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Table 1 Elemental analysis of animal manure and its hydrothermal char

Bt 5350 %
FE ARG H/C 0/C (O+N)/C TR EE /%
N C H 0

ZF 3.24 34.26 4.87 35.13 1.71 0.77 0.85 —
ZF140 3.24 38.11 4.14 23.04 1.30 0.45 0.53 77.91
ZF180 2.97 4297 451 19.75 1.26 0.34 0.40 82.13
ZF220 3.10 44.64 4.16 742 1.12 0.12 0.18 72.54

NF 1.28 37.39 5.30 29.46 1.70 0.59 0.62 —
NF140 1.29 40.13 4.77 34.82 1.42 0.65 0.68 79.62
NF180 1.36 44.80 4.85 26.09 1.30 0.44 0.46 77.83
NF220 1.86 47.12 434 15.34 1.11 0.24 0.28 61.51

IF 1.92 26.93 3.74 24.44 1.67 0.68 0.74 —
JF140 1.35 26.77 3.23 22.63 1.45 0.63 0.68 71.10
JF180 1.10 23.57 2.48 22.99 1.26 0.73 0.77 5531
JF220 1.32 24.43 2.32 14.07 1.14 0.43 0.48 49.62

. —FoRTotdi.

iR, BE ML KIS, FH R LT 50% 0wk AR K o, RIS Y
49.6%~82.1% . i 45 7K o A I BE 0 FH e, 8 280K B 1 i AR BE i SE 3 s w2, H AR f i BEAS
K, T2 28 RN 38 A B ) B A B e U2 Tk /D . 5 NF140 1 JF140 A EL, NF220 1 JF220 B 5 7
B LA T 22.8% F130.1%. WL AT UL, AIRIEA] T3 & 28 K S h ik i OR B4 o itk ah, AHTRNE
T, B &SR B i OR B i K/ NIUF AR IR R g8 25> 28>0 2%
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2.3 FT-IR 9#h
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Fig. 2 FT-IR spectra of animal manure and its hydrothermal char at different temperature
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M ARMR T K ELSE GBI A - KBRS, IR Cu, Zn fil
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AR EE TR, MK IR A Cu, Zn A Cr (W& BN G BRA%, BUEAA B, H#EETH
XA R, XTI T 21.6%~23.9% . 39.2%~40.4% F1—0.5%~9.7%; Pb )& Jo AR n 1
i, AEXS TG EERE NN T -2.3%~0.5%; Cd W& & SeFEARE I, ARX T A 2538 N T -28.6%~53.6% .
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Table 2 Total heavy metal content in animal manure and its hydrothermal char

oy Pb Cu Zn Cr Cd
gﬁ;; o/ AHXS & AR o/ AHX & AR o/ AHXS & AR o/ AHXS & AR yadl AHXT & AR
(mg-kg ") EX (mg-kg™") EX (mg-kg™") EX 3 (mg-kg ") EX (mg-kg ") EX i

ZF 29.35 317.2 1358 6.23 15.23
ZF140 18.45 0.44 423.1 0.93 1838 0.95 10.98 1.23 20.62 0.95
ZF180 15.44 0.34 460.9 0.95 2081 1.00 9.13 0.96 22.92 0.99
ZF220 24.54 0.46 482.7 0.85 2181 0.89 9.04 0.81 23.75 0.87
NF 12.69 61.41 427.9 9.68 0.45
NF140 14.15 0.83 80.61 0.97 480.4 0.83 11.48 0.88 0.37 0.61
NF180 13.13 0.67 101 1.07 555.8 0.84 13.90 0.93 0.35 0.50
NF220  23.84 0.92 133.2 1.06 852.4 0.97 16.64 0.84 0.37 0.40
JF 23.93 60.24 396.1 23.78 0.28
JF140 25.15 0.75 73.87 0.88 553.5 1.00 24.26 0.73 0.28 0.71
JF180 18.36 0.48 74.63 0.78 556 0.89 26.09 0.69 0.20 0.45
JF220 21.84 0.50 73.25 0.67 551.2 0.76 23.67 0.54 0.43 0.84

TR BE A T B (D ECE BLBR AN ), X S AREFSE A SE IS AL, TIN SRV ARG R, B TR T i
HRAMRESBCR G ®, TERFEHREN, HRAkMRAE, KokhESETENAE
RIFFEEE B3 hn, JFREE RAICIRBE T, MR —8 IRk —8 i, KRPEESR T =
H5IUERGERA X, XMARHRNEE L2

