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Abstract

Biochar is produced from lignocellulosic biomass (wood, agricultural and forestry waste,
etc.) through thermal decomposition at high temperature. Water pollution (pesticides, dyes,
heavy metals, and volatile organic compounds [VOCs]) can be efficiently removed by
biochar. In particular, waste biomass is typically used as fuel or thrown away; thus, it is
necessary to determine a valuable utilization for it. The process of biochar production is
simple and suitable for the production of porous structures. In this paper, 1) biochar
production and its characteristics based on biomass types, 2) research trends on the
adsorption of water pollution (pesticides, dyes, heavy metals, VOCs) on biochar, and 3)
expected effects are discussed.

Keywords

biomass, biochar, water pollution, adsorption

M

rhu

AT AR AV R Qs tf7], 4, EYRYA 5 SE o] sk Sl =yt
glojlAl= oFF 197 0009 #H&7h sk Qlo] 8. e.Fo] that ¥ilo] FFEIL it &= =
Hiols 59 555 98 I 771 2RkE(volatile organic compounds, VOCs) 59 2%
EZo] xglEo] /\171-01- 2 QAL doyA Hr} £F QAEZLS =4 ] AESA, R =52
7HAAL Qlo] A, BE, AlE B0l ¥Rk PRI 71E0)= olEet +E S SiEsh] fs it
AFelgA(advanced oxidation process, AOPs), GAES, 52k olwdl &A ], IA, oju}
S 22 TRt Eo] AREERITE SHAINE 7129] 4 Aot W Aldgn| Blgo] Bol &1L
R FO S} WRES AAslo] 24 T AE WA ARG Al AR 7]ES 85k 59
HHZ 7ML QITH1LL F2elle 2R o83t o A3 W] B Thlo] AFE glom,
A B2 aAjol= /e, AlZERIE, A7, IFnuA 50| itk o] § =& BlEHA]
J’]’ ‘:}“"’H Z5 7P B/dEo] Eol o8l itk sHAJRE EAJEe] AL AR 57g0] sk
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*}—1—7} Az 3HgolA st} 37 glo] Hio] i AE 300C-800CE FEBHAIA D= 1A S4o]
tH3l. Blo] o] Aih82 9 $246, SR HIE2 EF $1,5002% oF 68 Ak Zo|7t
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of v Bo] Z7H5HL Ik, H Al vlo| 9A1S o] g3te] 5ok, R, FAA/AR, A1)
8 SRR, H £7] SRIB(OCS) 5 SABHE ohlet 3343t 22 57] 9921 A4
o 083 4 Slrhe AL FRsiArHs]. £ =RoA vl 2ra0] Sl wE Hlol ox Ak
3} AE vol 9 BT S AR, F4, FLY 471 FARVOCSY B} Bste]
A0 BES WL BASTA S

S Y oz

1. HIO|RX} it

Hlol 2= sdAtE, AFbE, T 2k, U ZE 508 AR ik vleleate]
TIE vol 2] FRG GRS 2= W WA weh q=n{5). Hio]eate] O/Cet
H/C Bl&2 F2F 2419 B3, e, =43 2Ax2Ql wdo] 9lon, ditzos dEs] &
O/Ce} H/C Bl&2 4ttt o2 F& &A= Hlo]Ae] Qg o] d A 2mIRttHol.
P & olofle pH 9 T} 25, HRSAREE 22 QIAHE vlo] oAt E/4do] FFe Xt A
o] FE3Y 2LkollA] Bk Hlo]AKE w2 HIEHA, vAIZ]E, A4 ZRITHT]. Bt Hiol 2
iz ol vbed o =RE ik Hio]eAl E442 Table 19 AATsIAH.

