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Recently, biomass conversion of by-products into an eco-friendly bio-sorbent such as biochar has
been recognized as a promising product to maintain or increase soil productivity, reduce nutrient
losses, and improve water purification in the ecosystem. In this study, four different types of
biochar pyrolyzed at 500°C (RH: rice husk, BS: bean straw, PS: potato stem, RPS: red pepper
stem) were chemically modified through two different methods (RW: raw deep sea water, CW:
concentrated deep sea water). Changes in the physicochemical (surface area, elemental compositions,
functional group) and morphological (SEM) properties of the modified biochar were measured,
and the phosphate adsorption capacity in an aqueous solution was compared and evaluated. The
improvements in the biochar properties varied for different feedstock and modification methods.
In particular, the surface area of RH was the largest compared to other biochar, and CW
modification caused substantial changes in the surface area and functional groups. The adsorption
quantities of phosphate by modified biochar were 0.136 and 0.164 mg/g for RH RW and
RH_CW, respectively, and their corresponding adsorption quantities were 0.34 and 0.46 times
higher than that of RH. Overall, it was determined that chemically modified biochar using deep
sea water is suitable for removing phosphate in an aqueous condition.
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o] @ 2p= Hfo] @ ujA-S ARt Ah4: 241
A A4, gt Ao wiE 2A7EA HiE A4 BEY N, ed=E Y T tlE aAllE FEEAL Qlnt
(El-Naggar et al., 2019; Feng et al., 2023; Lehmann and Joseph, 2009; Valizadeh et al., 2021; Wang and Wang,
2019). Hfo] @210 E4dS AAsh= 89l 5 9a 0] S A AT 5544 FAER ol 2240 ¢
S S4or FEAdEEs FESkeT ARISHARE 2 g2 nld[Eo] F-sl A= e] ol A= Ws 7
5ol S2HA|= 0] F-8/do] o] At Hio| e x}e] Eelstel EAL F2 duet dis 2UARARL &5, 71EE
T 2] 59 B0l Qs A=, Helle =2 g gE U 8 SHS vEfste] o] Bolgh w4,
A 9 A SollA A= Hirpdo] E-8-5]a7 QITHEL-Naggar et al., 2019; Panahi et al., 2020; Tomczyk et al.,
2020; Zhao et al., 2022). FEl 2= DREFE FojA= A= ol 2 Y2 AL, FHY Fx
W71 8730 Y miAl= A o=m 4 Qv 7HE £ Bl 2F A2 ol o AFAIRES Ha 5] 224, o
AL 714 =] e 27 S0l R S A B = JAST S S Afolofl A 221 kg2 B 23 =
FAI N FrIRAR, WIS g0 dS5E0) 9l g o] 5A9kE A%t (Lehmann and Joseph,
2015).

LHTA] 0 &2 Ho] @2} Ao &8+ = Y T A4 Az 52 9 BESF 7ol tigh avizt A, &
=7 2Ae] Bl 52t 28 B BN 2t W] wiee]l 47 Ee ekl A @Al 22 - ook T
(modification)< &0l -3, HIEHZ, 57| 52 /1S 58 5 = Alstal Irk(Feng et al., 2023; Lee
and Shin, 2021; Mukherjee et al., 2011; Panahi et al., 2020; Rajapaksha et al., 2016; Uchimiya et al., 2011; Xu et al.,
2021). =24 /N2 Sk 7ke Qlo] 2, 712 9 571 248, nto]az o] H Fo] Z-8H FAIAQ1 A
o] a1, ofeb] Z1E-L 1hrk 715 Aefsto] S Aol = o A2E Foll se AT o T
o] A=A ik AR Aol mhEm i S 919t 7= H,S04, HCL, HNOs, Citric acid 5] 4t =
KOH, NaOH 5-¢] &Z2)7t 2 ARE-E|a1, 7H& 5 carboxyl group, hydroxyl group % meso/micro-pore 3] 57}
2 5259 W 9 47)2 712 o] Rl 202 Byl ik, sh, o] M At E
o] thet Te7h Wast 5o 2 A QRIS 58 B85)e] 71E H et A
o0 2 15730 /A RS A A7t S tekar ek, ol £ el Al 7] A bAE iAIE 4 gl
O 2 S FHTdeep sea water) 2] B-8/d& HES|EIA} SFAH:

