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= @H0MeE AL 2 W SefAHS FEei 2 AFoM zH9
HES 20t =& 3 HEH7IAS 9|4 ofl Kot HIAIAZ|S HfO|22f
2L 28510 {7|2E 2} (char) HEHR HHEA|F & 7|7+ SOt
HaS A A7 YWHELE EEsrUAr ofty. EEF OfH 2t HfO|20|
A 29 AME 7t dS B7eotlAf . & 6729 I HfO|2f, if

A8 AHO Hpo|ezt, F7|Xe HI HO|2F, H,0, I HIO|22f, Of
EE AR gdefet IO HO|RZf, O|4tetEr4AZ &qgaetet I H|O
L2t HRFOZM Rice straw biochar® wood chip biocharE Arg
5ty UEZSEHEQ (2,4—dinitrotoluene (DNT)), 27t H&=FQl
(2,4dichlorophenol (DCP)), Ed20|2 (&, A5 = 4714 24E
=4S M50 A EMY Ar7tsdE B7I6rAH.

H1ZAN DNT E2to] ZHAR Bzatzk2 (Coffee(CF) biochar 14.75
mg/g, Ar CF biochar 4.94 mg/g, CO, CF biochar 6.10 mg/g, Acid CF
biochar 1.73 mg/g, Base CF biochar 3.63 mg/g, H.O, CF biochar
2.55 mg/gOo|H R+ Rice straw(RS) biochar 2F Wood chip (WC)
2 ZfZF 11.65 mg/g?t 21.51 mg/gO|}Lt. DNTS E2IFE2 F{L{H[0|2

|'7|' 7t2F SrQFom CHRAQl RS biochar 2F WC biochar?t H|L3H &
=S LHEFLHRACE. DCP &2t9| AL 52t&F2 CF biochar 8.07 mg/g,
Ar Cf biochar 8.25 mg/g, CO, CF biochar 5.91 mg/g, Acid CF
biochar 16.1 mg/g, Base CF biochar 9.41 mg/g, H.O, CF biochar
7.88 mg/gO|H CHRAQl RS biochar 2 WC biochars ZFZF 15.92
mg/g?t 36.90 mg/gO|FLt. Acid Coffee H[O|RZ}7f 7t =2 BSabzf

JN'

2 HY=H 0= DCPY pKas 7.92 pH7F 3.991 Acid HIO|22t7} Cf
%o 52 2288 UHWUH. Chromate 529 d% Chromate &
20| FFE F= A2 AEC O|UH. AEC ol 7t 2 Acid CF



biochar®| ZS2t&0| 712F =QfCy. Acid CF biochar® S2t&2 55.87
mg/g &2 LUEHAHOH X2 RS biochar 2 WC biochars ZbzZE
15.00 mg/glt 4.43 mg/g B} =2 5z EIAUCH Selenate S2H9)

B9 BA0| YYE FE AS JOINCL IV Y UE Acid CF
biochar&= S2i0| E|X| %2 A2 = HOt pH7f selenate?] F b O
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1.1.1 A~Hg

AL R7H7|(coffee grounds)= REOAM FHIE ZE5t %%% A<

H2|E dZE= ALY & H7|=0|H. I R|7AH7|
2o dR4E Eofstd Qo MEE 7RR|7t =
OF AR = 712 & &SR ZEotl T2 Aol
HEZ| L ULt UM {7Hd AR H7|QF Ueh M7 SItet=
71219 A7 HEEHD U (23M, 2018) 55|, ™ MAHL=Z
I £87F BFS| F7M6tL As HEO0IH HL RA7| LEF £ 3
i S7fst QU0 OlF AeEBY TBRYEO| dar =oyn A, £
Ligt 20169 HLR F £YFF2 150F 9ME o[l MA HOE £
YT 89.7%7t AMLE 7r&ot7| e HL FOHE EérL S EA L
(ZM[H, 2017) 2016 7|& MA AL YLtz 9MTREO| H =0

U HI RAH7| AEES 2016H0| AEFHAOM HEZR|= HI| X
M7\ 4,417& %Oﬂ F 220082 EHIZ TS0 7t DA R4
S =2 AFotl, £ otEg THE0 F BIETFS 77%Q 3411ES MEE
sk o= EJ_EJO*E# (&tE &, 2017)

20181 M| BafAE! YAFER 39 59009 Eo2 R 10zt
43% S7tstitt. S FEHLAE 4
HBH 2.2% M 75t
Lok oA F7fst= A0 (2L, 2020)
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& A= biomassE O| &5 HIO|2ZF
229 380l 7f%3f7~|01| tHolf A ~Lof
sttt HE Q QI 2,4—dinitrotoluene, 2A4gskE 2l
,4—dichlorophenoldt £=4420|22 Chromate 2} Selenateg Ao 2
SZIALE SO ArEE = HIO|R2Xt0|= Coffee biohcar, Ar coffee
biochar, CO: coffee biochar, Acid coffee biochar, Base coffee
biochar, H»O, coffee biochar O|H Rice straw biochar? Wood chip
biochar® CHZZOZ MMste] &SNS  H|EstECt  d2ln
Langmuir sorption isotherm modeld} Freundlich sorption isotherm
model= AFE3[0] biochar® F2F 54 % S2HFS QoL A=
MO ArE7tsdE B7feIRAT. 181 biomass2t HESHAHS 50iM
EEollE ot Zst= syngasE S5t A 242 7t5d= B
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2% O| 24 HiFE
2.1 H}O| 22} (Biochar)

A B7ZAO|M biomassE YES (pyrolysis) 5t0

IrS0{2Ict &6l g2l HArE2 syngas (Hy, + CO), M (CHy),
EJFE, 1AL B2 Eg:.*ﬂur Biocharz ©47f FH3F FgAQl
2 Sl HAE EY0 IR0 AFE

= o

o
o

EJr 2|1 biocharS E0| #HES 0f EQFS H|25HH
Of Het fHE AT O[2{8t biochar?] A [OiFEO| FH
ZIA 2 UE (EFZ4, 2012). BO|22t9] HaAR, Z4H oLz T
g, 38 g M, BEsE HHEAM F23% 7ls
20| 3A FILD QUL B2z EFOAM £ HTE
HEH £ Q7 Wzo, Z30= =offiE +# o g9 =
=8 = HO|OlA OHR|2ts FHE B4 YIJtHES £
QICt ZCt7t HIO|RZE EQ0| AE5HH EQURZO| JyaH=
SHAS7H BN, EYQ pH S7F EYQ Ohol_ %F%E*QI
stetd =4, 0= MAAHE AIZstq 04
A

4 EM EQO 824 dr Zh4
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S4mE sont B30) o ol GUiBeE wEHm, sont
sl QUi A0 7t OP|AIZICL VM Ho|emjAs EF EYoR
2ME 3 EY0MEO| o5 BAE0] ZT RE O|MEETAR O
301 WEEZ2 ©4A3Y0 HI, HO|QUjAT  Hio| Q0142
AFGEICIZE  DRR7IAO|CE Wi, H{o|@ate] ZQOl&  H{O|20jA0)
SHE 50%9 O[MBIErA F Of Wyl AL HIO|RAY YWD
OlF EY0 OB o 80%E o EHEA UYL HOIUA Tk
27| O[MBIErAS| OF 20%8 EY £O2 H0|92f

ol
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— =
HE|Z ZEAlZ 4 YT (&3 2013) Biochars EFO| 749121}
ga20] o3le] 4£ZO0=EHEl 9I|SUS MMM B It



8%t 84& biochar? F2 HEHHW MIAz i #2 =&
EMI} HHO| Zasts HF27|9 sFskd  EXMo| QL biochar9
TR2E YHEPHQl black carbon 2 HHO FHAUF BLIAReE= CHEH
FEMt 2SS A2E OlEH. ol=gt 'r_*% +2= @&l 2&7f
=242 PHOZ oMYt 67k3o| HIFFE LR (graphene structure)
= JdgotH o] Lx= EOfAo 2o ZEEAIE f1 oHE0 sk
HARR = Y= ?.“8’%*?_' L2O|L. KEob HE 87| 4aF
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2.2 7L 7=

U HALOF SUTFS I 2.20| AHA[StHLH Lt 2016
AR F YT 1500 9HMELEZ AR 2Oz SYTFES
7|E5t=0 ol 2014%, 2015@Yd  H|uWSt® REFS|  FSItet
20|ty 7kgst7| HMel AHO FOHE Xote S (green bean)&
20164 Of 148t 3HE FYSIFUEH Ol HA AHLFR FUT <
89.7%& AfAlst= Fo|ft. Lt AHALIES TEHM I AS 2D0st=

& (coffee  bean)= HA ALFE YT 63%YU 1UES

S UsFAL. O[5t UAHEAL = 44 SHi =, 70
ZXE(Coffee—based preparation) 2  SH{EO| L£QUE|Ct (ZHAM|H,

2017)

Classification 2004 2015 2016
Green beans 126,000 130,000 143 000
Coffee beans 7.100 £,200 10,000
Instant coffee 4,200 4,600 4,500
Coftee-based preparation 1,500 1,500 1800
Total 139,000 144,000 159,000

13 2.2 g4 HO S, +UT 2 o A7 (EMY, 2017)

