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Study on the mechanism of liquid-phase cycling on the co-hydrothermal carbonation of sugar solid waste. CHEN Si-si', XUE
Yu-yang', TANG Xing-ying®’, WANG Zhi-jie', ZHANG Ying-ying’, QIAN Li-li*, LI Shang-ze', WANG Ying-hui** (1.School of
Resources, Environment and Materials, Guangxi University, Nanning 530004, China; 2.Guangxi Laboratory on the Study of Coral
Reefs in the South China Sea/Coral Reef Research Center of China, School of Marine Sciences, Guangxi University, Nanning
530004, China; 3.School of Energy and Power Engineering, Jiangsu University, Zhenjiang 212000, China; 4.Guangxi Institute of
Green and Low Carbon Technology Co, Ltd, Nanning 530022, China). China Environmental Science, 2025,45(3): 1364~1374
Abstract: The study utilized filter mud and bagasse as raw materials for the co-hydrothermal carbonization process at
240°C-60min-5:1. The primary objective of this study was to investigate the impact of liquid-phase cycling on the solid-liquid phase
products of the co-hydrothermal carbonization process and to elucidate the reaction pathways. The experimental findings
demonstrated that liquid-phase cycling significantly enhanced the reaction process of co-hydrothermal carbonization, resulting in
substantial improvements in the hydrochar properties. In the liquid-phase cycling process, there was a substantial increase in the
hydrochar yield and higher heating value (HHV), accompanied by a significant decrease in ash content and an increase in
microsphere structures on the surface. Following the second cycling, the hydrochar obtained a maximum specific surface area of
31.2m%/g, and the contents of the groups CHX, C-C/C=C, and ~C/OR/~C—NR exhibited a tendency to increase, while the contents of
C=0/C=N and -COOR decreased significantly; In the liquid-phase products, the contents of organic acids and ketones increased.
Concurrently, the proportion of aromatic compounds remarkably rose from 0.31% to 13.75%, and hydrocarbons, amides, and esters
decreased. Within the liquid-phase cycle, the acidic environment generated by the accumulation of organic acids served as a catalyst
for hydrolysis and other reactions, and simultaneously facilitated the Maillard reaction, which effectively enhanced the degree of
aromatization of the hydrochar. Moreover, it was beneficial for fortifying the oxygen-containing functional groups on the surface of
the hydrothermal carbon, thereby creating more chemically active sites. Consequently, the hydrochar was bestowed with enhanced
adsorption capabilities and its potential for land application was elevated.

Key words: liquid phase recycling; co-hydrothermal carbonization; hydrochar; filter mud; bagasse
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Table 1 The main physicochemical properties of filter mud and sugarcane bagasse

N TR HT(wt. % ASH HHV . EC
B4R (vt %) N pH fi
C H (¢} N S (%) MJ/kg) (mS/cm)
BT e 19.59 3.94 16.52 1.10 3.58 17.80 56.13 8.93 6.82 138
H s 44.16 5.78 47.96 0.55 0.23 80.79 1.32 17.26 4.67 —
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Table 2 Physicochemical properties and yield of hydrochar

TCE T (wt. %)

ASH HHV

B C/N pH {8 (%)
C H (¢} N (wt.%) (MJ/kg) (mS/cm)

HC-RO 19.64 3.20 9.89 0.73 193 2685  64.61 8.42 6.35 1.43 62.38

HC-R1 21.66 2.69 1422 0.84 356 2579  57.03 8.40 6.35 0.31 64.10

HC-R2 22.19 2.64 18.02 0.89 344 2493 52.82 8.21 6.43 0.35 63.75

HC-R3 2231 3.12 15.53 0.88 322 2535 54.94 9.01 6.48 0.39 68.00

HC-R4 22.82 3.41 13.65 0.95 282 2402 5635 9.65 6.55 0.44 66.41

S RS e NSO 1 N W | R e T RS
IR K 43 & i 64.61wt.%(HC-RO) T [% &
52.82wt.%(HC-R2),5j5 F 731 56.35wt.%(HC-R4),
AHET HC-RO,BAHTEH 5 1 K #om (HC-R1~HC-
R4A) K53 1 50 35 AR T K B 2K 43 S AR S T v
W] 2 R T VB0 s A 1R K 53 4k 7K R e T W
A, 3 K e o TE LA 0, M A
Tt