¢

2. HIO|XI0A EX

TUsGolrtes A, FEAA, A9 S sl AxA|, A5A, A 59 5% AL
etk 5 AT BA glo] ARGSEAY HHsHAl ARESHE Elu A= XA "ok [
msf, YA wty), EF st 5= ZHITH22]

1= 312517] Y3 PLS(positive list system) A=7}F 25014 9= 1 et
SEFSE71E0] AAE st 1 Hiof 52k YE71540.01 mg/kg °lshe

T 5AE 450 BAEE 207 5 9}, FlEol oleiat ok AAES o8 AAlE ol
o Ak EAA, sl Al/ARS ol w, TAE Ba, 97124 Be 4o
Ao] Bafel EHlshd 52 AMBS) Yok Sloh L HHES Hlgo] ol 57, B vl SES
£ANFT SRR A0 R 23 00 7ol itk B2 44)e] BEo 7]z ok A
71se] Shgg Beat 4 Qlr23l.

5] W1, L4, B DT Y BAREUE 3 B Ho] 0X1E AAkIo]
A0 B3 B4 U B1E 42 Aol WA oot Ak A Hgeh AR
Aulge] soF ERA2 AT 4 UTH10l & AAZIE olgalo] 350C, 550C, 75002 Ehah
3o AFgAIR] AolEA (cymoxanil)®] F3 E4 9 B 42 Baslglch 350C01A Bk}
3 E= A7A7] Hlolo el A9 A1 B FAES Uehin, Hlol o} vlmEAnT) mHo] 28
717k B0l AL 2 % ke 2 selstiris). T AES olgstol 700CeIA Sk
QAT SASRIESS o83 B3k Alsle o Hlo] 9418 a0l TololA (diazinon) F2
=4 9 BhE B4 B4S sjglon], dolobi o] HEst A4S SlaliTHIT).

S44u02e ol Ho] Qi oo ARNA BASRE T 400NN Bslelo] Hlo] XS
kel ohee(atrazine) S3 54 9 SR E4S BAeloT Aet vlol 9} ofEaky
F2o] ael RS Selalgiridl BEEEE ol8alo] 300C, 450C, (00T LEH wsle
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Table 1. Characteristic of biochar produced from various biomass and reaction conditions
Carbonization Carbonization Elemental composition (%) Ash SSA
Feedstock temperature (T) time (h) C H 0 N (%) PH (m?g) Ref.
Eucalyptus 400 0.5 77.80 5.38 18.30 0.41 7.47 10.35 [8]
500 1 83.11 16.89 253.25 [9]
Eucalyptus bark 600 1 7910 330 1217 420 9.37 188.20 [10]
Pine wood 300 57.711 4.54 36.29 1.46 0.68
Wood and sawdust 500 3 70.24 2.62 25.60 1.55 30.07 [11]
waste wood 700 73.13 1.75 23.99 1.13 230.43
300 69.10 4.65 25.60 0.39 710 0.80
Hickory wood 450 2 7630 353 1410 030 7.90 9.80 [12]
600 83.30 2.51 6.08 0.29 8.40 221.50
Bamboo chips 600 1 81.20 2.83 827 455 9.59 246.70 [10]
Wattle bark 500 2 7.16 8.92 393.15 [13]
Sugarcane 500 7594 177 2189 040 7815 [14]
bagasse
Comn straw 600 9 84.35 2.69 8.89 1.36 7.23 97.20 5]
800 86.14 1.34 8.25 1.11 10.79 93.70
Rice straw 350 9 47.70 3.62 1.47 27.40 8.43 3.10 6]
Agricultural 550 45.70 213 117 4290 10.30 415
byproducts Corn cob 600 1 79.10 2.87 8.86 425 10.10 242.10 [10]
Coconut shell 700 2 434.83 [17]
Palm bark 400 05 68.90 5.30 20.80 0.88 7.10 2.46 [8]
350 47.25 5.07 21.17 2.09 4.42 0.25
Grape skins 550 2 78.22 2.73 12.94 2.22 3.89 2.57 [18]
750 78.68 1.36 13.49 2.26 4.21 137.37
Switchgrass 600 1 82.80 1.70 670 1.3 527  10.90 255.80 (9]
900 8550  0.60 260 15 754 1070 641.60
400 40.40 1.92 7.05 433 46.29 8.34
Macroalga 600 1.5 40.25 1.37 6.97 3.1 48.30 10.13 [20]
oth 800 42.39 0.46 213 1.43 53.59 12.31
% "Mimosa plants 500 2 748 10.09 262 [13]
Wakame 800 2 63.13 2.83 14.87 2.80 69.70 [21]
 Anaerobic 400 05 6350 528 1840  0.94 8.83 760 (8]
digestion residue
Coffee husks 500 2 2.79 6.66 285.53 [13]

