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Abstract

BACKGROUND: Objective of this study was to
investigate adsorption characteristics of NHs-N to biochar
produced from rice hull in respective to mitigation of
greenhouse gases.

METHODS AND RESULTS: NH4-N concentration was
analyzed by UV spectrophotometer. For adsorption
experiment of NH4-N to biochar, input amount of biochar
was varied from 0.4 to 10 g/L with 30 mg/L NH4-N solution.
Its adsorption characteristic was investigated with
application of Langmuir isotherm. Adsorption amount and
removal rates of NH4-N were decreased at 53.9% and
increased at 20.2% with 10 g/L compared to 0.4 g/L,
respectively. The sorption of NH4-N to biochar produced
from rice hull was fitted well by a Langmuir model. The
largest adsorption amount of NHs-N (¢,,) and binding
strength constant (b) were calculated as 0.4980 mg/g, and
0.0249 L/mg, respectively. It was observed that
dimensionless constant (%2;) was 0.58.

CONCLUSION: It was indicated that biochar produced
from rice hull is favorably absorbed NH4-N, because this

*Corresponding author: Sung-chul Kim
Phone: +82-10-5035-0627; Fax: +82-42-821-6731;
E-mail: sckim@cnu.ac.kr

155

value lie within 0<Z,<1.
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M E

A Ay, A7 5o AsENY dshs 24 7hA
(greenhouse gases, GHG)= &4 &7l (greenhouse
effect)]l & IS A AR YeldtiLehmann,
2007). 9 2 EA o] golx Wgshs 24 7, 53] o
AN (COy) e F TSR 24 7129 20% F % 2HA|5)
a1 Qlokar s an Qlal sk, 7|9 Wsle] e A A
el digk A ARl Aol #Ast Avte v
(Koocheki and Nassiri, 2008).

oM AN 0)E A28 F(global warming
potential, GWP)7} o]AkslekAr T} 29848 1] AH(IPCC,
2007), W71 9] oRbskd A Fe wid 0.8% SVt 9
THIPCC, 1994). A7+ 2dslel] 2 4&-S mA 1 9l oMt
sAE A o8 3 5 234 (denitrification) ¥}
Aelx /3= 3 (Davidson et al, 1986), &4 sH2H8-2- pH
(Law et al, 2011), ESF &, &9 240 714 g5
Q&S W=tH(Beare ef al, 2009). A2 H]Z(N fertilizer)
o} 7] EF /N Al(organic soil amendment)®] A-8->
F7189 #ellE ZXAHA(Wang et al 2011) #3171 4
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Table 1. Characteristics of biochar from rice hull used in this study

pH EC” TC? TOC? TIC” TN’

(1:20) (dS/m) %

10.74 13.31 44.32+2.44 38.90+0.97 5.42+2.77 0.065+0.06

YEC; Electrical conductivity,
4)TIC Total inorganic carbon and TN; Total nitrogen

Jsto 1(Chatterjee et al,, 2008) E¥o]
AlA oprtstA Al vjES £
AZgkal ®arsksl E]r(Perez et al, 2010).

olefgt opitshdAl] HiES AAlsh] 9l o ® uf
o] @ xHbiochar)7} FH& WL Qlth Hlo|9ak= A
(pyrolysis) % 43} ¥7(liquefaction technology)< &3}
of po] e QUL V== oA WAsHE FAHEEM, &
A2 AREE L tHArami-Niya et al, 2011). Hpo] 2.}
A7) AlgHE oA vlo] emjAs AR ste] da
e ©a o] w2 1A BAR, ol eaks B N
] A Eokl H7kshd pHE 71 B4Y S W ol
& sEo] Skt nAES] FAAE Alwshs & o
PS4 3l 9 S A AtHWoo,
2013). 3k upolexprt opbeldA wiEw AtE Ad
4 = mechanism= 113171 913l 2007'd5-H 20137}
A WP FHE o]gato] HEREA (meta-analysis) &t A ¥}
Hpo] @ 25 Bkl H7FsIlE wl, ofitsld A wiEo] 54%
7T AAElan, mleleake] A, ARl =4 W C/N
ratio 59 SA4¢] oRghAA WS Aftel P WA=
Ao BiEthCayuela et al, 2014).