SHFHSTE= 4 200 m oVFe] 22 sl EASHE sl 7120 B 501 7
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HH A2 fAlSkE rld[Eo] SRR FFY o Al Arpl o 2 |2 o o A A tf-3-2 i/t tiAAR
o2 A Qlrk. EFFo2] 95%(1.3 x 10° km’) & AA|oh= 58 Aol AR, #4577 et 92 -2uvet
S Zole] nl=r, A&, gt $5 5.0 2 vl AlRFo]tH(Ju, 2016; Moon et al., 2004; Yang et al., 2019b). Bl=12}t
2 59 X AT AN =2 1970t SR H s lero] F8/8S 1Alsk 7] & A E 483}
7|8F AHE 8 ol 2loH, T2 AFloks nA|ER AL, AR oA, AEAIE, O&, v, offvA] ALEE

|

59 522 tfeFstti Chung and Lee, 2009; Hong et al., 2006; Nakasone and Akeda, 1999; Yang et al., 2019a). %
U= 200085 H A2 0 2 ofodilEro] -8t BRI A5 AlReala, 2008\ SiFHEo] 7 2
ol PRt HE o A= AP Sl 9 T 4F}io] 7159H= 2IEH(Chung and Lee, 2009). 4128 Ao wh= M 1]
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al., 2016).
2 AGe] A2 vho o2t /S R Al A7 A sl E885 HESH ] flol 7 of il mE
Hio| @ 2}o] Z2- ofehd EA] HelE 1Sy, -89 F Q19] SIS 5ol s ol tist & AEst

Ack

A2 Y

Hlo|22} 3= U A=

Aol ARgRE HRo] @ 2}e] Y= 427 8ol B AV AlEfste] s AtES ARSI = Ul SARARE

dmEH B, GA)7HES TR 66% = 7P AL WA T 7 5)2 A A A (AR,

A 572 17%2H16%E 2ok 2 2= YERth(Kim, 2021). 1L =] sits A2 s971ed
20219 535 Al (https://www.ares.gangwon.kr/gwares/management/gw _agri_statistics)®f] TH2H H55(394,259
) > 72K172,869F) > F{165,61 1) > H(151,317%) > 15441,124%) > S57(31,0318) > F(8,9475) 0=
ARSI o] o Eelio] W Hio| e ah a2 Z-gAJo] =& AL W, A1, S B o] Aot at
Aol Alge Z o & THE|ITKKim, 2021). ol°l, Y T AAEE 7IRto s fitE ol g Ao s o
CHel= 947(RH, rice husks), ZFH(RPS, red pepper stem), 3(BS, bean straw) =7 & A4, 74212 739 HE
o] QujA StH gl Hio] @ 2} Aatoe] 2] 7 © 2 yhhe] = =j 2|7 2K Jerusalem Artichoke, Helianthus tuberosus 1..)
O] Z7|(PS, potato stem) S H= = A5, oot T2 AR Hio] Q A5 A 25T

1. A8 450 dEae EE AAE Sl 2= == 42 Al-sIeE

2. A1 3 o524 74X 7](DY-420H, Lassele, Korea)E ©1-851] 60°CollA Sk 59t A% T ok4fi3h F, 10 mesh
(2.00 mm) EZA= S5F2]9F 12 mesh(1.70 mm) F=Aoll= A7) Y22 AFES19S

