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ABSTRACT

Continuous increase of domestic meat consumption has inevitably increased generation of livestock manure and caused
severe environmental impacts on ecosystem and human beings. This work produced biochar from cattle manure samples
with different composting aging stages and investigated the properties of the produced biochar. The result of
thermogravimetric analysis showed that thermal decomposition of the manure initiated at <600°C. The biochar yield was
higher for the manure with a longer pre-composting period due to the elimination of microbially metabolized carbons
during composting process. The result of FT-IR analysis showed that the number of surface functional groups were
reduced during pyrolysis while enhancing the graphitic structures of the carbon framework. Manure samples tended to
leach out N and P in leaching tests, with its amount higher for aged one than fresh one. However, their leaching was
substantially suppressed when the manure was produced into biochar. In XPS spectra, it was found that N and P in the
manure incorporated into biochar surface to form N-doped graphitic carbon and P-N-moieties, respectively. The findings
of this work suggest that the thermochemical process can be of a viable option to valorize into biochar for potential
environmental applications as well as to alleviate undesired nutrients loading to the environment.
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2] A2=EIQl A, oy} 23} Zu|MUA]|(PM2.5)
A= 2gee A 55 1Esie W Yol visS
AzFeE] 91k AR 7lee] dasite 3ts ov|dt
(Lehtipalo et al., 2018).

g, vid Frbeke Ve i HIE I WA
= ) AZAPE 20133 179 FER=lA 20199 159
Aef2 2 HA} gAsial glo] MIs e A Aad
AR AFETHEHFAIET 2023). AL 7S
= ARSI HIE e A, B RiEkY] ARl &
ASS 1S W 7t AAgolx 5 -Hu|s}
F4L Folx A3k Ak WA ShsAL, Hlole.
Ah, vlol @7k Bt 2E aRTPE] 2R A%sks 7
<o] Q3. dA) Vet E e ¥ Bl bt
o|erkAE H¥she 7lEo] AFEIL Jlom 2021 7
E, 7ERRE AT & e sehd AL ol
7R AR AT AT s ITERE 2021). 3
A|qk, vlo] @7k YAk AL 7] AJAFEAMEo] Al
e i ddrE 502 ofEeS Aal ATkl 2012).
AESH FAS Bt vlo|erks A F SR U '
271 vE A, okelekA i) To g AE o] 21
FgHeo] Wrhe A Eg AP Hal JThEHES 2009).

HI, 7S 7ks), aEslE X3 dled
(Thermochemical processyS E3l 71, vlo] Y,
"o} 5 AR BHE HASShs WRlo] FES
131 QJtk(Sohi et al., 2010; Yoon et al., 2023; Kwon
et al, 2022). 53], Gl sAS Bl A + U=
1y gAEZR] vlo] et tigh At &) S
3 Jth(Yoon et al., 2022; Woolf et al., 2010). B}o]
A= JFAFE ek e o 242 Hlsy
EWNHAZ A 7 om, i BEY Fa55
s}, sk B T8l 7 2 9=E A, e4% o
A=d 5 A7 Hol mid S7kske 7isiEs 39
of gk o XE R F IS AR 7| EchWang
and Wang 2019). g3l 784 nlo] e} A Ak
He FA7EE(H,, COEF viol2 e AR E diAl
SHAU ey eE=E ARSE 7 Qlo] FENRSS]
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SEARE vlo] @ aLE 283 w) TSl Fddslet %
L BAE doZ 4 e Fh, Q9 722 JUAF
<ol digt A7} wEs AAo|tk(Singh et al., 2010).
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°lE sl
NES ME OE 250 FEsjsle] 1 5AL Bs)
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S84 (Thermogravimetric analysis)2 531 H<3} 4
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transform infrared spectroscopy, FT-IRyS %3l ulo] 24}
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2.1, 97 WY

