80 H87: F5d J4E IFF

doi. org/10,17137/korrae, 201523, 3,060

ORIGINAL PAPER =0
ISSN 1225-6498

AILIZ HIO|Q.XjQ| Q12K 01(PO,—P) BAIS

Adsorption Characteristics of Aqueous Phosphate Using Biochar
Derived from Oak Tree
Yong-Su Choi, Seung-Gil Hong, Sung-Chul Kim*, Joung-Du Shin™

Department of Agricultural Environment, National Academy of Agricultural Science, Rural Development Administration, Bio
Environmental Chemistry, College of Agriculture & Life sciences, Chungnam National University*

ABSTRACT

Objective of this study was to investigate adsorption characteristics of POs—P to biochar
produced from oak tree in respective to reduce eutrophication from runoff water in the cropland.
For adsorption experiment, input amount of biochar was varied from 4 to 20 g/L with 30 mg/L
PO4—P solution. Adsorption amounts and removal rates of PO,—P was increased at 3 times in
4~14 g/L, and increased at 28.6% in 4~16 g/L, respectively. The maximum adsorption amount
(g,,) and binding strength constant(b) were calculated as 0.10 mg/g and 0.06 L1/mg, respectively.
The sorption of PO,—P to biochar was fitted well by Langmuir model because it was observed
that dimensionless constant(Z;) was 0.37. It was indicated that biochar is favorably adsorbed
PO,—P because this value lie within 0<R,;<1. Therefore, biochar produced from oak tree could

be used as adsorbent for reduce eutrophication from runoff water in the cropland.
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U Hlol X} EBe 4-20 gLE WEAYE x7oE AES Saskack PO,—Po| AT
4~14 gL WS9lelA 30 F7ISHAT, AL 4~16 gL WSl 28.6% Z7Stelrh Al BEAE
F2H5(q,) 3 AFAZI(D)E Z17F 0.10 mglg, 0.06 Lingo2 AHEE|2e). Et Langmuir F2H5

o) B9 FAUYR(R,)E 0372 03} 1AL Lt} Langmuir H25-242 & F@sto] T2
olRFE o 4 Utk WebA, FURE AR AXY vloleat: ¥ SASENE Hosts
24717] 15 PO,~P FHAR olshrtar ek,

FAO] ¢ A, FIYE)E Langmuir F2H524, 9=

1. M2 I A ollA Ao} Q1e] A|A 7HsA
S Ast 23y, Y E(giant pussy willow)=
2 o5k eutrophication) = AAFQ &+ AAE 58.9% AASIR,  AHE(rosegold
AEAZE =ar glon, SA(water system)= pussy willow): 20.2%= 71 w2 2 A|A
FUEE =gt GFELe] Fa Hdle] HaL stk Hustet?. shA|uk 18-S o]gsto]
AP, B4, sHEEHA 9 dfet So' §49lE] Q& AA=H= AT AL, AlEo] 23l
= FEEAL AT o R A F7ekAL = AN AlEo] F5% FEFEEEe] thA
¥ 23] A(Nitrogen)@} <1(Phosphorus)®} 2 HjZ 5L dito] JojdrHy,
2 FIEHO] =] FILETT dojdrh Hio] @ 2k= 91 A|ASH] fl8te] AlES ol&
ot Qe ZF(algae) 2] EA}2] sk R JagFo|i A7kt Blgo] HA
(Cio6Hz630110N16P) O A 7FF 2R &S A}A| = FRHAIEHN, Atart ARk $HoflA viol
kol Qlom, E3] e B XF(alga)Q] omjAs GRS (pyrolysis)sle] 9 5 U=
AE Ak 8%t ARy JIg=E T 3EFo] =2 1A £, violexE E
(limiting nutrient) 24 2Rg3HCP. Rojorslr} WNFAZN Bl H7Istd &5 AHAIA
HEAIGE S0k A4=2]9] 80%= 13t A 9l o|aksterA(CO,), wleh(CHy) gt ofuja} obik
10%= Az, WA 10%= th2 a4 o3 SHEA(N,0) 9] W& sk, EoF pH 9 1
ki Bl up oyt g 375 olxngsg o] I s E2 B4

