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8.1. 54
FALS oL Ao EAJSIL 9t o] o]l BAP} i Ao W] $EEHAY &
HEE sgolth. 1Y 2.5 Z4W AlgTa 2y Bx, 22|n A §
A72g ah go] Lehyt
2. Film diffusion 1. Bulk selution
transport transport

4, Adsorption 0 - Yy
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. 1
¥ T

3. Pore transpart

S '||' | |' i

Activated carbon structure Static film Bulk liquid
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SR oA SA erE AL

2o EAt} oot BAto] AfolS MY I Afo|de A ulnF 47t Atk wE
EAre mEAPIT HRo] Abolo] H7|A Qzjo] Atgstel EAtEE @iolc. of
2ol oz FRol 4stul, 24 olgo] EA o] W) st L2 YA
Q2o o5} Teibd mUo] sEHCH BAS HHPYolTh 1oz FALE U
AL o8 1A BUX AL EA

Substrate Surface

e —
ths:awpt% o ® /

Binding site

Chemisorption

1

o’

@@

P
0006° .fq”‘ oo 0 0

Chemacal adsorption

Physical adsorption

Ao sfalA gAF Apo]
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4 2.6 =4
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£ JAD 7] HEo] EHo] Agst:

}
T TAPE A =EHR IRRARY 1
EAfolat Gtch. AL ol ol

rlo

S E 3

o =9l 979 FAlE ASE ™ol S Loy =H. FE9 Aol AlL4H

o Al %ﬁ Al Az @ygol o|27 €k ojmo] Fojxl 7|He} 1A Ale] B
BALD 4 QAT

Aol E&HE 7]H9) Fe chgut ol

V= f(PT) 2.1)

oz EAY 4 Uk PHY LEH V £ P il
®. A

ol7]olA V & cc STP /
(Adsorption isotherm)OIEJf HEI:}

ol ozl
|

o hiSe .

ol Tet AL2E: wreA] W 6}&
B3 Senle o peld9l el RAMETL Uuo| §A SeMe Iud &
Fsede £ 7y Al
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a9 2.7 o] 671819 §AF 5240 typed UERAATR.

Type 1 : Langmuir gol2} 22]l= PH= FA0| @A (monolayer)oA] &4t
+ 257 101]*1 HERUH, 71419 4ot fststA] §470] dAst oA TEARS
o2 wAgstet. olg|gt FEjo] A S22 ST SAHOA S50l doju, &
AFA 1717} Al shergAatoA 22 dojyd, 7]Fo] gl S8AIe |2 SAAM = A
o] WASHA] Y=}, Ulo]Z = 7]Fo] kL&EEo] I AdHoAe FAEH FAEo 9
o Al&o] AHAl= AlEetolEY dea, A A 22 F 2848
A= o] FEJQ FAF S240] YERdT.

Type @I @ gj2&29 B 750l AHY g 4A (non-porous adsorbent)t 7]
=2 2717t tpo]Z 2 Hoh FXR § F NFXES A SACIA EdEn. 71A
o] 4ol I3 mof= F= UAQ] EHo| FA0] EHo] HEFHoA mHo] B& &

=2
o2, o) ¥HE AT SAYOR M HANE U S Slrk o) FAlo
/\

71271 ZIAEAteE WAl ERO] Ato], F|AEA} Atole]

Type I : nonporous carbono] tj3t water vapor?] §29] 742 A& += 7|A|
B 1A BEHO| AX] (wetting) %42 o, & FE7ho] 90°0]AFY WA= A

o= gAPYSl dgteuct SAYo] AL u) Yehto], )9 =2 Fejolct. s1ARAL
rfolo] aargol EAHAeH ZIMEAC] SARIuTt 2 290 s

Type IV @ 15041 1000 A9] NZubdg 2t ZAASoA UEILD, knee 282
Type ¢ v|Roly, URtA o7 THEARS A2 o] F2oA R Yt FA
ol 2N S&F°] doju= J2A, hysteresis loop7t U= SAZ

dl. S8F AlARIo] whabs of2i7tx] FEje] 5241 HolX|9t ojmqt Fow %&P
/o] &3t H40o] 9ol A= FEHE YERd

Type V @ Type Il o tf=2A &AL} SATE = 7IA=AT Atole] s AFgo] A2
4o Ueth= JEi2, Type Ve 22 ¥9J9] N&& 2= S2MHAA &2 YUE
ot

Type VI @ 2|20 d3%l FE=2A Foid=o] Depalo] met §ATg0] ATAlo
HolEl = FEloltt. 2& 524104 microporosityZt EAlSh=
ArAlo] ko] 0.3 B0 =E5t7] Aol hysteresis loops
1 ARsHA =t

rlr ]
Ho
U
=
e
_o'h
Rl

ol Hu
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3.1 AR =

ARoA ARESE ROl RUfAS] B7 & ZAE H7|= (food-wastes)> 7371 HEA|
SAERI7IE AdE E95te 1HEEA Aot & 7|2 (manure)
2APEIAl 257 7S dolA AUz (kenaf)= AetR= MTgolA Al
SAMASOA QE AR AFRE A|9F & Benzene (CsHs, 99.5%)= OCI compant
Ltd.9|A- Trichloroethylene (C.HCls, 99.5%)= Jensei chemical (2d£)o|A] Phenol
(CeHeO, 99.0%)= Daejung chemicals & metals (3F=2)oA Sodium arsenate
dibasic heptahydrate (98.0%)= SIGMA-ALDRICH (U.S.A)o|A] Gt1s}gitt.

o] QXS A2Y o ZEEs] AX|= tube furnace (quartz type, THEi}sh
Korea)E ©o]-&stdon &/dste= &gt A% (J-ACR 1000, AJA|Z, Korea)s AL
5t AE S dio] @&R}e] A x| 2|0 o]&st A2 Calcium sulfate dihydrate
(CaS04-2H:0), Calcium carbonate (CaCOs)= SIGMA-ALDRICH (U.S.A)ofA] <l
s3It 25 892 Nex Power 1000 (Human, Korea)s 0|85t AlxR=E &4
2> (deionized water)S AM25H% .