2.1.1. 97+ A=

T AlEE THSNEOA AHEE SAF
Ab EH] 12]ar ERRERIE &EeiGlth SARE RS
A F2(1d o) 80°C LA 24412 Bt
Z F A52 83tk AL Hvle ol PRk, §R)
ARERIE 119 ol T SHEAIA Bars s A=
2,5 AR BT GEs] A 80°ColA 24x%F Hxg
AREEIATE. FAN,> 99.999%y s A7 (E)
oA i3ttt & A (Total Nitrogen, TN)2} & <1
(Totla Phosphorus, TPy 7|EE &-83lo] 431 oH
HACHA}®] =74 7] E(Total Nitrogen Reagent Set-HR,
Total Phosphorus Reagent Set-HR)E AME3}th &
AEE s bEt M, M-6, M-122 333t

L o v

2.1.2. € FHRA(TGA)

T g3l 544 gRISH] 918 Thermo-gravimetric
analyzer(STA449 F5 Jupiter, NETZSCH, Germany)E
ARgSle] @ FRHEAES FHSIT $E 10+0.01 mg
4 FEHEAA) e dFuy §7)of Ya Fhka &
AollA AP QB3I 4L 2457 S8 N, 34
oA BAS S35t Nov= 3247 |1E B8 100
mL min'e] FEFOE FHIAE E TR 35°Ce]
A1 900°C7HA] 10°C min'! O& &3} F=a3}3irt.
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2.1.3. g3 ¥ svlo]a A3t

T 3T MRS FRdlele] bleleaEs AR A
FHFAE*Eo] =2.4cm x 60 cm) TF HAXSH 271<]
ST A =76l 242 AR 0.8 g2 ARSI o
100mL min'®] FFOZ NE FFsIth A9% Y
27 BE AAE AL micro-GC(Micro GC Fusion,
INFICON, Swiss)g ©]&3ll &Ist & H7|2&5 ©]83)
RIS APt dRs= N AlRE 42 300,
400, 500, 600, 700°COlIA] 2A17F F2F ZIsYs3AT.

2.14. 7|5E- ulo| A} SAEH

Azpet wloleat W YaxAS FRlsk] 3l
Elemental Analyzer(EA3100, EuroVector, Italy)Z A
=9k 500, 700°CE AR Hle]eA W C, N, S, H, O
S SHsstE. s B nleleat w1 A8U1E &
o13}7] ¢J8] FT-IR(Nicolet iN50, Thermo Fisher Scien-
tific, US) #2418 $=aJ319]th.

2.15. N, P & 49

Al g omleleat 05 g8 SFSF 10mLE 20 mL Hb
o|] do}l 137U 7+ 250 ppmeE wRFsIHTh wEk &
ML syringe filter(SmartPor-Il PVDF, 0.45um)Z A&
oF sttt B2k 844 TN, TP F%= Method
10071, 81902 % & UV/Vis spectrophotometer
(OPTIZEN POP QX, Mecasys, Korea)Z +243}t}.
Hisfol mE 94 ATS FRISE] 218l XPS(K-alpha’,
ThermoFisher scient, USR-S G315t

2.2. 97 At
22.1. 715Es AR 4 971
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1]
=1

!‘ at 800 «C

326 °C

200 400 600 800
Temperature, [°C]

200 400 600 800

Temperature, [°C]

RN TGA 4 Fasidlom, e
(TG} 1 W34 (DTGYS Fig. 19 VERAT) H<:
=7t 7P SRS M AJEE 280, 326°C, F<5o] 2dH
M-6, M-12 AlE= 306°ColX] DTG =7} FRI=Ut.
TSl Hamo] Rl wlel 900°Colx] HE Aeo] B9
W A SRISKATE BE AlFOA 340°C o]Fe] Hgo]
A FABIAAL, 500°C o] $FE F7HEQ1 AFavt
Yeldtt. 340°C o)A ZA#7kA= Cellulose, hemicellu-
lose, lignin® & 4% 7IS5E= Ul 32 Aol &3
= UERd AR Hon, 1 o} 24 YRt 4
A gAEeS B3 gel i 4 HHollA
A7) olgdshy yeht Axz R QItk(Robbins, Armold,
and Weiel 1983; Kwon et al., 2019).

