Journal of Korean Society on Water Environment, Vol. 37, No. 6, pp. 483-492 (November, 2021)
PISSN 2289-0971 eISSN 2289-098X  https://doi.org/10.15681/KSWE.2021.37.6.483

2 Hio|2Aet 22 EYEE 0|38 HEH ST FYM M &2 H|u
OjF @ - HRF" - oYl - OlgT - FZm

Zelcfatn SATA) - BRI E0IPE - LtHEin AR TEMS S8si}

o=

of

1o

Comparative Evaluation of Methylene Blue and Humic Acids Removal Efficiency
Using Rice Husk Derived Biochars and Powdered Activated Carbon

Lee Juwon' - Jeong Eunju'® - Lee Jungmin' + Lee Yong-Gu'*" + Chon Kangmin'**'

'Department of Environmental Engineering, Kangwon National University
*Korea Institute of Civil Engineering and Building Technology
*Department of Integrated Energy and Infra system, Kangwon National University

(Received 6 October 2021, Revised 28 November 2021, Accepted 29 November 2021)

Abstract

This study evaluated the removal efficiencies of methylene blue (MB) and humic acids (HA) using a rice
husk (RH) biochar and powdered activated carbon (PAC). The pseudo-second-order model better presented the
adsorption of MB and HA onto a RH biochar than the pseudo-first-order model. Furthermore, better description
of the adsorption behavior of MB and HA by the Langmuir isotherm model (R? of the RH biochar: MB =
0.986 and HA = 0.984; R? of PAC: MB = 0.997 and HA = 0.989) than the Freundlich isotherm model (R2
of the RH biochar: MB = 0.955 and HA = 0.965; R* of PAC: MB = 0.982 and HA = 0.973) supports the
assumption that monolayer adsorption played key roles in the removal of MB and HA using the RH biochar
and PAC. Batch experiments were performed on the effects of dosage, temperature, and pH. For all
experiments, PAC showed higher efficiencies than RH biochar and MB adsorption efficiencies were higher
than those of HA. Adsorption efficiencies increased with increasing amounts of adsorbents and temperature.
As the pH increased, adsorption efficiencies of MB were increased while adsorption efficiencies of HA were
decreased.
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1. Introduction

FE g3 £4 2F@& ARy AR, 282, k= I3
oA At 1 F #E A EF(Methylene blue, MB)+= 4t
Y FZAA B dEE FolA 7 Eﬂ—m 4 35

O
sluo]th. MBE Phenothiazineo] Z@= o] & /719
4 55te] AR 2 AMET F2o4 22 FE S48
o A9HdF, AA, 7k, 3 59 982 AHEE tHChaukura
et al, 2017). 3t BFS 32 E 7HA AL glo] F=H4 £l
7b olgaL, 294 A g9ty A7 Al A7 aee] BojA=
Aoz d#A ltkJeon et al., 2013). MBE 214 7]
2H0z 7P¢ de AHgsta e EZolthHe et al, 2018).
DT A AZHGA S & 20199 71F 440,76670 =
U A9 102%E 2ASEL dth(Korea Federation of
Textile Industries, 2020). ¥ X2 & FA HFEs =2 A=
B2 s BAES FEsta dRaE EF, FUIER, F
&& APE Fol v °‘°1FJ°1 Rl FF AEA 9 A3k
A < EAwo), 354 B4 & ob7|FHChen et al., 2018;
Lafi et al., 2018). w2hA I iﬂ—ri A 4 292 A
7F 93 9ow HEA] ﬂaz;@& AR & v &s)of stk

F92HHumic acids, HA)= F4 229 tx +4 82 &
st sty Ao B % EAEA FANA
Al &A% HLian et al., 2015). =3 HAE= A< A &
4 A AN L25FAES QY] o= E4
o} debg & FEety FAA e LHEDT A &
HAE Fstd AxFS AR LE & U HA
= Carboxyl group®} Phenol group, Aromatic group®] Aryl
rings9} Alkyl chainsell AZ2F o] o8 38 A T3t
FHE FH3A 75 HolA ZE&7=2 EAdeh ol2T HA
58L& gt 435A48&S 53 e TRY 2R 2T

JtH(Wang et al., 2017).