20163 Z[& MA A giatgde O 2.20| LEfL QUTO0| 9EERE
dith IHHOR MHEE Hepy I} sl
°F 35%F ZIA|otil QUem, HIEFO| 153ThECZ2 F HI Yitdy
16% HE=& ZAlstn M. =, BN HEZO| A MA HOO
Auh Olgs  A4afterm Qb Lt ZFH|OPF 87RHECR 39,
QIZUAIOF7F  688F 9MECEZ 49, 2EEA7F 3400 SHEOM
469tE O 2 50|}, (International Coffee Organization, 2017)



{a) World coffee production

(Unit: 10% ton)
10,000
T s 2013
thm % w1014
s \\k = 2015
2 700 N o
; - o .
El % E 02016
i B
2 5000 =
el | S
e | [ N [
5 ¢ NHE N E
: NE N |
1000 N 33 SR m= N
0 % E &.Eizi §.§;3;? % E|
TOTAL Africa Az Ocaania Mexico&Cantral South America
Amerca
producing region
ib) World coffee consumption PRaer—
10,000 ’
- _— ~2013
N B W 2014
c 8000 NEE-
s i % % 22015
[=% LA -_—
E NH=E 2016
z so0 NEEC
3 N Bl
° s NEE
k: N B
= 4000 "Q B
- NHE=E
< 3000 N N BB
2 o0 NI % B
; B B 5 ] . -
1,000 % g — s £ %I $I§
. SHEZ RXEE: ~m=r WHES NHEN NEE:
TOTAL Africa AspBOcesnia MexcoBCertra  Europe  North America South America
AMECa

consumption region

= 2.3 MA AL, AiAtzF @) AH|=F 343 (International Coffee

Organization, 2017)

A MA™CR HO 4H= EFS| 1 UAs FAMO|H. IJF0AME
FHUYO| 2502UELE Iy H2 HOE AHstd UCH, O0=0]
1509FE02 29 H2fZ0| 1209HECZ  390|Ct  O[|0jA Y=o
40BrECR 49, QAUZYA[OPZE 202HECR 5915 RA|StL QU HH,
190G AL 4B 49 Fte 22 QY Irto|n, 53 =8
2750 AU 4H[YO| 2 HOBR UELGD k. 190 AL 4
IYHQ HEE &= 20179 2¥ 7|& 9.6 keO|M 12 kg 22 1A AfO[0f
25%7t Z7t1om, 2901 L2Q0|E 7.2 kgO|M 9.9 kg 22 B
37.5%7F F7IUH6). Ol HEL &H|7t WEA Fofotd UL,



S58 =7t20] AL 2B[FO| b AHES BN ZO. Iz
feLEt= 2016 7|E 11T ALE 377 keE
(Ministry of Agriculture, 2017)

HAZ2 HLE HEE Hols 52 0.2%50  ARESHA| 7
=0 ArgH EF2 HEEZ2 HOL APA7| £ AL 2E 7=
JEHZ HiEFEC. Lgh A UM AHE RAZ|S AHEILHES

o

HFHETH SME A87|7F o AE AHT|E HIEHAAL Y
AL 7|29 3% HEHZI=L 2 FTHSEA HOM =HE =
22t e 2F0IH.

AM AL RAZ|= o iR ZORO|M CHeferA MEEE L AL

|
oM
—
wW
=2
R
oAl
i)
ri
>.\I

2" 3A oH4A 7ls, E2A 7ls, HO|2

le, EY 7l S22 ERY &+ AN A AL RAZ|IE

i*ll ME-Eor LA} 3#% A7t oA olF gEHLD YLl =
of

Food Fabric
)

Construction

@ Mano

Adsorbent
(11)

(a) Domestic (b} Global

g 2.4 AL H7|F M 7T dY (84, 2018)



2.3 H &4

1950 ol F2fAH LU0l IA d&ste i, Ay 7tR| 7|
Lagdat AMESE 4 & 7|EMES  OAHAEAM  O|8E7t &Of
SEFAES AIEHLA AFEFHE2 AZML=E &1 Y0 I |IEF=E
A4l J7FEM0IT (24, 2002).

Euromap0| [Lt2MH 20168 7|F st AHAZF oF 135.5 kg/capita®)
SHAEHZ AH|stl QOH, Ol ZAF HHQ 6371 & F HMZE
2 ¥O| (Euromap, 2016). LM H|7|E = MR
S7t5t= Mo UCH (Shin H.D 2|, 2014). ZUHOM= H7| =9
ML 2 #82 FHe=z TR Hor s =219 &
HMES  AYMStn ol HIIE EHEEHZ,  MARpzjsax T
(Extended Producer Responsibility, EPR)Q} ZAferd 34Qk0| 2|5t0]
SHAH AHEY HI7[E0 gt M4 MEE EHd= EEStd
AoH(&FEH, 2018). EPR AHEZOMz= 7709 AHFFL 4749
TRAYZS CfjALOR B[ 9JOm, R = ZalAES Polyethylene
Terephthalate (PET), X3 4Z| Polystyrene Paper (PSP),
PolyvinylChloride (PVC) &2 2z2{&Z O|&3t ZEZYH7I offF3rH.
AP eroMe O E2tAEHZ =8 ESAHAFY ASRHE
sttt ol2fst A 2 HE2tAEHo 2HEEE

Aoz WHELCH o33t Ao
of Ao Oigk FZA7t

IT —
& &0
A

e —
W
4T o

=

s AOME HES RHLU £2%
BEo=2  Qsto  HEAAHO Ot SHE  AHEStE AELY

AUCHEAL, 2018). ZUY Z2tAH 2
2008t E0fA 2015FE 2F 14159 E02 ZJtEQon, ZUj4Q
Foo2011EE 9F  4959F  EOAM  2015W&E  of583%F EoR
ZtetRH (=M Ratetdsl). PR LRI AEE oY 2
A, 2 HESAHO| HEI 2030E7MR] TS 50% AYstL
70%9 MEgES FHE ot QUL o2t =ZHES ot A =-/4it
A

m

OfN oN B I nE
ron

i
.

Q5 4H|, EEHE, 4H4ME YL £
)20l L858 worg MBS YTHEAE, 2017).

o
Bl AYHOE A HAEol Zwo OjEg
2 -UjEE AL OfY Bxjol Hmmor oz



Qa0 82T 4E USD, TYRAO| HE Emt AN B,
eurel 2ot UUEES AL 4 UCHIPY, 1097). =3t
S2|sfaroR oPyEIol Uk LrEsigol iR 27| oFyatet &
£0| HIYTHOR IZSHe A, I2D AZXTHON PVCE
e PadstErEe WOl EHEO s FRO| Co|SMT 2AF
QEYTIA S 23 BHOHBUS WMAIZZIE FCHRUS, 2002),
ojnl Mz ofz UzfolMi HB2AA=o| BHA D] YO
MBI g AMSD MBS Y& Hwe Awstm AT
Se|Lfeter 20| 4£2 WOl Ste U2t L BRAAL AR
i8S HSHe WM ZIstD Qo] 4TS HEoz gy
Z0l2 MZECE W BetAgol xewHe I SUNEE. 4%

OiE, W7l dHzlet SO ALH, ofefer &FEol 2t =27t

| O OFglCy.



2.4

for
Jol

ERCLE

2.4.1 DNT 2,4—dinitrotoluene (CH3CgH3(NOs)s, 97%)

2,4—Dinitrotoluene (DNT)&= LZHAHO| 11X 3322 Zd £229|
2,4,6—trinitrotoluene (TNT)Q| X WHO|AM AM7|= HEZQ ESE2
2 acetone, alcohol §2 §7| 8O0 & == E4& 7t Q°H

o
20| Oist 83l = 20~22 C 7|&F 300 mg/L O|CH(Chemical book).
0j=9 &3 (US EPAOM = O| atetEE H 2L¥=E (priority
pollutants) 7}2H| StH=Z HWHSIF =M, Ol= Ol =&0| 717 Y&t
A =40 O|F9 AHZUFOM OF7|E &= o 7tR| YEfS 2F [fFO

O 229 ARFSS DNT of =5Y Jh542 el YA S 17|
22 NS RS HIB MY THY 22 S4% AYYH 37|E
YT T =E P 4 AU

2.4.2 DCP 2,4—dichlorophenol (Cl,Cs,HsOH, 99%)

H&2 23, Mfefel, A4, SAH7s & HIRH HYUEO0MAM BiEE

of ERE/ol ATt TY MYHE F HEI TS WSIIE S

f S804z ofF0| 2F 2002tE Oy HiEHI UG

suzN Ds5ER Z3

"L O&2 0.005 mg/L

2 sEOME LS fEorL, FFo e oreket
)

|
re) .
BRLAE| SHASHY, 2| JhE, WAL 59| Af

ok
>
Hu
1o
2
In
0
b o
iz
m
i
N

| #g 4 Ut o
2o U FIHSUE LEED YHOR i

Ay

HEID, 23 S42 JRE DEsY SUOLG (WS, 2009). S
2—chlorophenol, 2,4—dichlorophenol, 2,4,6—trichlorophenol2 0O|= 2t
4% (USEPA)OM & 2 T 4 =4 28 =2 (priority

= L
toxic pollutants)d| &Y= A LA SA0|k (USEPA, 2002).
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2 Z24 0
O 71 =

of
L Ziog 2da{A ALt (Tobajaset al., 2012).

chlorophenol&
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Cf

1.660|LCt.
=0 Cr(VD ¥

—

—
A

WIIBHE
7|-1|1 ol

=

=

X}

o

0.67 A,

2.5.1 Chromate (CrO4*~, 98%)
B of w2t Cr(IeF Cr(VI)e

AF BAF2 51.9, 0|24Hg

At
o

3

o4

chromate(CrO42—)2t dichromate(Cr2072—) O|R20=2 ZEZ|

29| pKal = 5.9, pKa2 = 1.80|11, QHtHoZ g7 3E0| 37} A&

=
of i

=

[, 67F 35

°

HZ| Qfofof
12|19 5 mg/kg, 2X|¥9 15 mg/kg, 3% 40

=

2 ¥4 U2l 0580 &L (Banks
=

—

—

HEe=m 7|5 0.05 mg/L

27|zo2

mg/kg O|C}.

