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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*> g”' was obtained for
bio-carbon produced from Grade 1 wood pellet, whereas about 544 m*> g’ was achieved with bio-carbon produced from spent
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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.

Keywords : Unused biomass, Bio-carbon, CO; activation, Formaldehyde, Acetaldehyde

.M E

3k 37]8keE(volatile organic compounds, VOCs)< At
FAuto| A Eo] ARESHL Q= EHiolA e dtet E Aok
ol BHeA| duloA BiEEE {717k o] 27]7HA] T
§ kst o]#g VOCs § WS Ee dEAS H@3le
29| AF £ AAE AZPALE QA Fofistal A=
et AR o] A8 Fokel vhE-S SO AR A9 ARlo]
HoH1,2]. VOCsE AZsh7] 217t 71&2 AaEH A4 =
°h ¥ F2o ' A|Asks WHo| 2 ARgHT 40 B8
1710 AR @ fAES HE 07 AE FANAE S
< ol&sh= & T4o] & AHgHTh

Ak o2 SBHE 2 7ITES 7K ©?AaA EEEA
74 A3 719 EE AlA 193 S AAF 5 ohgst
Al AREELL Aot ol#et AT HAFA R ohgEt Hiol
euiA 9 A durt d ¢ ok SRS HEs HHe

= 294 243 9 ek G432 UE 5 ok =94
A3} S 371, olAlRteA | 5719 22 ARHA
2 ggstet= wiolH, vid sk &3t #H-2 ZnCl,
H,S0, 712]1 H;PO. 22 38leraS &3 E/4d3)set= W
¥oz Zeid byt whol ula) Wy ALoH LA}
SEREE

Tt VOCs % ESATElolE @ o ESH a0l EE &
A rlgsledzA AdETE U9ETe 19T sete
AARTE 59 F8 A4 EE4= 47A AHH3.4]. ol=9 A
2 71T TS BT 5 ol Y AHSE T ek o
A9t dyjsto| =R} FL 44 EEES Ov "o EE

1
0otk TS JIHsh] otk e ATASo] ol
A =

o
25 A2 o) YT A1 F0hE FAsto] 485
Lo EL Qi 2 BUE S Aele o W 5
o] @73 gk

RS RN

Shin et al. [5] & Yk 327]9 & QX
Wil FA4 ZEUAslo|=e] FRELS B
2 JAE HAZ 23 v EHZF 0] 10% st ot 943
ZEYTstolE AA Fso] THECH o= U & A#
o] AstanzE Qls 7]QIgt Aolet K sttt

Ryu et al. [6] 52 Fglote} A4kS AdeAA-Fol EX]st
of ZEAHsolES] AA H5S TESAT. ot &4
g ol gAsHRS wol Hls Salotet Aiks A HA

>

ot
L
o

A

it

o IR ZELTSolE AA 4ol HE 5%
A7iE uehick Busc ole Wito] ZEAdslol
T2 AR A ZE4Kformic acid)O & HIlE = ¥RS-S &3]
AlA o33t A3E YERdTH Y RISty

Baur wt al. [7] 52 A4t AEE SSFAER] 9714 =
& ASHE-S 9A5to] o EgTste|=9] &3 E44S st
HaL ) 20 wt% & B8-S Uit st &
o ohEYHslolEe] FH 2 Qe A4S el ©
& 289 AT 224 54 2 @8 MgO (magnesium
oxide) i) S5} Gaoleky ML

& AFoA= Hlo]g BloluAQl 35 FAE 9 A
Uk olgelo] olusieke RS £ Hlo|eslEg WA
SHL o]F 3] ZEYHSHo|E Bl ot ELH|Sto| = A A
A% AR SR, ol o AL 1HS WIS
olg3te] oSkl B3t AAL B3 WAL Hole
7HE.9] £E42 BET (Brunauer-Emmett-Teller) 242 53 &
Zetglon Hpo] @72 o]83t VOCs AlA A5 Aol
AA7F VOCs9] &= ¥3} 32 Alofl= FTIR (Fourier-transform
infrared spectrophotometer)S AME-5IIT 71207 E A3
2 Bof ke ol 9713t A8 W BRTle] A v
AYE Saelsle.

2.4 A

i1

A

HI

21. 92 EM

Aol AHEE H[o]E Hio|ujAE 35 EAjHET A
d A7 E AH3lo] o]AlsletAs BAJSHE E5fo] blo] @ 7HE
S AAstat. 19 5492 vjo]8 Hlo] QujALL VOCs
AA v s AFL 98 AHEsHAH. 153 35 549
o] 71 & Aol FE9 FF Aolol 17 HAEH
2 0.7 wt.% olst9] FJ& FFS 7%t AF Al 159 4
39 B 2435t A A 599 FH=E Thafoto] A
&otgith AnEre] A= B FHE FHoto] AT gl
o] A&ttt Table 1] ZF 979 EAL YeHfTh &
P42 ASTM D7582-159] whe} 412 AASHT 3+
A A3 15 9 35 S JAo] tiEE FAsHY o
EAEE Ao wet 150] s 35 SAEE o] thA 3E
ol 22 & £ Ak Ao F9- 3|Eo] ko]
4.6 W%z ZZA7 vlo]| QujA fgof B3| Lo £AE LE

S



ujo]-§ Hio] @ uf A 9] o] AlSets: SIS F7 Hho| @712 A4l EL TS0l = Hl o EYTsto| = Al A £ 327

Table 1. Feedstock analysis (unit: wt.%)

Proximate analysis® W(()}orjieelllet W(()}orgieeflet Spent coffee grounds
Moisture 74 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 43.8 38.1

%as received basis, ®by 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
bio-carbons.
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Table 2. Reaction conditions of VOCs removal test
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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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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) 101 | 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.
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Figure 7. FTIR spectra of bio-carbon obtained from spent coffee grounds.
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