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Physico-chemical Characteristics and Evaluation of Cow Manure Hydrochar
at Different Carbonization Temperatures and Durations
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Abstract; The high water content is one of factors limiting cow manure treatment approach. The
hydrothermal carbonization ( HTC ), which can convert cow manure with high water content into
hydrochar, is considered as a potential approach for safe disposal and resource utilization of cow manure.
Fresh cow manure was hydrothermally treated at 190°C and 260°C for 1 h, 6 h and 12 h, respectively.
And then the collected solid products were determined for the physico-chemical properties. Based on
entropy-weight TOPSIS model, the agricultural value was evaluated. The aim was to investigate the effect
of temperature and time on hydrochar nature, and then provide a theoretical reference for its agricultural
application. The results showed that physico-chemical properties of hydrochar was changed with
carbonization temperature and duration. Compared with the hydrochar produced at 190°C for 1 h,
carbon, total phosphorus and potassium concentrations of hydrochar produced at 260°C for 12 h were
increased by 17.88% , 39.06% and 85.19% , but yield, H/C atomic ratio, O/C atomic ratio,
(O +N)/C atomic ratio, ammonium nitrogen, exchangeable P and K contents were reduced by
26.65% , 24.00% , 68.42% , 64.29% , 98.91% , 89.26% and 42.30% , respectively. Meanwhile,
carbonization degree was increased significantly. With high temperature and long duration, position of
functional group absorption peak was varied less, intensity of oxygen functional groups absorption peak
was reduced, but intensity of metal-halogen chemical compound performed an opposite trend. The higher
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reaction temperature and longer residence time caused less surface charges, lower pH value dependence,

smaller specific pore volume and specific surface area. Overall, temperature had a large impact on

hydrochar nature compared with reaction duration. Cow manure hydrochar produced at low temperature

for short time was more suitable as a soil conditioner due to its higher agricultural value.

Key words: cow manure; hydrochar; temperature; time; hydrothermal carbonization
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Tab.1 Yield, ash and C, H, O concentrations in cow manure hydrochars at different HTC temperatures and durations

] mfal/ ¢ REAEY  HEESB, O FESE E5k A5 AESk TRy it )
B/ FER/ % N pH {#

h % % % FF  RFH FEFH 3 %

1 47.88+0.22 5.98+0.01 24.44+0.10 1.50 0.38 0.42 62.96+1.30 18.66+0.30 5.27 +0.01
190 6  49.41+0.20 5.76£0.03 23.27+0.07  1.40 0.35 0.39 59.75+0.73 18.77+0.29 5.32+0.01

12 51.99+0.19 5.66+0.01 16.84 +0.07 1.31 0.24 0.28 54.64 £0.24 22.42+0.06 5.51+0.01
54.23 +0.23  5.38 +0.02 9.84 +0.05 .19 0.14 0.18 48.36 +0.16 27.15+0.51  6.65 =0.01

1

260 6 56.57 £0.24 5.57 £0.02 10.21 £0. 04 1. 18 0.14 0.17 46.64 +0.84 24.56 +0.29 5.84 +£0.01

12 56.44 £0.24 5.36 £0.02 8.69 +0. 04 1. 14 0.12 0.15 46.18 +1.05 26.81 +0.85 5.86 £0.01

Xif HA 0 40. 60 =0. 17 5.69 +£0.02 34.69 0. 15 1.68 0. 64 0. 68 100 16. 12 £0. 31 8.32 +0.01

LSDy s 0.51 0.07 0. 20 2.34 1.47 0.03

2.2 AR BHEEE S e 190°C J2 W 1 h A= ¥ ok 42 B 39.06%
RGP RALAN TR, R R A BE S R 85.19% ; 52 RIA], AR A A S I A
29.51% ~ 85.83% , 4= Bl & & W) [% Ik 87.69% ~ A (F2) . BALAPRG YIRS A B A

93.36% ,{H —F¥IBEE [N R EE R S A e . R W E R, B S A S A B A AT ST A
AR 260°C N 12 h AE 1)k A A8 A IRAYRJE T 2 AT ] ZE K 52 B Wi R AR Ea #2; 260°C [
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Tab.2 Total and exchangeable contents of N, P and K in cow manure hydrochars at different HTC
temperatures and durations
R Fi )/ ARG/, ESAGER/ WEASE/ euawns  mSEHER/ aWans  mSHER/
h (g-kg™") (mg-kg™)  (mgkg™') (g-kg™") (mg-kg™") (g-kg™) (mg-kg™")
1 18.46 0.10  45.88 =1.12 0 7.68+0.43  275.55+6.20 0.810.01  188.08 +2.49
190 6 18.71 £0.08  32.38 +0.38 0 7.98+0.06 132.73+0.89 0.95+0.01  185.60 +0.01
12 23.690.10 17.88 =1.63 0 8.66+0.02 134.32x3.90 1.05x0.01  240.30 =0.01
1 26.44£0.11  4.13+0.63  1.13£0.13  10.9620.09 59.01=2.30  1.42£0.04  170.68 £9.95
260 6 23.35+0.10 3.13+1.88  1.75£0.50 11.0220.39 26.40%1.24  1.29£0.01 118.46 +17.40
12 20.740.09  0.500.05  2.1320.38  10.68+0.27 29.590.89  1.500.01  108.52 +7.46
i A 0 20.74 £0.10  41.25+1.25 2.5020.00  5.93 +0.01 P, 19 £0. 57 162,01+
13. 67 12.43
LSDy, g5 0.22 3.95 0.8l 0.82 19. 94 0.08 31.43
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Tab.4 Pore parameters of cow manure hydrochars PEMFE AR A 2280, T3 5 Fis .
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BIREIINE R
W/ PRI hEALE, HALE, HREBY Tab.5 Weight coefficients of evaluation indexes
< h pm pm (em’g7!) (m?eg7h) $ihr U fibr AR
1 0. 69 6. 64 2.01 11. 67 e 0.070 A 0,075
190 6 0.45 1.65 1.26 11.13 Toar 0.056 TP 0. 041
12 0.55 8.08 1.43 10. 34 oH 0.067 S A 0. 047
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260 6 0.53 1.74 0. 85 6. 46 porp 0,058 Ve B T 0.079
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