_’I7_



3.2.1. "}o] @R} A&

& AFoME BojUiA dg T FAE Ve, & WVE AUZE wE @
wollste] Blo] RARE A|&sHITE o] UiA 9l FAE H7|E, FE V=, AT
L JtdRo)A 55 °C, 24A|7F 7ARA|ZiT) dlo]QUIAE d2ojL} HE 870 g
tube type furnace (DTF-80300-TF)oA] €&3& 5ttt @& 2L AA7MA
£ 1 L/min #4510 AFa7t gle JEHilz 255 9 10 'C 5A17 550 "C7HA|
get 2 247 Bt AAstAch. B $, ALY wloleAl: AertA W2s
S 200 mesh (0.075 mm) 37|9] A= A2A] AL

i

Pyrolysis temp: 550 °C
Input gas: N,

Pyrolysis time: 2 h [ ]

GAS (Ny)

: T

Control box

AI
%

Kenaf Kenaf biochar

T2 3.1 H}O|QAF AR HPH
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3.2.2. A8l g4 d}o] &} AXE

= A= AA o] @A AR AYHS Soll RFEolAl Ho]ARE AF &/det
Zlsisto] &A] Hlo| QXIS A|R5FGIC} vlo] QXS 20|} Basketo] Eal Zﬂﬂ%i

1,100 ‘C7HA] §A] 7Hest 1 7125 2Esh /43t vhAFX|(J-ACR1000, AA|
i, Korea)g ol&sto] &/dst ofitt. 273 5782 A47k~ 1 L/min Z{isto]
ezt Qe JHR 255 29 10 C FSAIA 900

C =2ty VHA] ey 24
S BT B & 900 ‘COlA] Ai 7tA tfjil AES Bt 5 ] 2Alste] 308 =
oF ggste xapstArtY,

Out
Activation temp:900°C
[nput gas: N;
Activation time: 30 min
o ™
GAS (N,)
biochar
[ = -
Control box , ] I

steam

T 3.2 A" WY uol oAt AlE
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3.2.3. 28 &/ vio]Ate] & A&

B Aot A A uloleAl Al UYL Ed) oAl A uloloxlE
Salt treatment (CaSO42H:0, CaCOs) Alsliste] & A z2]= A 8}o| QXIS A|&xot
%t

Salt 24 Calcium sulfate dihydrate (CaSQOa4:2H20), Calcium carbonate (CaCO
)5 ARESIR e, 217t 2easo] &A1 5 mM EHog ARSI 500 mL
A7 Bepago] 300 ml golo A% 24 ulo| @Al 717} 2 g 9 ¥ shakerofA]
180 rpme 2 2 A|ZF =9t shaking stgith. ZF 89S 0.45ym membrane filter=
"eja ¥ o Aol 8 AY A Ul QALS 55 °C, 24 A7 YA AXAIZ 3 AR

stoict.

‘_..

Sall treaiment
(CaC, Cas0ys)

=*  Activated
biochar

500 ml Exlenmever flask

29 3.3 29 &4 vio]l At 4 X g

_20_



324 RE=A SAMA

3.24.1. 3¢ rIsttER
enzene, TCE AFE5t9 T

2o 83l A|7] benzene9]

F 100~500 mg/L =2 8goe FHx 5Tt 40 mL
S 57‘<1—xﬂ£ }\}_9_6]—

8 swo] met 30 mL ¥e 7,
A2 2y vloleAtE 026
S shakerof A

Vlaloﬂ _r]l:ﬂ-}\-] 07]2}01—‘3
T

9N W2, BE HIIZ. AUZ voloxE 1 g A
xelst 28 @4 Ul QAk: 0.2 g2 7 GOl Yol Zgirt. 1
20 2, TCE= 1 A7t =9 shaking

B2 $ GC(Agilent 8890 GC)=

o

o =
180 rpmo 2 SAMHIHA|ZIO 2 benzened
=

ot on, MG 0.45 pm membrane filterz2
2Asigich B Aol FyE g

40 ml +1al

30 ml sohtion
{(benzene, TCE)

Sohent
+  Biochar(kenaf, food-wastes, mamwe biochar)

* Actvated biochar(kenaf, food-wastes, mamwe bochar) ;0.2
 Activated biochar with salt treatment (kenaf. food-wastes, manure biochar) @ 0.2

3.4 3 SIo|sIEA

_2']_



@ H=42l phenold £&p40] &5l A1A of 100~500 mg/L 5= &H
sttt 40 mL vialo] Hlz &89S w0 Tt 30 mL 2 &, SAAZ
A= W7lE, &% WVlE, AU vio]leib= 1 g, A" A H}O]EK}L
02 g @ MF A" Y vloloats 0.2 g2 2 8] Po] Zoick 1

shakero]A] 180 rpmeo=z SAMHYPAIZE 1 A 59 shaking st¥on, £C
0.45 ym membrane filter2 ZEE o HPLC (Ultimate®3000,DIONEX)2 &

Aok AL wr ALeoA A k.

40 ml +1al

30 ml sohion
{phenal)

Sohent
+  Biochar(kenaf, food-wastes, mamwe biochar) @1 g

* Actrvated biochan(kenaf, food-wastes, mamre biochar) ;0.1 g
 Activated biochar with salt treatment (kenall food-wastes, manwre biochar) - 0.2 g

A

m[olﬂ
aitl

19 3.5 flef ¥4
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3.243. 544 2ol =4

ol
2L
il
oo

=7419] arsenates x40 835 AlA 2F 10~100 mg/L == 2
2 AlEsITE GO0 pHE 0.INO| HCIZH NaOHE A7tstol S&wte & &
pH 47} Ele & x5t 40 mL vialof arsenate €983 20 mL ¥& & =
2 ARESE =3 m7]F Blo]QAF 1 g, 3 28 &/ vlo] A} 0.2 g, & A F
w 28 &4 volRAF 0.2 g2 7 &0 go] 3tk 1 o]%, shakerof|A 180
rpm 02 A WHAZL 12417 o4 59 shaking 500 §AL A3 stol
pm membrane filter2 ZEH < [C(ICS-1100, DIONEX)2 &A sttt @