HEr, PR W ICK R E SR & ERRERAE, & 8 28 K B AE N — Rl MR L it F &
M, WA AR HE . AR S5 02 B A HUIE AR o R - 98 2R 5% I o A o v 32 4 R 1 BR A
(#3). NEHEERRAE, &G IMF L H KM ESJE Po F Cr & #0588 H A HUIEER A
T IEAET AR E s Zn & R AR A LI AR AR v A A R AR 3 M HOK IR Cu
35 A AUIE R bR o A IR TR AR s AR SIS ZE N Cu 2 (H R R R AR
3% S HOK A Cd 5 12 4B A MUAE R bR AN - SR B SR i bl , HO AR ™ 2R 38 M HOK
Py Cd A A HLIE R AR A, (ERE Y £ 8 0.3 mg-kg! OBRIE ;I A 2% K H K AR (1)
Cd Fa gAMb e, 28 LAtk , % & 3E KB AE T AL R LA A7 7 25— 22 00 W 7 3R 45 XL
W, T A 38 S HK B0 7 18 T AT A AR A T A A J 3K AN A AR AR 5 A 45 9 — U724

KRR ITR AR B AR R (R 2) WoR, BRAEEET Cr7E 140 °C K425 Cu £ 180 °C 1220 C
AT & R A (R)>1 4h, Hh B ERMRKARELECRM RMEI <1, R —EET, F3K
PR Cu ) R KT HAFE SIS ; F—EAEE Pb, KB R (E /N T HAFEE K %
B & K ORALTR EE R T8, 52 RIGER M R EAR L LA B T & & 250 (14 R 28 I B 4 J i 28 8
RAE>1HF, e R RIN & EM, RA<I BB HEP, AR S50 v 4 K 2 50 /K 1k 1) 3 4 IR
TCEM REA<1, RINFBME, X WU T & & 38 Kbl Frp, #8505 4 8 g0 7
SETE R IR, AR E M MBS AR A FR Ml — 205 s 0 B4 T 4 B N & & 2 [ A itk A
FRMBETYP, XUWAFESRMEPELENOHSLE, JFRETHEE, A, R
I % T 4 Jm A B TR, A R — A ISR
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Table 3 Limit standards of heavy metal for soil environmental quality and organic fertilizer

HPJE S/ (mgkg )

PRI TR
Pb Cu /n Cr Cd
A% b 3= 4875 Y XU B AR - T EL(GB 15618-2018) 90 50 200 150 03
N o A FH i -3 75 Y XU A s b - S (E(GB 15618-2018) 500 _ _ 850 P
18 A ) ) o
TR M A BT i PN AR ME(HD/T 333-2006) 50 50 200 150 03
B AR S M IAEE T B PR AR EHY/T 332-2006) 80 50 200 150 0.3
A5 e Hi5 Y BRI (GB 4284-1984) 300 250 500 600 5
HHLACBH R HHUERHNY 525-2011) 50 _ _ 150 3
7 ] g 2 ) 150 100 400 100 15

I —on .

3 4%Hig

1) & B FEME KR = R H 48.8%~T4.2% . W FEFH g if, K HIR Y 7 22 H/C YRl 2 BEAIR, (HH:
FFANE MR E MR OR . B & 2T 49.6%~82.1% MITR AR B AE K BoRh, MERE T, KR
() e O B i AR Al R BN >R 2> 3%

2) WA KA AR BE W T, BB MUK R L a5, AL E RE A AL S H i 2k
fEREA G

N EEERMAAKPRAG HE SR SR, MERENI S, SE&ETENMHEYNEER
BRI T B S A E A R E &R 28R, KR E & LA R T REBN IR 12
BAE B2 U5 AR T Lo A7 AR VA PR B RURS: , R S 2 2 S LK A e A 1o FH T 00 R 1 7™ A% A

4) b B S W R MBS e 5 B A K BUR MR RE o 5B B BRI R | R A L e M K
SRR, EBUK IR IR ik 180 C.
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Abstract  Dairy manure, swine manure and chicken manure were prepared as feedstock for hydrothermal
carbonization. The effect of temperature on the hydrothermal carbonization yield and characteristics of livestock
manure was studied, the variations of element composition, carbon retention, functional groups and heavy metal
content of hydrothermal char at different hydrothermal carbonization temperatures (140~220 °C) were analyzed.
The results showed that the hydrothermal char yield of livestock manure ranged from 48.8% to 74.2%, and it
decreased gradually with the increase of hydrothermal carbonization temperature. In addition, 49.6%~82.1% of
carbon was maintained in hydrothermal char, and low temperature was beneficial for carbon retention. The H/C
of hydrothermal char decreased gradually with the increase of temperature, with the —OH peak also decreased
gradually. After hydrothermal carbonization, the contents of heavy metals in the hydrothermal char of animal
manure increased in varying degrees, of which the contents of copper, zinc and cadmium exceeded the standard.
The relative enrichment coefficients of heavy metals were less than 1, which indicated that besides a part of the
heavy metals left in hydrothermal char, the other part entered the liquid products of pyrolysis.
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