HYLS 0.01~0.2mg 22 ¥

(o]
L

=]

i S40]
AM

=

o

Q

et al., 2006).
1

ol

O (2HE, 2005).

Nk

100

A, Addlge ME =of

2.5.2 Selenate(Se0,%”, 95%)
™

A Stk

50

o4

(==
.=

oju

QoL 42 JIER 59 34

ofLat,

4

el

A7l 7|5E QUL

=
=

L

=
=]

A7

1100

pl

7.31,

Zo0E S2| 2o o

=

fH Ag&2 pKal
=35t

°

_']2_

2E=0|L EY £0 HO|

FA| OOF

<]

=

of @ THN

|

o =2 {23

—

H=F 7|2 0.01 mg/L

o, 2
&l



S0l LA 7(A, 7|2t HAH 5 M2 =

= 39 24 & A3 EEHEZ 0|85t ot RAC =, 39
=48 S2A[(adsorbent), SAEOZX= A QP22 SHE
(adsorbate), E2F|2t 228 R3St AE SZA (adsorption

g A = 1
system)2} M BAMEE ChBAO Yo EHYEL 71X 20| Ao
5

+EEHE)
e = ’ _ -
=0e 9] TS
...b ....
...L .J..
«— AA%
13 2 SFESt A ALY EAME)
sfef SHOM SXAE AESIA 7IA 22 AA E¥Es =9, A
stAY =2==9 AHA, F8&838EY 3+ & Hots 497t HH. J7
2EH Atafp HAOf MikstAy TEdel E4H S SAHE AME
st &7 Hsth, ot H MYHLY LR X2 5 I FA FH =
OfF S0 22| O] & oA ULt (FhESta2 ALY EAME)
&2 (adsorption)2 O] S0 747 LA EHEO| F=EUs O 7]
S0 Hef I HEHS FE7F O FORR|[= FLO|T F2A AR
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Adez HYEH FHO| FAHAT Z2o[x| ¢fu OE A U= i
AR 7t HHH ez FItEl= F4RE S+ (absorption)Ztl B
20 E9F 2 471 Ao UHEAHY FAHO| ofjofsto £ &
g B AEstZ| oflE M= #2 (sorption), FAHO S2HE
Ol 229 mEJt ZtAE|l= 3HAFS &2 (desorption) O|2t1 HECL}
S22 BAENM ol 229 &7t Ffcte FH2E 7Y, &
S8 TEHLE BH 7|H =2 EHEAI LA EHI 4o AHO|
HEA EHe FYoIH. LHEHO 7|AH|7F &5, HetEO s&27F HHA|
= dAdE 20|l BEX|&= 9f=H. O FR0o= 7‘||—| 27t B
YELD F0F A EMHO| M7} HS{z[7| M{FZO|C. Hofl = etehsat
(chemical adsorption)d} =2 S2f(physical adsorptlon)—l S FEI
ULy ket g2 2| E2E ESEA0 efer Aol MdE &=
BREM MEEZ RS BH =0 g8 L & & UM 3t
SReEME A8 BAEO 227 SiE|E2 o= dE = & UM =
g 22 FE FAY "o osiM YO  London
dispersion A&, F4 HFA, K= &FA U quadrupole ¥ § &
7t9 Van der Waals3 9 IE’_Z* oF 5t °|qu1| OI3H M

|7|- §—| 01 = o O E 7
B3 AMEE LH BEU(EAA)S /5| PE AED 911, B339
X S0 SEER B E HEE Qlct
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0

Ho
T
[T

459 o

F

52
= 1

SOl A

=2E

Ql
273

(adsorption equilibrium)O|Z+

o

i_|I-JIo=I x|

iojm

Ho o

A

<0
wo o

CoEICEH o7t 2|1

iojm

0
<+

ojm

of =£d

I.

A
o

4 AO|Of| &O| O|ROIZH =

0_|HZ

2 2

JEIOIA Of= 3t

st QAlElE

Ql
278

X3

’

=3

Y o Bde

T
iojm

o/l

I_|- oo

M of dAo BR3s

o

g9 As

Moj| AFEEICH (LAY, 2004).

f 40 S0 23t

%

z

el
Sxztefe O
=I_|I-O|_ TT

my

2t0j| S2|3t(favorable) &O|LCt.

= =

A7|
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w) 7} 3

T

DERES 1

ojEjz HE

BT/ (B)2ks ‘M

5. ppm

iojm

g

Gibbs,

Langmuir,

gl

il

A
o

Ql
=

o o

O| 7+ Langmuir, Freundlich

ol REE0f

AF

Aj0] 71 ©ro| O|8E|0f ST, Langmuir EEEL

5}
LAE e BAA U3 BABU

Potential O| 29| 37f&| HZ HIHO| 9

Totil A

iojm

T
iojm

o4

Mk

o/l

A
~

<0

A
o

CF (A2 dd, 2012).

o]
PN

=
Fal

=
=

84 7180l 7|z

wjr

Q23

==l

=
o

£9

e 24t

zt
2!

1 &

S

1) ZH o
2ofzct,

iojm

iojm
o/l

il

_Zﬂ
iojm

—
—

o|2% 27
213} 7ot

=7 2ot

4r

.

_Zﬂ

i

4r
_Zﬂ
iojm
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(2.1)

abC
14+aC

=[S

L (mg/l), a=

=
o

S ZFXRIO
S2HE9

o/l

(2.2)

_.__mu
__OH_
&I

_Zﬂ
iojm

or
ol
o/l
I
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(a)

1/ (X/M)

I

P

(b)

& 2.7 Sorption isotherm model

o[~

-

1/C

(a) Sorption isotherm, (b) Langmuir sorption isotherm model
(Y20 A4y, 2012)
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logq, =logK+ %bgC’e (2.4)
1/n2 249 7|27(0|C}., Freundlich #HAOIM 1/n 20 0.1~0.59)
= S20] A HEE YEHWHA|TH 1/n>2Q1 FLo= HlE
LHo|aks 22 UEHACH Freundlich WAL HANo &g &
O} &SP MBS0 LERHS AjojTh (843, 2014)
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7| ¥ =2 @ carbon nanotube *I‘OIQI Sz 28
—1

=
ay
=
@)
=3
=
o
(@)
i
ofm
:Olg
p= N
o2
:Olg
rt
my
=
=
Ap
ox
el
ok
N
A
[n

nanotube2t HEZ H_F ZF AO|0f Z3t E2F 4
&L YUEZ HISFE  (electron donors)d =
(Highly polarizable grapheme sheets)?7f2] n—n electron—donor—-
acceptor (EDA) interactions® S2F2r80| 9|5t 7oz H k|t (Bh
435, 2014). = black carbonO| 7 2l electron—rich/poor 3t EH.EO|
2,4—dinitrotoluene, 2,4— trinitrotoluene (TNT) 51 Z2 electron
acceptorf S2HEICt= o2 JHEULDH (Chen et al.,, 2007; Sander
and Pignatello, 2005).

YRAS W9 9 2F Y SN HEWY G4 BHYY IS
DiZ|Z8 EA ) pHE HRUS HEol F03 AW I B
of BHstEre AraSEAOIM HER HA ARl U Laxn, ¥
2 p effect7t EABHOIN F23 ATe

Cr (VD) &2F2 pH 2.0 - 5.00|M pH 2&E0| =% 2o Cr (VD)
S22 pH 2.00|M ZY5IATt. (Demirbas et al., 2004; Vinid et al.,
2010; Dong et al.,, 2011) O] pH ®HQO|AX Cr (VI) &2 79| H3t
= SRz g o Hjo|ezat BEHO| Ogt Cr &2 pH &&d W=
2 £ QUCt (Chad P. Johnston, 2014)

Se0, "= hematitedAo W BEHH E3HY 0 HASHX|0F goethite2t
HFOOIAM 28 & W BHE S49 a5 JditHes A=z ¢
2 gk B2& 34

& H 8 O] &0
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EEol= Fafa HHOM {71201 Bol el =efEof 7tA, 2%,
Char HAMZO| MMEIE ZHOITE 714 BABEE o
oF CH4, CoHs, CsHs, CO 0| MAHED, U BEiAZ2 HFZs}

Mo
fu

=52 5t
22 ma o3 2| BEHOE UL T3t 1y HuES o
wollahge U E=AM ELTL HEQ CharZ O|RO0{A U1, YR 3
dawdt A7t EEO U 8hg 2=, AZF SO oer ZF 24bEa
Jao| WMo YBAN, YWHOE LIt EE4AS A A
S7fote HHHO| Y F Char? YWAYFO| Z4dt= A2z PR
AL (IS0, 2009). EEolE Al ©f 7122 HdFE SEoI9 A
259 20| A METS BHH
v vV
mol/g- min:w (2.5)

v © flow rate (min/L)
V : Gas volume (%)
M : Amount of biomass (g)