Hpol @ xke) F2 545 Arst] sl w2 Aol 73
ﬂ"%o‘ﬂ vl eate] A W, S, BE Ads

Mg Azt NHe-NSF NOs-N9| 521 SAS otk
OHL A3, NHeN F2HFS 52 25(700C)elx 34+
Hpo] @ 2pR T} e 25400 C) ¢ o o WA L5k o, BE
HANA 217} 36%, 46%, 38% & & &%l o] A Ve
AR, NOs-Nell thaljr= 2388 §&5= ddo] dojwt
bl ®adk v QITGai ef al, 2014). F7 FalEE Ax
g vlo]oakE o] g3t FEE F& ﬂag st A}, AA
g5 Pb>Cu>Cd>Zn 22 YENE, Freundlich®}
Langmuir 52524 55 Pb2] “X%QO] 7V st
YERHTIAL SF3ATHChoi et al, 2013). H3F, EF AMd w0
w2 vho] 2219] Ql(phosphorus)®] &2 A3 A}, (P)
of tist vlo] 93} 2§ @ vl MYkl Qe F FES W
=l skSlaL, P9 FA2 Hie] @S Wol A7kt wt
2} 4Hg Eobﬂfﬂ 50%-60% S7F5d o), dzka] EokelA
= 7% s RUSIATHXu et al, 2014).

wRebA] A 'E 71% Wglel] s vAE 2A7EAR)
optstA L wWiEE HAAT)] SIS o E SAE AR
oo} Az vho] @ Ake] NH-NO 53 545 sk A
o]tk

r°1' l=J of“i —1> FlF

e o o2

F

OJ

?TC; Total carbon, *TOC; Total organic carbon,

v

Ao s o 2AEHY

AFAEE ARG nlo] k= Ao W] He el
YAS AR sto] W AFE Tlste] o838kl Hel
2219 A= Al(sieve)E ©]E&3ted 0.5 mm oA 2
mm Ale|2 Ae] ARgsIion, g7 ulo] exe] s8] =
A& Table 1] YERASITE

pH9} EC(electrical conductivity)= HFO] 24} 5 g&
Zefag Wof| ¥ F FHS 100 mL(1:20)5 7Fske] 3
A2 21%7)(SJ-801S, Neuronfit, Seoul, Korea)°l* 160
rpm & 30i%E &t §, pH/EC meter(Orion 4 star,
Thermo scientific, Waltham, USA)Z 743} tl. TC
(total carbon), TOC(total organic carbon) ¥ TIC(total
inorganic carbon)i= 950CollA] WOsE FHull2 AHg-3sh=
F71¥k24] 7] (Elementar Vario EL 1I, Hanau, Germany)
£ o83t Atk TOC #4122 M HCl= ©l-8-3f
inorganic carbons €3] AlAskL AX A7 F F7 " A
A7IE olgate] Stk NHeN &1 (NH,):S0,
(Guaranteed Reagent, Junsei, Tokyo, Japan)® #|Z:s}
%31, NHeN #4& EPA Method 3502°] wel UV
spectrophotometer =78 7]E(ST- Ammonium, C-Mac,
Deajeon, Korea)® 655 nmelx] 57313t

A HIO|2Xt FUZ M0 2 NH,-N2| S22 & H|
HE LHY

97 wpol el NHeNS F233 AASS s
98t] NHeN 555 30 mg/LOE 1gA7]aL vlo] 92}
20410 g/L9] WY WEA7E 2A0R ARG S35}
ek Z4zte] Zead Hol wpoleat FIRE ¥il 30
mg/L NHeN &4 FYe & 952 2 J7|(P/
NTS-3000, Eyela, Tokyo, Japan)E ©]83t] 25T of|A]
140 rpm O% 2443t ik § 7SSl o]uf, njo] @ 2pe]
AA=71E 05 mm-2 mm=E 3Q7] wWEel Whatman
No.2E olgsto] oaaidint. o] &N NHAN Aie
wAete] A nfo] @ ate] tigk NHe-NO| 527 2 A&
= skl

NH,-N2| 2 AAES anto] ¢
o ZFeh= NH»-N9 -5 1
gsto] 3

9 5
=
=
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Table 2. Type of langmuir isotherm based on dimensionless constant (/2;)

Value of R, Magnitude Type of Langmuir isotherm
R>1 Greater than one Unfavorable
R,=1 Equal to one Linear

0<R, <1 Between zero to one Favorable
R,=0 Zero Irreversible
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Fig. 1. Variation in adsorption amount and removal ratio of NHsN (a) and plot of ge vs. C. in NHs-N (b) adsorption
on different mass of biochar (qe is amount of NHs-N adsorption to the biochar (mg/g), and Ce is concentration of NH-N

in solution at equilibrium (mg/L)).

