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Abstract

In this study, biochar was produced from biomass waste, and its methylene blue adsorption capacity was evaluated. The major
components of the biomass were cellulose, hemicellulose, and lignin. Ash content was high in waste wood. Carbonization
yield decreased as carbonization temperature increased, as did hydrogen and oxygen content, but carbon content increased.
Increased carbonization temperature also increased the specific surface area and micropores of biochar. At 600 °C, biochar
had the highest specific surface area (216.15~301.80 m%/g). As a result of methylene blue adsorption on biochar carbonized
at 600 °C, oak, waste wood, and pruned apple tree branches fit the Freundlich model, while pruned peach tree branches fit
the Langmuir model. In the adsorption kinetics of methylene blue on biochar, oak and pruned peach tree branches fit a pseu-
do-first-order model, while waste wood and pruned apple tree branches fit a pseudo-second-order model.
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2.3. HIO|2O{AR} HIO|2%2| S =M

Hlo] @ uljel Hlo] @ 2te] G Y YaEA7](Vario MACRO
cube, Elemental Analyzer, UK Ltd, Germany %! Flash 2000, Thermo
Fisher, Italy)E ©]-&ato] £4813it). Fdce w249 Sek=rt
#3433 % A(inductively coupled plasma-optical emission spectrometer:
ICP-OES, Avio 300, PerkinElmer, USA)& #4151tk ulo] @ w9}
npo] Qo] 22 5L Falof Wl ¥ ) F337](Fourier trans-
form infrared spectrometer: FTIR, Spectrum 400, PerkinElmer, USA)E
]88l 4000~500 cm™ WleA EABIIE A sk X 3 B
2]7](X-Ray diffractometer, Empyream Malvern Panalytical, Netherlands)
£ o]&sto] EAMatlom, 54 WLl 26 = 5~50°, A3t AT

3sst ® 34 H A 2 =, 2023

el - o] &5 - o]Ald

(Cr)= Segal W[13]= ©l8-3lo] 22)°l oJaf Arta3ic.

(I 2 _Iam)
Crystallization(OF I, %) = 002 “em” w100 ?2)

002

* Tooo: peak intensity of 20 = 18°, I, peak intensity of 20 = 22°

R EHHS 7}2~847)(BELSORP-Mini 11, BEL, Japan)E ©]£3}
o] ZAYTE FHANZ A Iy E ARSI, 25 77 KE
A H. 1] %W A2 Brunauer-Emmett-Teller (BET), 7]& w¥+
Barrett-Joyner-Halenda (BJH) ¥R S 2 F213}ITH14,15].
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<
ek vjekr]ol A 30 °C, 150 pm FA & 3AIZF Bl wh-gale] F&)
52415 Langmuir®} Freundlich model 2 376t} 2 T8k

pseudo-first-order 2} pseudo-second-order model = =215F31 1, Hfo] @2}
1 goll 10 ppm WEHAET g 10 mLE YW1 A8 wjr]olA 30
°C, 150 rppm 71O 3AI7F B2t vES-glor 30% Ao E MEH
< AYBGATH16]. W F WS 045 pm A HE R o]z}
A}2] -7 AR GSE S A(UV/VIS - spectrophotometer,  JP/UV-1800,
Shimadzu, Japan)E ©]&38F 664 nmolA FF =5 SHIITh
3. Zdup 3 E

3.1. HO|20A FHHEE

upo] @ mlj 2 34 Table 1] VFERITE 8] gk A RAL
E(4.12%)004 7P =3k, T 0.60%% A o= vk g
5 Heblth o2& s e A Aael dAIE(Table 3),
sl gol S E ZoE woEch FEE e o gt
AefA A Vet o, 2l1d o] $RkE 28.91~30.21% % LRI
2Rk TR AUN45.85%) 9 HAFAFE46.06%) 014 A4
ek, HA AR A A7 S A E kAl Slo] A
Aoz FFIF o] ghe o7 el BE nlo] uf oA
AudER e Y Fo TANES AdHEoR ETth

3.2. Ho|2OA El5t 54

gl 2ol upE ulo] Qul A §8l &S Figure 19 YERICE &
3} FEE 26.82~44.33%Z el oM, @3l L5t F7)Eel uel
e} 280 74t} oA 25Tt Flgke] g AER oA
smAasz e gady) e 4 AR ARHQ Eael 9%t