2.8 7tA9 ALt

A A2 International Standard (ISO 6976:1995)2| HitH
S SIGICE HA J|E JtA 2B & Y U poiA
23 © Jta B0 2% G U UY poMY Adis b Aoz
AlAPE ALY

H* [ty, V(ty.p,)]

2.5
Z’m,i.’l: (t23p2 ) ( )

H[tl, V(tlaPQ )] =

Ht, Vtpp)li= AF 719 Al 7ks ZE=Foin 7, (thp) = A

71 230 M ] b Algolth
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>
o
T
T
ck

3.1 A

oo

2

AEO|  AMRE Al 2,4—dichlorophenol  (Cl.Cs,H,OH,  99%),
2,4—dinotrotoluene (CH3CH3(NO2)2,97%), Sodium chromate
(CrNaOy, 98%), Sodium selenate (Naz04Se, 95% )=
SIGMA—-ALDRICH (U.S.A)0M FYUSIAH. A0 Ar&<2F biochar?
ZE2E £ 67tR|2 Coffee biochar® 0|9 EHE At H7|, H,0, X
gt HIO|22tef, Arif O|itefHta= Zhgoteh HIO|RZ[O|Ct A0 ARE
= Z2|H{= Polyethylene (PE), Polypropylene (PP), Polystyrene
(PS) 22 SIGMA—-ALDRICH (U.S.A)0M TUSIYUC. ZE 22
Nex Power 1000 (Human, Korea)g 0|85l AHZREH =4S

(deionized water)& AF835SLCt.
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3.2 A

oo

HFEH
od

3.2.1 HIO| Rz} A=

tr
rf
-4
e
R
rr
[nm
5
ro
=2
| >
i

G223l 5t HIO| Rzt (biochar)E #| 2R3}
7| sl AHLRIAZ|E YR0|L4 EE (alumina boat)&7[0 H1 AT}
7|2 (DTF-80300—TF)0| EQI5t0] &&3|

s 4
= —

CEES| 255 550 C RAOIM 2A4|17F59F 1000 cc/min
=

=

Hr

A

FEoiE 2HSIAL. Ecl = Yo A=zs
& S ZH|SIF L. Ardf CO, activated coffee biochar® 7
& Ar7t28%b CO, 7tAF AREsto] YUt ZUOM E&ol 5t A =5t
ALy Ak F7|, H.O0, BHZE HPO|RZ[S| FAL Ny ZtA0M A2
HIO| 22} 1 g& 40 mL vial 0 1 N HClI £&= 1 N NaOH, 1% H,0,&
20 mL1 hr &QF w8 5 4000 rpm ¥4 28 3 &UZ AHH = THA|
=2 1 N HCl E= 1 N NaOH, 1% H:0.& 20 mL T2 H voltex
shaker2 587t WHF S OA|Z 4000 rpml 2 Al 22| E ZIsHsI

goe 75t 0|5 ZEAE 20 mL 2 H voltex shakerZ 5
0 o

>

o T

=1 wgt 2 OAZ 4000 rpml 2 EY 225 AUYstq M A
sf= 39 A5t M5ty O] MZE biochar§ 80 =OM 12
Az ol AxsrRA

==
—
I - S

Pyrolysis temperature: 550 °C
Input gas : N, CO,, Ar

Pyralysis time: 2 h

[ Acid treatment (1 N HCl)

Base treatment (1 N NaOH)

- Oxidation treatment (1% H,0O,)

=) |

29 biochar A=

13 3.1 HO| &} A= &Y
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U3 wHe Ol 2T 9¥BY UINE R UY J|FoR sl

[== [e] [m=] E =
Of Zt7t 2£440| 831A7 DNTE 10~180 mg/lL, DCPE 65~800
mg/L, CrO,s 2 80~660 mg/L, SeO,* = 150~740 mg/L, 5E°| KoH

= A ZorUL. 40 mL vialdf 2fZf9] @F=H BH 20 mLE B2 &
ZHH 2 AFE3SE coffee biochar, CO; coffee biochar, Ar Coffee biochar
, HO, coffee biochar, Acid coffee biochar, base coffee biochar 2 &
S DNTQF DCPQ ZAL 0.05g 22 stgen, CrO> 2 Se0, = 0.1 g
OF 51 z=LEHE HRE M0 22t B2 S shakerO|A 180 rpm
O =2 shakings SIAL. A A7t 12AtL2 HFsIReH, ME2
0.45m membrane filter2 filtration & HPLC (Ultimate®3000,
DIONEX), IC (ICS—1100, DIONEX), 2 2AM5I¢L. 25 A2 42
M AEACH 22FF =0|7] HStH duplicate2 HASHAL:. LESF
=424 ST AU pHo| A FFS 7| W=Zo| DNTLF DCP
8OHo| pHE 4.5~5.0 AIO|2 RAFIFOH, CrOs° 2 Se0,” = pHE 4
oF 72 RSt ddg st

_ Screw cap :.’:ﬁ.f -
-
e
-
S 10 1 vial & =
’ @
" “‘ _ 20 mL of solution
Y Yt -At 25°C
‘£ " : DNT. DCP, C10,2.8¢0,*
. -Side shaking at 180 rpm

I -Equilibrium time : 12 h

Sorbent : 0.05gor0.1 g
Biochar (coffee biochar, CO, coftfee biochar, Ar Coffee biochar , H,O, coffee biochar, Acid coffee

biochar and base coffee biochar)

& 3.2 Schematic diagram of batch experiments
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A Y2 O3 24 2 AZ0M = Ho|ojAer E2ME FZdH
ofof OEf 45 A ZSIAM. AHLAAZ[LE PE, HLR|7H7|2t PP, #
WAAHZ|2F PSE 95:52F 85:20, w/w %2 A Z5t0| LRO|L EE &
710 2o 02 ogE ZH7|Z(DTF-80300—TF)0| EQst FE|S
YLt ¥ES E= 550 CTE 502 59 0.5 L/min® A 7IAE
FUSHo] FEHE 2IMSIALE. EESHE St YSHE 7tA= 0.45um

2kA S
vent filter O|®30] filtration & O|E7tAE  YUANTEARS
SKY2000-M22 At85t0] =25t JpALS  YUANTEARS]
SKY2000—H22 AMR510] 7tA AHARSE

I GAS
o3
‘ 0.5 Limin
Out .
=
) -
Vent Filter
Pre-heated
) 550°C
e’ [ -
I —_—

Gas detector Control box

v

= 3.3 Schematic diagram of gas recovery experiment
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3.3 HO| R} 22|3H81Y S4EA

2 A9 A= pH, PZC, BET surface area, %holgji_ikﬂ%k(CEC), =2
L WEF(AEC), E.A.,, FE-SEM, XPS 59 &AM

s Ho|ezfe] ReF F F7|, FARLRet 2y 24, 75"13 £
IE =4 S AFEE biochar?| 7|EEHS YOLE7| {5t G234 &

’

1ds HOIR2[S pHE &Ms5t7| Ao Rump® Krist (1988)7f A|QF
et S AMESIR2H, HE2 -10 mesh A= 20 gilf 7% 50 mL
£ S3A|7{ 30 27t shaker (HB203, HanBack, Korea)Z uHF A7l
S pH meter (Orion 5star, Thermo Scientific, U.S.A)E =35t LCt
Point of zero charge (PZC)g£ Faria®l Orfao 12|11 Pereira (2004)7f
A orst Hitlg AHEHSIFCE 100 mL Z2tAF0| 0.01 M NaCl 50 mL&
pH 2 ~ 122 143t O ZtZe| F2f£30| 0.15 g9 2AE 21
shakerOf| o 48A|7t 9t WHISH & pHE &SI L.

1/ds HO|Rxel 37| X, HIE AOtETY| 3 BET surface area
= Brunauer—Emmett—Teller (BET) surface analyzer (Nano
porosity—XQ, (Z) O|2{Of|A0t0|, Korea)2 =Z5IH O, HFO|QXf AH
22 EaUIA0] SRS WY FO| EEVIA Of LEAF EAZ

E e - =

ME €9 o g2IEME &AM, A4Sty EMot.

Cation exchange capacity (CEC)= Hesse (1971)7} #|Qtst uiHS 2y
EHSIIC EH2 -10 mesh A& 0.5 g H 8.22] 1 M NaOAc £

3 mLE g1 shakerO|M ©f 5 27t uH 8r Fdsd7|2 2500 rpm
of £E2 g2 Hrists YL 43| wrEsto] £ & M5 Zat
A7l THE 95% OlEtE 3 mL 2 O 4@% 27t 43| g

WS AH & pH 79 1 M NH,OAc 84 3 mLZ o MY S EJr*l
43| Hk=s5t0 10 mL 8HE Z2=eH. 2EH 82 1 M9 HCIZ
1008} 3|AMA|7ZI 2 Na9 S atomic absorption spectrometry
(AAS, Analyst 700, Perkin Elmer, U.S.A)2 2Ms5I0{ ofgfe] Al 3.1
off olsi oA

CEC (meq/100g) =

r0||

I

200* concentrationof Na (mg/L) (3.1)
23 )
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Anion exchange capacity (AEC) += Lawrinenko and Laird (2015)7}
A oteh B S AESHA.