= =
T2 =S

1k 1o
J

4

dvrdor Gy 712 AA = =94 A
HERAA-F A} of 74 ), 388 Agdhi (el -5&F Ash3g.
o] 21 F)o] g o]-&HTHGiizel et al. 2014) a1 53

A FH2 Au7F ggsta 2Fo] golste g ol &dH
TH(Chatterjee et al., 2009). @A T FQZAA= S
(Powdered activated carbon, PAC)S F=Z AFg3ith I3y
A& 2489 7148 oF 120009/kg o2 v 7lF o= 9
3 olE diAIs] At EFHH o AHG A Ha
o] tIFH L ATh(Lee et al, 2016). old w2t S-S A
g T Ues EEE Blochar7]- AL F5 ¥ it Biochar=
H B9 FA4E 5 WHA = BiomassE FAbAa 274
A GRS %é’-i HI71ES o] &3] Az Bl v&
o] 1133‘3]'5—’ HI7IEES Adst & F ] 1SFHolge

et al., 2014). T3t Biomass 3ol A %}71
(Rice husk, RH)= AR & B9rE =3 o 47 74
ojt}h. 4zt oF 505 £ AAV} dAS=H, ©] F 30% 7@-‘-:—
£ AARFY A8 54 34F dRAIRE o|&HI 70%e
B H7IEE AYH 2AY MRS e ZH2 AEE ol &
of & A7/ a9k
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B AT EX2 AAZ WE Biochar (RH biochar)}
PACE ©]-&3 MBS HAY A A &S Kinetics® Adsorption
isotherm (Langmuir, Freundlich)& ©]-&3}e] £33 24
A7V, 2%, pH7F AA & & vA+= TS A48t RH
biochar7} AlEel #uj== PACS Hwstgl S o Z4E S
7HA AL QA Brkske Aelth

2. Materials and Methods

2.1 Production of RH biochar

FHG RHAESE FZ2)E Deionized(DI) water
(resistivity > 18.2 MQ cm'l,
System, Lake Balboa, CA, USA)Z 3 A&ste] E¢<ES
AABEIL 105°C LEONA 24413 A2 £ Bt 23
3k RH 10 g& Alumina boatel] o} Tube furnaceo] gL
0.5 L/min N,9 F2Fa Z7A9A 10°C/minl.E 600°C7}A|
25E F5A17 T 2412 SEAIAHTH(YI et al., 2016). 2
of =2% w7}A Tube furnace WolA dd = 1 M9
H,PO, (85%, Extra Pure grade, N g 3sk=, 715, dvl=)
o 2:1 (wiv)&] HI &= 3217 &< %111/\]7]-1— 80°C L EojA
12A1ZF AZ3EFATE 1 thE 200°C 220 3AIZF 59 B
F 2 B¢ g2 WSkt xS RH biocharg
100-mesh (<0.149 mm)e] A=Z Z2E & DI waterZ A 4
stEth dolle &4 AAE Hdl 2% (w/v)8 NaHCO;
(99~100. 5%, Extra Pure grade, I-g3l&, A71%, dgtdl=)
Z Al Fg T tA] DI water2 A F5ke] @A € —,‘:_i Az
THAlade et al., 2012).

Barnstead Nanopure Water

2.2 Characterization of adsorbents

RH biochar®} PAC (Activated charcoal, -100 mesh particle
size, powder, Sigma Aldrich, St. Louis, Missouri, USA)¢] €
28-S E4317] 913l Elemental Analyzer (EA3000, Euro
Vector, Milan, Italy) ZH]E ©]-&3Th RH biochar$t PAC
9] EHE/2S Field-emission-scanning electron microscopy
(FE-SEM, $-4300, HITACHI, Tokyo, Japan) ZH|Z o] &3}

A3kt RH biochar® PACS EW H&7]& #4317
93] FTIR (Frontier, PerkinElmer, UK) ZH| & o] &35}
H] £ H A2 Surface area analyzer (BEL SORP-mini II, BEL,
Osaka, Japan) ZH| S o] &3l EA3TH