3. 9= °F 1 kg GEoN7]ol B, A4S F|eet AlRlet 7oA Fitslet e

4. GRS =3 25714] 10 °C/min®] 2 F7HERE 52613101, 28 Fol =21 500°CollA] 1A 53 D&
Sffoto] AJRl-g HEo] AE Al =51

vlo|22} 7 U =2 -efed S 24

Az Hho] @2} J2te] FEILE ffote] E4l71E -85, ARt HEo] @ 2H= 18 mesh(1.00 mm) FFEAIE
B YA ARG o] % Hio] 2] 5258 TS iRt SfetA] HiR o] 7|2 71E A7 1/d BtekAlE tiA|
A= fFHSTE ARSI 7S flote] ARS’E S-S = 280 =2 F_t A (raw water)@F4H-8- 51
SHF 5=7](R-220pro, Buchi, Switzerland)E ©|-85}] ¢=2] & 1/52 553+ 55 (concentrated water) S
ARESHATE SFASTE ol 8/t Hiol @ate] 72 1 L AFZFEEA T 4520 Bio] @ 21eh 2E0] sl FSrE 1L

HH] 122 510 27 SRlsigitt. o)% AZEetado] /4 mebEEo R eS| FAIFud7I((DHWIS

¢}
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05210, Daihan, Korea) = 25°C 2] 2= olA4] 150 rpm ©.2 24A|7F 59 WHIAZ] & A7 S AR8otod of gt o
Vhl Bo] @ 2b= FHe]| T}E’é}ﬂl ZkES= 70 80 A E Aol SR-r= 31 AL, 1271 70°ColA 2

A Bz 5 Ao ARSI (Table 1).
Hio| @2} 7 o Rof mhE E2 - 2FelA £/ 0] ¥ishE Thaely] Qlol 1 ), 39 ¢4 4, 7], 3HA,
5-5 25190t vlo] @ xto] T e W A Y4 2418 FE-SEM/EDS(S-4800, Hitachi, Japan) S ©]
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O O
L5190, THO| 57| EAJ-2 FT-IR(Spectrum 3, Perkin Elmer, USA)& A85}o] & 45]'93\"4'. IH-I=9 v
WA B0 BET 2417](ASAP 2010, Micromeritics, USA)S AF&319.0H, Q4-EA417](EA3000, Eurovector,
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Hlo|ezto| oIt S22k U s
4% Hfoleate] A whE 825 W7FE flofl it -8AS o853l ¢ EFEEHLS potassium
biphosphate(KH,PO4)E 10 mg-P/L O &2 A| 5510 ARGt 29 2702 10 mg-P/L 94821 5
°]RAFE0, 1,2, 5, 10%(w/v)= Aok, nAdES] B5-S Alsk7] $16H toluene 2 — 3122 7IRF & 205k

-]

F71E o-&sto] 25°CellA 200 rppm O =2 1A &9 2”5, T35k, At whE a-84-& HESH | fI5te] 5

SF A 7oA 10ARHA] HEGAIRRS: S7HAAH aa/dS B2kl X'l gha sl Hha-8l> w7

(Centrifuge 5810 R, Eppendorf, Germany)E ©|-85}0] AR H-S Halst 1, Ea|et AFAlof o] QI 5= ascorbic

acidE A2 AFE3F ammonium molybdate A& o] 85t Q14He] ek A% SFITHMurphy and Riley,
o)

il
e

-goto] S2= 5 Al ES oIt

1962). £ QW gl 27 s ot vlwste] 4 ()7 (2)

6= M

Table 1. Biochar types used in this study

Feedstock Description Sample name
Only pyrolyzed products using rice husks RBC
Rice husks Modified RBC using raw deep sea water RBCR
Modified RBC using concentrated deep sea water RBCC
Only pyrolyzed products using bean straw BBC
Bean straw Modified BBC using raw deep sea water BBCR
Modified BBC using concentrated deep sea water BBCC
Only pyrolyzed products using potato stem PBC
Potato stem Modified PBC using raw deep sea water PBCR
Modified PBC using concentrated deep sea water PBCC
Only pyrolyzed products using red pepper stem RPBC
Red pepper stem Modified RPBC using raw deep sea water RPBCR