Table 1. Chemical Compositions of Biomass

Unit: %

Oak Waste wood Pruned apple Pruned peach

tree branches tree branches
Ash 0.60 £ 0.14 4.12 £ 039 381 +£0.16 1.87 + 0.05
Extractives 1.03 £ 0.25 2.10 £ 0.01 497 + 024 4.60 + 0.31

Lignin 2891 + 1.52 33.51 + 0.18 33.00 £ 0.74 3021 + 1.54
Glucan  45.85 £ 2.49 46.06 = 0.75 42.52 = 1.74 40.71 + 2.57

Xylan 12.51 £ 032 10.02 = 0.11 8.14 = 0.06 941 = 0.44
Arabinan 039 + 0.55 0.68 £ 0.08 3.75 £ 0.08 242 + 041
Mannan 1.03 £ 0.15 035 =009 027 +£0.10 1.13 £ 042
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Figure 1. Carbonization yield of biomass depending on temperature
(O: oak, W: waste wood, A: pruned apple tree branches, P: pruned
peach tree branches).

Aol th17]. vle]l euiAl] F8 FAANER] A dEE e 0] A
= 200~300 °C, AZF QA= 300~400 °C, B 1H-S 160~900 °C2]
He Woolld A5 AR 18] webd FAA R e J»
3 5ol nfo] x12] g3} g JaFS Tk Audes v
21221 400 °CoM = AEZ A0 | AZEZE QA7) AN F&ll¥ 1
U] B2 EBlERH] ot e go] Auld o = YEL
et AT ©ef 257) oS E 2 gdo] welEo] gl
FEo] Ak Ao R ghgEnh 'l 2571 600 °CY o, §38) &
0] 26.82~32.18% % “JthZ o2 Wslkth w3} F&of JEFS mA=
A 'l 2%, S &, Wh A7k 22wkl 2713 vlo) e
| 20] J2p=17), AR T THFsith ' 8ol T w2 F
2 AAFAHER e, o3 IS TSR FUE gl
S FAUE Aoz FHECy19].

ulo] QA ¢} mjo] @ 2po] YAEA A= Table 29} Lt} €13} &
7t S71skel met gkAe] o] Srtsll o, A9 vlmste
] 40%7HA S7FsIStt Rbdel A8} AbAo] ghego] 7hasiole.
W, A 3o ®Bighs & alolE JEhA] ookt 'l # A
ulo] QuiA Aws7F oo @12 8As) W g yhg o= QlE| 4
28} AbA9] Sleko] 143k A o7 skEtH20]. ©3F &%7) 400 °C
ollA 600 °C= S7Fsle] uhel H/C % O/C B]&o] ZAA3Ith o] 7S
kg B AA BellEs v AEE e 0] walo ost Aot
sl 257} F7gkel| whel H/IC BlEo] HAdh RS WEks 730t
HAE 25 oulstti21]. €3} %9 Zrtol W o/C Hl&9] 7
A & FxE s, 54 28] A
! 25749 5A4E UeR SlaS Qv|eith22,23]. Hesh, Ais
7} 600 °CellAl, H/C 2 O/C H]&°] 0.4 m|TEO = UERE A
el oA ' AAe] ulgo] FUFste] Hio] ko] kYA
P S oJulsith24].
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o} upo] euj A ] F45(K, Na) U 428 EF4(Mg, Ca) 59
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Table 2. Elemental Compositions and pH of Biomass and Biochar

C@%) H®%) O(®%) N (%) HC ocC pH

0 4928 507 2356 024 123 036 520
0C-400 7590 459 842 029 073 008 5.2
0C-500 8195 365 523 033 053 005 821
0C-600 89.00 191 330 045 026 003 823
w 4775 653 2473 070 164 039 577
WC-400 6488 431 1209 102 080 014  8.08
WC-500 7114 344 819 100 058 009 8.74
WC-600 7381 242 534 078 039 005 978
A 4557 534 2395 095 141 039 547
AC-400 6745 451 1110 111 080 012 881
AC-500  72.65 338 690 102 056 007 893
AC-600 7465 2350 565 092 040 006  9.40
P 4394 557 2440 133 152 042 552
PC-400 6793 173 1114 138 031 012 727
PC-500 7840 1.3 570 131 017 005 928
PC-600 7932 080 453 136 012 004 978

*0O: oak, W: waste wood, A: pruned apple tree branches,
P: pruned peach tree branches, C: carbonization.