A

5
= Age g 13 ot

40 ml. +1al

20 mlL solution
{arsenate)

Sohent
+  Biochar{mammwe biochar) 1 g

* Actrvated biocharimanure biochar) 0.2 g
 Activated biochar with salt treatment (mamwe biochar) @ 0.2 g

a9 3.6 54 gol=Ed &
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aY

3.3. H}o] Qx} W A uvlo] Q X} E2]5}stA

Am

A
o

M

e

mu o N @

>.4 ed
Me n ru|m

pH, PZC, BET surface area, E.A., FE-SEM, FT-IR, CEC, AEC &9
2g5t0] ufo] Qatet Al 4 ujo] QAo 7|BAALS Aotu7] 9stol
He AAstgrt
pH As5t7] 2ol -10 mesh Alg 20 gt 5/F4 50mLE SYAIA 301t
shaker (HB203, HanBack, Korea)Z ¥t A]Z1 & pH meter (Orion bstar,
Thermo Scientific, U.S.A)2 &A5t9th Point of zero charge (PZC)= 100mL
o] Z2tA3F0] 0.0IM NaCl 50mLE pH 2~122 1ASH o2 7H7ho] ZetA Fo
0.15g9] A|22 21 shakero]A] 48A]7F 59t wutst & pHE EA st 5]
Hio|QX} 7|39 =Z7] Hx, HOoE 2dotB7] s Brunauer-Emmett-Teller
(BET) surface analyzer (Nano porosity-XQ, (%) 0]2jjofAoto], Korea), & BET
surface area2 FAstR o, &7 U B3 A|AsH]| Yol 100°CoA 12A17F &
oF Moz IR F AMEA SEoN AAS EAAA EASLHS A
t}. Hpo]| QX YAl Z£=09F shFS st= E. A= elemental Analyzer (E.A.,
Vario-Micro Cube, Elementar Analysensysteme GmbH, Germany)Z 2415}
t}. Bjo] @&}9] R R AV|E WAHSH| f5l AAES S e LEAS 3
AR o1 ARRE FARSHY] BAOE Algo] UlMAEE, His w48 & 9
AR]Q1 FE-SEM (Field Emmission Scanning Electron Microscope, JSM-6500,
JEOL, Japan) 2 A5t} vlo] QALY FALACE A w42 ¢sl AH &
BB FT-IR(Fourier transform-infrared spectrophotometer, Aglient, USA)
2 985191, 574 HYE= 4000~650 cm™' 2 SHYCEH
Cation exchange capacity (CEC)= Hesse (1971)7F A|Qtst ¥fH-&
stgch AARHS -10 mesh A|& 0.5 g& pH8.229] 1 M NaOAc €9 3 mLE ¢
1 shakerof|A] oF 5 B7F wutsty GAE2]7]2 2500 rpm 9] £ 2 Qo8 x|~
ste Wgs 49] ¥HEst EoFs ¢As] meh ARl of - 95% of|®E 3 mL = °]
LW% 242} 49] vhEste] £abgHS HASH £ pH 79 1 M NHOAc & 3 mL
Ao WS tA] 48] BHESHY 10 mL &AS FEeIT. & &of2 1 MY
HCl= 1008 3]AAIZ] tF8 Na9] =S atomic absorption spectrometry (AAS,
Analyst 700, Perkin Elmer, U.S.A)2 A5t of2fje] Al 3.10f 9Js +5t4iTt.
Anion exchange capacity (AEC)= Lawrineko and Laird (2015)7} A|QFst €f
AFEstoich AFulsH 2 20mlL vialo] biochar 1 git 53—’-\——’,\——’,\— 10 mL=
NaOHQ} HBrS A}25}o] pH 4, pH 6, pH 82 xAs} 27 o YAlHg] &
< Fgst AASH. 1 M KBr& 2 mL 21 48A]7F =9F 180 rpmo & wHhA|ZICE
Zep52 NASHY A7|FEEZS 5 pS/cm o|stR THEolEch AAS E4W 1 g
biocharg 250 mL vialof] 2.5 M CaCl, 2 mLy} 50 mL 2&55S Y2 T 484
7F =9t 180 rpmo 2 wHHA|ZICH 148 mL 24445 Y1 200 mLE PHE0] 0.45

?_

7

rr

Mr Ae
Su

_"
=
J

oo ol rE
= iil ﬂ.IlO
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C’EC'(meq/lOOg) =

AFEC(megq/100g) =

200 X concentrationof Na (mg/ L)
23

200 X concentrationof Br(mg/L)

35
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3.4. OB B4

gt 87]8er2A9l  benzenewt TCES  dichloromethane(DCM)o.&  1:1
liquid-liquid extractionsto] A& 2jsto] Agilent Technologie(USA)ALS] GC 8890
systems ©]&s5to] FAGIP o HAEV|= =Zo|2d ZZE7I|(flame ionization
detector; FID)S AR5t T columng Agilent J&W(USA)ALS] HP-5(30m x
320um x 0.25um)& o] &s5t¥ct. & 1.5 pL A58 F£YUsHF 1L split moded|A &
A51E 0 split ratiow= 10:1 ©o]9Ith. injection temperature= 150 °C, dectector
temperaturew= 270 °‘C2 AAsIY 1l nitrogen carrier gas? $£2 30 ml/min
ojtt. 229 2%+ 40 ‘ColA 4% It S2x2oA 90 "C7Hx] & 50 “CH 4
T 324 52 of3lth. OHAI%EO.R post oven &= 120 COlA 123t HAISH

178 =9t A1s¥5t 90, benzeney} TCEQ| retention time2 Z}2t

o

phenol2  DIONEX(U.S.A.)AFe]  HPLC(Ultimate®3000) 71712  Ap&s}ict
Acclaim® 120 C18 5um 120A (4.6 x 250 mm) Z¥S AF851% 00 DNTQ HA
2718 254 nmoj|A S84 % &A1t methanoldt DIWES 60:40 H|& 2 &3St eluent
£ isocratic methodo] 95} 1 mL/mine &£&2 ZSa|Fo BAsIITH A|lg9 &
Qlake 100 pLo]o, Ultimate® 3000 wavelength detector® o0]235}t¢ 1 Ultimate
® column compartment?] &x= 25 °C& Uy A3stct BEMA7HL 108 =oF
X885t © 1 phenol?] retention time& 5.5%-0|9iCt.