1) 20 mL vial O biochar 1 g I} Z&£&44 10 mLE Y1 NaOH 2f
HBr A5t pH 4, pH 6, pH 8 £ RASHC}

2) 22 % YNER| 5 B FCksH ML,

3) 1 M KBr € 2 mL 23 22E0F 180 rpm O.2 WHFA|ZICt

4) 2pL42 HHEH0 MI|HMEEE 5 uS/cm O|5HE BHE0 ZCf,

5 MAE B 1 g biochar & 250 mL viald 2.5 M CaCl2 2 mL 2t
50 mL 258445 22 5 2959 180 rpm 22 WHHA|IZILC

6) 148 mL &S 21 200 mL § 2501 0.45um HEHQ TH
2 Wezsit

7) R

8) 3N
ct

r—12 2M5t0] ofafel Al 3.20| o5 L5t

o)

200* concentrationof Br (mg/L)

35 (3.2)

AEC (meq/100g) =

ABE MW 1000C HEO TL0jM HAASH ZtE
A2 FoflA[Z At EEEOM QFYESt  stetEE HEEC
chromatographic column® 2 &2|/&H, O] & 7tA9 & A

o |49 =29 SHZ 1st= E.A.&= elemental Analyzer (E.

Vario—Micro Cube, Elementar Analysensysteme GmbH, Germany)i

.’J>

soj2ite] B Y F7|E WU U HABE L= DA

a HAE FARIY MUY A2 OjAMZ

, @5—% 2Mst &~ Qe 2|9 FE-SEM (Field Emmission
E

lectron Microscope, JSM—6500, JEOL, Japan) 2 EA5I¥

Al t
7| (X~ray photoelectron spectroscopy, XPS)& £t 1, A2}
O| binding energyE &5t EAMSILCE.
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3.4 80|93 B2IBHEHE S 7Y

AlS0|| AF23F 67tZ| biochar (Coffee biochar, Acid coffee biochar,
Base coffee biochar, H:0: coffee biochar, Ar—activated coffee
biochar, CO2—activated coffee biochar) ZtZo| CHSH EHE IS

a3

3.4.1 FE-SEM &M ZAui}

7L HfO|Z FE-SEM ZAIE 1™ 3.1~-3.61 Z0| LEFHAL.
Coffee biochar, Base coffee biochar, Acid coffee biochar, H-0,
coffee biochar, Ar—activated coffee biochar, CO,—activated coffee

| i !
biocharis CHEAZZOl 248 & 4 IiLt

Bl SISORY AR N

X2500 X4000
= 3.4 Coffee biochar® SEM image
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5 I; 4,000 WD 10
X4000

I3 3.5 Coffee biochar (base treatment)2] SEM image
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X1500

X2500
12l 3.6 Coffee biochar (acid treatment)2] SEM image
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1 WD I 0

150KV *4.000

X4000
a2 3.7 Coffee biochar (H,0, treatment)®] SEM

image
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SE1 15 Ok

X2500 X4000
12 3.8 Coffee biochar (Ar activated)?] SEM image
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50k

X400
a3 3.9 Coffee biochar (CO, activated)2] SEM image
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fasdol ZWE B 30, 3.2, 33% 2Ol UEHT Hfo|2xfl
Carbon® AL coffee biochar (62.5 wt.%), CO; coffee biochar (63.3
wt.%), Ar Coffee biochar (56.2 wt.%), H;O. coffee biochar (61.8
wt.%), Acid coffee biochar (60.1 wt.%), base coffee biochar (79.9
wt.%)2 ArQ =2 Eg3I5t biochar (56.2%)5 2% 22| biochar
= Co =AF2 60% Oldo|A2H IF NaOHZ =3t base
treatment®] AL 79.9% 2 7t =2 CHES AYIL QYAULCLF. Oxygen
2 coffee biochar (3.2 wt.%), CO2 coffee biochar (2.7 wt.%), Ar
coffee biochar (7.1 wt.%), H202 coffee biochar (3.8 wt.%), Acid
coffee biochar (3.8 wt.%), base coffee biochar (9.4 wt.% )2 F H®Y
2 oxygen?| UFO| UL FA FMZ SOl biocharz= HEEFE CL=2
FHEASS HAUSAT.

Rice straw 2 spent coffee ground? ¥|AEAM ZAit Carbon? FL
rice straw (39.6%)1} spent coffee ground (46.46%)%2 I CH
Of A 2L WU

PolymerQ| #|4AE2M FEHZAL ALt Carbon? A% PE (78.18%), PP
(83.74%), PS (90.40%)2 2 CHEEO| polymer?] CQ &&HE 78% O

FOoIRH-
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H 3.1 Elemental analysis of biochars

(Unit : wt.%)
Sorbent C H N S )
Coffee Biochar 62.5 2.3 0.9 0.2 3.2
Coffee Biochar
63.3 2.0 0.6 0.1 2.7
(COy)
Coffee Biochar
56.2 2.2 0.6 0.2 7.1
(Ar)
Coffee Biochar
61.8 2.4 0.7 0.1 4.2
(H»02)
Coffee Biochar
] 60.1 2.1 0.7 0.1 3.8
(Acid)
Coffee Biochar
79.9 2.8 4.5 0.1 9.4
(Base)
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H 3.2 Elemental analysis of rice straw and spent coffee grounds

(Unit : wt.%)

Sorbent C H N S 0
Rice straw 39.6 5.72 1.28 0.042 40.6
Spent coffee ground| 46.46 6.39 3.30 0.067 40.256

_36_




H 3.3 Elemental analysis of polymer wastes

(Unit : wt.%)

Sorbent C H N S )
PE 78.18 12.84 0.06 0.08 3.61
PP 83.74 13.71 0.98 0.08 0.98
PS 90.40 8.56 0.18 0.08 0.18

_37_
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3.4.3 Ho|2xt E4=4 2

HIO| Q3 S ZTE E 3.20) UEIUACH pH 24 ZI coffee
biochar (9.1), CO. coffee biochar (8.6), Ar Coffee biochar (10.2),
H;0, coffee biochar (9.9), Acid coffee biochar (3.9), base coffee
biochar (9.3)22 Acid coffee biochar® pHe 3.92 AHJO|H, LHZ|
571A| Hpo|zt= F7|dE HAH. HIEHY M ZAY coffee biochar
(3.4 m?/g), CO, coffee biochar (5.0 m?/g), Ar Coffee biochar (4.9
m?/g), H,0, coffee biochar (2.3 m?/g), Acid coffee biochar (3.5
m?/g), base coffee biochar (4.2 m?/g)Q =2 LIEFLCE UO| 2w 3HF
2M A1t coffee biochar (85.6 meq/100g), CO. coffee biochar (72.1
meq/100g), Ar Coffee biochar (43.4 meq/100g), HsO, coffee biochar
(33.4 meq/100g), Acid coffee biochar (35.6 meq/100g), base coffee
biochar (35.3 meq/100g)l 2 HE =2 QO|2u2aeF 7S LELHD

oo
PYSPIN
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H 3.4 Properties of biochars

BET
surface CEC
pH PZC
area (meq/100g)
(m*/g)

Coffee

i 9.1 3.4 85.6 9.3
Biochar
Coffee

Biochar 8.6 5.0 72.1 8.5
(CO3)
Coffee

Biochar 10.2 4.9 43.4 10.5

(Ar)

Coffee

Biochar 9.9 2.3 33.4 8.7
(H202)
Coffee

Biochar 3.9 3.5 35.6 2.4
(Acid)
Coffee

Biochar 9.3 4.2 35.3 9.6
(Base)

RS biochar 10.9 16.7 3.1 8.2

WC biochar 6.5 55.3 14.4 6.7
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3.4.4 HIO| @} AEC SA Z7t

71 HIO| 2} AECEAM ZWE H 3.30| LEFHACH AEC &M ZAuf
pH 8 7|&2 2 coffee biochar (155.94 meq/100g), CO, coffee
biochar (157.38 meq/100g), Ar Coffee biochar (176.29 meqg/100g),
H;0, coffee biochar (147.33 meq/100g), Acid coffee biochar (342.86
meq/100g), base coffee biochar (152.86 meq/100g)2 2 Acid coffee
biochar?} 347.43 meq/100g 22 713 52 S0|2u2=F 7k LIE}
HWo AALH, 54 20|29 IAFL Hds 2LF=2 29 |42

Zd0|2t of| ¢
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H 3.5 AEC of biochars

(Unit : meq/100g)

Sorbent pH 4 pH 6 pH 8
Coffee Biochar 127.27 124.99 155.94
Coffee Bioch

oriee Bloctar 130.08 142.56 157.38
(COy)
Coffee Biochar
162.57 172.57 176.29
(Ar)
Coffee Biochar
148.50 151.55 147.33
(H20,)
Coffee Bioch
oriee Blochar 283.43 347 43 342.86
(Acid)

ffee Bioch
Coffee Biochar 146.00 171.71 152.86

(Base)

RS biochar 85.7 86.9 915
WC biochar 87.1 83.9 89.5
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3.4.5 H[O| X2} XPS &AM A1}

W Ho| Rzt XPS &M AWE IF 3.7~-3.80 LEIHAL. Cls &4
21t 284.4 eVOM C—C I§3, = carbon bonding0| UYS=S &QUSIYS
o coffee biochar OAM= C—0 peak & C=0 peak?l HZHdoz &N
St O ULk Ols EAM A coffee biochar (CO; base), coffee
biochar (acid treatment), coffee biochar (Ar base)? ZAE 531.5~
532 eV APO|Y|M organic O—C peak 7} YEHFOMH  coffee biochar
(H;0, treatment), coffee biochar (base treatment)?| AL 533 eVY
organic O=C peak?} H<& &/dat E[/O{QILC},
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Intensity (a. u.)