SSA, specific surface area.
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Table 2. Isothermal adsorption model of pesticides on biochar

Carbonization Isothermal adsorption Adsorption capacity

Feedstock temperature. (C) Pesticide model (mgla) Ref.
Eucalyptus bark 600 Atrazine Modified Elovich model 5113 [10]
Wood and P Imidacloprid 395.7
waste wood . Atrazine o . 320.0
Bamboo chips 600 Imidacloprid Modified Elovich model 280.4 [10]
Atrazine o . 538.7
Corn cob 600 Imidacloprid Modified Elovich model 183.1 [10]
. Atrazine . . 448.0
Rice husk 600 Imidacoprid Modified Elovich model 7405 [10]
. Atrazine . . 1363
Rice straw 600 Imidacloprid Modified Elovich model 1706 [10]
350 161.02
. Grape skins 550 Cymoxanil Pseudo-secopd order 77.57 [18]
Agricultural model Freundlich model
byproducts 750 45.64
yp Coconut shell 700 Diazinon Freundlich model 5.85 [17]
Corn straw 400 Atrazine Langmuir model 26.9 [24]
364.22
350 Atrazine ig;gg
Peanut shell 450 Freundlich model 1 9'27 [25]
600 Nicosulfuron 70.45
322.77
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TS 283 95 AA 7isol TR Bilol F7skaL Sich

3l A7), SLEEA, oA REE 200C00A HHerslsta, 400TolA Elsie] WgHE:
F(methylene blue) T2 44 £A510th A7 23 ALEHTEA Hio]| A7 HlPAER A A
Q% 2419 SRISIHTHS]. AR THAS 600T, 900T A Esfsla] HEAEE, oA
Glorange G), ¥ =(congo red)ol] thdt 2+ £/3& A3t 900T oA &Hakt A9jx] )
27} 7P =& v BEEAE 7HA L glom, RS Qlo] 5t AS )IskitH19]. AYRF
£ 400T, 600T, 800TCOlA ©3lste] g =, Yel7le|E d(malachite green), A v}
ol & (crystal violet) T2 gt 544 F4513it}. 800C oAl ©shd Hio]exprt HE H=of
el =2 F& a3E HeERATH20]

oLs UFAE, vt AE, A 4d 5 E8olo] 500ToA ©stote] g edlx|of gt
2 EAS dslgltt. BE o] 917} WE 9 @ (methyl orange) AA Agst A4LS &
FATH13). WS o]&sto] 800T oAl &3kt Hlo] 212} KOHE ol-&ste] B/d3it Ho| o4t
Asto] HEAESF, 2otdl B(rhodamine B), E7F}olE 9o thgh S E4 B4
, BE =0 s S4gt T2 58S gRIsHITH21]. TRt vio] ufA fef Hio] XS FRt
23 YAYSL Table 39 UeRIH

2 4

n

o H

FT4E 45 AL §2 A Aeim oz AusEs Fo] ohet A% FRIAL, o)
S B A4 ZHEo] ojme} Altol7] AR daFS ZTHG) FEEL vl 4.5 ojel
FERRA, EAOR ZFER(C), ZBC), WP, FeCu), $2H), ol(Zn) 5o| Ytk 7]
20] $34 A 7120 ol Wk, A/1SeHA He] wy, BeiE, Sy Sl otk 5
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Table 3. Isothermal adsorption model of dye on biochar

Feedstock Carbomzatlo? Dye Isothermal adsorption model Adsorption capacity Ref.
temperature (C) (mg/g)
Wood and Eucalyptus 400 Methylene blue Langmuir model 2.06 [8]
waste Palm bark 400 Methylene blue Langmuir model 2.66 [8]
wood Wattle bark 500 Methyl orange Bangham model 12.26 [13]
600 Methylene blue 196.1