o 2F v, $AA, AEAG L A4S o] o) HABAES FYAD S A E
25E FoEn, Q1 ol WA Bl B T Fadol o2 0dBAY AAS gt F
o FUEW EoF ) BAKE Qlo] FafElol  AAEAQ vloled} ATLE Bl e cH?.
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A& E7=-=(phytoplankton) 1} =28 21E9] Shin et al.(2014)2 2= Aui A] FASE A
e 2|, o] Qlste] Kojoyslr) v 2R A x3 Hlo]oA}E Al83te] oF 20~80%
MRk BYe RAUBLE AL FAAIE o wav Helsglcn wusigett. wg
20l 2 SR, ARG EAKLT 22 8] Choi et al(2013) F7] RS UR Az
A9 A (non—point source)2 FHL A (point 3} Hlo|9x}= Pb, Cu, Cd 2 Zn = E3| Ph
source) 0.8 thA|E L P, wlEY Fulo] 3} AA FEo] =tk Ruslglom'™, Inyang
T3k AR Qlo] B HHEE gl Hu et al.(2012)2 7} F5et AREE A4
U, e AAE] 93 WHo R F2 84 72 A|x3 vpolexb= Nidk Cd& AlAsH=d &
2 5y ARG 28sk=t]”, Seo et al.(2010) go] Ftm =Bwgk up Q' Choi et
& Al FF| WS (Salix species) & o8BI B al(2015)& YAZ Az AxT Hlolojel
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NIL-N AAL E2=Fe z2b 20.2%, 0.5
mg/g W sk,
i soleer e g FAEY

Langmuir, Freundlich, Elovich, Sips, Temkin &-
=22 Zo] 9lom, Langmuir?} Freundlich
2 ARESHL QI o5 o]8F
Gt AR S 93 vloleAE
of A& AL FY=E AA 531, 99
AZ 915 vlolexje] Tt AT/l Wagt A

=
TR RS

2.1 AEx=

AR ER ARESE vpo]@al= fAdtollA] 3
VRS =2 3l e AEZS Fuliste] o]&
st slolezte] Qxlar]e H(sieve)S o]

g3lo] 1 mm otz Ae] ARgsigon, Fu

5 wlo]@ate] 3fskA 542 [Table 110 et
ok

pHe} EC(electrical conductivity )= %
olext 5 g& ETAE Hof| ¥ %
100 mL(1:20)2 7}5lo] SpEa] ke
(JP/NTS—3000, Eyela, Japan)ojlA] 140 rpm<.
2 3087F et & pH/EC meter(Orion 4
star, Thermo scientific, USA)E Z=A3}%ct
TC(Total carbon), TOC(Total organic carbon)
2 TIC(Total inorganic carbon):= 950ToA]
WOsE &z AMSsHE f71eaR 7] (Vario
EL 11, Elementar, Germany)& ©|-835}o] EA5}
gck.  TOC oM HCIS o] gato]
inorganic carbong €43 AASIL AZR A7)
5 &eraB A7 (Vario EL 11,
Germany)E °©]gsto] &743tich PO,—P &<
© KH,PO; (Guaranteed Reagent, Junsei)Z A|
EScER PO,—P S R 425 D.

Acid  Colorimetric

H

-

lxq%

]

=

o
)

2o

g7

H 20

L

Elementar,

Vanadomolybdophosphoric
Method?”o] whe} UV spectrophotometer =3

£  7|E(ST—Ammonium, C—Mac, Korea)&
420 nmellx S48k
2.2 HiO|2xt FE Halo| IE PO,~P
o & Y HHE LAY

i vroleate] PO,—Po] S2 AlA&
< 4Hgsl7] ke PO—P s=5 30 mgllLe
B2 ARAZ)IL, vpo| et 4~20 g/Lo] W=
Ha 7= o= AYS a3kl 2429
ZehaE Wof vloleal FRE Wil 30 mg/l
PO,—P &HS AT & =52 e g7
(JP/NTS—-3000, Eyela, Japan)E o]g&3}o] 2