Intensity (a. u.)

104 —— Coffee Biochar
’ Coffee Biochar (CO, base)
Coffee Biochar (Ar base)
Coffee Biochar (H,O, base)
0.8 1 Coffee Biochar (Acid)
Coffee Biochar (Base)
0.6
0.4 -
0.2
0.0 —=EEEET . . .
280 285 290 295
Binding Energy(ev)
3 3.10 XPS spectra of biochars (Cls)
1.2

0.2

0.0

— Coffee Biochar
—— Coffee Biochar (CO, base)

(
—— Coffee Biochar (Ar base)
—— Coffee Biochar (H,0, base)
—— Coffee Biochar (Acid)
Coffee Biochar (Base)

525

530 535 540
Binding Energy(ev)
& 3.11 XPS spectra of biochars (Ols)
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DNT, DCP &AMo| Argst 7|7|&= DIONEX (U.S.A)AFSl HPLC
(Ultimate®3000)0|H ZH&2 Acclaim® 120 C18 5um 120A (4.6 X
250 mm)E A5G 2l DNT EMZRZAE2 254 nmoAM E&E =241}
methanoldf DIWS 50:50 H|&&2 E3%st eluent, DCP BEMZXAHE 224
nmOj|A] SZ L ZZ 1} methanoldt DIWS 60:40 H|l&Z =3%5F eluent
£ isocratic methodd| 2|sf 1 ml/min®] &£EZ2 ZHFIULH. AR F
UHFS 100 pl O], Ultimate® 3000 wavelength detectorE O| 25t
1 Ultimate® column compartment? 2F= 25 C=2 U At
Cf. DNT, DCP retention time2 ZtZt 21.62, 17.520| C}.

CrO42—, Se042— EAMO| A3t 7|7|= DIONEX (U.S.A)AtS IC
(DIONEX AS-DV, DIONEX ICS—1100)0|H Z™HZ2 2AM7= (4 X
250 mm) I ZtEZZE (4 X 50 mm)eZ JAE0 Qon
IonPacAG22, AS22, 4mm & AtEs5I¥L. 2MZXAZ2 4.8 mM Sodium

carbonate 2F 1.0 mM Sodium bicarbonate & E%3t eluentE 1.5
o

r|o

mljmin © 452 §2ZUCL AES FYTE 10 4l OB, LEE
30 CE2 Ty ASHFIICE CrO,% retention time ZHZF 21.58 958,

7T=0[ A
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DNTO| Cigh 67[2| HfO|2fef CfZFQ U3 HIO|22fe GACY BY

Eak ATE 77 410] UEHHYICH E3F 1% 41004 2A0jR AMLE
Langmuir?l Freundlich 2% Alof| OIS0 & ZE Al Cfst M
AYEZE E 410 2 3st¥ct. DNT 9 Langmuir 2% Aldt
Freundlich BB Al 7k0| AP AZ H|DEIHS [ HHYHMOD H|L5H
SEASLE BO|D Qo MYHLR Langmuir® RZ[O] 10f ZH5|7|
If20| Langmuir ZH 2 S22 TII5H L

HFO| Xt &2+Z2 CF biochar 14.75 mg/g, Ar Cf biochar 4.94 mg/g,
CO; CF biochar 6.10 mg/g, Acid CF biochar 1.73 mg/g, Base CF
biochar 3.63 mg/g, H.0, CF biochar 2.55 mg/g0|H LCHZAQl RS
biochar 2t WC biochar= ZrZF 11.65 mg/g?t 21.51 mg/gO|LCt.

HYEAA Ardt CO,2 #/d3tA|7l biochar® FAE ZHS2IFO| Z2fZf
4.94 mg/g? 6.10 mg/gC 2 Z|Of E2t&Z0| 14.75 mg/g Q! CF biochar
HO "Xz Mool ChE Acid, Base, H:0,22 HH Xzt
biochar Bt =2 &2 EZ HO|LZ /0| O|= biocharEMHO| functional
groupO| 42 DNT A HHYFZO IS F= A2 EUH. 1
g R RS2 WC HO|2ztet H|WE 5i¥E W HEHZHO|
DNT £2t9| Q7|2 Z 5t om, WC biochar® H|EMHZAE 55.3
m*/gC 2 1Y &2 HEHAZ BOFYONH BF2 2251 mg/gl=
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q (mg/g)

18

16 - o
{
14 4
@ DNT aqueous (coffee biochar)
12 4 P A DNT aqueous (coffee biochar -Ar-)
V¥ DNT aqueous (coffee biochar -COp)
DNT aqueous (coffee biochar -Acid)
10 @ DNT aqueous (coffee biochar -base treatment)
DNT aqueous (coffee biochar -H202 treatment)
8 -
6 v v v
([ A A
v A
4 o A L 4
v
- . ¢ *
2 A L 4
A e
0 T T T T T T T T
0 20 40 60 80 100 120 140 160 180
C, (mg/L)

13 4.1 {0} HIO| 29| DNT F2f &

_46_



H 4.1 Estimated parameters in sorption isotherm models for

sorption of DNT onto sorbent

Langmuir sorption
Freundlich sorption isotherm
isotherm
b
Geo (mg/g)
Sorbent a (maximu R? 1/n Ki(mg/g) R?
m
sorption
capacity)
CF
0.13 14.75 0.99 0.37 2.76 0.98
biochar
CF
biochar 0.17 4.94 0.99 0.29 1.23 0.91
_Ar_
CF
biochar 0.14 6.10 0.97 0.24 1.92 0.88
—COy—
CF
biochar 0.14 1.73 0.98 0.09 1.08 0.98
—Acid—
CF
biochar 0.05 3.63 0.98 0.41 2.04 0.97
—Base—
CF
biochar 0.02 2.55 0.98 0.37 3.42 0.95
—H,0,—
RS
0.09 11.65 0.98 0.23 3.82 0.83
biochar
WC biochar | 0.02 21.51 0.95 0.50 1.57 0.86
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DCPO|| Ofeh 67FA| HIO|22fet Hj=aQl B HIO|22t2b Graphite?|

& 5zt AWE O3 4.20] LFEHAQC ESF = 4200 A0j2 ALt
£ Langmuir? Freundlich 2% Al C{QI5t0) & 2@l Aloj| Cfst M3
HAZESE E 4.200 2| SiH. DCP 9 Langmuir 2@ A2f
Freundlich 2% Al 7to| AMHA4AE H|WSHHES [f HMXYHOZ H|L5H
dEAs+E EHO|L U2l iiﬂﬁoi Langmuir®| R?Zf0| 10 ZA5t7|
020 Langmuir 2HZ S2t2 TIt5HA L

HO| @2} &2tZF2 CF biochar 8.07 mg/g, Ar Cf biochar 8.25 mg/g,

CO; CF biochar 5.91 mg/g, Acid CF biochar 16.1 mg/g, Base CF
biochar 9.41 mg/g, H.O; CF biochar 7.88 mg/gO0|H LCHRAQl RS
biochar 2t Graphite= ZtZt 256.41 mg/g?t 6.72 mg/gO|LCt.

DCP &2f0| ¥&2 2= 7242 pHIt PZCO|H CF biochar® pHE 9.1,
Ar Cf biochar&= 10.2, CO, CF biochar= 8.6, Acid CF biochar= 3.9,
Base CF biochar= 9.3, H30, CF biochar= 9.9, RS biochar= 10.9,
WC HPO|22t= 6.50|H 2+2te| PZCe= CF biochar? pHE 9.3, Ar Cf
biochar= 10.5, CO, CF biochar= 8.5, Acid CF biochar= 2.4, Base
CF biocharE 9.6, H,O, CF biochar= 8.7, RS biochar= 8.2, WC H}O|
Q2= 6.70|Cf. DCPQ pK.& 7.902 2 MWAHAEHC| pH7} pK, ECOF &
A W2 Acid coffee biochar 2F WC biochar 9 2% I L{ES 20|
25t B3| e A4UAT YPES FE HOB HOp pHI DCP B30
=8 HAHYSOIAU.
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q (mg/g)

16

14 -
|
12
10
" °
8 [ ]
[ A
6 ° . ~
= L 2 * @ DCP aqueous (coffee biochar)
4 A A DCP aqueous (coffee biochar -Ar-)
° A V'S v w DCP aqueous (coffee biochar -CO,-)
v I DCP aqueous (coffee biochar acid treatment)
2 1 A 4@ DCP aqueous (coffee biochar base treatment)
® DCP aqueous (coffee biochar H,O, treatment)
O T T T T
0 100 200 300 400 500
C, (mg/L)