arsenate (AsOs 37)2 DIONEX(U.S.A.)AFQ] ion chromatography (IC, DIONEX
AS-DV)E Atgst3itt. A2 Dionex lonPac™ AS22 (4 x 250 m), suppressor
= 40 mA (AERS_4 mm)E AtEstYct A4 2742 4.8 mM sodium carbonate
2t 1.0 mM sodium bicarbonateS &3t eluentS 1.5 mL/min 9 &2 57
FAT. A& FAFEL 10 plojy, 2=+ 30 Cz Sy Adsiaith. #AAI

155 =9t XI3hst¥ 9 arsenate?] retention time2 12F0]iC}.

_26_



SISy

4. 20

=)

4.1. "po] @R} F7d
4.1.1. FE-SEM 24 ZHu}

Hio] @&}, AY &/ wio] Xl A A2t A" A vio]kxte] FE-SEM Ziuts
a2 4.1-4.8 o YUEMYATt. Food-wastes biochar, Kenaf biochar, Manure
biochar, Activated food-wastes biochar, Activated kenaf biochar, Activated
manure biochar, Activated manure biochar with CaCOs, Activated manure
biochar with CaSO«= @23l 5 T34 75 Uen A8 2siet oA Je
x| S7oA Ol 22, tx7]39 EAbE Uerde & 4 ok

12 4.1 Food-wastes biochar®] SEM image
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4.2 Kenaf biochar®] SEM image

a9
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12 4.3 Manure biochar®] SEM image
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9] SEM image

4.4 Activated food waste biochar

a4
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a2 4.5 Activated kenaf biochar®] SEM image
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12 4.6 Activated manure biochar?] SEM image
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2 4.7 Activated manure biochar with CaCOs2] SEM image
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121 4.8 Activated manure biochar with CaS042] SEM image
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4.1.2 FT-IR B4 ZHx}

do] @&}, A” &/ vlo] AL, A A2st A" &/ vjo]@&te] FT-IR #A ZAitE
I 4.9-4.110] YERHT}E. kenaf biochar, food-wastes biochar, manure
biocharoj|A] FT-IR AHWE= 243 wavenumber 880 cm™ Y204 m]3 C-H
strech, wavenumber 1050 cm™ BE2oJA o3 C-0O strech, wavenumber 1500
cm?t B2 m3 C=C strech UERJTH S3¢©= food-wastes biochar,
manure biochar, kenaf biochar 02 WUC} Activated kenaf biochar,
Activated food-wastes biochar, Activated manure biocharof4] FT-IR AT EH
A Au=Hto] @A} FA A e 2 wavenumber £OJA T A strechE UEH
c}. dtol @bl ula) AR e} 3 uloleabs FYEs} Aol HoR Uepith
ol AY &dstz Qs mUANEIVE FEH Zler WHHC. Manure biochar,
Activated manure biochar, Activated manure biochar with CaCOs, Activated
manure biochar with CaSQ040|A] FT-IR A®EZH HXXAMNLE wavenumber 880
cm™t BZofA o3 C-H strech, wavenumber 1050 cm™ Y204 m3 C-0
strech, wavenumber 1470 cm™ HEZ2oA] 13 C=C-H strech, wavenumber
1500 ecm™ BEZofA o= C=C strech, wavenumber 3650 cm™ HZoA n=
O-H strech UGt B}o] QAL A8 &/det vBjo] QAI} HlwsiEH & A|2]gF A
o 243} vlo| oAt A EWAEY] g W © oz wolck (A,
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Absorbance

0.16

o1ad | — Kenaf biochar

—— Manure biochar

—— Food-wastes biochar

0.12 ~

0.10 -

0.08 ~

0.06 ~

0.00 T

(1050~1300)

(1500~1600)

4000 3000

2000

Wavenumber ( cm” )

12 4.9 Kenaf, food-wastes, manure biochars®] FT-IR spectra
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0.06
—— Activaed kenaf biochar (1050~1300)
00541 Activated food-wastes biochar f
) Activated manure biochar .
oo 1| 6
004 4 (1500~1600) ‘; Sa0)
8 i i i :
c Vi /V\/\M*
£ 003 - LA |
(@] } 1 : !
N e ! |
o] 1 I 1
< I
0.02 - et L .
0.01
0.00 : : L —
4000 3000 2000 1000

Wavenumber ( cm” )

121 4.10 Activated kenaf biochar, activated food-wastes biochar, activated
manure biochar®] FT-IR spectra
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1.2

— Mapure biochar _ (1050~1300)
1.0 4 Activated manure biochar \
—— Activated manure biochar + CaCO, i
—— Activated manure biochar + CaSO, |
0.8 - i
o) AW
&) R
c i
© LY
2 06 - P
o Lo
n ! 1
< C=C-H o
(1470~1380) Lo
0.4 . Lo
O-H (1500~1600) 4 i i
(3650) : o
0.2 1 1 : i i i
0.0 b . -
4000 3000 2000 1000

Wavenumber (cm™)

3 4.11 Manure biochar, activated manure biochar, activated manure
biochar with CaCOs, activated manure biochar with CaS0.2] FT-IR spectra

_38_



dlo|oate] PaR AT B 413 o] Uehdth uloleuja AEje] i
(carbon)?] 4% kenaf (44.9 wt.%), food-wastes (47.7 wt.%), manure (20.7
wt.%) 2 oA 7HA] DA B 7P =2 e AlYAL o BE6l 2, Blo] AL A
EjolAM o] B A S Blwd 4L, kenaf biochar (59.0 wt.%), food-wastes
biochar (38.0 wt.%), manure biochar (24.7 wt. %)~ food-wastes A|2]st kenaf,
manure ©49] g&fo] FIieh 5 =l & £ Qo ©Hadwo]l Ut EHA] d
food-wastesi= 550 °Co|A ZIs¥eh A@siz Qs dmoAd LHEA0] AAELS
ojujsity. ®A oz & WRlE =2 AFA(Oxygen)?] 2 food-wastes
biochar (16.3 wt.%), kenaf biochar (7.0 wt.%), manure biochar (4.75 wt.%) &
0% rh ot BAv} vloleAte] thRES 1AL 9eg HUIT