2.3 Batch adsorption experiments
RH biochar®} PACS] &&8&8S A71E, &%, pHE W3}
A 71EA vwstget AP A" MB (97%, Guaranteed
Reagent grade, 38, A71%, f&vl=) 47} HA (Pure
grade, N F s+, 7% fﬁ?}’ﬂ%) LA2 DI water 7|4
=55 mg/L(%ﬁ—‘?—JJ: 20 mL), E3A AMEL 4 gL, B
v 25 = 30°CE ot th SFA FA7bgol @9t 492 RH
biochar®} PACS &E& 1~4 g/LE 5}o] MB &9 3 HA &
Ao FArbstAnh 2= # AP it L=F 20~40°C
2 8t antstyth pHoll #s Ad2 MB 893 HA &9
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ol 0. M NaOH (97%, Extra Pure grade, 1332, 7=
gta=)¢ 0.1 M HCI (35~37%, Extra Pure grade, 1733}
=, B71%, NS ©)&s pHE 3~92 £Hd3 ¥ RH
biochar®} PACE #7151t 2%=9 pH A€ MB&
HA €99 5% 5 mg/L, £2A 7% 4 gLo2 7L &
180 rpm 2.2 2A17 kst wuke] B¢ AEELS GF/F
] Z}A](pore size = 0.7 pm; Whatman, Maidstone, UK)S AF&
3] oJF3t &, UV-Vis spectrophotometer (UV-1280, Shimadzu,
Kyoto, Japan)& ©]835t9 MBEHAY §FE(665 nm)<t HA
LA ERE(254 nm)E ZAF QT

2.3.1 Kinetic experiments

Kinetics A8< 98 5~15 mg/Le MB &3 HA &80
4 g/Le RH biochar} PACE Z+7t 37135190t RH biochar
o} PACE H7IGH 2479 MEES 1508 5% :WH30°C,
180 rpm)3HH 30% A S 2 AFste FFEE S5 Th
BE FeelAe MBS HAY ZE2EH(Qe, mg/g)S L7
Ash B3 4 (1S o) &3ATh

Ay

lo

Q=vG-c)/w (M

Co%t Ce= 899 27] =% B9 ¥ 5E(mgl), Ve A
&8 899 HL), We F7H FHA Y Fgeolth

AIRHHE MBS HAS F2FQt, mg/g)2 o= 4 2)F
o] &3ttt

Q=WwGC—-C)/w )

C: (mgL)= AlIRF () &4 Fs=o|th

At s=0 WE MBS HA &2 Pseudo-first-order
kinetic model, Pseudo-second-order kinetic modelS & &3}
th(Ho and Macky, 1999). Z+Z+9] 4 (3), (4)9} 2Tt

In(Q —Q)=InQ —kt 3)
1t
Q- Q. .

k< A 13 &=
mg-min)©] T},

A4 (1/min), ks FAF 23 SE45(/

2.3.2 Isotherm experiments
Isotherm 2@E 93] 25~250 mg/L2] MBEH 3} HAL

Table 1. Physicochemical properties of a RH biochar and PAC

o 6 gLY RH biochar$t PACE ZZ #7}stAth RH
biochar®} PACE 713+ 24749 AZEL wwK30°C, 180
pm, 24A17HS & AFste] FFEE S5t HE A
NN FZHA N F2E E49 FF &9 Fole &
=Y BAE €7] 98 Freundlich$} Langmuir 52
AH&-3H 3 T

HAdsket g2 A4 g 4 (5), (6)% &

1

log@, =logk,+ glogC'6 %)
B KC,

Qe — “max 1+KLCL: (6)

AA71A Coe 349 HY55(mgl), Q. BFEH &
ZA) 9] E£3&22(mg/g), Freundlich A4 kp=

Z 2%, Langmuir 7% Qma(mg/g)% K,
(L/mg) 427 o] Ad F&4FH F& £55 Yehdt.

3. Results and Discussion

3.1 Characterization of RH biochar and PAC

Table 12 RH biochar®} PACS] A 214 ZAFo|t}, RH
biochar (71.1 wt%)E PAC (85.0 wt%)XE.t} Bt gHko] 27|
Jelgth H/C H]1€-2 RH biochar(0.12)7} PAC(0.08)E.t} =
2 Ao Hol PACY © ®©std Ao HHETKSun et
al., 2013). O/C H]€°] RH biochar (0.07)7} PAC (0.003)X.T}
2 2102 Ho} RH biochar7t B & F4& Hd o=
#3E tH(Uchimiya et al., 2011). RH biochar®] ¥4 (207.7
m?¥/g)2 PAC(957.6 m¥/g) H] 21.7% YA vebgoy, &2
Z-2 RH biochar(1.638 nm)7} PAC(0.676 nm) thH] 41.3% =
A eErstth

Fig. 12 RH biochar$} PACY EWHZE7]S Yehls
FTIR 25 E# & Yeh I Itk RH biocharE 791 cm™ ol A4
9] C-N stretching vibration, 1051 cm™eA12] C-O alcohols,
1573 em™ 1A 9] C=C aromatics, L8] I 2162 cm™' 9|42 -C
=C- peak’} TEHYT PACE 805 cm'dlAY C=C
aromatics, 1048 cm'o| A2l C-N amines, 1568 cm'l A<
C=C aromatics, 1742 cmolA¢] C=0 carbonyl compounds,
83l 3406 cm'olA 2 O-H alcohols peak’t BHEHATH
(Hamzaoui et al., 2016; Nhan and Tuan, 2013; Singh et al.,
2014).

