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ABSTRACT: Increased nitrogen in the water system has become an important environmental problem around the world,
as it causes eutrophication, algae bloom, and red tide, destroys the water system, and undermines water's self-purification.
The most common form of nitrogen in the water system is ammonium ion (NH,"), and the largest portion of ammonium
ions comes from wastewater. NH," is a major contributor to eutrophication, which calls for appropriate treatment and
measures for ammonium removal. This study produced biochar by applying Sorghum x drummondii, a type of biomass
with a great growth profile, analyzed the adsorption capacity of Sorghum x drummondii biochar produced from the changing
carbonization temperature condition of 200 to 400C in the ammonium ion range of 10 to 100 ppm, and used the results
to evaluate its potential as an adsorbent. Carbonization decomposed the chemical structure of Sorghum x drummondii
and increased the content of carbon and fixed carbon in the biochar. The biochar’s pH and electrical conductivity showed
high adsorption potential for cations due to electrical conductivity as its pH and electrical conductivity increased along
with higher carbonization temperature. Based on the results of an adsorption experiment, the biochar showed 54.5% and
17.4% in the maximum and minimum NH,-N removal efficiency as the concentration of NH4-N increased, and higher
carbonization temperature facilitated the adsorption of pollutants due to the biochar’s increased pores and specific surface
area and subsequently improved NH4-N removal efficiency. FT-IR analysis showed that the overall surface functional

groups decreased due to high temperature from carbonization.

Keywords: Biochar, Adsorption, Ammonium, Sudangrass, Biomass

E B A W A0 Bk RYUsht mx 9 A2@S sl A9 B 8 Be) AR5 ASHAA
AAAZ O FT BARAL HTh A ) Wel 7bg AAel Fels FRENH)0ILS FH Ay
B HYHE 7P Be PR AL gom RYYse £ 9] B EM i AA glof HH
A 5 Weko] Basith B AT Aol T ol oul s F ShQl SIS 285k vl 9x18
A 0, 200C-400C B8} L% 2 Wsjol mE ol ALE FUT a}* Hlo| 948 B§3te] G
o2, 10-100ppm 5= Mol 2 FH5Y BASIGOH, o] ANE B3 FHAZA TE 7Fs8S Bk

a gloiska gkl 3h74 - $8hg-3-g-8s} ¥R (Ph.D. student, Department of Environmental and Chemical Convergence
Engineering, Daegu University)

b Exo)dtw $74F38t3} WS (Professor, Department of Environmental Engineering, Mokpo National University)

¢ oo ik 3 - 31egehE e} Znl(Assistant Professor, Department of Environmental and Chemical Convergence
Engineering, Daegu University)

d o)ohshal 347|433t} 2 (Assistant Professor, Department of Environmental & Technology Engineering, Daegu University)

1 Corresponding author(e-mail: daegi.kim81@daegu.ac.kr)



64 2c

Ho

y=g, 4|

shic, et
uhe] 2 3pe]

pH
4 /P54 By

Y
N
fo
o
o
M
o
bl
£
les)
o
=
fr 4o
_]>4

7} ol HA AV AEE

8l rehEk=e] et xrt FellH A vlo] x| 'har Bl 11y 'hAghako] %7}3}0515}
§]’ 257t &5 pHeF A7 A ER
o FEEY AAE v E NHANO| E57F oA FHTh 54.5%, HA 174%2] 21]7‘133—
Hio]l e x}e] 7]E 9l BlEH A
1 A, gEhge] 1o g ]l MAZH W 28719 ATt vEkstith

sl gFol-oll thall =

S7FE sl Ld=2 2] FFol &olali NH,-N2|

ZR[O): Hlo|23f, B2, ADLIOM EA, AT, Hlo|20jA

[—
AT 1% A HA Fe s 2 AT %j—
Y Yot danlge] dgos ) £

2 w57} 3A FUkeka Qlon] HAEw Helg 74
A2 AL apzdolv vtk E fdE I doH?. A
U Ao Z/l= Boyoksh} =z 9 HAZHANS
frste] Al sho g Bo| AHFHLS A
A ANAR o Z 2Q3 FAZA 7} HYTPH, 2=
AW Ao 7 Al el dEENH )l
o] PR AFERE FYHE 7 e B

2 S glom PRYste] F8 Uelo] Hu
slo} g A7 glof AAF A2 5 eto] B
szt

QiAo 2 5% GuF ol &S A 1905
MOEE AVOFH, SBREY 59 2e B
A0sh g, oleamdh, o Rely 5 e

29 - 8314 Whgol HlEAoR AgHm gy
o] & F2Hel A% Aol Gesln LEY FE
5ol 2 AL HM 27 o] A Egel he