(G~

9 =

(Eq. 1)

g@

C
% Removal = (070() > 100 (Eq. 2)
0

Eq. 18} Eq. 2004 ¢ wpoleat #i(g) & +3d
NH-N9 9K mg/g), G NHeN £ %7] 5%(mg/
D, ¢ &% ¥ NHN 8949 39 mg/L), VE
Gele] H(L), wiz vho]eat FelEKg) o= HERSIth

2

NH;-N2| Langmuir §24524] H&

Langmuir #5242 Bq. 1 ©83k°] A% NH-N
#xk%k(q()o o]& 5}od Langmuir TAE= Ao A 283 sFTh
Langmul H;‘_<' _g)\l ) om}x% oz Mﬂ'lﬂ.i E"”\]’"]E ]
sl gulsh Az Aol JekA ehu FAo] F4
Al9] EHel| T (monolayer) & F2 sk 7ol YERY
+ Zl(Na et al, 2012)©.2, Eq. 33} o] Ed¥h

4 bC,
. 1+0C (Eq. 3)

Eq. 3914 ¢ & NH&N S (mg/g), ¢, u}o]gxu
Ho G2 2% (mg/g), b= A AIVI(L/mg), ¢
NH,-N &9lle] 278h= NHe-N §5(mg/L)elth g, 7 b
e Az flste] Eq. 38 418818l Eq 45 290tk

1 1
=1bg,——b
C bqflL (IP

e

Eq 4904 1/¢ o 1/q & Te)50] £A3H] 2o A
o] 712719k A3 ol &dll ¢, % vikE B F ATk ¢, B
Qo] 52 A dAE FAYo] Ak 22 vehl,
bR 71 glo] 4% F2 Al A A Yehid
(Choi ef al, 2005).

1
= 1+b6G)

(Eq. 5)

Langmuir 5252249 542 Eq. 5% Qo= FA4f
4 45 rRE TUAST B F9A5E l"%E“’%(Lee
2014). Table 204 QoFel nie} o] 7k A r, #hel
e} Langmuir 526249 f¥& Y %lﬂ(Hamld
et al, 2014).

ey

ot ¥ nH
NHs-N2o| S22 2 HAE
YA vpol At Fqlgel W NHeNO S35 3 AA
£ AR A= Flg 1(A)Z YERICE NHe-N 299
%;E% 30 mg/LO® TAA7|TL Hlo] QS 0.4-10 g/L
o o] Adet A3 NHAN S22 1.15-0.62
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Fig. 2. Langmuir isotherm plot of 1/C. vs. 1/qe on
NHy-N (ge is amount of NH¢-N adsorption to the biochar
(mg/g), and C. is concentration of NHs-N in solution at
equilibrium (mg/L)).

mg/g & AF dFHoR ks A¢S Bt

RhAe], NHe-N AAES 1.6-21.8%%, 0.2 g7 24
of 77kt @A HAE BAANE 0.3 g o] EHE vlol L
2 FQlge] M F2 AlAEe] F4 FHE Hogow
W AR oR 211 FpFor ke A Bk o]
= Hlo] @A} FQlgo] Fostkel| meh F350 FHANY o
woll vl eake] & AfolEE REshs dAio] dojuha
(Kizito et al, 2015), NHs+-N £ Fof z-Eah=
o] LT} FAsPHA vlo] Ake] FAALO|Ee s &
Wl AR F2E Apele] AAo] 548 FUeb] wiiEel
Yeh b= @A)t Na ef al, 2012). NH-N A A& @3t
A= Hlo]9aHERE ofet Al&Eio]E(Huang ef al,
2010), et (Halim et al, 2013), ©]-21$<%(Sica et
al, 2014) 5 & FHAE o] gato] HeYst Agew H|s:
3t AFo] et Qltk Fig. 1(B)= &2 & NH-N2| 3
FEE(Q)el tist NHeN 52353, )& 282 E vepd A
O@, Y=2.1976In(x)-6.1939 29| 271 A2 HHE HS]
o, Hlo|eats AA FoASTE xstHe JHe S
LERA

NHs-N S3sH
B voleel NHN FH59E A 9

(A) 0

|
H

‘wa__;j:*’//JFruF{E IIl:’EiiI

B 0 OH

©/u\\{/1m{3 _— @‘_ NH;
0

Table 3. Parameters calculated from langmuir isotherm
model

b (L/mg) r R

0.0249 0.9937** 0.58

q,"” (mg/g)
0.4980

g, : maximum adsorption capacities of NHs-N.