Switchgrass 900 Orange G Langmuir model 38.2 [19]
Congo red 22.6
400 Malachite green . 1,384.8

Macroalgae 600 Congo red Psel dF;?sl:er::(g:f:-orrT;(::e:no del 557.2 [20]
800 Crystal violet 106.5

Others Mimosa plants 500 Methyl orange Bangham model 12.33 [13]
Methylene blue 840.34

Wakame 800 Rhodamine B Pseudo-second-order model 574.71 21]
Malachite green Langmuir: model 4,304.72

. An.aeroblc. 400 Methylene blue Langmuir model 9.50 [8]

digestion residue
Coffee husks 500 Methyl orange Bangham model 12.34 [13]

https://www.etals.org

g olefdh WS RO vlg, 2R ofel F9 WHo] Slol, Aol FFEE AN Ut
chopat WSl AT itk FAPES ek, ARe B4 3HL A8st] ST & ol
%

o] glof u%XWOﬂ AFAR GoR FRm . A2 334 SR T 37

ot FRsfstel u}ol%ﬁ i B 7B, M @_ 59 B2 24319 u} 5 2150)
Gt 9§ ool ot SHUHOE 5 A% L dAUES delsigict
g0 met 20l e §3k0l FIRON, ol B9 2 54 A L7t 5a7 O

S g & UULHOl

TTAE S 00T 247 BRI Hlol 934E BAISHY e Thet BAUFL 1P
Slof A8 BRI, AT AT, 2 FAEL U] 28 A 242 Aee Flsict
[28). BFALE o183le] 700CA 247 B FEelsle] ol oIS AT A, 22
Aele & F At 28 AALLE v|EIGet JrhHOR 28] et AASo] 7 et

[26]. on, 2554 H71ES 600T, 800TOlA 2417 Eisslo] Hlo] 9218 AJAketi o, 71 =g
et S 08 & HAYZSS B4 800T oA Bl Hlo| o7t AtjHo s =0 5
S UeicH15]. $1ES 350T, 550Co0A 2417 B2t Bslstod HMSBFE AyAkstal @it of
ol oigt SFAES AFPstglt. 550TolA gtsket HAl Hlo]oate] 49 ol gt S2HE0]
7P =A UebdtH16]. thefet vlol oA faf Hio] QAjo] tigt e —E—X HAYZEE Table
4ol VFERT.

4) 34 7| skgl=(volatile organic compounds, VOCs) St

A 771 ARMES =4l skl Wetde] qlo] AlAle] "E S ASHA71 1L Y=H|A ol
9 il AolE doXith11]. &3 FEE], FE, 713 2 FESF 22 A3l A4t ¥F &
ok 2 2 9 Bt HRIE, ASAA, ARAY SolA sk S 7] SRkES 4Rt
FAE FEEHA A0 FAE AR ITH29). 1 /7] SRkECl= WAl(benzene),
E39(toluene), 3 E(methyl chloride), AL (xylene), E=Z*EE(chloroform) ¥ Atds}
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Table 4. Isothermal adsorption model of heavy metal on biochar

Carbonization Adsorption capacity

Feedstock temperature (C) Heavy metal Isothermal adsorption model (mgla) Ref.
160.93
Wood and Eucalyptus 500 Cr (VI) Freundiich model 195.49 (9]
waste wood
258.11
Sips model
Mangosteen shells 400 Cr (VI) Pseudo-second-order model 212.40 [28]
Fe (1) Pseudo-second-order model 7.03
. Peanut shel 70 Cr (V) Freundiich model 9.09 129]
Agricultural
byproducts 350 Pb Langmuir 0.80
Rice straw 550 g 0.85 [16]
550 Zn Langmuir 0.61
600 i 0.57
Corn waste straw 800 Cd (II) Freundlich 175 [15]
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EtA(carbon tetrachloride)”t E3HHt} 0|23t 3] 7] SRIES AAT Hol= &4, ¢
2] Zuf| AkSKregenerative catalytic oxidation, RCO), £84] &€ AlSKregenerative thermal
oxidization, RTO) °| ItH11]l. ;L |71 e Aol 7I& Folld S22 =2 5847
AEE 7Fs/dol lof FRSIsHA ARETH30L