A 2YekE vt OAfe] UANN Aubt & 420 Zo| Uepith AW 2k
glo] Q x| UABM|A 7t FAo] B4 sheke activated kenaf biochar (55.6
wt. %), activated food-wastes biochar (37.4 wt.%), activated manure biochar
(30.3 wt.%)= vto] Atel DMIAI R bg =2 u]8S wol= Zow Upehdct 4
A0] SFFe  getivated food-wastes biochar (0.94 wt.%), activated kenaf
biochar (0.84 wt.%), activated manure biochar (0.09 wt.%) =0z =C}.
activated manure biochar?] 739 CaCOs, CaSO:&xg]S XIs) & &4 (38.0, 39.0
wt.%) $£4(0.42, 0.34 wt.%), =(0.15, 0.19 wt.%), AtA SFHH(7.88, 7.22 wt.%)o]
25 F71tAC

gok
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# 4.1 Elemental compositions of biomass and biochars

(Unit : wt.%)

Sorbent C H N S O
Kenaf 449 6.00 0.94 0.00 1.12
Kenaf biochar 59.0 3.25 5.60 6.40 7.00
Food-wastes 47.7 6.90 4.50 0.00 5.30
Food-wastes
] 38.0 2.60 10.2 4.23 16.3
biochar
Manure 20.7 2.57 1.10 0.19 25.4
Manure biochar 24.7 1.54 0.85 0.15 4.75

_40_




# 4.2 Elemental compositions of activated biochars

(Unit : wt.%)

Sorbent

O

Activated kenaf
biochar

55.6

0.84

0.06

0.39

Activated
food-wastes
biochar

37.4

0.94

0.61

0.21

2.73

Activated manure

biochar

30.3

0.09

0.09

Activated manure
biochar with
CaCO:s

38.0

0.42

0.15

7.88

Activated manure
biochar with
CaSO0s

39.0

0.34

0.19

7.22
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4.1.4. S434 2y

sfolQuj A0 SHEA Zue ® 4.39 Zo| Uehjoich pH 24 27 kenaf
(6.89), food-wastes (4.80), manure (8.40) ©= kenaf, food-wastese= 4Hda
1 manures 2XF F7]dS Hrt. PZC 4 Zil kenaf (6.24), food-wastes
(5.45), manure (7.24) ©= kenaf, food-wastes= 2Hd2 Z|il manures 2t &
9e molck. vlolexte] SYRAN AnE B 4.49 Zo| UeRyolch pH B4 A7
kenaf biochar (11.0), food-wastes biochar (11.3), manure biochar (10.6)0]%
1 PZC B4 A3} kenaf biochar (9.87), food-wastes biochar (10.1), manure
biochar (9.97)0]lt}t. A8 &/dst vlo] @xto] /424 ZAxt & 4.59F Zo] YEHY
k. pH BA Ayt activated kenaf biochar (11.0), activated food-wastes
biochar (12.0), activated manure biochar (10.4), activated manure biochar
with CaCOs (9.60), activated manure biochar with CaSO. (10.3)0]99 1 PZCEA
Ayt activated kenaf biochar (10.0), activated food-wastes biochar (10.5),
activated manure biochar (10.2), activated manure biochar with CaCO:s
(10.6), activated manure biochar with CaSO. (10.0)0]9iT}t. H}o| Q R}t AEl =t
g "iol @A}, & A2|et A" &/ vio] @A} B& pH, PZCE €715 Hdth

HEHA 2 Ax} upo]QujAQl A2 kenaf 4.97 m?/g, food-wastes 0 m?/g,
manure 3.91 m?/g H}o]Qx}°] AL kenaf biochar 6.76 m?/g, food-wastes
biochar 15.0 m?/g, manure biochar 21.3 m?/g ©2 eIt AE A3}t $50]
HEWHA ZAuls activated kenaf biochar 419 m?/g, activated food-wastes
biochar 104 m?/g, activated manure biochar 207 m?/g, activated manure
biochar with CaCOs 366 m?/g, activated manure biochar with CaSO. 386
m?/g o|t}. B2 kenaf F 1.4v}, food-wastes?] °F 158}, manure?] °F 3.8
v =7}, A8 2Hd3st=2 9I5| kenaf biochar?] oF 60Hl, food-wastes biochar?]
oF 78}, manure biochar?] oF 108} Z7}, & A2 & <oF 1.88] F715 AT &

99lct.
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H# 4.3 Physical properites of biomass

BET
pH PzC surface area
(m*/g)
Kenaf 6.89 6.24 4.97
Food-wastes 4.80 5.45 0
Manure 8.40 7.24 3.91
B 4.4 Physical properites of biochars
BET
pH PzC surface area
(m?/g)
Kenaf biochar 11.0 9.87 6.76
Food- t
codrwastes 11.3 10.1 15.0
biochar
Manure biochar 10.6 9.97 21.3
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H# 4.5 Physical properites of activated biochars

BET
pH PzZC surface area
(m”/g)
Activated kenaf
] 11.0 10.0 419
biochar
Activated
food-wastes 12.0 10.5 104
biochar
Activated
cHvare 10.4 10.2 207
manure biochar
Activated
manure biochar 9.6 10.6 366
with CaCOs
Activated
manure biochar 10.3 10.0 386
with CaSO.
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4.1.5. Cation exchage capacity (CEC) &4 ZAx}

sfo] @te] CEC 24 A7E & 469 Zo] Uepjolch. CECE 574 pHolA U7
2o ufo| o] H7|A Qlelo] ojste] ChE olut wato] JHsE FElZ FAN
QFolLo] =zFolt}t. kenaf biochar 259 cmol/kg, food-wastes biochar 44.9
cmol/kg, manure biochar 38.1 cmol/kgOt, AEH =SS activated kenaf
biochar 717 cmol/kg, activated food-wastes biochar 169 cmol/kg, activated
manure biochar 117 cmol/kg?] do]& wat 8258 UEtth Joll wat 85F