Modified RPBC using concentrated deep sea water RPBCC
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G,-C,)
Removalrate (%) = —a X 100 )
0

o714, V= 8o Fal(L), W= HEo] 2219] (g), Co= 271 8N F 4 F e (mg/L), Ce=HES- - -§40] <l
A& (mg/L)< oJrlRith

4E 0] Hlo] Q215 o] 8]} QILF FARF ‘3—! 117% 1 1H0 2 §-540] E3IE RHEFBS 252t o= 7id of i

of| T Hio] @2} FAEA |92k= ST Aot e 5= 7idd
Hpo| @2HE o] &5l 1, 7] wE E#% 0%}2 ste] Q1 FFEEN O] 5= 20 mg-P/LE Aol 11945t
o} 711 3t o) Blo] @ 77, 9ESA17H0, 1, 2, 4, 8, 10 h)of| ThE &

AL, 89 T it SR Y A ES %’494 A () (2)E ol-8sto] AFESHAH:
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(e)

=
E

=0 hE blo|2t £
LRt oA A xR Hie| @Al 52 AR Al Aol whet 2lel7t 191l RBC(31.3%) > BBC
(30.5%) > RPBC(29.7%) > PBC(26.7%) %] &0 2 Q57| ZAA || 7I7FeS-E 480 Y 7o 2 Ueydt) 4%
o] Y7ot AHSIE Fofl Al vo] o] UAEA Hik= Table 20f| JERN I A8Ae]| mp2H Hio] Quf A
= GlEHA 77 1E Tt ofsf AR o= A o= A A QLA 2 Aol FUSHA AEohE vt
ol QAo AR HCHES SATE el AHgiere] 29 RE Hlolo Ao YRHT BASHAT, 449t
7B Th0l 7102 Lishish ol el oo @itoh 3ol 72 Ik e i
ol geFe] Hap} Q= Zl o g A LoflA= B %A QI Ahmad et al., 2012; Kang et al., 2022; Lim et al.,
2014; Panahi et al., 2020). B]'O]RX}J EFS} (carbonization) 2! Z1<=4J(hydrophilization) 5+2] %31 H/C@r
O/C*= Van Krevelen© 2 21519111, 2+ H/C7F 2245 E1sl7} Wo) ZsiE 7 o 2 O/C7T 2FeE 4449
EAS Uef= 2 o2 THSITH Chen et al., 2012; Lee et al., 2018). Aol ARESH Hlo] 9 2}0] Bt s} =52
BBC2}PBC(0.01)7F 7F &3k, RPBC(0.03)7 RBC(0.05) = HYEFHE AL, Aol A8 HEe] 22} 5 RBC7F4tA

Table 2. Elemental analysis of feedstock and biochar

Material C H O N S H/CP o/c?

RBC (wt %) 32.53 4.78 58.02 0.52 4.12 0.15 1.78

Fesdstock BBC (wt %) 46.20 2.98 47.23 1.14 2.78 0.06 1.02
eedstoc

PBC (wt %) 40.68 2.53 5378 0.65 2.43 0.06 1.32

RPBC (wt %) 46.93 1.61 47.46 1.95 2.31 0.03 1.01

RBC (wt %) 54.64 2.77 38.48 0.74 3.45 0.05 0.70

Biock BBC (wt %) 76.49 0.92 18.61 1.39 2.66 0.01 0.24
iochar

PBC (wt %) 70.49 1.04 25.18 0.78 2.52 0.01 0.36

RPBC (wt %) 59.42 1.98 34.03 2.45 2.06 0.03 0.57

YH/C: hydrogen and carbon ratio (carbonization)
2O/C: oxygen and carbon ratio (hydrophilization)
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£ ol e A 5715 o Bol ZsL e 2 o & W ek nbrkA| & Hio] @ 24k0] A4d
YR} H/C= RBC(0.70)> RPBC(0.57) > PBC(0.36) > BBC(0.24) 9] 4=0 & B5l 7} kS 42 Al A 0 & 214
4] BEAE Hol A2 0] &8-S v wf) 7P felRt 21191 20 2 E|QIT) Budai et al.(2014)2F Lee et
al.(2018) 9] AP A= 400°ColA AM= A %37} HEo] @2k] H/C2EO/C= 2H2}0.05 - 0.092F0.26 — 0.38 & AT
S 0] Tt o} XA S U= 2102 H sk,