Table 3. Inorganic Compounds of Biomass and Biochar

Unit: ppm
Ca K Mg Mn Na P
(6] 11,865 2,094 2,138 79 1,319 90
0C-400 14,154 5,305 2,644 213 1,379 254
0C-500 20,677 10,831 3,323 446 1,271 545
0C-600 16,161 6,297 2,882 251 1,461 296
W 39,040 3,732 2,955 44 1,456 1,277
WC-400 52,927 7,141 3,851 55 1,586 1,814
WC-500 57,594 8,262 4,176 61 1,647 2,045
WC-600 64,093 10,810 5,433 97 2,084 2,949
A 33,099 4,704 3,123 41 1,518 891
AC-400 50,727 10,461 4,638 55 1,571 1,711
AC-500 64424 14,992 5,527 79 1,581 2,397
AC-600 67,676 14,338 5,574 77 1,841 2,271
P 21,968 7,908 3,645 24 1,841 1,736
PC-400 21,123 17,724 4,732 37 1,951 3,320
PC-500 18,968 19,808 4,358 37 1,565 3,691
PC-600 24,338 21,752 5,337 51 2,005 4,300

*0O: oak, W: waste wood, A: pruned apple tree branches,
P: pruned peach tree branches, C: carbonization.

7¥etgint. o= ®El Igell A upol emiA 3R] Eafell &gt
3|5 3 vlgo] A or SUH7] witelth2s].

upo] @ wj 2o} ulo] @ 2ke] 24 WSS FTIR w41 0% ERI5I3)
ow A= Figure 29} 2l AEZ A FujAEE 9 A2 -OH
(3600~3000 cm™), A= 313HE2] C-H (2950~2850 cm™)7} #H2E]
otk g9 W C-H (900~750 em)E 1% iT) vlo] 9w
2 FAR PEE Fo P47 BE FFoA BEE @) &
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Figure 2. FTIR spectra of biomass and biochar (O: oak, W: waste wood, A: pruned apple tree branches, P: pruned peach tree branches, C:
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Figure 3. Crystallinity index of biomass and biochar (O: oak, W: waste wood, A: pruned apple tree branches, P: pruned peach tree branches, C:

carbonization).
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}32
W* o4 o] Qulj A
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23kt Ml 34 & M 2 &, 2023

WEEE 2885 em!)7F S8 ol Ae AEE QA9 FuAS
o0 TR ek WEE ARe] AAl FIHE oulgth2s).

Hlo] Quj A9} Hlo] @ 2}e] XA 3d BA Avl= Figure 33 2tk

20 =153° % 224°9] HAE AR AN oS vERdY,
PR F 979 &4 20 = 245°F ¥]79 o]Fo] AFUL}
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Table 4. Specific Surface Area (SSA), Total Pore Volume (TPV), and
Average Pore Size (APS) of Biomass and Biochar

SSA (m%g) TPV (cm’/g) APS (nm)

(0) 0.94 0.007 30.461
0C-400 5.87 0.011 7.183
0OC-500 195.32 0.097 1.978
0OC-600 274.16 0.134 1.948

W 1.28 0.008 24.126
WC-400 4.73 0.011 9.146
WC-500 127.85 0.097 3.046
WC-600 216.15 0.130 2.404

A 1.17 0.008 25.829
AC-400 2.26 0.010 16.956
AC-500 145.38 0.097 2.673
AC-600 301.80 0.162 2.142

P 0.99 0.011 45.438
PC-400 1.87 0.017 38.064
PC-500 229.31 0.114 1.984
PC-600 288.42 0.140 1.945

* O: oak, W: waste wood, A: pruned apple tree branches,
P: pruned peach tree branches, C: carbonization
20 =29.5°9 Aot SRt g dshs e w2
©3t 2% (500 °C oVdh)eld A& FAdste] olg) dd 9=

=7 S7Ysksleh31].

g3t 2o uhE vle] @xk8) v 574 AIE Table 40
Efyich vto] @ xko] v AL el 227t Sl wheh Skl
=, oz ®gl &%t nlo] exte] HmH A JIFS Rtk
ool A Avkel YA FTH32]. ©EF 25 400 °CoIA] B EHA L
2% F7F8IAL 500 °CHE 53] T7Itt 400~500 °C 5o
A wsh el AE BE2rt 7185 2 e, vkl ety
A k& EAE Q3| A o] WA YERATH33] FEE] =% 600
°Cd ol H]EHAL 216.15~301.80 mYgl.E YEFow, Az} 17