*ﬁg Adgel 1401 g e AA gdiE L
Y= FAO| TP, H o= A &TolE, o] 2wdE
T O FHAL Hg T LdEEe AAS
= ARGE I QTR a8y 71E FERAE
2 oA ZHlof] Hlsf @2 FHEES Hol7] o
Fol| AAZ ol ELZQ thAl F&A ) g A
TEo] Y= ek

H}o] @ ZKbiochar)= HFO]| QU A~E ©]-8-3}
7} AgkE 2h6lAM SR FES) FAHE S 5t
U2 ute] eate] e WA,
structure) 9} she]| =S4

A

2
rx
Y

J. of KORRA, 31(2), 2023

ol
B
=)

Z}-8-7|(surface functional group)
7 9lo] SRSl oled o
SR o] slolurkn BHE T Tk,
vlol2aje) R FHiu, LA, FUR
CRksE $714 T7)E 5 chket o] o)
2 B8 & o] AAH, BAAHH
4 AEe) Helsh BAo] F2A, &
I 5 Elor Fgol ol sonl,
vol @ul ] Ffol wel BAo] Thes] wEl
e St 280 97 doleulsg e
],5—2], 2= o]q_l6 17, 18)

A2 Fol A TR Cloke FRAEe]
ol2ulzo] oixI3 B AL AT gl thak AT
7} Bl olRol AT ek, o] A FolA
of A|efe] 75} Te] Ak T who] oul s AAL
ol ofeigol o] FhelA T Fhse w3 4k
9] HAE T3 dF= AE&How FHQF A
OfThY, A FjoA AR BEE AL
T12}2~(Sorghum sudanense, sudangrass)©= 1LE

219 ohEy B g s AARAES R,
S59) 3 8L UEsE AE 3 shuoelth
ojgjt eIt 7]R0] =al AxT Aol A
Z 2k, S]] mls) 7heoll Zskal W pHoll
M= AREo] Fi 87 EHE TRl Aol Al
o] QPgAdo] war #el9} o]8o] A% el AuiE
I YR, FeaEksE WE AYEES Holr,
ol gt WE AAEEE o] x}] ALt o
AZF 717ko] Ao =g 71 B2 A wvlo]nj o
H3l| ulo] emj 2 SH o] g3 o]t

wehA B AFollAs Ao F2 vholemj
Z SRl ks A8t Hlo] AE A
aF31.2H, 200T-400C o] &3} 2% = wstol w

oo g oy
gy o rlo
2 o v

L o2
&
5.:

ol

TR

RO o o et

= o oft

2
>~

o2

E{oir
_l |

ol n

Ezﬁ
-

-

g



£CH24A Bijocharg 2% 4~

o

YZELOoFY HANHoN) S2f £ 65

2 o)A e Faaels nlo] e xE &g3)
o] & RF o]& 10-100ppm F= H3lol| w2 2
588 2A4519oH, o] AyE B FRAEMH
28 7Fs3S Bkt

N
=
Hu

a

2y

2.1, HO|22} itz 2l 4& Hio[2OjA

E AFedA B AFelA] blo] oAt ARE 9130
AREE Hlo] Qui A= w FA] W A Yl
S 12k2~(Sudangrass, SG)E A3 sle] ARESIATH
FoagiaE YukR o g oA 125 Alolol] F
gto] 7k, o 2 Hlu s of wE A4
E£55 HojFo] B o Hlo|emAE 3T
T Q7] wZof vto] @af Az glo] A7 vlo] e
22 AgEn, St Y A8 5442 Table
1o UeERHATE Fehaete~o] FRERR 77.7%0]
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Table 1. Characteristics of Sudangrass as Biomass

Sudangrass

Ultimate analysis(wt.%, on dry basis)

Carbon 42.6+0.5
Hydrogen 5.6+0.1
Oxygen 46.6+0.4
Nitrogen 1.4+0.1
Proximate analysis(wt.%, on dry basis)

Fixed carbon 19.1+0.6
Volatile matter 77.1+0.2
Ash 3.840.5

pH 5.4
EC(ps/cm) 1462.7

Moisture content(%o) 71.7

100E, LabTech, Korea)= F3ll 105+£5TC oA 2443t
Bt AxEt FES AAT H EH7]1E lem 7
T A7) 82 Eaiske] ARESEAT vlo] @k Al st
7] f8 FaEks AEE ke 552 '3 &
FEE H7]Z(muffle furnace, DTF-803, LAB house,
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317] 9l5ked Ya-2d7](elemental analyzer, Flash 2000,
Thermo Fisher Scientific, USA)E ©]-&3l A& U
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A 2(Nitrogen, N), 3H(Sulfer, S) H&FS 7 ¥A2] F
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A=A "
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Pro ductyield(wt.%) (Eq. 1)