[e)

© kenaf biochar, food-wastes biochar, manure biochar £02 x=9IC} o|=

7129) Fgol kenaf} 71 Be AO2 el STk EF P 257} SojE4
5 A9 @ysir] ol euerso] F7ISISIc)

r

Ju Jo rf

3 4.6 CEC of biochars

CEC
(cmol/kg)
Kenaf biochar 259
Activated kenaf biochar 717
Food-wastes biochar 449
Activated

. 169

food-wastes biochar
Manure biochar 38.1
Activated manure biochar 117
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4.1.6. Anion exchage capacity (AEC) +A Zut

sfol @Ate] AEC ¥4 Aug & 4.79 o] UeRflct. ABCE CECS} upivhx|=
ol oxte] opsist Melol AR/IM0 R F4 HE Solee oo o Fole
3 seyEsoz wasol §UFos WAHL 2 Wi pH 8 JIFo=

kenaf biochar 15.5 meq/100g, food-wastes biochar 17.5 meq/100g, manure
biochar 10.4 meq/100glo ™, AE X3S  activated kenaf biochar 350
meq/100g, activated food-wastes biochar 348 meq/100g, activated manure
biochar 326 meq/100g9] 2ol-2 W &g UERACE ol ulo] 9at Eao] u}
2} 2 Aol Wolx] GoAITt A WA gole wet §o| F7Ietct

B 4.7 AEC of biochars

AEC
(meq/100g)
pH 8
Kenaf biochar 15.5
Activated kenaf biochar 350
Food-wastes biochar 17.5
Activated

. 348

food-wastes biochar
Manure biochar 10.4
Activated manure biochar 326
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4.2. 34 87)stre
4.2.1. Benzene 54t

4 wloloxt, & A2y
o 4.12-4.140] et
SEREDEERE

o, ZAE, &% HV|E9 viol AL A &
g 7|59 A8 &/ vlo] @AYl 4 PY 1H=E 2
Hdeh. 3l SAME S Soll doldl AutE Langmuir 28 A

4 S

dHio] @ X}o] Z|tfj SAFFS kenaf biochar 0.14 mg/g, food-wastes biochar 0.02
mg/g, manure biochar 0.03 mg/g ©|t}. B}o]| @ X}e} v]wslo] A®l gHA Hio]Q
Ate]  F|fj EAFEFS  activated kenaf biochar 128.21 mg/g, activated
food-wastes biochar 0.37 mg/g, activated manure biochar 1.98 mg/gCe 2 =
7ttt ol= AH =S 3 B|REHA O] kenaf biochar?] <F 608l, food-wastes
biochar®] ©oF 78, manure biochar®] <F 108} Z7}sto] w2t 2o SAFEFo] &7}
gt oz .
manure biochar 0.03 mg/g, activated manure biochar 1.98 mg/g, activated
manure biochar with CaCOs 2.98 mg/g, activated manure biochar with
CaSO. 2.86 mg/g®l 2|t SAF oz HwsIT. ol &4 A2 & v|mHAO] F7t
SHAAITE 2O 4T S7tFo] °F 1 mg/ge 2 TAastct. & A=z gt A87]=
HiIAll vejet ofstAl AoArgS TAaAA HIAe FAls AAISH Aoz woEo. dl

| e - = o1 1=
e 2ol ofE 8ol=st e BUeA vloloxt, AY Ty ulo|oxte] & FAY
L 7ol Qlom WA a5 SAPIAE 4542 AQ ol oA, AY &4 ol
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2 4.14 Manure biochar, activated manure biochar, activated manure
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# 4.8 Langmuir isotherm models for sorption of benzene to sorbents

Langmuir sorption isotherm
b (m
Sorbent ( .g/g)
(maximum )
a ) R
sorption
capacity)
Kenaf biochar 99.93 0.14 0.75
Food-wastes
] 960.2 0.02 0.74
biochar
Manure biochar 468.69 0.03 0.85
Activated kenaf
_ 11.5 128.21 0.99
biochar
Activated
food-wastes 87.79 0.37 0.92
biochar
Activated
] 41.36 1.98 0.99
manure biochar
Activated
manure biochar 17.49 2.98 0.99
with CaCOs
Activated
manure biochar 23.79 2.86 0.99
with CaSOs
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TCEo]| cjst é% H7)120] wlol ol A%l B4 uloloat, & A2l A &4
utol 9xfo] & Wy Tejmes e 4.150] LiERRYICE TCE SAAES Ss) @of
A ATLE Langmuir 29 Alo] tiste] Aa A A2 ® 4.90] Aalstgnt

2§ SAFFS manure biochar 0.39 mg/g, activated manure biochar 3.38
mg/g, activated manure biochar with CaCOs 4.96 mg/g, activated manure
biochar with CaSO. 5.63 mg/g © & H|ustFct AHE 25 d Xz d4LE 3
i SAFol of 1-3 mg/g 576ttt ol BlmHAo] S7teh A8 &/ 80| QAL
9] functional groupsy AX7|A  QH(gx—gx electron donor-acceptor
interaction)o] Ap-gsto| Ao FAGS S7F ¢ Zo=2 el ®ot 37) CI'Yf
271 YAS 1sst TCE= AXg-o(electron donating)®r-8-0f] 2Jst HMAS Zof
71 &ap7t st o ek &ol=rt A2 S SARA BRolAN, A" &
gto] @ xtofl FAto] £7t El= Aol At ol TCEY a7 &4 ¢
ARl vpo] @A, AH &/ vio] Atz HATE|o] FAto] golot Zloz wrhEtt

a

Mo ox off mo
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# 4.9 Langmuir isotherm models for sorption of TCE to sorbents