Fig. 2= RH biochar®t PACS EH & FE-SEMOE &3t

Specific surface area Average pore width Average particle size Elemental compositions
(m’/g) (nm) (mm) C(%) | H%) | O%) | N(%) | H/IC | O/C
RH biochar 207.7 1.638 0,149 71.1 6.7 11.8 | 104 | 0.12 | 0.07
PAC 957.6 0.676 85.0 0.8 39 0.3 0.08 | 0.003

Journal of Korean Society on Water Environment, Vol. 37, No. 6, 2021
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Fig. 1. The FTIR spectra of the (a) RH biochar and (b) PAC.
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Fig. 2. FE-SEM images of (a)-(c) the RH biochar and (d)-(f) PAC.

[¢3
_,

" x]o|t}, RH biochare PACS HInEte] Hnd #
ARG 713229 v Z2Y 722 350 & -4
18 4 AATKKizito et al., 2015). PAC %3+ H]F
g ngon, 2972 9N B BFHs A
o SR duHoR AERe2e) Y5t
AR TF27F e th(Keiluweit et al., 2010). RH
biochare= PACETH = =77t & AL a3 5 A4

rulo ruE
r& U e

N

El
ol

LA

. A ofh

A
!

3.2. Kinetic study

RH biochar® PACE ©]-&3 MB9 HA §&5938 A9
A= Table 29} Fig. 30 Yehdith 27 99 =7}
5 mg/LAlAl 15 mg/LE S71gel et HE el MB
9} HAS] E3}52HQe,exp, mg/g)2 RH biochar (MB: 1.246

SIS EEIAES|X| M37H 65, 2021

mg/g — 3.733 mg/g; HA: 0.573 mg/g — 1.452 mg/g)$} PAC
(MB: 1.254 mg/g — 3.751 mg/g; HA: 1.233 mg/g — 3.591
mg/g) 25 Z715H9 k. RH biochar®t PACE ©]&3F MB9}
HA £&359st 492 25 Pseudo-first-order kinetics =&
(RH biochar: R>=0.56~0.98; PAC: R?=0.94~0.98) 2.t} Pseudo-
2 2(RH biochar: R>=0.98~1.00; PAC:
R’=0.99~1.00)o] © &35+ Th Pseudo-second-order kinetics
2939 k7t ¥la A3, RH biochard MB &&& 0.058~
0.570 g/mg'min, PACE ©|&3% MB &2 0.001~0.008
o83 HA &3 0.009~0.043
g/mg-min, PACE ] &3t HA &322 0.004~0.012 g/mg-min
22 Yepgth olgdt #E2 MB9 HAY F35 o] RH
biochar¢} PAC9] E2]5}8H4 £/ }o](Specific surface area,

second-order kinetics

g/mg-min, RH biocharE
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Table 2. Kinetic parameters of the pseudo-first- and pseudo-second-order models for adsorption of MB and HA by a RH

biochar and PAC

Concentration Qeexp Pseudo-first order parameters Pseudo-second order parameters
(mg/L) (mg/g) ki (g/mg min) R’ k, (g/mg-min) R
5 1.246 0.049 0.78 0.570 1.00
MB 10 2.496 0.057 0.56 0.061 0.99
RH 15 3.733 0.066 0.61 0.058 0.99
biochar 5 0573 0.183 0.95 0.043 0.98
HA 10 1.164 0.038 0.96 0.013 0.98
15 1.452 0.018 0.98 0.009 0.99
5 1.254 0.061 0.94 0.008 0.99
MB 10 2452 0.059 0.98 0.004 0.99
PAC 15 3.751 0.032 0.97 0.001 1.00
5 1.233 0.082 0.94 0.012 0.99
HA 10 2412 0.059 0.98 0.009 0.99
15 3.591 0.042 0.97 0.004 1.00

Average pore width, H/C, O/C molar ratio)°ll 93] A &
£ &8 F AvE= M8 E AR A TH(Shin et al., 2020).

