz 440.4 0.27 1.51 This study

4 Pine sawdust foratlhg(:go(éoz 737.2 041 1.81 This study

5 Peat moss fo?tlfls?r?CNz 205.8 0.11 1.03 (Lee et al., 2020)
6 Peat moss foratlhg(;gogoz 349.3 0.17 1.22 (Lee et al., 2020)
7 walutshell o ® ?go;c . 397 02 1.65 (Lahiij)r;ig)et al,
§  Cotton wood foft3io?;CN2 99 001 132 (Crealz’(l)e]r@et al,
9 whie wood "] Oigo(;team 840 055 134 (Shahk%‘]”; ctal,
10 Vine shoot foratlhg(:go(éoz 593 026 1.52 (Ma‘%é; sﬁ;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
Feedstock Pyrolysis Yield, Specific surface CO, sorption Specific surface CO, sorption
condition [wt.%] area, capacity, area, capacity,
[ml/ ghiochar] [mmOI/ ghiochar] [mZ/ gfccdsmck] [mm()l/gfccdsmck]
. at 700°C
Pine sawdust for 1h in N, 19.7 4243 1.48 83.5 0.29
. at 700°C
Pine sawdust for 1h in CO, 18.8 548.8 1.61 103.2 0.30
. at 800°C
Pine sawdust for 1h in N, 19.5 440.4 1.51 85.8 0.29
. at 800°C
Pine sawdust for 1h in CO, 4.9 7372 1.81 36.1 0.09
.2 B i ZAN F7HE skt wse 22 8

Al o, drkslebre] 82 nlo] ot AJrkgel o

2 dFollre A Fuke] uleleal Aikrrgea YA 5885 =9 § Aot oRklsle 27049 o]
olatslekio] Gt AN o)F S8l AU FRF ko] HIEHEAL 700°Cet 800°ColM AA 27 v
o] g3l FgollA] olrlslerir) vkE- wivfA| = &85 k7 13809 1Ll S7FIAT). B, AR nlo] oAl
At vlo] A}l gt olikslekAie] JERe FED 2% ohkelets F2kso] AL, vt A Y vlglshs 7
o we} o2 UrE} JTh 700°CS}F 800°CY] F 3| oz Jepgth weba 800°C/olakskekA 2ol A A

2w} AR, 22 2o 035h Boudouard W AHE M@ oSk FAS K 9% A
o o3 wlolext W 54 wWah Uekdeh, wg wlo] 2 Bgith AR, welext B £&S 1T o,

QA AN DS ThRe] BAS 9l olils) 700°C/°]’&§‘r%i Z904 ARk wlolexpt 79l R
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