Langmuir sorption isotherm

Sorbent b (mg/g)
(maximum )
a ] R
sorption
capacity)
Manure biochar 42.20 0.39 0.87
Activated
vat 39.47 3.38 0.88
manure biochar
Activated
manure biochar 19.19 4.96 0.97
with CaCOs
Activated
manure biochar 15.05 5.63 0.97
with CaSO.
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43. Mf 0@ B4
4.3.1. Phenol %}t

g wlolext. & A
= 4.16-4.180] LtE}
SEREDEERE

g 5% my]20] AW 24 ulo|ote] &2 WY 1ejms
et dle SA4EdS &l doldl ZiE Langmuir &

WA B=E & 4.100] 25t

dHio] @ X}o] Z|tfj SAFFS kenaf biochar 0.52 mg/g, food-wastes biochar 0.02
mg/g, manure biochar 0.03 mg/g ©|t}. B}o]| @ X}e} v]wslo] A®l gHA Hio]Q
AFo] F|tf SAFFS activated kenaf biochar 1250 mg/g, activated food-wastes
biochar 0.42 mg/g, activated manure biochar 12.17 mg/g 02 Z7}519 ) 1
9] pKa £ 9.9 24 RE dlolox}, Y 2y vlolox, @ A AY @

ol 9t] pzewr} Yol BHE FAMOE o] HetS 7bA phenolatest A
W Afolo] A7A oz AT) EARRS ¥4 A Zoz sHoldd. =
activated kenaf biochar?] 2 AE 24 dlo] @ x}of H|5] 2F 100-30008] &=t
o] 945ttt ol ulEWAo| 419 mY/g 02 7} Be oz ok,

manure biochar 0.03 mg/g, activated manure biochar 12.17 mg/g,

=0 dieh Ay, 3=, &% "7l violeal, A8 &
J a
E

F 8 e

activated manure biochar with CaCOs 333.3 mg/g, activated manure biochar
with CaSOs 129.9 mg/ge] 2|t} SAt=Fo 72 H|wstITt Fofj SAHFo] CaCOs A
2] 5 of 289) CaSOs A2] 5 o 118} Z7lstgich. ol= & A2 & A9 &4
olexte] mHo] Exfsts Balt Atart et IFoluy o functional groups

< HE9 22492 IEE 4+ Qe SIOJESA(OH)LF  surface
complexation g+ Zlog woiHc
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# 4.10 Langmuir isotherm models for sorption of phenol to sorbents

Langmuir sorption isotherm
Sorbent b (me/g)
(maximum )
a ) R
sorption
capacity)
Kenaf biochar 10.39 0.52 0.97
Food-wastes
_ 111.28 0.02 0.98
biochar
Manure biochar 266.19 0.03 0.97
Activated kenaf
] 0.05 1250 0.99
biochar
Activated
food-wastes 38.72 0.42 0.98
biochar
Activated
) 3.11 12.17 0.98
manure biochar
Activated
manure biochar 0.01 333.3 0.99
with CaCOs
Activated
manure biochar 0.34 129.9 0.99
with CaSOs
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4.4. 54 goleeA A}

zfol

4.4.1. Arsenate (AsO.”) =%t

arsenated] tjst =3 H7|E9] vio] Al A® /A vlo] X}, & A2gh AH”H &
/g Hiol AR AT B xS Iy 4.199] HEUI arsenate A S
off dojxl AuYE Langmuir B3 Alof] tjysto] Ad ¥4 =g & 4.11
2lstgict.

A EAFFS manure biochar 0.009 mg/g, activated manure biochar 0.05
mg/g, activated manure biochar with CaCOs 0.07 mg/g, activated manure
biochar with CaSOs 0.05 mg/g O 2 B|ust¥th A8 &3 d x| 45 F
&a1epo] oF 0.04, 0.02 mg/g S715tIT} ol ulo] Al A&l 2 Hio] @ Ate]
wol Exfete oledt 2gE goleo] AsO. I @] A% A &, o
WAo] Z7tsto] At FAMRol 5715t arsenate®] pKas & 11.53 Hr} 2
H 4 &304 HsAsOs E+= H:AsOs EANSIH A &2t A” &/ vlo]@Ate] &
Ho] &4 s5tS 7HA functional groupsi}t surface complexationsto] X|tff SA&keF
g UK oz wUEd

arsenate= =°f it &=t 2 A=A =it
Aletzio] Astoz o FAMgo] A2 oz wod

S )

ie)

<

tol =of o

57 2

oo
o
ol

Loy
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H# 4.11 Langmuir isotherm models for sorption of arsenate to sorbents

Langmuir sorption isotherm

Sorbent b (mg/g)

(maximum )
a ) R

sorption

capacity)
Manure biochar 873.72 0.009 0.01

Activated

253.68 0.05 0.43

manure biochar

Activated
manure biochar 55.83 0.07 0.71
with CaCOs

Activated
manure biochar 116.38 0.05 0.60
with CaSO.
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AtolA /7148 dZlE 7I9F vlo] &b, AR &4 vio] AN, & A2t AF &
H}O]Qx}q Eag}é} A 54 A2 o2t benzene, TCE, phenol, arsenate
iﬂmaq% 2885ttt Q2R

3 Hlol @At Mg Ao

19 o?.:
cfob
2
H'l
ox.
»e
n)
_\IL

o |o
oY
tm
ol
ol
kl
>
D)

of. _El‘,

g

i

M

T

) ABels £¢ slolexte] gelatetd =48 syt uloleAl BE pH,
2 Z}. dFoll2 v xHA2 dlo] QujAof H|5] kenaf= °F 1.4Hf,
food-wastes= ©F 154, manurex ©°F 3.84] Z=7}5}ict. ufo] QujAo] H|s] EFA
st2k9  kenaf biochar?] 9F 60%, food-wastes biochar?] ©F 38%, manure
biochar®] oF 25%2 Z71ston Ata, 240 B7]E9 dF2 Rotilo.