[Table 1] Characteristics of Biochar From oak tree Used in this Study

pH EC" Tc? TOCY TicY TN
(1:20) e —— D ————
10.3 7.0 88.2 77.3 10.9 0.2

YEC; Electrical conductivity,
organic carbon, and ?TN; Total nitrogen
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ATC; Total carbon,

ITOC; Total organic carbon, ?TIC; Total in



5CojA] 140 rpmo& 2447k B0t mwul shedck.
wylo] 9FR % 3 Whatman No.2&2 ojulsl &
ThA] Whatman 0.2 gm Nyl w/GMFE o]83}o]
ojafstgict. o] ojmelo] PO,—P s EAlSH
of Fbs wlolexle] PO,~Po] F2t W A1)
22 A} (2)F o83t AP35kt

(G) Ce)V
0= G (1)
C .
Removal rate (%) = ( OC ) X 100 (2)
0

Ak (24 g = volexte] Sz
PO,—P2] 9F(mg/g), C,= PO,~P £olo] 27
F=(mg/ll), = &% ¥ PO,—P gH9| 33
Fe(mg/l), Vi &9 Ru|(L), Wiz Hpole
2t FYeH(g) o2 e ik

2.3 PO,—P2| Langmuir St Al

Langmuir &2hs-241> PO,—P S2Fd(q, )3}
=2t & PO,—Pgle] FHPEE(C)E o83}
Langmuir SZF5-2418 #8351tk Langmuir

E SEA ] F2AP|E

=]
sl grufe} FaHacre] Aol AsA o &

Al g PO-P B2tHmele),
PO,~P golo] 25k PO,~P =(mg/L), g,
o uoloxte] Al wEAE FHFmyL), b
L 2% A U/moE velch A(3)94
0/C, W g5 Tefse] EAste] @ A4
o) 718719k BHE ol §F ¢, DPS A +

i

At g, 5= grol S5 Al d2AS &

e o234 28] APO,-P) FHEY 63

O

| Etke AL ey, bghe 11 glo] 248
F2 Ashert Acks A4S dehacy.

R, =——
Langmuir F2Fs-2419] 54cz FAd A=

R, 7} 9lom, A(5)& AoHcy?, mapgl Ak

R, o] 03t 14olo] $lo Langmuir H2H5-2

A1 & FAsto] Tl golghe Lk,
3. Zat { 1

3.1 PO,~P2| E3F & HMHE

AN mgeRnE fERE f%e
TP(total phosphate) T 7} Z}we}l HAb
wo wg} H27E 2R, Shin et al.(2005)*
o Anpde] 7bg A4re] We 69 26219] 5
T O 2HE {25 fA,Y TPt
Bt 6 mg/lLojgom R, oF Suf &2 5wl 30
mg/LE 71HeR2 27| 5 Aste e
AAES APsaleh R ol e} Fqisge
£ PO,-PY| FAF B AALES 2ARE 2}
+ [Fig. 119 %t} 30 mg/L PO,—P §oo] 1}
0| 4~20 g/l #FEO R o] AFEI 4
W, PO,—P F2FE 4~14 g/Lo] ®SlollA=
0.2~0.6 mg/g® Z7}8FF A0, 14 g/ o]|THE
= Hadhs AR Hck

Hhdofl, R Hpoleate] PO—P AlAE&S
4~16 /Lo oo 2.7~31.3%2 Z715k%
oh 2 vHfoleat F9JEF 16 g/l o] dRE=
A7Agel ) ol F7H8IA ow mshel HH)
£ wol AAHOR =7 Pio] IdEE ug
o AnaoR ol et Eegol F7Hael ut
2} & W PO,—P7} wlolezte] F2A7F 4= Sl
2t ®mHHo] Frlete] bR A|lAEo]
tetgich. e AA 4E olate] wholes)
7h EIEEA BRSO FHAYOR Qlstel v
oloxfe] Ty HeIE B

oN rlr
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[Fig. 1] Variation in adsorption amount and removal ratio of PO,—P on
different mass of biochar from oak tree.

