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Adsorption process
® saH

Metal biochar

Spent coffee waste

<Various adsorbents (GAC, zeolite, red mud, iron oxide)> <Metal-Biochar fabrication>
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Adsorption process

(Ahn et al., 2020, JCP)
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Adsorption process

(Ahn et al., 2020, JCP; Ahn et al., 2021 under review)
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(Ahn et al., 2020, JCP)

Adsorption process
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Adsorption process

(Ahn et al., 2016, SS&T )
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<Kinetic experiment results (Cr(VI) adsorption by M-nOG)>

<Pseudo-first-order and Pseudo-second-order kinetic model results>
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<Adsorption capacity calculation equation>
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<Pseudo-first-order kinetic model>
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<Pseudo-second-order kinetic model>
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Adsorption process

(Ahn et al., 2016, SS&T )
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<Isotherm experiment results (Cr(VI) adsorption by M-nOG)>

<Isotherm model results>

Isotherm type Isotherm parameters 25°C
Langmuir Q; (mg/q) 28.90
b (L/mg) 8.87
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1/n 0.13
R? 0.9005
Sips Q; (mg/qg) 37.11
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R? 0.9957
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<Langmuir isotherm model>
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<Freundlich isotherm model>
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Adsorption process

(Ahn et al., 2016, SS&T )
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<Thermodynamic experiment results (Cr(VI) adsorption by M-nOG)>

< Thermodynamic model results>

Temp. (K) AG®° (kJ/mol) AH® (kJ/mol) AS? (J/mol/K) B
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298.15 —-20.35

318.15 —22.00
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<free-energy change calculation equation >
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Amount of adsorbed, q, (mg/g)

Adsorption process (Ahn et al., 2016, SS&T, Khan et al., 2013, CEC)
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<pH edge experiment results (Cr(VI) adsorption by M-nOG)>
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<pH edge experiment results (Co adsorption by ABGNC)>
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Adsorption process
D == 4 (5)

(Yoon et al., 2017, S&PT, Ahn et al., 2016, SS&T)
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<Competing experiment results (As adsorption by M-nOG)>
MB removal RhB removal
512 312 A = B2 X X =2 S
B0 o 2 [T =3 & Z™EE EXo mE &AL
SRR EA52 BIRE 43
1l e T gl T A, S ZH=EH HdesS 89l ChE 22 EXA
53 o = v
s ° oY 35 5 o9 ° ‘35 — o o
Z v 30 € 0 o “30 = X L AL S =
- A0 S SHH O A BASHO| SRS 2448 30l It
b vo 15@\ < 15&\‘ ] xl = = —_ x [ xl
©® a0, O 10 L0 40 051” et =2 EHO| E & d™=24
™M) gy, © ™) (mgyy”  © O7I2 =TUA| HIIE 2384
Cr(VI) removal Cr(VI) removal -IO-II bllg_._l_ H | © |-E h ?_ —_ ' A —_
| 25 & AM2HoME S8s €5 2447
= F i Qe a L_ L_ -C.)-I'
g30 a ps o o g‘m A (=) == S I-EI- |-7|E a
= 25 o E
D.::)20 0?30 1 < il
% 15 £ P 9 Vs % 20y . 9 ° e oo
B k] o
e e R e
2520 45 10 10200«6\\ % 25 5 15 107 'o'10 &
M8 (g " o RAB (g, 9 =0

<Competing experiment results (Cr(VI) adsorption by M-nOG)>



Adsorption process (Yoon et al., 2017, S&PT)

D =544 (6)
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<Reusability and regeneration experiment results (As adsorption by M-nOG)>



(Ahn et al., 2020, JCP)

Adsorption process
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Oxidation Process
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Advanced Oxidation Process
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Advanced Oxidation Process (Guo et al., 2012, JEAT; Collin, 2019, 1JMS)

- LESE2 LE ot teter 2E Foli0f 25 Y dk[= -OHO| 2let Mtz RHEE HA
- E/FN SEMe 2EL =0 #Ho &7t #8510 .OHO| & E= SF0| H|5)
FI1HoZ MAE
- -OHS| @EEZ Ltz HFHL|E2 HO addition, H abstraction, electron transfer !
- 8UO|pH, R, oxidant S, F TLPS, ZAN LR SO| 2fC|Z W0 detS 03
. Direct oxidation of M
(selective)
0; — R® H0
. Decomposition of molecular O, RO®, RS*
OH (formation of HOe) ’W‘ .
<Ozone reaction> R,-CH(OH)-C*H-R, Ri-CH=ch. ROR, RSH

\
(A) O (B) 0, — -
/ R-S*(OH)-R, < g5
- hydroxysulfuranyl radical RI'S'RZ___'“ — Fe3+
OH OH '0;&=20H" 0o
P - R MO

R,-S**-R -
1 2 >~ transfe
AI AI AI AI Sulfuranyl radical m

<Reaction mechanism of ozone/catalyst>

<Reaction mechanism of ozone/catalyst>



Advanced Oxidation Process

(Ham et al., 2012, JKSWW; Ahn et al., 2015, WASP]
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<Schematic diagram of ozone/GAC process>
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<Effect of 2-MIB concentration (Ozone: 1 mg/L,
ozone contact time: 20 min, GAC column)>
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Advanced Oxidation Process

(Ahn et al., 2017, JECE)
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<Schematic diagram of O,/graphene experiment>

Indigo
injection

Sampling

ol Ll_, —

e pPCBA Conc.

0.22 pm

filtering

Surface reaction (2)
0O, Conc. Using
Spectrophotometer 03
at 600 nm

.

Using HPLC

O;

OH

| Graphene |

| Graphene |

<Reaction pathways of O;/graphene in aqueous solution>



Advanced Oxidation Process

(Kwon et al., 2015 CEJ)
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<Schematic diagram of UV/oxidant experiment>

<Comparison of ibuprofen removal by UV/H,0, and UV/PS>
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