17 4.2 7|0 HIO[R2{9] DCP &2 d=fZE
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H 4.2 Estimated parameters in sorption isotherm models for

sorption of DCP onto sorbent

Langmuir sorption
Freundlich sorption isotherm
isotherm
b
Geo (mg/g)
Sorbent a (maximu R? 1/n Ki(mg/g) R?
m
sorption
capacity)
CF
0.04 8.07 0.97 0.32 1.29 0.98
biochar
CF
biochar 0.01 8.25 0.97 0.49 2.73 0.95
_Ar_
CF
biochar 0.01 5.91 0.97 0.68 12.48 0.96
—COy—
CF
biochar 0.01 16.1 0.99 0.28 3.10 0.829
—Acid—
CF
biochar 0.003 9.41 0.99 0.64 9.23 0.94
—Base—
CF
biochar 0.003 7.88 0.99 0.67 11.5 0.99
—H,0,—
RS
0.07 4.83 0.87 1.62 0.23 0.86
biochar
WC biochar | 0.01 36.9 0.99 1.81 1.22 0.95
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4.3 Chromate =32t

Chromate®| T3t 67FA| HIO|R2tef Dj=FQI BIY HFO| 222t Graphite
o JF &2 AME IF 4.30 HEFUAD. L£SF O 4.30|A Ho{z
AIE Langmuir?t Freundlich Z2& AlQ| Olstd &= 2ol Alo| Ojst
MALAEDEE H 4.30] 48] St¥Lt. Chromate® Langmuir 2% AlWf
Freundlich 2% 4 7to| A +F H USRS I MAH2ZE H|L5H
MEASE 20| QoL MAHHOR Langmuir? R’ZfO| 10| Zs}7|
0f =0 Langmuir R 2 S2IFS H7torUH.

H}O| @2t 52FF2 CF biochar 42.92 mg/g, Ar Cf biochar 13.93 mg/g,
CO, CF biochar 21.32 mg/g, Acid CF biochar 55.87 mg/g, Base CF
biochar 44.05 mg/g, H,0, CF biochar 35.46 mg/g O|H CHZAQl RS
biochar 2F WC biochar= ZfZF 15.00 mg/g?} 4.43 mg/gO|Ct. B & #
O biochar?t H{ZF2 RS biochar WC HIO|ztHL 52 50| £
orom Acid CF biochar® Z2&0| 7t3F =QfCh B 340 HXH
Chromate 20| FFE F= A2 AEC O, AECZ2 pH 85 7|
F9 =2 coffee biochar (155.94 meq/100g), CO, coffee biochar
(157.38 meq/100g), Ar Coffee biochar (176.29 meq/100g), H,0,
coffee biochar (147.33 meq/100g), Acid coffee biochar (342.86
meq/100g), base coffee biochar (152.86 meq/100g)2 2 AECS| ZiO|
SIIE4E BAYE SIS,

O|F HI”¥C2= HO} CF biocharz= =430|2¢ IAE LF=E
EM9 7tsdE 2ol YA

0|I

iI-Z-”

e

ot
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Concentration (mg/L)

40

30

20

Coffee biochar
Base Coffee biochar
Acid Coffee biochar
CO, Coffee biochar

Ar Coffee biochar
H,0, Coffee biochar

vV A v
A A
A [ ]
M [
v
[ ]
* *
v [ ]
A * - .
[ ]
° A
° ¥ v
xH [ ]
*
T T T T .
50 100 150 200 250 300
C, (mg/L)

a3 4.3 Ao} HO|2XtQ| Chromate S2F 12
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H 4.3 Estimated parameters in sorption isotherm models for

sorption of Chromate onto sorbent

Langmuir sorption
Freundlich sorption isotherm
isotherm
b
Geo (mg/g)
Sorbent a (maximu R? 1/n Ki(mg/g) R?
m
sorption
capacity)
CF
0.11 42.92 0.98 0.54 1.71 0.98
biochar
CF
biochar 0.02 13.93 0.99 0.40 1.36 0.95
_Ar_
CF
biochar 0.02 21.32 0.96 0.45 1.55 0.89
—COy—
CF
biochar 0.02 55.87 0.98 0.78 3.69 0.87
—Acid—
CF
biochar 0.04 44.05 0.99 0.30 8.30 0.87
—Base—
CF
biochar 0.01 35.46 0.97 0.51 1.51 0.83
—H,0,—
RS biochar 0.10 15.00 0.98 10.21 8.09 0.90
WC biochar | 0.01 4.43 0.71 4.81 1.00 0.79
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4.4 Selenate =2t

Selenate0| CHSF 67FZ| HIO|2zfQ} CHRAQl EIRl HIO|2%t2} Graphite
o B &2 A4S A7 4.30 HEUWAH. Lok IF 4.30A Hofl
AIE Langmuir?} Freundlich 2B A0 OjUsto] & ZH Al Ofsgh
MALAEDEE H 4.30 48 St Lt Selenate® Langmuir 2 AlWf
Freundlich 2 4 7to| oA +F HIUSIYS M HMAH2Z H|LSGH
HEALSE BO|L QO HMHH™OZ Langmuir? RZO| 10| 23a}7|
0§ =0 Langmuir 22 S2FS Y7t5tUH.

Ho| @zt &2k CF biochar 1.71 mg/g, Ar Cf biochar 1.15 mg/g,
CO; CF biochar 2.05 mg/g, Base CF biochar 0.81 mg/g, H.O, CF
biochar 1.13 mg/g O|H Acid CF biochar® ZA{ Z32t0| QUO{L}R| UQf
Cf. tZ+9l RS biochar 2 WC biochar= ZtZF 10.21 mg/g?} 5.09
mg/gO| .

CF biochar® pH+= 9.1, Ar Cf biocharg 10.2, CO, CF biochar= 8.6,
Acid CF biochar= 3.9, Base CF biochar= 9.3, H,O, CF biochar=
9.9, RS biochar= 10.9, WC HIO|22t= 6.50|Q+=0 pHIt 7t S
Acid CF biochar= &20| E|Z| ot2 ZioZ HO} pH7} selenateQ F
[ B3 03U Z0|3ict

)

r

J
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q (mg/g)

Coffee biochar

Ar coffee biochar
CO, coffee biochar
Acid coffee biochar
Base coffee biochar
H,0, coffee biochar

61 v
v v
5_
4_
3_
°
21 A
° ° b v
1 * ®  x & x * * [
°
*
0 % T - T = . -
0 20 40 60 80 100

C (mg/L)

%™ 4.4 70 H}O|2%}9| Selenate &2+ 12
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H 4.4 Estimated parameters in sorption isotherm models for

sorption of Selenate onto sorbent

Langmuir sorption

Freundlich sorption isotherm

isotherm
b
Geo (mg/g)
Sorbent a (maximu R? 1/n Ki(mg/g) R?
m
sorption
capacity)
CF
0.10 1.71 0.98 0.24 1.91 0.98
biochar
CF
biochar 0.46 1.15 1.00 0.07 1.18 0.94
_Ar_
CF
biochar 3.00 2.05 0.96 0.19 2.77 0.77
—COy—
CF
biochar - - - - - -
—Acid—
CF
biochar 0.81 1.45 0.98 0.41 2.04 0.97
—Base—
CF
biochar 0.28 1.18 0.97 0.09 1.03 0.99
—H,0,—
RS biochar | 0.007 10.21 0.99 2.09 2.50 0.96
WC biochar | 0.022 5.09 0.99 7.03 1.97 0.76
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L O
Q! rice straw : PS (80 ©20)Q CH, At 1.7 ol/g Eq- 3.6
Hi Ol 42l Ol EARME oI%s W A< %Eéol 46.46% =
A9 CFQ 39.6% &0 WOl U7 H=Z0|H. H.o YitF2 Coffee
©PS (80 : 20)0] 1.31 mmol/g 22 712 TQFOMH Rice straw : PS
(80 : 20)= 1.54 mmol/g2=Z 713 ULy 29| FL HOY HY
HFO|22[9] ‘HLtgF2 HI ot
7t2F oro| L2 Coffee @ PS (80 : 20)1 CHZRAQl rice straw : PS
(80 : 20)9] CHyZtA H4FE g/min2 EAbSIRE Mf Z12f 0.981
0.42 g/min0|FYCH E3H ZRAIE £E5I0 foodwaste 3.00 g/min(l.
Ahmed, 2010), Palm tree 8 g/min(Nimit Nipattummakul, 2011),
Paper 2.25 g/min(I. Ahmed, 2009), Mangrove 2.33 g/min (I. Ahmed,
2012), Spent tire 0.15 g/min(Matteo Policella, 2019)0| < C}.