2) BloloxtE AW 2yst U o A2 Bot wWely 2ejalely S4e Helsty
o 29 24 vlolexl @ Rt A9 Y sl2diel w5 o PICE B19E
Hoick sholexte Ad H9SL @ Aejd & ulmAAel Fletant A @3

, kenaf biochar+= 9F 60Hl, food-wastes biochars ©9F 78}, manure biochar
oF 104} &7y, & A 2lst & activated manure biocharof H|sto] 2F 1,8
Sttt A" &dst & B4 SheF2 activated kenaf biochar?] 2F 56%,
activated food-wastes biochar?] oF 38%, activated manure biochar?] °F 30%
2 2 WP} glon] 40 Ao e Uopych o Mg § wa g
activated manure biochar with CaCOs and CaS0.9] 38,39%= Z7}ot3iil &
o Ata FFe Z47F oF 0.4%, °F 8% S7Fsti .

£ rr -lo

&dsts 22719t electron donor-acceptor
interaction sttt m|xo] A Hlo|Qxlo] HEHo| =5t A87]9F 1ol slo]t
ZA](OH)1E0°| surface complexationd}Ftt. H=9] pKatr 9.92A] T E Hio]Q
Aot AY 7 Bjo] QAR pzeRth Wop #H i ol AV|AH IHoz
kA A171 7102 mtElth Arsenate®] 739, Hlo] @A}l mwo| EAY
of= A% Zol2o] AsO. it westitt. pH 40A AsOs°+= pKag
11.53 &t} o} & x2] & A87|e} surface complexationste] 2|t SIS &
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ABSTRACT

Steam-activation of biomass wastes-derived chars for removal of

contaminants in water

Yujeong Cho
Department of Civil & Environmental Engineering
Graduate School, University of Ulsan

In this study, organic wastes were treated by pyrolysis and the sorption
capacity of the by-product biochar was improved by steam activation and
salt treatment. Kenaf, food-wastes, and manure were used as organic
wastes, and changes in physical properties of pyrolysis-generated biochar,
steam-activated biochar, and salt-treated steam-activated biochar were
investigated. In order to use the biochar in water treatment process, batch
sorption experiments were conducted on benzene, trichloroethylene (TCE),
phenol, and arsenate, and the sorption mechanism of each pollutant was
identified and the maximum sorption amount after sorption equilibrium was
compared by applying Langmuir isothermal adsorption.

The BET surface area of biochar after pyrolysis increased by about 1.4
times for kenaf, 15 times for food-wastes, and 3.8 times for manure
compared to biomass. Compared to biomass, carbon increased to about
60% of kenaf biochar, 38% of food-waste biochar, and 25% of manure
biochar, while the content of oxygen, hydrogen, and minerals decreased.
The BET surface area of the activated biochar increased by about 60 times
for kenaf biochar, 7 times for food-wastes biochar, and 10 times for
manure biochar after steam activation. Compared to biochar, the carbon
content of the components did not change significantly, and the content of
hydrogen and oxygen decreased. The BET surface area of the salt-treated
steam-activated biochar increased by about 1.8 times compared to the
activated manure biochar. and the carbon, oxygen, and hydrogen contents
increased compared to steam-activated biochar.

Sorption experiments showed that the BET surface area of biochar
increased after steam activation and salt treatment, which increased the
maximum sorption amount. In the case of benzene, the sorption seems to
proceed by hydrophobic sorption mechanism, in the case of TCE, by



hydrophobic sorption mechanism and electron donor-acceptor interaction,
in the case of phenol, by hydrophobic sorption mechanism and surface
complexation with biochar functional groups, and in the case of arsenate,
by ligand exchange.

Steam activation of biochar increases the BET surface area and decreases
the oxygen and hydrogen content, reducing the surface functional groups
and forming a graphitic structure. Salt treatment increased the amount of
sorption by enabling surface complexation of functional groups and anion
exchange. Biochar can be used as a customized adsorbent by improving
the adsorption capacity according to the type of pollutant through steam
activation and salt treatment.



	목차
	1. 서론 1
	1.1. 연구배경 및 목적 1
	2. 이론적 배경 3
	2.1. 바이오매스 3
	2.2. 유기성 폐기물 3
	2.2.1. 음식물 폐기물 (Food-wastes) 3
	2.2.2. 축분 폐기물 (Manure) 4
	2.2.3. 케나프 (Kenaf) 4
	2.3. 바이오차 4
	2.4. 활성탄 5
	2.5. 휘발성 유기화합물질 6
	2.5.1. Benzene (C₆H₆) 6
	2.5.2. Trichloroethylene TCE (C₂HCl₃) 7
	2.6. 페놀류 오염물질 8
	2.6.1. Phenol (C₆H₆O) 8
	2.7. 독성 음이온물질 9
	2.7.1. Arsenate (AsO₄⁻³) 9
	2.8. 흡착현상 10
	2.8.1. 흡착 10
	2.8.2. 흡착평형 13
	3. 실험재료 및 실험방법 17
	3.1. 실험재료 17
	3.2. 실험방법 18
	3.2.1. 바이오차 제조 18
	3.2.2. 스팀 활성 바이오차 제조 19
	3.2.3. 스팀 활성 바이오차의 염 처리 20
	3.2.4. 오염물질 흡착실험 21
	3.2.4.1. 휘발성 유기화합물질 흡착실험 21
	3.2.4.2. 페놀류 오염물질 흡착실험 22
	3.2.4.3. 독성 음이온물질 흡착실험 23
	3.3. 바이오차 및 활성 바이오차 물리화학적 특성 분석 24
	3.4. 오염물질 분석 26
	4. 결과 및 고찰 27
	4.1. 바이오차 물성 27
	4.1.1. FE-SEM 분석 결과 27
	4.1.2 FT-IR 분석 결과 35
	4.1.3. 원소분석 결과 39
	4.1.4. 특성분석 결과 42
	4.1.5. Cation exchage capacity (CEC) 분석 결과 45
	4.1.6. Anion exchage capacity (AEC) 분석 결과 46
	4.2. 휘발성 유기화합물질 흡착 47
	4.2.1. Benzene 흡착 47
	4.2.2. TCE 흡착 52
	4.3. 페놀류 오염물질 흡착 55
	4.3.1. Phenol 흡착 55
	4.4. 독성 음이온물질 흡착 60
	4.4.1. Arsenate 흡착 60
	5. 결론 63
	6. 참고문헌 65
	영문요약 69