jt>
FN
11]e}

7H2! o] hE Hlo| 22} S/}t

Hpo| @ 2= ThlRt H71/4d AFdS fm = ARgSto] Alxgh A= 2] 9 2] Wiio] whet ofE 5445 U
U™, egol thgsiAl A8 7t Ao = A Qltt. 59, Hio| @2 k= 7id B E= 7ol ARt Al mof whet
=] -3foh B4 54 W AT ol et 2 DefAle Ao s HAlEY §lom, 2 Hio] @xte] 2
28] e fIote] ThalRt AW weoll tigh A7t X198 =] QItH(Lee and Shin, 2021; Lee et al., 2018; Wang
and Wang, 2019). 12 Aol A= Hiol o2} 7iaS 913 afeh4 v & B E4 7o ehdgt Ao & x|
2] 7|9ko] 2FotA|lE thAlA| = sl E-2] 2842 AES B, sl S 28t 39 /i e & ot
Zlo] mpelel Hiof| mh2 W 3 AP A7 EASHA] e 20 544R] 7e= wetE| ]l

Hio] @ z}10] 7 dof ARERt YT 28T = Ftt IR 9] Yot 5545 ARSI, Z12E9] pHA=7.8
8.1 2 LRFARI Sll(pH 7.5 - 8.0)2} HIZS(H <=0 = 550f| whE pH WSk= A7 52 21 © 2 et th(data not
shown). GEolE &l A2t HEo] @2}2] pHA= 8.2 -9.79] W92 Hzof et tof2 7] Yelstow, sidilss=
7N Esto] & Hho] @ 2440] pHE T HisHA] ¢ 210 2 YERthTable 3). S-S nlvlZmt1vls, 24, 2
F o) FUAEAE, A, A 5ol SRS AFE © 2 A Q1a1(Hong et al., 2006; Ju et al., 2016; Moon
et al., 2004; Yang et al., 2019b), Ao AR8SF L4=9} 5=5=0] Mg, Ca, K9] 5= 212} 1483.0 mg/L, 477.6
mg/L, 436.6 mg/L¥}2438.0 mg/L, 748.8 mg/L, 679.8 mg/LZE A%}

Fig. 12 sHFAE R Azt Hio] @2te] 7114 Zxt F-0] 3w w3} =1S 91’ SEM 4] A= sfobilsr=

|0

[¢]

.

1

H [e]

i g 5w EA4o] Woks 21S T e 4 AIeh RBCE 71 & o] 23 At 42kE 9 /d0] S0k
31, fpo] vl F5E o8t 7oA B A kS e A 02 P QIn). o] 23t o] Hak=s HAE
A EE BHio] A7) Z715ol offt B9 371 9 Ps7] 94 502 g2k el fejat 2710 mekgc
BBCE= 71 A wlj7iee FHoA 71 5 28 3 o = Qlet HHA SV Lo, sS5rE ol 8 o ¢
S0 H]3) AR Ao nh2 T2 ukgl T 220] Bl Ik 3 g 502 Hrido] hashs AL Skl
% 913ick. PBCS] 749718 A o] vl) A G AL g o] )0 2 Qlgh 24)0] B2 FRe] 3 S-S
Table 3. pH analysis results of biochar before and after deep sea water modification

Classification Rice husks (1:5) Bean straw (1:5) Potato stem (1:5) Red pepper stem (1:5)

Not modified 8.16 +0.04 8.37+0.02 8.83+0.04 9.73 £0.05

RW" modified 8.07 +0.02 8.31+0.01 8.14+0.02 9.55+0.03

CW? modified 8.18 £0.07 8.27+0.03 7.84 +0.07 9.17+0.02

YRW: Raw deep sea water
JCW: Concentrated deep sea water



Fig. 1. SEMimages of different biochar feedstock (A: RBC; B: BBC; C: PBC; D: RPBC) according to modification method (1:
raw deep-sea water modified; 2: concentrated deep-sea water modified).