3.2 PO~P S5
AL wloloxte] PO-P BABHS wAlS

3l Langmuir®} Freundlich S&F5-2-4]0f
= 1 O 1o 1

293+ A3}, Freundlich 2
Z7} Mol opd Aol amjzZE yeht
Freundlich 25240 uhx] L
Eltor, Langmuir g2ha-24]0]
= [Fig. 2]°] YepI}. Langmuir 252
Ao A =&E AL y=0.058x—0.00570.F
21(3)ef] tUste] 7]&7]et HHo=HE ¢,

7]

BAEQ A=

2
=

o3 =N

o

0.2

b3k sl [Table 2]of r9F T4k
R &= 3 AISHALE.

o @2 vehds ¢, 752 0.10
mg/go = 4hEEglen, FA HsteE UEhj
£ b3k 0.06 L/mg= A=Y gk
0.9478 19| folido] gl Aler vehylth
B A R, ZEE 0.372 0~14}oo) 323ty

S zeRe

=1 0=

B2 Langmuir 2240 & 9= Ao = 1}
il S golda & 4 UcH[Table

2)).

o *
*

e

o

P

T
0.3

0.4 0.5 0.6 0.7

Qe

[Fig. 2] Langmuir isotherm plot of ¢,/C, vs. g on POs~P(g, is
adsorption amount of PO4—P to the biochar(mg/g), and C,
is concentration of PO4—P in solution at equilibrium(mg/L)).
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[Table 2] Parameters Calculated from Langmuir Isotherm Model

1) 2)
m b
q 7‘2 RLS)
(mg/9) (L/mg)
0.10 0.06 0.94" 0.37

" g,, - maximum adsorption capacities of PO4—P.

2 b binding strength constant of PO4,—P.

9 R, : dimensionless constant of Langmuir isotherm.

(** denote significance at 1.0% levels.)

RESRESIES -3
H A3E ®H, Zeng et al.(2013)2 AE3HA
E-2(phytoremediation) o] AME-E]= A1&?1 EXF
W Thalia. dealbata)E YE2 A|Z3t Hlo] 92}
(500~700C, 2A1ZHE PO,—P golo] H7l5lo]
Ao SRS AEe 23 2.54~4.96 mg/gR
Hio] @2} AH2E7 SRS 2] g2k
Z7pstgtkn BRuskgol?. ®d Xu et
al.(2014)2 UHES o]t A|zxgk Hlo] 22}
(350~550C)E pH7} t+= ZME(brown soil,
BWS), ZME(black soil, BAS), XE
(fluvo—aquic soil, FAS)Q} &35t PO,—P &
Aol H7tsto] o F2REE 4SS A 244
Bl SAE  AHEqoie 04-0.8 mg/e,
0.5~0.7 mg/g= Hlo] @} FQJefo] F7IkpsE
2ol F7rslalen, Hhde| 28+ 0.7~0.6
mg/g= o] FRo] st sk
= A7 Ao} vuwslE w AESEEYS
A =23 HP-E o]&sto] A X3t vlo] eake] A
SAgo] 247y 25.4~49.64l, 4~7vl =A UE
sk ol HpoleXle] Ywrt thEal, Hiolexp
E s st 2=k AR aEla HES

olgste] Azxat ulol @}

A FASREE Bgduie] ddle] He
& A7As] iRk A Bre|eake] PO,—P
of FHAIEM ThsAdE  dATsh] Slel

s

PO,—P 88 o]&35}o] dlo]exle] Fzk EX
& 2ARTE PO-P Sakg A48

2E wWol s FUVeIEAIN, 4 5
& o] Hioleaprt B sk A
By} HpoloxE olgsl Tz Ay ATES
Langmuir F2H5-2410f 2-85t0] Al whaAls:
22, F A=), FA A (7))
Aok O 23 FA A Ry gl
0~1Afojof| §lo} Langmuir S2F5-22]o] 2gts}
oy mekbd RS AR A2g vpo] o3}
£ PO,—P &2}ol| §olgt Aoz Yepyitt 5
ol5 o R FAHRN fEEHE SAFER
B Hooksle Aty ) AURE 9dga
& Hfoloxts Egol A8atde Al POP &
2} EAoll gt A7t Hagh Aos gk

il
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