3.3 Isotherm study
RH biochar®t PACE ©| &% MB% HAY £ A&

tlo

@ RH biochar
1.0

® S5mg/LHA
08 1 V¥ 10 mg/L HA

O 15mg/LHA

(Q.-Q) (mg/g)

20 40 60 80 100 120 140 160

Time (min)

(©) RH biochar
0.6

® 5mg/LMB
Vv 10 mg/L MB
B 15mg/LMB

0.5 -

40O

0.4 -

0.3

0.2

(Q.-Q) (mg/g)

20 40 60 80 100 120 140 160

Time (min)

Langmuir ¥ Freundlich 524 Ed2 243 A7 = Table
33} Fig. 4o YERARIE RH biocharet PACE ©]-83 MB
¢ HA 37482 o3 &3 Freundlich 524 RdH}
Langmuir 524 249 &3 §2 544 of st o

= RH biochar®t PACe] 93 MB$ HA &3] &8 3, 3}

(b)
0.10 PAC
@® 5mg/LHA
1 V 10 mg/L HA
0.08 S O 15mg/LHA
% 0.06 -
o
E
= 0.04
<
ST R
0.00 4
-0.02 : ; ; ; ‘ ‘
20 40 60 80 100 120 140 160
Time (min)
(d) PAC
0.08
® 5mg/LMB
Vv 10 mg/L MB
0.06 1 B 15mg/LMB
i,
s (.04
g
-
o
T, 0.02 -
=4
0.00 -
-0.02

20 40 60 80 100 120 140 160

Time (min)
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Fig. 3. Adsorption kinetics of HA and MB using the RH biochar and PAC: (a)~(d) Pseudo-first order kinetics and (e)~(h)
Pseudo-second order kinetics (temperature=30°C; agitation speed=180 rpm; adsorbent dosage=4 g/L).

o

)

X3t

rSE

Ag b

rulo

4 & o4
WA TH(Tan et al., 2009). Freundlich<] (n Z Jg=
el = )\Ri, ngtol 1 ojdold F& st=7F £2o
(favorable), ngkte] 1 olstel® 3 =7t drjes
(unfavorable)& €] 7| 3tt}(Shin et al., 2020). RH biochar (n=
1.447)% PAC (n=1.191)F o] &3 HA &2 3 PACO <%
MB &2H(n=1.262)2 & dojiko1}, RH biochar® ©] &3
B 32(1n=0334) §% st=7} Stk

jrelh
&

EEE

Y

a}

ox ol
rir

e
=]
B
_,_

o

MNi rlr

r
9 g
o

S T

rr

3.4 Effects of dosage
Fig. 5 RH biochar®} PACS] F7tFo] m2 MB9} HA
Zta g A4 ZFolth RH biocharE ©] &3 MB §3 88

ol

l

2 91~95%, PACE |83 MB FFE 82 94~99%3] 21
RH biocharE ©]&3F HA S8 82 13~44%, PACE o] &
T HA SFEE2 44-79%2 MBS HARY EF RH
biochar®t} PACE 75t o §%F o] o & Aoyt
MBE&A % HAE9 S5 RH biochar®} PACS H71EE
THAFE FREEC] F7FAT ol FFA bl
7HErE S0l FAAS JE5F 7187 BolAr] i
2 PFEk(Park et al., 2021).

[o ofN o -

3.5 Effects of temperature
Fig. 6= 9t e=wsle] B2 358 A9 Aot &
T 45 4E PACY RH biocharE ©]&3 HA §2HRH

Table 3. Langmuir and Freundlich isotherm constants for the adsorption of HA and MB onto a RH biochar and PAC

Langmuir isotherm constants Freudlich isotherm constants
Quea (mgle) Ky R’ Kr (mg/g) n R’
MB 188.68 0.056 0.986 0.576 0.334 0.955
RH biochar
HA 588.23 0.012 0.984 3.118 1.447 0.965
PAC MB 2000 0.058 0.997 7.950 1.262 0.982
HA 1250 0.007 0.989 2.490 1.191 0.973

SIS EEIAES|X| M37H 65, 2021
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Fig. 4. Adsorption isotherms of HA and MB using RH biochar and PAC: (a)~(d) Freudlich and (e)~(h) Langmuir (temperature
=30°C; agitation speed=180 rpm; equilibrium time=24 hr; adsorbent dosage=4 g/L; solution concentration=25~250 mg/L).
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Fig. 5. Effects of dosage on the removal efficiency of (a) HA and (b) MB using the RH biochar and PAC (agitation speed=

180 rpm; equilibrium time=120 min; temperature=30°C).
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3.6 Effects of solution pH
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4. Conclusion
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