SJela 2 91911, BBCSFIRIA| R 94l Hll 5545 Ahe 8 ) 3E310] F-To) shlel A7 17 i
A0S BUSIICL RPRCS /5 1091 33 Uil AR/} 31 A0 Bei, Bint 524
Kef 2 2] 312 Qe TR 71 ATl QR Aol 1 Solo] Ahge 5

Al ] 42 s FAo| w2 3= 2ol /ol B /F oz Qlet B Hot BAE| 9, 2 gite] Axo]
5 =] 2ATHLee and Shin, 2021; Li et al., 2018; Shin et al., 2015). Lee and Shin(2021)2 Wang
9801 A AL o) Akl Qlslo] Erie] 71817} Al e] e Aae
0| 73717 B7hbcke Boh o] slep o] 8.0 vloloate] B AW F7K Ao Wk
o}, skl ofst nlol oto] e Yl @7)5} 2 HEmto] EAfshe 2h87]0] Al 5748 fste] of
et ol o1} 2187] G4 9 4tellof ofe EENIS S Bol e L ST 4 9l Aow Mo,

_l

X
Hpo] @ X} BET 4] At 7)1 vt & vio| @ 2po] vl w2, 3= Fuf 9 Bt 3= 272 245t
At i A vlo] ext wHAL Yz wet xlo]E B3, RBC(61.2 m¥/g) > BBC(39.5 m*/g) > RPBC(34.7
m?/g) > PBC(15.9 m’/g)®] <=0 2 YAZ A= Ax3l vlo| o2pe] o] 7P 2 02 UEPIT. Lee et al.
(2018), Lee and Shin(2021)7} Yaashikaa et al.(2019)= Hfo| 2}0] E2]& 2= Ym0l Ry dEs)| =4
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Table 4. BET analysis results of biochar before and after deep sea water modification

Classification Specific surface area (m?/g) Total pore volume (cm’/g) Mean pore diameter (nm)

RBC 61.2 0.15 1.58
RBCR 93.7 0.31 0.92
RBCC 103.5 0.46 0.64
BBC 39.5 0.07 2.28
BBCR 52.1 0.18 1.73
BBCC 51.6 0.13 2.17
PBC 15.9 0.03 434
PBCR 28.6 0.15 3.45
PBCC 26.4 0.07 4.12
RPBC 34.7 0.07 2.56
RPBCR 45.6 0.16 1.64
RPBCC 349 0.11 2.37

o] P I = A o2 Bl YAE A o2 Y 25200 -350°C)of|A] E5l17t M52t hemicellulose

5 HATEE 2. 2olA] 470 Bal]A] O lignin© 2 T4 B Aol 18] HERAe] A A4t

At A2t A1 3 B Hie] @t Al AlE A ] )3} Z715F31 1, RBC 2] EH -2 RBCRS}
RBCCONA 212} 35%2} 41%7F 71510 71 FE#R|+= Z1 0 2 LeRdth(Jeon et al., 2020; Sizmur et al., 2016;
Wang and Wang, 2019). ©]7 AP A A &= AKacid) 2 4F8HA|(oxidizing agent) S AF8-5HH HEo] @ 2k0] EHZA 0]
s, W) gole AR AMgsi TiHo] Zolahe Anle} dAjslsrkLee and Shin, 2021;
Nguyen et al., 2021). T3}, 74 A vlo] @ 2}0] i 5= 2742 1.58 —4.34 nm = mesoporous(2 — 50 nm) -2
BART, A T B B3 A4S Hobaks AR Ueh} F50] e 2T 4 98 AR pekigict
SEA|9E, SEM 24 At niE7 kx| = RBCE ErollA 5552 71 899 555 7 o) 3= dao] 94
SUE HIH BBC, PBC2FRPBC= 55l I8l foll o] 3= Teo] p3t 202 Lehdth

