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Properties and residual liquid composition analysis of biochar obtained after hydrothermal carbonization of
pig manure

LIU Yuxue'*’, HE Lili'"?, CHEN Litian"?, LU Haohao'?, WANG Yuying'?, YANG Lie*, ZHONG Zheke’, YANG Shengmao'*"

(1. Institute of Environment Resource Soil and Fertilizer, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China;
2. Engineering Research Center of Biochar of Zhejiang Province, Hangzhou 310021, China; 3. College of Environmental and Resource
Sciences, Zhejiang A&F University, Hangzhou 311300, China; 4. School of Resources and Environmental Engineering, Wuhan University
of Technology, Wuhan 430070, China; 5. China National Bamboo Research Center, National Forestry and Grassland Administration,
Hangzhou 310012, China)

Abstract: The preparation of biochar by hydrothermal carbonization is an important way to realize resource utilization of pig manure.
Systematic studies on the hydrothermal carbonization of pig manure under different carbonization temperatures, especially on the
composition of residual liquid, are scarce. In this study, pig manure and fermented pig manure were used as test materials to prepare
biochar through hydrothermal carbonization process at different temperatures (180, 240 °C, and 300 °C). The physicochemical properties,
such as composition, thermal stability, pore structure, and presence of surface functional groups, of the biochars derived from pig manure

and fermented pig manure were measured; the composition of the residual liquid obtained during the hydrothermal carbonization was also
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analyzed. The results showed that the biochar from both pig manure and fermented pig manure had developed a porous structure and

abundant surface functional groups. The H/C atomic ratio and thermal weight loss rate of the biochar prepared from pig manure and

fermented pig manure decreased with increasing carbonization temperature, indicating increased thermochemical stability with increasing

carbonization temperature. The residual liquid obtained during the hydrothermal carbonization of pig manure and fermented pig manure

mainly comprised organic acids, alcohols, esters, aldehydes, pyrazines, phenol, and other substances. The compounds in the residual liquid

were more abundant at higher carbonization temperature than at lower temperatures. Compared to pig manure, the residual liquid from the

hydrothermal carbonization of fermented pig manure mainly comprised phenol, alkene, and ketone, and toxic compounds such as furan,

pyridine, and pyrazine were absent. Our results indicate that the residual liquid from the hydrothermal carbonization of fermented pig

manure at 300 °C can be used as liquid fertilizer having better safety and more advantages in resource utilization.

Keywords : hydrothermal carbonization; biochar; pig manure; fermentation; carbonization temperature; residual liquid; composition analysis
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Figure 1 Schematic diagram of hydrothermal carbonization setup

(Vario ISOTOPE CUBE, f# [¥] Elementar 23 &) ) , 32 2%
B 1150 °CL 555 0.12 MPa, 5 2140 0.2 MPa.,
A RAE G COH N STLER & 2, R 2280531
BAFH 0L R &, AW Tk s Hr 48 br (357K
O3 KAy R 43 FIE G AR ) I 2 BECIRE ) Tk 4y
M) (GB/T 212—2008)"™", $ G 43 b 2% F VR >
HrAL(TGA Q50, FE[E TA 2wl #24E 4 T8 AR EL5~10
mg 2F 100 H 7 i 7K B AE i T bR 43 il A
23 SRR Al A KRR TR R R E R 30 °CL Bk
AR BB E S 900 °C, FHlE %Ky 25 °C - min™', 15 1
R 2

AW J 1 B 2R T R LR AL AR B RS B L AR R
JH BET b3 11 A2 S AL B 43 BT {L (ASAP 2020, 3% [F
Micromeritics ) W %€ 73 #7 o 2 181 45 44 >R FH 43 4 i 85
(JSM=-6390, H A JEOL 28 v ) I3 o #2180 B BE A R H
{8 FL A5 48 21 40 6 3% A (Nicolet iS10, 5 [E Thermo
Fisher 28 &) M, R FHIRAE 81 R 7, ek #i¢ - IR
B R 101 000 (4 LB 2EA T Fe Fr, B BILAE 3 3 400~
4000 cm™ 3 Bl 1S RIS R 25 . R X 94 fi

1% WHART]