_ dried biochar weight
dried SGweight

x 100 (%)

pH 2 A7]3 =%(electrical conductivity)= HIO] 2
2} FRTE 159 FARE S¢S & 2 1"
7)(shaking incubator, LSI-3016R, LabTech, Korea)S
]85t 150pm = 1A3F F<F 8-Skl No. 2 o
HAE Tl A7t FH o7E 84S pHEC HH
7)(pH/EC meter, Orion 4 star, Thermo Scientific, USA)
£ 27 2489 ol este] BH 54 wWaE

Fe}sl7] 215ked SEM(scanning electron microscope,
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13] A 7H0.1g)
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AA W NH-NO| 55 4330tk S3 9 NH-N
o FEE HiEoE 4 EH o9 %Ziﬁt 2 AA

B2 oty 29| Eq. 27 Eq. 35 283k YER
Ak
©="w (Eq. 2)
R (%) = a X 100 % (Eq. 3)
Eq. 23} Eq. 39014 ¢ = B 3Ef oA Hio] a}e]
& T 32 NH-N9 Hmg/g), G, NH-N
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Table 2. The Chemical Properties of Biochars

Carbonization temperature | 200°C 300°C 400°C
Ultimate analysis(wt.%, on dry basis)
Carbon 46.0+0.3 55.940.5 59.6+£0.4
Hydrogen 5.340.1 4.8+0.1 3.7£0.0
Oxygen 43.1+£0.4 29.0+£0.4 20.2+0.3
Nitrogen 0.7+0.1 1.7+0.2 2.240.1
Proximate analysis(wt.%, on dry basis)
Fixed carbon 22.5+0.5 38.1£1.0 60.9+1.3
Volatile matter 72.5+£0.3 53.340.5 24.7+0.3
Ash 5.0+0.2 8.6+0.5 14.3+1.0
o] ke 747F 22.5%00141 60.9%, 5.0%14 143% & AFIE 227 4 FHE #HeE YERd Ao
M) SABAT LR TS 72.5%004 247%% 2 EATE /KT Qe AZIAZRY] A5E v
Kdgaxs S it 25 FPGEANA F52 s Us ol
w3l ¥ vlol o) A4 $8L Fig 101 e 9] e 4T 5 glo] FAA L AR A4S
A &8} 227t STl wet kg g 3o HopP?), A7 ERe gl S5 55 Be &
2 Zafloll oal nio] @A} A S-S 62.2%01 4 34.6% 9] ¢ol2o] A= AE rldtH, ol F
7 PolAE AL BT 4 A FE B fr10UE B FHAEL 71 % 3
pH ¥ A7 A EE 4 dIFig. 2), pH 2 7] U= A et A7 AERY 45 o] 82
AEE BE gs} er} ZUkR) mek Fkshe ool RusIAT FHAL) FH o] ewte] A1
A AU 5 ATk 300C o] BEemdA Q) Juagol] O3] EW 54, FAEF 5 oL
A4 B vloleate] pHE RIS UEITh  Fol & 9L wATh Fuaeisg velexts
ol wloloat URo] RaEo] UYWAY BY  AE A ECRS Z/I8HSTh o) Hholeat Elo|
o 8&d o3t HoE F2 5= w8y} sy e o] QlH ¢Folo] &3l o3 o A &=
of we} Blfo] FolA|aL Eatge] E Frl=Hol He FE=E vEA el ool Sk A
AstEEA 771 Az S HUA o = o2 AT, g3} 257} FoldaE gl &
2 pHE UERH Z o2 ARt A7 A ES(EC) = o &ol3 AeE HIth
100 " 1750
I E:‘)(EIecmca\ conductivity)
80 10 4 I 1700
. F 1650
60 -
% . F 1600

40 -

Product yield of biochar (%)

20 A

T T T
200C 3007C 400C

Carbonization temperature(C)

Fig. 1. Product yield of biochars through carbonization reaction

temperatures.

F 1550
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Electrical conductivity(«s /cm)

F 1450

5 T T T T 1400
raw 200 300 400

Carbonization temperature(°C)

Fig. 2. pH and EC of biochars by the carbonization reaction

temperatures.
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Fig. 3. SEM results of biochars by the carbonization reaction

temperatures.