AnalE B A2 FATAE vloloel AFEE olgsiol AL vloleste] Tl 1)
FT-IR-S o|-85}0] 41619t Fig. 2). RBC= 1078 cm™ F-20llA] Si-O-Si 714, 1430 cm™ F-2o)lA] C-C stretchlng
711596 cm™ F-ollA] C=0 stretching©] 2H1 % 1THHu et al., 2003; Lee and Shin, 2021; Lee et al., 2018). 7%
RBCR¥} RBCC= carbonyl, hydroxyl, carboxyl group= LFERHE= 1090 em™, carbonyl stretching-2 WFEFU= 1635
cm’, B B2} Ato] o] 24~ Aglof| ToIS= 0D stretching$1 2507 cm™, C-C stretching Q! 1440 cm-1, OH bands 2] 7
T 5= SH stretching @1 2520 em™ 2 OH group 2712 T 371 {0171 3300 cm™ H20] it 5 42| EA
o] s A A TS 5 Q= EAZ O] 1] 32 81918 4= QI2ITHChoi et al., 2021; Duce et al., 2014; Hu et al.,
2003; Jeon et al., 2020; Kang et al., 2022; Koranyi et al., 1997; Lee and Shin, 2021; Lee et al., 2009, 2018; Mirghani
and Che Man, 2003; Stangret and Kamienska-Piotrowicz, 1997). BBC+ ether2} methylene group= YERH= 1132
cm™!, OH groupa LFERI=3380 cm™ o] &1 9iet 7id 5 BBCRT}F BBCCOlA] E&t] Tofdt 4= Q1= C-0
stretching, carboxylic acid C-O stretching, carbonyl stretching2 WEFUH= 1417 cm™, 1084 cm™, 1635 cm™ 7F AJA]
=137, OH group?] 57F=2 3300 cm™ F--2] mHo] Yoj 7l 218 2kelah 2= 1t Duce et al., 2014; Jeon et al.,
2020; Lee et al., 2009, 2018). PBC=H¢F4] C-H stretching2 WEFHE 874 cm™, C-O stretching 2] 1409 cm™, OH
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Fig. 2. FT-IR analysis results of different biochar feedstock (A: RBC; B: BBC; C: PBC; D: RPBC) according to modification
method.

group?] 3386 cm™ o] TEE1 T, 7 F ether C-O stretching®] 1150 cm™, carboxylic acid C-O stretching 1083
cm’, carbonyl stretching @] 1635 em™ @] w3to] 2712 A% 173300 cm™ F--2] OH group©] 7481 712 sHolsh
Z= 1 th(Devi and Saroha, 2013; Duce et al., 2014; Jeon et al., 2020; Lee et al., 2018, 2022). RPBC= 134 C-H
stretching®] 875 cm™, SH|22] C-0-C21 1118 cm™’, W= C-C stretching®] 1396 em™' ¥ F&FE C=C group2]
1577 em™ o] oH3to] el=]Qlct. 1A & th2 Hlo] @ 2} uEE71A] 2 carboxylic acid C-O stretchingQ] 1086 cm™,
C-O stretching$! 1408 cm™, C-H stretching®] 2317 cm™, carbonyl stretching©] 1635 cm™, N-H group2] 2318 cm™
m 37} F7ER PEE LAY, 3300 em! F-22] OH group©] 738He 215 S1R1% 4= 313tk (Adeniyi et al., 2020; Cui et
al., 2017; Duce et al., 2014; Jeon et al., 2020; Kang et al., 2022; Kotodynska and Bak, 2018; Lee et al., 2018, 2022;
Tan et al., 2018). /7] BT}l A], vlo] @2} 7JA-& 9J5t] sflFilS< At 5555 AR off TH=hydroxyl,
carboxyl 7] 50| 5717} A dE o] 7P S5 H1E Foll Su5 H AT T 50 ek SRS =
Toh 4 QlS 7o 2 wE| Ik

it E2F LU AP

Hlo|23le)
4%:0] S ARAER Azt o] 9.2k A2l U kg Aol T2 4891 F QLA A B8-S Fig, 33 o] Lie}