HHL (D8 Advance , 78 [E Bruker 23 F] ) 15 21| /K #4844 9 Jic
f) X FHZRATT S (XRD) 1% &1, A #5 FL A8 A1 85 545, Cu K.
TS (N=1.541 841 A) , 78 20 £ 4 10°~80°3E [l P ik
P4, R 0.01° 57"

K FH 18 2T % 7K A Ak 58 B 1R 5% B R AR A
ai E AT A0 AR L SR FH AR €83 - 535 564X (Thermo
TSQ 8) HEATAL2E AR 43 BT o A6 I 5 - AS0AH €73
PR TRLEE 250 °C, 322 M EE 280 °C, A1 40 C, fH
2 min LU , P 20 °C - min™' {9 FHi 8 R T+ 2 100 °C, 7
PL6 °C-min™ BY THEH FTF 2 170 °C, 45 LA 20 C-
min™" [ FHE R T 2 230 °C. @35 A2 A R Agilent
19091S-433UL:HP-5MS, 5t 514 0 ELUAR , L T RE &
70 eV A HLE 1 416 Vo FRHE S A i 5% B VR IARRE
i P AR A
1.3 #iEabIE

K H1 Excel 8 #4780 98 4b 21, >R A SigmaPlot
10.0 3 kA7 .

2 ZER59Hh

2.1 KBEHRITEST

T ST R A 28 K A A W IR B DT 2 A BT 4 SR L
1, R LRI, H5 2R AE 180~300 C I 3L Rl /A il
FAF BN AW 1) C B 535 L E 45.2%~64.1% , HL B i
AR R T g n, O & & (H/C JRF- H 35 Bl ok AL T
JEE T v T AR 15 I B e AR TRLEE B T e S 2 A ok
(5 A AL RR B RN, AU PE RS 58 5 0/C L (O+N)/C R F
Lt it 1 AT v T R, U B 2 2 W e 1) 5 4R
BB BRI DY, K R AR S . R G FE AR
Y i) H & NS H/C R 1 oS4 Bl e AL TR T i
TR ARG , Ui B S B AL R B B IR B TR g o . 5ok
KRG 2 T, B 2 A0 IR 25 748 T (180 CHI
240 °C) il & K AW B () C 35 WA FH i, H/C 0/
C.(O+N)/C 57 L3545 BN, T2 m i B 45
(300 °C) il % K F A= 0% 9 C 5 12 I S B AIG , 45 )1
FLI¥E K. R A 28 A2 ) 1 (9 C/N BBl 2 Ak Ik 5
R SN A0 55 2 A W A LA BRI
2.2 KA Y R TS

T 28 R T 2 A AR W e 1) Tl A3 A 4 SR DL
2, MF2 AN, B FEA K R 2K PVE Y R T
My 3 A L A3 ¥ LA R 43 R FLUOR IR 43 FK 45
FEMRT TR, B2 R RG2S R W ok PR R o T
it 4Bl e Ak I BE v 1T R AR, 7 180~300 “CHL N,
KR AE Y e BARIR BB/ . S 3 I



R 45 TRSOKAIAL I PR RS 5T 2067

R BEMEBBIKAENRATRSN

Table 1 Elemental analysis of hydrothermal biochar derived from pig manure and fermented pig manure

FE i Sample C/% H/% N/% S/% 0/% H/C o/C (0+N)/C C/N
PM-180 45.2 5.61 1.72 ND 47.4 1.49 0.787 0.819 26.3
PM-240 50.1 5.48 0.95 0.011 43.5 1.31 0.651 0.667 52.7
PM-300 64.1 5.91 1.26 ND 28.7 1.11 0.336 0.353 51.1
FPM-180 45.4 5.49 1.86 0.001 47.2 1.45 0.780 0.815 24.5
FPM-240 51.0 5.44 1.80 ND 41.8 1.28 0.614 0.644 28.3
FPM-300 49.2 5.11 1.39 ND 443 1.25 0.675 0.699 353

1 :ND LR ARA S
Note : ND indicates not detected.