N 200°C
[ 300C
3 400C

Adsorption capacity(mg/g)

10 20 40 60 80 100
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Fig. 5. NHs-N adsorption amounts of Sudangrass biochars

according to NH4-N concentration.
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SO = Q13| sto|=F479] 37} HAaEE A
02 RoXT} -CH(2,920cm™)2} C=0(1,608cm™)=
Wk 28715 JERATE 1,033cm’ oA 1,250cm™
o] ¥ 3 T3t TAaFNoH, o= sl 9% &7}
28235 w302 Qs C-0 Hi=o] ¥ =7} iR
7] o8 Rt

3.3. HIO|2at9| NH.-N S & AAH=

NH,-N &%=of w2 Hio] @ xke] NH,-N F2-3
AAEE-L 2+ Fig. 53 Fig. 69 YERNQITE Blo)

-OH -CH C=0,Cc=C__C-O

SG 400

IR

/\/\
SG 200

™~

SG raw

v~ ]

Transmittance (a.u.)

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig. 4. FT-IR analysis results of biochars by the carbonization

reaction temperatures.
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Fig. 6. NH,-N removal efficiency of Sudangrass biochars

according to NH4-N concentration.
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27e] L 0.1g0E TAHAZIIL NHN SAEE = 200T, 300C, 400C A 212} 9.14mg/g, 4.77mg/g,

£ 10~100mg/LE o] A3e 43, BE v & 5.25mg/g s UERIQIOM, 82t 213815(h)= 0.004L/mg,
oA NHeN §99] 557} 2855 6 B2 9 0.024L/mg, 0.040L/mg= 400C A B =& §F2
o] NH,No| F&5&= AL 31g = Uitk v 3k=r Yehd Zez 3= g8l 200T

NH,-NS| AAZES NH4-N° FEI} S7VEe] o -400C B 12Zk0] 0.97-0.92 =& AAaAE e}

o A O st AP HIYOm, NHN & s A0 SIETh T4 44(R,)E 020097
o 55 10mglL 71 ol 2349] B2} 4000 = BE gslenoly A4 B Hlo]oxje] 79, NHN

0] 54.5%2 7P =& AAEES Holom, B8l kexnoA] 03} | Alo]e] Mo EaE|o] Tt &
7b Grobdars 1 G80] Yobd 17.5%2 YERT B0z wolt

3.4, HO|22}2] NH,-N E2Hs2 Tyt

o] @ xke] NH,-NO| F2Hs8& 3rhstr] 93] 4. 24 2
Langmuir §2H5-22412 2838t oH, &3} 223
=29 A4 Fig 79 A et =Ed B AT ME B2 B Suaetas 383

A4S Eq. 59 A8k g, 3 o3k T8l Eg 6 HOlRARE sl on, BAE HioleAkE o8
ol Ag3le] NHN 558 R, & T3t Table 301 3kl FAARA 28 742 Brstast shint.
A RSt Aol BEAS FH(g, e vske DRI OR QF) FRiese] syt w3

0.25
@ 200C
v © 300C
0.20 - Vv 400C
o
0.15 -
Ll — - 1/
O - -
L 010 v -
® _— y = 0.32x + 0.0035
® - r’=0.9675
0.05 - -
v é ‘//
o8 @
0.00 1~
0.0 05 1.0 15 2.0 25 3.0 35 4.0
1/q,
Fig. 7. Langmuir isotherms of 1/C. vs. 1/q. for NH4-N.
Table 3. Langmuir Isotherm Parameters according to NHs-N Concentration
Ry
Temp fn b > NH,-N concentration
: (mglg) (Limg) i ,-N concentratio
10 20 40 60 80 100
200C 9.14 0.004 0.97 0.97 0.93 0.88 0.83 0.78 0.74
300C 4.77 0.024 0.99 0.81 0.68 0.51 041 0.34 0.29
400C 5.25 0.040 0.99 0.72 0.56 0.39 0.30 0.24 0.20
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2 Qs MAH] 9 28719 7HAar) et

XHHH-O/] g_};g/\%o] =1 uﬂ}é /\gzl-E% Ho|x= _/,:
g ret e {71 FAHES BsRkbE-S AA
g8t FAH e HVES AYTH A
of 7|& A8 F8A FRAR E8EI U+
D] A F2A 2N -85t F/d skl H
& FrafiEdol gk F2sgo] Eojd = U
v H7=9 aFIpRE Aakeite HollA A

=
Holil FAFA FHLANE G8E F US A

FHEA A7) A F A 7S N EARR] o] A 9-g ol A
TEAS(421037-03). B A= S7F-2 HA o
UA g g8 Ay FHAGCERE s
HHF2(YL-WE-22-001).
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