7HA] wpo] e atoll A 71 A UEb . whe] @2} vlmH Ao FakE
H)AE QAR B AW oleh ulol oulno) e, shebd 5
el Sal HEAR JFS wRETH33,34] ©E8) 251 HIEHA
JBFS mx= QAR Hu H|RHAE Adnkdow B3 &%
500~900 °ColA YERITH35]. B EHEH-S vlo] @ Aol thaAd &
FA T AA-H A #Ho) olq Ao F ko] Q8 IS H’/H36]

ujbA], 600 °CollAl AAkE wlol a7t B F&o AP Flo=
g gl L5 TR & 71eRTE Sk, 7187
© #askelnh 2041 (500 °CS} 600 °C)ollx] ©relst Fpof &
sob A7 H}omx}oﬂﬁ 3t 71¥37] 2 nm ©]31-1 mIA] 7]&-0]
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el e =Tl
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Figure 4. Removal rate of methylene blue on biochar (O: oak, W:
waste wood, A: pruned apple tree branches, P: pruned peach tree
branches).
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: A7 &0 UrE}kb:}. i als
H] 3 7%74] YebtEd olzle] &2 A
FlTH(Table 2)[38]. Zit -2 pHll 4

(<)

Fe Fol, Bk AR 9ol v 5ol M3 v} piel FFE
& Zo7 AET39]. W pHE Zhs vlo] oAl HHe ol
ek 52 8E A P AETFol tigh A7 Eo] WA ekt

tH40].

nlo] @ x1e] WA EF G2 HEs LangmulrSi]r Freundlich model &

#2151 SHFigure 59} Table 5). b, HAF ke 9 Al A7)
A 2] R? ko] 212} 0.8974, 0.9903, 0.9577°.% th5 F22 Freundlich
modelol] &35k, Hgol AA7IA= W5 5291 Langmuir model
o AU Langmuir 52 S22 T2 ©% F239 249 X
E2ks v stti41]. Langmuir model®ll A RL8] ko] 0 < Ry <19]
2+ FAo] Agrsll= AL gu]zﬂ—l:]- [42]. H Ao e
Ry #8020 < Ry <& YERYAL §lo] B 5l tigt vddE
F FAL Age Zlow dEnh 19k K @S g AEF9) H}C’]
ek AF A AEE Uehlle A=, Akt AA7EA g HAT
Fol 717} 9.91, 481 % 2 S UERIL Qlo] vk AEF o} H}Ol
22te] Az Ago] Asiths A& 9w stth43]. Freundlich model 2]
)= 0 < n < 101" FFo] A8, ] 75 27 07} 1 Apo]¢]
e Jeh) g#o] Agsltta S TH16]. Freundlich model &) K
e Heol AT} Aot w=3on, ol v F3E UE
Woh44].

vlo] e xpel] tht MEANEF F2 58 A 3= Figure 65} Table
60l UEFATE g BRAIRIIM Y] F2 £% K1 K= 27 pseu-
do-first-order model & pseudo-second-order model 2] & =45 UE}
”HE} el Bgol % @7}4 = pseudo-first-order model(ZH-:

=0.9443, B0} A7IA): R? = 0.9612), HAFA-ED} ALzl 4%

7]-/<]t pseudo-second-order model(*A A F-AHE: R? = 0.9999, ARzt A
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Figure 5. Adsorption isotherms of methylene blue on biochar (O: oak, W: waste wood, A: pruned apple tree branches, P: pruned peach tree branches).

Table 5. Langmuir and Freundlich Adsorption Isotherm Parameter of Methylene Blue on Biochar

Langmuir model

Freundlich model

(o) L) Re R mglg Limg)"™ n R
0OC-600 0.15 2.23 0.11 0.6096 10.96 0.36 0.8974
WC-600 0.48 4.81 0.23 0.9104 2.23 0.22 0.9903
AC-600 0.24 991 0.47 0.9550 543 0.54 0.9577
PC-600 0.17 0.71 0.03 0.9242 16.85 0.56 0.7411

* O: oak, W: waste wood, A: pruned apple tree branches, P: pruned peach tree branches, C: carbonization

Figure 6. Adsorption kinetics of methylene blue on biochar (O: oak, W: waste wood, A: pruned apple tree branches, P: pruned peach tree branches).
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