2.2.2. vlol ezt B384 A

S A5} o]F o83l AFRE vl 221500, 700°C)
YN ZAAE Table 191 YERIG YAE= AlE7
Haxo]] we} 249 ko] 2.036%4 2.496%E =
7o ™ € $HES 3531%04 30.85%% ZHAshe 7
e Ve vlo|eale B AlRolA FEd 257t
S7FEE N, €, 0 Fio] Z0l5al € dol S7hst
= AgS 2.

ARt wlo)eat g, WA, SRS RIS 9
&) H/CSF O/C, (ON)/C AEE A AAIEIITE H/IC
B3} &= (Carbonization) % O/C A=/ (Hydrophobicity),
(OHN)/C SAE (Polarity)2} 28 ¥ FEZ A|ZH
glo] ezt S wotsl] S8l = AMSES 2 H/
C g7} vkom eslrl Eue AL <vlshy o/cet
(ONN)/C AG7} woW 712} ApAdd) ST} e
AL u|ETHCely et al, 2014; Sun et al, 2013;
Hammes et al., 2006). YAFA &3 =7} S5
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Fig. 1. Results from TGA of 3 types of cattle manure (a) M, (b) M-6, (c) M-12.

J. Soil Groundwater Environ. Vol. 28(6), p. 24~32, 2023



F&wo 2 S-E-AE) nlo]eake] xHEAT A 9 219 IE AT AT 27
Table 1. Results from elemental analysis of cattle manure and biochar
Sample name  Pyrolysis Temp. N, [wt.%] C, [wt.%] H, [wt.%] 0O, [wt.%] H/C o/C (O+N)/C

M 2.036 35.31 4911 34.45 0.139 0.976 1.033
M-6 - 2.063 32.22 4.543 37.08 0.141 1.151 1.215
M-12 2.496 30.85 4252 26.57 0.138 0.861 0.942
M 1.680 42.94 1.908 10.44 0.044 0.243 0.282
M-6 500°C 1.315 31.79 1.392 9.852 0.044 0.310 0.351
M-12 1.972 3341 1.450 14.74 0.043 0.441 0.500
M 1.653 42.01 1.149 8.476 0.027 0.202 0.241
M-6 700°C 1.435 38.20 0.984 6.121 0.026 0.160 0.198
M-12 1.776 33.39 0.858 8.890 0.026 0.266 0.319
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Fig. 2. FT-IR spectra of 3 types of cattle manure and biochar fabricated at different temperatures (a) M, (b) M-6, (c) M-12.

o wel AlE H/C HlEo] 0.138-0.141914 0.026-0.027
2 2 Asilen, ol ulo|oat AlE 2% F7lo|
me} g8lert o AS ofuisitt. SR8 25 5
7ol mEl A SRS SAEE SolA=
AeFs Btk ole sl A AlE W €9 Noj
A FE5 olFH nrndgs ol FRU| WEoE HLth
(Cheng et al., 2023).

7l e vl W €4 AdHERE ERIsH]
3l FTIR 245 38tttk 9AIE 3E3M, M-6, M-
12) % Hpo]@A} FTIR #4235 Fig. 20 Wit
wztde) g ~HEBL JAAEE Z7ZF 500, 700°C
oA dEdfst Arkgt vlo| et EAAAE UERATE
YAIFNA] 1032, 1545, 2925, 3423 cm™! H-ollA 1=
7} #FEen o] Z2t C-N, N-H, C-H, -OH ZH&
715 UepdAch(Paneque et al, 2017; Wang et al., 2011).
F7H o=, AT Feso] X wep 29259
3423 emellA] D=7 ARAE S RIS ol
o) g wet cob 0 B FEoP) A=) u)
O KRt MF M-6 el Hlo]lexk=s Ak 257t
F71el w} 28717 ARRAE A B M-12
Alge] A9 A8 ARl ARt B RS gRlst
At ol S H& A AETI7E IR FEEA

