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Abstract: Sludge is one of the domestic wastes with high production and undesired substances.
However, it is also considered as an energy resource due to its abundant organic matters and other
nutrients. Hydrothermal liquefaction (HTL) has been developed recently, which is a kind of green
technology concentrated on obtaining clean fuel via high-moisture wastes such as sludge. The
formation of various compounds from HTL depends on the operational parameters, for instance,
original components in sludge, liquefaction temperature, residence time, type of catalyst, dosage of
catalyst and reaction atmosphere. In this review, the characteristics of sludge and its disposal
statues are comprehensively introduced, followed by the summarization of the development of HTL
on sludge. Meanwhile, the influences of operational parameters on HTL mechanisms are indicated,
including the distribution of products and the quality of bio-oil. Finally, the prospects of producing
bio-oil through HTL of sludge are discussed as three aspects in the future: 1) systematically

studying the reaction paths of various components in sludge; 2) improving the quality of bio-oil as
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well as efficiency; 3) seeking alternative applications of bio-oil derived from sludge.

Key words: sludge; hydrothermal liquefaction; oil phase products; process parameters
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Fig. 1 The hydrothermal technologies for sludge treatment
HTC—Hydrothermal carbonization TOC—Total organic carbon
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Table 1 Constituent and structure characteristics of proteins, lipids, sugars and lignocellulose
Model HHV?/ Oil yield® /
Sludge component Component unit Condition® Reference
compound (MJ « kg 1) %

Albumin 36. 3 18.57
Soya protein 350 C; 60 min; 35.9 18.57

Proteins Amino acids [18-19]
Asparagine Ri=1/9 g/mL 33.3 7.86
Glutamine 34. 2 7.86

Triglyceride, phospholipids, 350 C; 60 min;
Lipids Triglyceride 36. 9 78.57 [19-20]
glycolipids R;=1/9 g/mL
Monosaccharide,

disaccharide, Starch 350 °C; 60 min; 34.5 7.86

Sugars [19, 21]
oligosaccharide, Glucose R;=1/9 g/mL 34.1 5.00

polysaccharide
Xylose, glucose, galactose,
Hemicellulose arabinose, mannose and Hemicellulose 380 °C'; 30 min; 42.0 27. 44
Lignocellulose their monomer derivatives R =1/5 g/mL [22]

Cellulose D-pyran glucose Cellulose 2(KOH)=0. 01 mol 38.9 33.54
Lignin Phenylpropane unit Lignin 33.8 52.47

1) Ry was defined as the quotient of feedstock mass and solvent volume; 2) Higher heating value; 3) On a dry ash-free basis
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Fig. 3 Effects of solid concentration on yield of oil

derived from hydrothermal liquefaction of sludge
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Table2 Efectsofdiferentcatalystsonhydrothermalliquefactionofsludge
Dosage
Catalyst Sample (Massfraction Condition Catalytic effect (From high to low) Reference
ormolar*
None Na2CO} 300 k##40 min#  (jl yield2) : FeSO4, M0S2, None, Raney-nickel, Na2CO3
Sewage
Raney-nickel | dg 5% rll' =1/5 g/mL HHV3) | FeSO4, Na2C0O34, MO0S2 , Raney-nickel, None [23+
sludge
FeSOl  Mos! g H2atmosphere N mass fraction None, Raney-nickel, Na2CO3, M0S2 , HSO4
None K2CO03, 280 k 60 min il yield Ca(oH)2, N a(OH)2, K103
Paner il yie a . None, 'a , ;
Ca(OH)? y 0.1 mol Rl =1/10 g/mL y 24+
sludge HHV Ca(OH)2, 'a(OH)2, None, K2CO3
‘a(OH)! N2atmosphere
. Oil yield Na2CO3, K2C0O3, NaOH, KOH
Na?C03, K2CO3  Sewage 340 K #30 min# y
5% HHV NalCO} K2CO} NaOH KOH 3
NaOH KOH sludge CO atmosphere .
N massfraction NaOH KOH K2COl Nalcoi
. Oil yield Ni/Mo, Co/Mo, Na2CO3
Ni/Mo, Co/Mo  Sewage 340 k #30 min# y _
n 5% HHV Ni/Mo Co/Mo NaCO} 3
Na?/C03 sludge COltmosphere i .
N massfraction Na2CO} Ni/Mo Co/Mo
None Na2CO} Ol yield FeCli, FeCl?, FeS, FeSO4, K2CO3, KOH, None,
NaOH, K2CO3,  Sewage 320 k10 min Na2CO} NaOH [36+
KOH, FeSO!,  sludge r1=1/40g/mL HHV FesOl FeS None NaOH Nalcoi
FeS, FeCli, FeCl’ N massfraction FeSO! FeS None NaOH NalCO}
None KOH Paper - 300 K20 min Oil yield CH202, KOH, FeS, None -
Fes, cH202 sludge HHV FeS, None, KOH, CH20

1" R! was defined as the quotient of feedstock mass and slovent volume 2" On a dry ash-free basis 3" Higher heating value
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