R2 BEMEBEIKAED R T 5 (%)
Table 2 Industrial analysis of hydrothermal biochar derived from

pig manure and fermented pig manure (% )

FEdh Ko K5y Ry I Tl
Sample Moisture Ash Volatile Fixed carbon
PM~-180 6.12 33.7 60.0 0.17
PM-240 4.36 36.0 59.3 0.26
PM-300 3.13 47.4 49.3 0.23
FPM-180 6.89 32.8 60.0 0.23
FPM-240 5.31 37.8 56.7 0.21
FPM-300 5.08 39.8 54.9 0.20

G307 eI R AR B T R T R 2 R e AT A5 R
TR BERE S R W ke B IR o A TR . FE AR
BV K 53 Bt e A T v i AR, T A ) e A et
MR KRG R K S A TR . X
W] 2 Rl 1 2k, 8 2 A W o o e A TR B T 3 n i
I, T A T A 2 A 0 e o o A T T e SR R I
2.3 KRAEWRMEN

T SN & WA 28 KA e I IR A B SR
TIPR . MR VH JEFEEY) Rk RG24 1)
IRAEZS SOMBEARIEL S5 T Ak 55 40 o5 T Y i
DAV BE P T 5 T T B Bk B R AR K
P T R Y It e Ak T A T e R R IR . X
T2 AW TN R R 25 A W) e AE 28 ORI R 4%
P R PR MR BE A s AR T s R . 5
KRB AEYIRM L, RT3 A )k IR T4
SRR AT TR A, L RAR VRt o e T U e A k34
KA AR, o R IR B A AR
180 °C&1 N A BT AR, 75 5 AL TR B 240 CHI 300 °C
SAF A TR s AR B SRR  Hm KAk
HARAE AT 240 CAM A FTRRAL, 7 AL iR
180 CF1300 CAHF T4 s .
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R3 BEMEABEEKAEDRAREGRREMRKER
Table 3 Thermal weight loss rate and inflection point temperature
of hydrothermal biochar derived from pig manure and fermented

pig manure

PR P

Inflection point

BRMAKRER R ER
F i Thermal weight loss Maximum thermal

temperature of thermal
Sample

ight loss rate/
weight loss/°C weight loss rate/%

rate of step/%

=R Air ARN, TRAr AN, =K Air AN,

PM-180 338.7 341.0 62.9 68.0 69.5 69.3
PM-240 358.0 359.5 59.9 68.6 62.2 69.1
PM-300  438.0 428.5 49.9 55.2 51.7 56.5
FPM-180  336.7 337.5 62.0 70.1 67.1 72.1
FPM-240  340.7 345.5 59.3 65.2 63.9 66.4
FPM-300  342.0 3445 57.9 62.4 61.3 64.0

R4 BEMEBBIKREMRILRERMILREN
Table 4 Specific surface area and pore structure of hydrothermal

biochar derived from pig manure and fermented pig manure

e FeR AR SRR LA
" Specific surface area/ Total pore volume/ Mean pore size/
Sample b 3. 1
(m*+g™) (em’-¢g™") nm
PM-180 10.1+0.16 0.0157 6.53
PM-240 23.7+2.05 0.076 1 12.20
PM-300 27.1+2.05 0.065 3 9.05
FPM-180 30.5+2.36 0.0753 9.64
FPM-240 40.6+2.46 0.097 7 9.64
FPM-300 20.1+1.42 0.044 7 8.98
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Figure 2 Scanning electron microscopy of hydrothermal biochar derived from pig manure and fermented pig manure (x3 000 times )
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Figure 3 FTIR spectrum of hydrothermal biochar derived from pig

manure and fermented pig manure
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Figure 4 XRD spectrum of hydrothermal biochar derived from pig

manure and fermented pig manure
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Table 5 Chemical component analysis of the residual liquid from