‘—%*I“I"EH, GA, A F 300T, 500T, 700CONA 3AIZE B7F Faolote] AARA, vl
A 5= B oMl E(acetone)t EFK] et AT o R g3 595 9 S3 vAYUS
AT G At opAlEo] it F&FEC| A Ve THLL s1FE UHRE 300C, 450T,
600TE 2417t <t GEdlfolo] AAHE Hio| QAR ofAlE, offgkE{ethanol), E2EREE, A|ER
BIA%l(cyclohexane), 5400l thet &2 52 B0kt Hlo| @At dEo 2o wet S2t
B HEA YETh ol AL I f718KHE S& vl oAt ©3} &7t 8% AR
AARRIEH12). &5 thE 600T oA 3417 dRslfslo] Hio] A1E AJ4tstal, LA R7I8ktEol
et F2 58S £kt A A, WA 52 33’—}7} 7Fg =4 JERATHB0]. thefgt Hiol 2
oA R Hhol Aol et A R7IRktEY] S WAUES Table 591 YEHRth

2e
% A= S5 Y4 ] e FEL9e 4 FaEdol. VEde +Eed
o

< 85| sl LFARS(AOPs), RS, J2, ol Q%i—iiﬂ, A, ot S 22
CheRt S0l ARGERITE SHAIRE of =it W2 w2 Al dRlg, AR A4 28 5o g
7HAIAL Qlo] oS Heohs WO R Hlo] QLS E-8Rt J3fol| W2 ¥Afo] FFEIL AU Hiol2
e W2 B8, 79l 8o, ouA AR A SHolA Aol Ao #ELd ZAE e
A oh:].
FAT ARSI} BALAOE QI3 F715k Ho] Qe H7B vo] @3} kel M 44
}% G Sk cloet B2, SRt Azl vlolexje] B4g 2UY 4 qlov, ofefdt Avks
o]l Thofshe AAS(IEAS, 7137, 715%5), shotal A, Aol )9 SHS FA
& AHH31]. vl e2Rs B0l wet F2F viAUSe] tete st she 20 wt
Aot S AdEstel Pitske Ao 831

N
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Table 5. Isothermal adsorption model of VOCs on biochar
Feedstock VOCs CarbomzanoP Isothermal adsorption model Adsorption capacity Ref.
temperature (C) (mg/g)
218
116
. 300
Pine wood Acetone 500 Pseudo-second-order model 210 [11]
sawdust Toluene 47
700
86
121
7.49
Acetone 70.20
Pseudo-second-order model 4491
Wood and Pseudo-first-order model 11.55
waste Wood Ethanol 47.06
51.40
300 6.96
Hickory wood Chloroform 450 Pseudo-first-order model 13.42 [12]
600 21.14
8.15
Cyclohexane Pseudo-first-order model 6.97
9.88
60.22
Toluene Pseudo-second-order model 14.50
34.51
Acetone 300
500 [11]
Toluene 700
Corn stalk Benzene 39.10
m-xylene 600 Pseudo-second-order model 13.97 [31]
o-xylene 11.24
P-xylene 21.50
300
Agricultural Rice husk Acetone 500 [11]
byproducts 700
Acetone 44.50
Hexane 19.73
Wheat straw Toluens 500 ELM model 3245 [14]
p-xylene 51.09
Acetone 110.09
Bagasse Hexane 36.82
sugarcane Toluene 500 ELM: model 4517 (4]
o-xylene 24.76
VOCs, volatile organic compounds.
O OfF
= |
Hol22k= 5, A W71E S Hlo| emiAE B8t L2oM dESfE F3 BEE =
42 5409 BAG, U, 24 VOCs T B8H02 AAT 5 ik 53] vlolg vlole.
Ok TGS AN Bast Sk vlo]Qujazy
25 TEth 2 =204 1) Holer
A d=, T35, VOCs) S0l 3t
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