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Abstract : In this study, bio-carbons were produced by activation process from unused biomass (Grade 3 wood pellet and spent
coffee grounds) to determine the removal performance of formaldehyde and acetaldehyde. The activation experiments were
conducted in a fixed bed reactor using CO, as an activation agent. The temperature of the activation reactor and input of CO,
were 900 C and 1 L min™' for all the experiments. The maximum BET surface area of about 788 m? ¢! was obtained for
bio-carbon produced from Grade 1 wood pellet, whereas about 544 m> g was achieved with bio-carbon produced from spent

* To whom correspondence should be addressed.
E-mail: pysoo80@kitech.re kr; Tel: +82-41-589-8666; Fax: +82-41-589-8323

doi: 10.7464/ksct.2021.27.4.325 pISSN 1598-9712 elSSN 2288-0690
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licences/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

325



N

326 P35 H4W - ole® - upeA - AT

coffee grounds. In all the experiments, the bio-carbons produced were mainly found to have micro-porous nature. A lower ash

amount in raw material was favored for the high surface area of bio-carbons. In the removal test of formaldehyde and
acetaldehyde, the bio-carbon produced from spent coffee grounds showed excellent adsorption performance compared with
woody biomass (Grade 1 wood pellet and Grade 3 wood pellet). In addition, the comparative experiment of commercial
impregnated activated carbon and bio-carbon produced from spent coffee grounds was conducted. In terms of formaldehyde
removal performance, the commercial impregnated bio-carbon was excellent, while bio-carbon produced from spent coffee

grounds was excellent in acetaldehyde removal.
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Table 1. Feedstock analysis (unit: wt.%)

Proximate analysis® W(()}orzieellle t wgc:giee?le t Spent coffee grounds
Moisture 7.4 6.1 2.4
Volatile matter 76.0 79.5 75.7
Fixed carbon® 16.3 18.6 17.3
Ash 0.3 1.8 4.6

Elemental analysis®

Carbon 51.7 49.6 52.7
Hydrogen 6.2 6.3 6.2
Nitrogen - 0.3 2.7
Sulfur - - 0.3
Oxygen” 42.1 438 38.1

%as received basis, bby difference, ‘ash free basis
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Figure 1. Schematic diagram of activation system.
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Figure 2. Schematic diagram of performance evaluation system for
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Figure 3. Pore size distributions of bio-carbons.
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Figure 4. N, adsorption and desorption isotherms of the bio-carbons.
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Table 2. Reaction conditions of VOCs removal test
Item Formaldehyde Acetaldehyde
Amount of bio-carbon 0.04 g (40 ~ 60 mesh) 0.05 g (40 ~ 60 mesh)
Temperature (C) 30
Inlet gas concentration (ppm, N, balance) 10+1 | 26+3
Space Velocity (GHSV, cm® h™' - g) 380,000
Total Flow (mL min™) 255 | 320
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Figure 5. Breakthrough curves of formaldehyde for bio-carbons.
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Figure 6. Breakthrough curves of acetaldehyde for bio-carbons.

ol ] ghei{14].

3.2. ZEUM|SI0|= 3! OIMIEYH|SIO0|= XA A
Figure 501 A4t Hlo] 9 7HE-E o835 ZEUT|sto|=
ot FA4E e et 7] B vho] @ HEoA F2E]
F2 9F 60~ 64%= T Ao] Qo] FARRE FAFS UER
5% o] $E LE Hio| Q7MREoA mIr} AlRE =
4 A%t 159 4 359 B9 5 vio]letE
o3} o] FARSHA Uebgtem oF 125879
o7t Eus A0 Y v Aujdr f2f vho] o7t
£9] 7% Figure 59 Hol%o] 19 9 37 EAE {2 vio]
QM2 3} Hlwsto] As| LA matEEs AR HEE Q)
o} o2t A= Axd {ff "ol @7HE o] ZEUTsto|=
F2 Aol 19 4 35 EXE {9 vio] 7R 945}
A& UErigith
Figure 60 AJ4tg Hio]7lE-E o]g3t
2k o 34 UERITh S A2

Eloll

(o f
o |

T‘l\)

moln

Lol sl 2@ ] Du
il

St o ©
2 of

]Ilolt e

1

(
2
ha}

4
A

\_

41

P EH ol =

Aoy R Hol

]IlO‘l

Table 3. Textural properties of bio-carbons
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Figure 9. Breakthrough curves of acetaldehyde for bio-carbons.
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