hydrothermal carbonization of pig manure

pa (75 T fetmat
Sample equence Scanmgg time/ Compound name
number min
PM-180 1 1.35~1.58 cis—1,2~cyclobutanedicarbonitrile
PM-240 2 1.61~1.67 isocyanato—methane
PM-300 3 1.69~1.79  3-carbonyl-5-hydroxy—4-methyl-6-
hepten
4 1.81~2.15 bis ethylthio ethyl
5 2.16~2.26 2-Amino-1,3-propanediol
6 2.33~2.36 thiocyanic acid ethyl ester
7 2.36~2.38 2—propanel
8 2.69~2.76 propanoic acid
9 2.98~3.01 pyrazine
10 4.03~4.05 methyl pyrazine
PM-180 11 4.14~4.18 3—furaldehyde
12 5.02~5.13 ethyl pyrazine
PM-240 13 4.98~5.01 1-carbonyl-2—methyl-2-cyclopenten
PM-300 14 7.20~7.24 2-hydroxy phenoxide
15 10.24~10.29 4~ethyl-2-methoxy phenol
16 11.10~11.12 3,4,5.6,7,8~hexahydro—2H-chromene
17 11.55~11.63 2,6—dimethoxy phenol
PM-240 18 3.40~3.43 tetrahydro—3—furanol
19 4.15~4.19 3.5—dimethyl pyrazole
20 8.33~8.36 3—ethyl phenol
21 12.49~12.56 vanillin
22 18.26~18.32  2,6—dimethoxy—4—ethanone phenol
23 19.27~19.31 3-hydroxy—5-methoxy
benzenemethanol
PM-300 24 3.19~3.19 pyridine
25 3.33~3.40 hydroxy pivalic acid
26 3.65~3.69 3—carbonyl-1-penten
27 4.17~4.18 3—methyl furan
28 4.24~4.26 diethylcyanamide
29 4.30~4.35 3-methyl pentanoic acid
30 4.41~4.46 2-methyl butanoic acid
31 5.06~5.08 ethyl pyrazine
32 5.11~5.13 2,3—dimethyl pyrazine
33 5.62~5.65 1-carbonyl-3—methyl-2-cyclopenten
34 5.84~5.88 phenol
35 5.96~5.97 1,3=dimethyl-1-cyclohexene
36 6.52~6.55 I-carbonyl-2,3-dimethyl-2~
cyclopenten
37 6.99~7.05 4-methyl phenol
38 8.29~8.35 4—ethyl phenol
39 8.95~8.90 catechol
40 9.70~9.76 benzeneacetic acid
41 9.97~10.05 3—methoxy—1,2-benzenediol
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Table 6 Chemical component analysis of the residual liquid from

hydrothermal carbonization of fermented pig manure

FF5 FAdHmE]

Sequence Scanning

AT
Sample

ez s

. . Compound name
number  time/min

FPM-180 1 1.35~1.58 cis—1,2-cyclobutanedicarbonitrile
FPM-240 2 1.61~1.67 isocyanato—methane
FPM-300 3 1.69~1.79  3—carbonyl-5-hydroxy—4-methyl-6—
hepten

4 1.81~2.15 bis ethylthio ethyl

5 2.16~2.26 2-Amino—1,3-propanediol

6 2.33~2.36 thiocyanic acid ethyl ester

7 2.36~2.38 2—propanel

8 2.69~2.76 propanoic acid

9 2.98~3.01 pyrazine

10 4.03~4.07 1-methyl pyrazine
FPM-180 11 3.38~3.41 tetrahydro—3—furanol

12 5.03~5.08 1-ethyl pyrazine
FPM-240 13 3.17~3.23 pyridine
FPM-300 14 4.98~5.01  I-carbonyl-2-methyl-2-cyclopenten

15 7.12~7.23 2-methoxy phenol

16 10.25~10.28
17 11.56~11.61
FPM-240 18 3.39~3.40
19 3.78~3.79
20 5.07~5.09
21 5.12~5.14
22 12.50~12.54

23 14.17~14.21  1-hydroxy—2-methoxy—5—ethanone
phenol

4~ethyl-2-methoxy—phenol
2,6—dimethoxy pheno
methyl propionate
2-methyl-3-pentanol
ethyl pyrazine
2,3—dimethyl pyrazine

vanillin

FPM-300 24 3.64~3.69
25 4.17~4.18
26 4.23~4.26
27 4.31~4.33
28 5.62~5.65
29 5.85~5.87 phenol
30 5.96~5.97
31 6.00~6.03 1-carbonyl-2,3-dimethyl-2—cyclopenten
32 6.83~6.84 1-carbonyl-3,3,4-methyl-2—cyclopenten

3—carbonyl-1-penten
3-methyl furan
diethylcyanamide
1-carbonyl-3—-methyl cyclopentane

1-carbonyl-3-methyl-2-cyclopenten

1,3—dimethyl-1-cyclohexene

33 8.33~8.36 4~ethyl phenol

34 8.94~9.05 catechol

35 9.97~10.05 3-methoxy—1,2-benzenediol

36 11.10~11.12 3,4,5,6,7,8=hexahydro—2H~-chromene
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