?p : binding strength constant of NH,-N.

YR, : dimensionless constant of Langmuir isotherm.
(**denote significance at 1.0% levels.)

Langmuir 5215-221°f 28813101, Langmuir 5252
2o =&Y AL Fig. 20 4 FASIATE o] 24
215 Eq. 40 i§isto] 71e719F dHowRy ¢ 3% bk
Tt .01 Table 3¢ 29} FAH YT B 5 T FAISH
ok Hof A SRS UERE ¢, 32 04980 mg/g
o7 AEEQor, F3 AsEE UEhE bk 0.0249
L/mg® AREESIh 2 gk 0.9937+% 159 F2Ao]
A= Ao ekt

A4 AR R, 3R 0.58% Table 20014 UeRd nfgl 7+
o] 03} 1 Afolel] EFE PR Langmuir F2e-2ol & 9
T Ao® Yeht F3 e gol3S & SItHTable 3).

£ 245 olgslo] AxH wlo|eAwE SR ATE
B, ARE LA Bto] 300C oA 8-12417F A Bt
o]9AE NHy-N &3 s i #5e] H7keh & Ao
TS A A7 NHeN 97 Y 2 w5l
717t 2.8 mg/g, 8.3 mg/g= &2 o (Sarkhot et al,
2013), HA9 FAE AR Sto] 600C oA 10417 sl
gk vlo] @A NH-N 8943 = 97] &8} Lejgfel A
7heto] Ho FAFS AES A7 Ak 9A vlo]eate
o F2 NHeN 84014 242} 133.33, 71.94 mg/g,
=i @71 &3 selEeld Hol FARS 78.06, 59.56
mg/gC % HAI%} 97 wlol et FARE =8 A7) 43
S EY NHe-N &elM 242 70.8%, 20.8% U #o]
EA0a BusiSthKizito et al, 2015).

Hpo] @ 2k8] F2 mechanisme H.W Fig. 304 Hi= v}
g} o] ol et FAE YEHoHAmmonia) TR
el 2 EA5(Boehm, 1994), ¢FUok= Hlo] o} ww
of EAlBh= AbA 2577} HEE-8to] oftl(Amines) = o]

O NH,*

O
©/LLNHE + H0

Fig. 3. Reaction of biochar carboxyl surface group reacting with ammonia, with ammonia acting as (A) Brownsted or
(B) Lewis acid(Jansen and van Bekkum, 1994; Seredych and Bandosz, 2007).
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“(Amides)s ettty dejA  QlthSeredych and
Bandosz, 2007). $+%4Yok= Brownsted and/or Lewis
acid=X HEg3sto] Hlolexat wHel| EAlshs 7t2547]
(Carboxyl group)9} WH&-$F Ths, HE3 % (Ammonium

salt) 5= o] =(Amide)E P gIth(Fig. 3).
A7) A= oA e A9} v)wslgls W Bk
S FAE "}EE]%D]' ol S A3d A+¢} v wt

! S
o1k 2 AL Mol el Sle £o
A

E

K%, AT o oIS 33 5 ﬁoﬂ 3% o3 Zolen

J&%QD} A8 el = HPO]EXH %Erd%k—% LPA7)AL
NHeN &) 555 M7l 22004 A= AR
2 A7 FEA vl eaE Alg Fﬁ}t AA| z2138ke]

Hpo] 9 x}] FQlekS WEAl7| L NHe-N £49] 555 11
AAF)= 2AA Z=aatein). wehd] ok A o7 7
Fe} & Ao A7 Ak A wasks 22 v s
. ke ch

2 <%
GA wpo] 2] N,OO] wiES 7H4sl7] 913 NH-N
FHARAN 7S Aeb] flsl NHeN §i& o]gat
o g7 whol @Akl F2 545 FAISISITE NH-N A7 &
& A vle] ks Wol H7IEE NHy-N AlAEe] 57}
S Kol v, wpol et F7(g) & NHeN &
Atk e Btk 9A vlo] oS o] &5k F
= Langmuir 5215221 ML%}O% Hof A
qm) T2 A, FAH A r B AESIY 1
A AF R 3o 0-1410] ] S’,M Langmuir 2%
FE weby GAE AR AxT vlo]
ol golgt Zlow Yeyith &% o5 wiEgow &
7&% Aefstr] fsll FAS AR T vl AE B
33 Al N2O IS Z4E 918 NHAN 52 57
g A7k Aed Zlow st

ol
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&imrlo
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