7] gEog A} mE A BoA GRS S u}
o]QXE AYA] W}l 2000-2300 cm™ FZolA ¥=
A7t STrehe AL g1Eigit). o] IaE Allene(C=
C=C)%} Alkyne(C=C)s YeRl= a2 G #4ol
A 'R <lsl 2R3t RS FA6I] WEeE
R 21tK(Sigma-aldirich 2023).

223. N, P I&4% 24

e vo)eas EY 2 5% 0] F83e
i N, P} fEEE A gofsh] 93 ey 2
I F N HE2EL Fig. 3(a), (b), (e, P I&AFLS
Fig. 3(d), (e), (Dol =AIBIAE F7182= N, P 2%
TZZ5 #QlE] 98] XpPs BA1S F3sion, 1 4
A= Fig. 4ol YERILE 98 AR H$ M, M-6,
M-12 AlZollA HE" N ZH}F 0.23, 2.8, 3.0mg-N
g-biochar'2, F-&0] gl w2}l N HETFo] oA
£ AL FIEATE o] XPS B4 Ax, o g <)
3] Secondary amine®] Primary amine®.Z %A
Aael AT ARt AfEo] okfixly] W oRE B
IthFig. 4a). B AlFoIX FE3lE B3l AL nlo]
2T YER M) H& N HEFS HYoH, o= XPS

Aol A FHEE N-doped graphitic carbon 34dol wE

i
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Fig. 3. Results from nitrogen leaching test of (a) M, (b) M-6, (c) M-12, and that of phosphorus leaching test from (d) M, (e) M-6, (f) M-12.

AE BIvk. AAS] Db, gl FgellA At
ghae} A ARk 75 Fdsh g A%ks ¥4
3}7] wjEolg}l & 4= Uth(Tang, Zanli, and Chen 2021).
Far Amol A#gle] 400°C ol Lol Akl lo)
L2k= N HEFo] A FAE A

P &Y Avk= N I22AFI FAK8H ﬁﬂf‘ LiE}
el et BHoh =& P IEFS BY
o, 600°C oV Lol FEE)3E ¢ ;.ga‘@] ks
3 A=A ol XPS Ao Hol= A} o)
Qlo] BhA, AAZ o]Fofxl njolal A|e} et A
s st Aot & 7 Slth(Fig. 4e). WEbA, 71
=5 o] npolakE A4k A9 400-600°CY] &=
2 gislshs Aol AP Aos dAdH

N Is &HEH F M A|89A= Secondary amine
9=(400.2 eVy} FRIFACH M-6, M-12 AlFolMe=
Primary amine ] =(398.6eV)7} Q1= AthFig. 4a)
(Ravi et al, 2018). Primary amine> A4V} 4 S
7N} Ad=o] R-NH, %S ©FH, Secondary amine
S A4t & T Net AEEY RNHR ZES oF
< A& AHRIT} ol Fso] M| wet Ao g
A 7t Aol IF SH=ERTE 3ts ov|git) viole
X £ 398.4eVe} 400.0 eV FZollH T=7}t #

9o o= ZZ Pyridinic-NZ} PyrrolicN 7325
YFERHATH(Osadchii et al., 2017). Pyridinic-N<> graphene
TFEAAM TS ¢ AR} A p A VIS F5h
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7PgARell EAleE N AA3HH  Pyrrolic-NS 270¢]
C st A p AR WS I P— N& AE
(Ejaz and Jeon 2018) ol FEIE T nlolox A
b BAOA 9 U] N Adto] BhAe} A A3 o]
N-doped graphitic carbon FE|S o]ZET= A ‘4‘15]"’"
T} N-doped graphitic carbone A A&
aks] ATE|aL lom HA} oS = %?——_w] -8
s A =2 F dohr ¢EA o] B AT die
T s ) ulo]eAlkE thedst ol &8sk
4 =%°] ¥ 4 SIti(Huang et al., 2022; Tang, Zanli,
and Chen 2021).