2|1 Coffee : PS (80 : 20)1f =9Il rice straw : PS (80 : 20)
O] Hy7tA MAMZFS g/minC 2 EHASIFS U ztz 0.032} 0.30 g/min
O|¥ o ﬂ—$_-| ZALE 551 foodwaste 0.02 g/min(I. Ahmed, 2010),
Palm tree 0.08 g/min(Nimit Nipattummakul, 2011), Paper 0.01
g/min(I. Ahmed, 2009), Mangrove 0.01 g/min (I. Ahmed, 2012),
Spent tire 0.085 g/min(Matteo Policella, 2019)0| % Ct.
7tA9| FHFAAHH2 International Standard (ISO 6976:1995)9
o=z ALtZ 5L, EFE A4 5HRA2 I Coffeet+polymerE B
5t0f 8|43 7kAQl FOf FR2 121.7 KJ/mol O|FoH &3 ZALE
55t0{ Municipal solid waste 176.9 KJ/mol (Mauyun He, 2010),
Mangrove 667 KJ/mol, woodchips (yellow pines) 581 KJ/mol
(Ahmed, 2012), Maize straw 339.71 KJ/mol, wheat straw 301.76
KJ/mol (Daohong Wu, 2017), Paper 65 KJ/mol (I. Ahmed, 2009),
Foodwaste 125.82 KJ/mol (I. Ahmed, 2010), Palm tree 140.578
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KJ/mol (Nimit Nipattummakul, 2011), Waste tire 321.57 KJ/mol
(Matteo Policella, 2019) O|RLCt ESH EH ZALE S50 E&sH2
255 100~200C &AS W syngas 2|4+FO| 2~38 F7fot= AS
oI5t Et. (1. Ahmed, 2009, I. Ahmed, 2010, I. Ahmed, 2012,
Nimit Nipattummakul, 2011)
5o ¥= =8 syngas?
S/IE 2 HO} Coffeetpolymer?)
YT ZAZAIE &of0 or FFUL H|ZSHHY HULH O|F

ofm m
oo
T
=2
T
Rl
_l-o_||
4>
10
N
or
ox
mjo
Ay
ro
_O'I_l
1
i
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CH, mmol/g

0.8

06

04

0.2

0.0

—&— Rice Straw

—&— Rice straw

—8— Rice straw :
@&— Rice straw :
PSS (95:5)
—m— Rice straw :
@ Rice straw :
—— Rice straw :

PE (95:5)
PP (95:5)

PE (80:20)
PP (80:20)
PS (80:20)

Time (min)
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= 4.5 Rice straw+polymer CHy gas recovery via pyrolysis




CH, mmol/g

—a— Coffee
6 n —e— Coffee : PE (95:5)
— @ Coffee - PP (955)
& Coffee - PS (955)
S A —m— Coffee : PE (80:20)
—m— Coffee - PP (80:20)
) @ Coffee - PS (80:20)

Time (min)

= 4.6 Spent coffee ground+polymer CH; gas recovery via

pyrolysis
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H, mmol/g

1.8

1.8 1 —4&— Rice straw
—&— Rice straw : 95:5)
1.4 —&— Rice straw : 95:5)

—B— Rice straw : 80:20)
—— Rice straw : 80:20)

PE (
PP (

@— Rice straw - PS (95:5)
PE (
PP {

O— Rice straw : PS (80:20)

Time (min)

= 4.7 Rice straw+polymer Hs gas recovery via pyrolysis
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141 —e— Coffee
—e— Coffee . PE (95:5)
12 4 —a— Coffee : PP (95.5)
@»— Coffee . PS (95:5)
—— Coffee : PE (80:20)
1.0 + —m— Coffee : PP (80:20)
o —— Coffee : PS (80:20)
3 _
€ 08
£
I(\l 06 -
04 4
02 A
0.0 e : ¢ . 3
0 10 20 30 40 50

Time (min)

= 4.8 Spent coffee ground+polymer Hs gas recovery via pyrolysis
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H 4.5 Calorific value of recovered syngas

kJ/mol
Coffee : PS (80:20) 121.7
Coffee : PP (80:20) 101.4
Coffee : PE (80:20) 69.45
Municipal solid waste? 176.9
Mangrove” 667
woodchips (yellow pines)® 581
Maize straw® 339.71
Wheat straw® 301.76
Paper? 65
Foodwaste® 125.82
Palm tree! 140.58
Waste tire® 321.57
a : Mauyun He, 2010
b: . Ahmed, 2012
¢ : Daohong Wu, 2017
d : I. Ahmed, 2009
e : I Ahmed, 2010
f : Nimit Nipattummakul, 2011
g © Matteo Policella, 2019
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5. A&

ALRA7| U HE2ALS
stof ®7st AT Poiz ZEL I 2L

1) DNT &2f A3t Ardf CO,2 /d3tA7! biochar®] F2 ZOS2FH
O| CF biochar 2Lt HO{Z|= HO|ICL}, T+E Acid, Base, H:0.2 2
HEW 22|3t biochar ELC} =2 Z2t32 Ho|Z QC O]= Biochar
HMO| functional group®| =£2 DNT AHAH HHYZOH FF2 F=
Ho=z Holgt

2) DCP &2t 4% pH, pKa, PZCY Gz =0, DCPY pKas
792 BYLE(S pHIt pKalZl H2 F&

o0, pH7I pKal2H =2 4%
biochar® pH &= 3.92 pKalZL} FO} L{EO| ZO|23t HA| U2 £4
HAE FFE F= AL2E HOF DCP &2f0|= pH7t &2 UL

mlor |
Ni
ox
or
o
ng
2 mjon
g lal
L ot
o>
Q,
[N
(@]
o
—
—
D
D

3) Chromate &2tQ| AL AEC?} chromate? &8 52t 07{YZ0|
Ct. AECS| 20| 245 52 S2FHZ EQL Acid coffee biochar?f
Chromate&2f0fM RSHIO|22IE CH4I5I0 S2AH = AFEE & UM

4) Selenate S2tQ| AL pH7| selenate?] F8 E2F 7Y ZO0|RULCt.
HfO| 229  pH7} YHE45F SO FUCH, FHIO HO[L2to
FE2 dAHL2 Yol HRFQ RSHIO|2p7t 743

el
|o

Selenate &

e EUYS ¥

rlo
ot
utel
mjo
@ T

Ct.

5) 7tA 3|49 F& Coffee 2F PSE 40 EESHE ot¥=2 Uf 718 o
2 syngasE 2|4 of¥UL. FFALE SHUS Uf Coffee @ PS (80

—

2009 AL &2 ofu7| &40 JH5HS B,
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6. il =9
Korea Customs Service : Coffee imports, annual peak, Press

Releases (2017)

Korea Agro—Fisheries & Food Trade Corporation : Processed food
subdivision market status—coffee market, aT Report
11-1543000—001743—01 (2016)

Ministry of Agriculture, Food and Rural Affairs, Republic of Korea :
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ABSTRACT

Energy recovery and biochar production via pyrolysis of spent
coffee grounds and polymer wastes

Jung—In Sohn
Department of Civil & Environmental Engineering

Graduate School, University of Ulsan

In this study, hydrogen and methane gas are recovered by finding
the optimum ratio in the process of pyrolysis of coffee and waste
plastics. Then the possibility of using it as bioenergy was evaluated.
In addition, coffee grounds are also used as biochar, thereby
sequestering carbon for a long period of time. The usability as an
sorbent was evaluated. A total of 4 contaminants were selected
using 7 types of coffee biochar. The pollutants were nitro
compounds  (2,4—dinitrotoluene  (DNT)), halogenated phenols
(2,4dichlorophenol (DCP)), and toxic anions (chromate and selenate)
and a total of 7 types of biochar (Coffee biochar, acid—treated
coffee biochar, base—treated coffee biochar, H:0. coffee biochar,
argon gas—activated coffee biochar and COs—activated coffee
biochar) were used and rice straw biochar and wood chip as
controls.

In the case of DNT sorption, the sorption amount were CF biochar
14.75 mg/g, Ar CF biochar 4.94 mg/g, CO, CF biochar 6.10 mg/g,
Acid CF biochar 1.73 mg/g, Base CF biochar 3.63 mg/g and H,O, CF
biochar 2.55 mg/g. Rice straw (RS) biochar and wood chip (WC)
biochar as controls were 11.65 mg/g and 21.51 mg/g, respectively.
The adsorption amount of DNT was the most in coffee biochar, and
the sorption amount was similar to that of RS biochar and WC
biochar, which were controls. For DCP sorption, the sorption amount
were CF biochar 8.07 mg/g, Ar Cf biochar 8.25 mg/g, CO, CF
biochar 5.91 mg/g, Acid CF biochar 16.1 mg/g, Base CF biochar
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9.41 mg/g and H»O, CF biochar 7.88 mg/g. RS biochar and WC
biochar as controls were 15.92 mg/g and 36.90 mg/g, respectively.
Acid Coffee biochar showed the highest adsorption amount, which
showed that the pKa of DCP was 7.9, and the acid biochar with a
pH of 3.9 was lower, resulting in high adsorption efficiency. In the
case of chromate adsorption, it was AEC that affected chromate
sorption. Acid CF biochar with the highest AEC value had the
highest sorption amount. The adsorption amount of Acid CF biochar
was 55.87 mg/g, and the controls RS biochar and WC biochar,
showed lower sorption capacity at 15.00 mg/g and 4.43 mg/g,
respectively. In the case of Selenate adsorption, it was pH that
affected sorption. Acid CF biochar, which had the lowest pH, did not
show adsorption, so pH was the main adsorption mechanism of
selenate. Since the amount of sorption is different depending on the
pollutant, it can be applied to each pollutant sorption by selecting an
appropriate biochar.

As a result of gas recovery experiment, in the case of CH,, the
amount of methane recovered from coffee was higher than that of
rice straw and when polystyrene(PS) was added, the maximum
amount of gas was recovered. This is because PS contains the most
carbon as a result of elemental analysis of other waste plastic. In
the case of hydrogen, coffee and rice straw produced similar
amounts of hydrogen. In addition, through experiments and literature
research, it was confirmed that when the content of waste plastic
was increased and the temperature of pyrolysis was Increased, a
greater amount of syngas was generated. In conclusion, the

possibility of energy recovery after pyrolysis was confirmed.
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