Wt Aol ARgRE RE o] @ 2o A2jRF 7Tl mhet -8l & QAT A G2 S7ISHAAL, ol 7t Avtke A
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Fig. 3. Variation removal efficiency of phosphate in aqueous solution on different (A) masses of biochar and (B)
reaction time (Co: 10 mg/L, agitation speed: 200 rpm, temperature: 25°C).

o] Z7IEGE 80 F QUES AR & Sle SEA EH O SR WolA A Fato] X1 tlEe =
THAETHFeng et al., 2023; Lee and Shin, 2021; Panwar and Pawar, 2020). Biochar 5 g 2] =0l A|A &84
RH(84.5%) > BS(77.2%) > RPS(63.9%) > PS(58.6%)2] &2 2 -3-21A4(p < 0.05)°] EHIE] A T(Fig. 3(A)), ©]&
A= Table 4] AR B E4JA710] of RS vk 710 2 wetr| otk X a|sfol| w2 AJgdt vlo] 9.2}
-l 1 olate] ZaFHEgo] 95| FRE|R] ke 7l o 2 wekr|o] | A2k 5 o) 71Ee 2 AT e g8
& B7FolSlth(Fig. 3(B)). Al@ ol ARS8 BE Hio] @ 2o} QUAHe] J2F HE-G-2 = A S == THA|9F 1 o] F
A E2 == DAIR FEE A, RHEFBSE WAL 2A17HE] PS2FRPS= RESAITHAAIZHRE B deol =
1= 71 0 2 LFEPGT(Choi et al., 2021; Feng et al., 2023; Kwak et al., 2020). ¥F-&-A|7to]| th2 2 AgloA &
£ Hlo]@2}o] olit T2tk Wl A|A §-8-2 BS(0.0985 mg/g, 97.0%) ~ RH(0.984 mg/g, 96.9%) > PS(0.0915
mg/g, 90.1%) = RPS(0.0909 mg/g, 89.5%)2] <=2 & RHS} BSS] G840 7P =2 710 2 YeRit}

o rlo &
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7H2o]| wpE S22 U AE Hat
4F0] Hio] @215 o] 8ot F2F A olM 7HE = &%*é—% EOJ RH®}BSE o]-g5}o 7l i} 2.0] =80l 5
QW] AlA Bade HIbsIeint 2520 Hiol @2k= i & aaio] SIS SIS Uit 55
ol Argstle w a&dol v P =Zo= UrEP*ﬂ(Flg 4). 10~ HESAIZ] Hho] @ 210] 711 7tk
S oA a8 W S22 RH_CW(89.8%, 0.164 mg/g) > RH_RW(74.3%, 0.136 mg/g) > RH(48.6%, 0.089
mg/g)2FBS_ CW(85.6%, 0.157 mg/g) > BS_RW(73.6%, 0.135 mg/g) > BS(48.5%, 0.089 mg/g) 2] <=0 & x4
g etol o Ao w840l 7H e A0 Uehidrh ol2iet i e 8 A EA|R Ae uf Hlol 04
o] A AZH77} S7Foted A o] Wz AU AR Q15| A% carboxyl, hydroxyl group®] 2I7tE WekS 5
St 5221 o] Tofste] 52 g-go] Z71E Z o7 Hsk= APATAnel A5t rHFeng et al., 2023; Lee
and Shin, 2021; Nguyen et al., 2021; Wang and Wang, 2019).
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Fig. 4. Variation removal efficiency of phosphate in aqueous solution on different modification method by (A) RH and
(B) BS (Co: 20 mg/L, agitation speed: 200 rpm, temperature: 25°C, reaction time: 10 h).
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b |
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BAEoA F2 AQufEl= AR S BARE 45(RH: rice husks, BS: bean straw, PS: potato stem, RPS: red
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