C 1s 29EZdME 22} C-C/C-H(spd), C-N, C-O,
C=0, COOHE YERll = 284.6, 285.2, 284.8, 2873,
289.0 eVollA =27} BSEATH(Fig. 4b) (Yuksel et al.,
2018; Wang et al., 2014). ZE AlRoA &S] %7}
e Ti C-C I=(sp)E Al the #= A=t &
01‘:5 RIS A oA el xlsd

5 ghaest é%‘ﬂ Nt o7} Seo] Alp Z4s S}l
SISt 284.6 eVollX UEPRE C-C T3 sp* A3 7}
7]]——?—133] o= graphiticdt B4 725 UYEPATH(Jerng et

. 2011). ol ©Aavh sl gelA sp? Ao R A
Xél@]r H AE ofvjgitt

P 2p ZHEZRME ZH2t p-C, PN, P-OZ UERE
132.4, 133.0, 134.0 eVellr] H=27} F2=Ch(Fig. 4c)
(Chen et al, 2018; Lin et al, 2021). ¥5% A &2
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Fig. 4. XPS spectra of 3 types of cattle manure and biochar fabricated at different temperatures, (a) N 1s, (b) C 1s, (c) P 2p.
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Fig. 4. continued
AlgoA PN, P-OE Hellle =7} #5EHAoY 7 LIt STV g fhe] EolElen dEsl

o] gl we} p-0 T=7} flIAWA p-C F=27} %J} SRS g} Zlhe A R 8}9314.
A S ERISIFY. o= FTHIR AdolA Elsh FT-IR 4 A3}, 93o] Ragn 87|71 Fojs

dlek o] ¥ ek 0 2grPh PashEA ook A I veEion) Wabk Wl mek c—c, c-c=C
A Prh ok A wWiEQl Aoz Btk B YeEhis 457} ARAEE A& & F U JAE AY
& Azt BAIgle] vl ezt AlFelAe 25 P-Co} P- Az}, B2 7)7t0] dojASE N, p AETo] =390

o il oﬁ

N =7} #5EQloH, o= FA A} ZAdstarl 3 sl FAolA wsidel wet &) Hadhe 4
Ed P7} ghael A3sll7] WiEe®E BRIt Hendrix et &S BYT o= XPS BT Yyt FHl o)
., 1970). 9 28 23E 53] P/} N2 fABH vlo] 2} secondary amine®llX] primary amine® 2 & go] W
9—2} Y Z2Aste eaargjel Adet] &7 Fojzl slate] s} BTN A52E AfEo] okl A=
Th= Zts gRlskant. Heloh, o] gislgel wet N AdiEo] i ATxo|
Z%F=]0] N-doped graphitic carbons F/J31oH o]

zd = mef AEae] Bashs 218 FAIIL P ED Ak}

2ol wskgel me} ¢, No} Ao} [Pl Aol
£ 7o A2 g8 BEECIY 618 E A SIS, & AT Ae SUE BT el

K 3 ARE 0|85 HOlOAE BNHHOH 1 5 A o] YIYHE FUSE FIIR A2E A
AN, P AE HES FUSRAT. 9 BN A S e w oma A 9 A el ol s

I, A 20 GES|7F FE Al 300-600°C L < JMdsted Hold AsS Holil = N-doped
3 gt Tl on, Bar | to] sojadgE %t graphitic carbone Ué*éﬂ'—i”ﬂ T O Bofoll &
Eshe digo] sojve 2t IRl Al A, &2 Uk
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