B ARG IR AT, KOk HHV AR AT
IR (HC-RO) 8.42MJ/kg M KEI T 4 K5
(HC-R4)[1) 9.65MJ/kg,/K#k HHV #2517 1.23MJ/
kg4 Sharma 25U RIHFF 5%, K i HHV R4 & 2 H
TR PR 2T o 25 R Y- 2 4 2R A, 7 A 1) v T
W) i 2 W AH 9 o B B A HMF(HHY 2924
22MI/kg), 0 43 v (] 7= ) B A S N (1) 64T 5 e A A
A HLIR FEAE AR T AT SR ARG 2R o 5 A7
MU AL TF gt 7 2N K St A E R, N T 38K T

IR HHV; A O RAE HLIR g 15Ukt 1) %
3R, T HE S 2 £ 4 2 RN 4T 4 22 1 /KM, TE B T K
VI T (] 4, X Be ) 5 2R A I T8 CH AT e
(1) B AR TRORE, F BUK #OR K C 5 &1 0, T3
T HAe RS U AR R G 1K R pH EIE AT L
T, 0] B A A LR A5 BRI P 03 n) VA h 3 3%, 3 0K
B pH AE S /NI FE T 5.

200 2 OB o K BRI 7 R T B3
(R4 v, I 62.38%(HC-RO)HE 5 5] 68.00%
(HC-R3), 7555 3 WBAHIE A 5 (HC-R3) 7K #u i ™ 4
3K B B AL BE G BRI AR 66.41%. 7K BUR 72 5 1 3%
PR w8 A2 B TR 7E HEA S K A AL S 2 v 27 4
F. PR AU R KR, A b & kR
— RANWEIK IR BNV 5 B B A AL A e 1] 7= 4
(LAl . S-HMF FUBHR 55 ) 70U AN SR,
BT A MUR I BT X e T A R R S —0
TK AN 5 it S SR 5 1 4 IO P Ak S 38 o, e T 44



1368 LR 7 A & I 45 %

B RIS RN (AT A T 22 1) 05 A T A1), 3
AR T R IB BT T K HOR P2 R 3 UG
FHAE A 5 (HC-R3)IA 2 B KAAL M 2R 4 IRMUARTE R
J& (HC-R4)A Lt HC-R3 WA B, 2% WA A1 B4 %
AR IR T K FA 7 A2 B R HEAE (R X R
P IEAE F 25 B8 A AR 0 I8 ) 38 i 11 A,
X 0] {82 AR T AR 2R A R A J3 ks B DR ZS
e,

212 WOMEFS LRI FHER AT 25
BERH ORGP 1T IS (0 7K FA0 EAT L5, SL A &5 44

K 2

1pm
—

IKFRR (314 L7 0 S B (SEM) B 1%

Wl 2 s 6 EEAR BT AR (HC-RO) ) K #uk
B R ST T 3R T2 R WA A B S IR K R
(HC-RI~HC-R4) [ 5 oA, = 2 T 25 AR HERA
TREREE M, U S HC-R2, Bk 45 W (1 B0 5 2% 1 W
B2 X E AR AL 2R 4R R
e 21 Y 28 FIR 22 40 I 1 o T A4 8T 47 5 TSR
£ T 8, B A R 7K A0 (1 2R T U5 P R 2 S 5 ]
(1K S AR 2 H IS A B L AR W T A 2R
i R K PR e A AT AR U O AT DU kK
PR R MBI T .

Wty 2

Fig.2 Scanning electron microscope (SEM) images of hydrochars
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Table 3 Specific surface area, pore volume, and pore size of

hydrochar under liquid phase cycling

b L& T (m?/g) FLAEF (cm’/g) 5442 (nm)
HC-RO 459 0.205 2.972
HC-R1 229 0.123 7.684
HC-R2 31.2 0.117 3.396
HC-R3 18.5 0.104 12.236
HC-R4 20.2 0.085 7.734
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Fig.6 Distribution of C-containing functional groups in

hydrochars
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