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Abstract: The studies on one-step hydrothermal liquefaction and its disadvantage were reviewed and
summarized. At the same time, a two-step hydrothermal liquefaction was proposed. The latest
study on bio-oil produced from high-protein algae via two-step hydrothermal liquefaction and the
liquefaction pathway of protein, lipid and carbohydrate were reported to evaluate the feasibility of
this liquefaction. Finally, a number of research directions were suggested based on the findings.
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Table 1 The properties of bio-oil from different algaes via single-step hydrothermal liquefaction
Biochemical composition !’ Hydrothermal conditions Bio-oil property !
) Optimal Optimal )
Sample w(Protein) / w(Lipid)/ w(Carbohydrate)/ HHV/  w(0)/ w(N)/ Ref.
temperature/  holding
% % % . . (MJ+ kg™ % %
C time/min
Petroleum oil — — — — — 42. 0 0.8 0. 4 [16]
Nannocloropsisoculata 55 25 8 350 60 39. 0 189 4.1 [10, 17]
Nannochloropsis sp. 52 12 22 300 90 371 9.5 5 4 [18]
Nannochloropsissalina 37 12 33 350 30 381 87 2.7 [19]
Chlorella vulgaris 55 25 9 300 60 37. 1 14. 8 59 [10, 20]
Prophyridiumcruentum 43 8 40 350 60 35. 7 133 5 4 [10]
Spirulina 65 5 20 350 60 36, 8 1004 70 [10. 19, 217
Pyrenoidosa 71 01 22 300 60 34. 6 10. 9 9.1 [12]
Scenedesmus 56 13 25 450 120 35. 5 10. 5 6.5 [21]
Enteromorphaproli fera 27 0.9 54 300 30 287 22. 4 5 4 [9, 22]
De fatted Scene 72 <1 21 450 120 35. 3 10. 5 7.8 [21]
Cyanobacteria 35 <1 35 325 60 36. 5 7. 4 6. 3 [23]
1) All data expect O (calculated by different) are determined based on dry base
HHV-—Higher heating value
1 , N s
28 ~39 MJ/kg , , , Li [
(42 MJ/kg) ., Biller M7 350°C ( Nannochloropsis; 52% Protein)
Na, CO;, CHOOH (Chlorella; 12% Lipid)
4 , s
59. 9% ~147%, 22~36 MJ/kg, 54% 0.3%; Biller [
D Nag COj ’
CHOOH , o ,
Na, CO, o GC-MS 82. 9% ,



1009

Reducing sugar

Fig 1

6] OH

: H :

: N Ny HNA R

Aoy — e

: # Z 0 wN

i Indole Guinoline R .

"""""""""""" ' R ... ) N
[27]

The hydrothermal liquefaction pathway of proteint?”

9
21
b
o ) Gai ™
s N N 1 o 0~100C ,
’ Y Y o b
. . . . , . Sato %
S 5
. 2 , Peterson 2%
2526 . . 100~200°C s
o , CO,
2 o
, NH; ,
3
) 297 Changi " Chen BV 220~350C
o b
b
b b
Maillard )
o b A b A N AY
b
CTTT T o :
: 0 0
P N o BNGSon NH :
: OH L !
: 5 H,N—=NH ;
Leucine o Glutamic acid 0 Arginine
HZNW/U\OH HQNILOH o = 0==q
; _ HN Moy £ Carnom dioxide
: Alanine Valine Glycine b=
__________________________________________________ ‘_>'\‘
: S—— R n
. < . 2
‘0 g EAmine Decarboxylation
—(gj?—Ig—NH—(IC?—EI—}I{II— Hydrolysis H,N a > /\/\ + /\/\
iy 4 . 14 OH g \j.l\ Alkane Alkenes
R S L s p—~—on
Protein ATNO:acids 2 . OH Alcohols
£ Organic acid
A N/H --------------------------------------- .
— vy R H R
OH OH O . 0N RN RN
= ) ) Ammonia UO I):R T):O
H Maillard recaction !
Y Y H Pyrrolidinedione Pyrrolidine Pyrrolidione
OHOH .



33

1010 ( )
(Melanoidins)=**" , Costanzo -
, [10,35-36] . . IJUO [40]
Peterson ™ . 200°C 60min
Maillard , 2 R 60% . Jazrawi 2
200C N s
. 250C o (<C200°C)
50% .
o , (250~350C)
. , Maillard 55% .
250°C L8l Levine [V ,
o b
Biller % . Sunphorka [
R ( ) “ _ ”» s
6 % ~7 % ’ ’
., Du (320°C, 2 h, 12 MPa)
(7] (150~225°C) 8%,
28%~69% 29%~95%, )
58% ~94%, . ., Sunphorka .
500°C s o
Barreiro " “ - ?
H, 0 HopgH O
P HN-C < o CN-C' ¢
/4
H-+OH OH OH
oL H, 0 _— H-{-OH H—-OH
HN-C < 2, HO+H — .~ HOH
H+oH + ™
H-L oH OH H-+ OH H-—+ OH
CH,OH H OH H-OH
2 CH.OH CH,0H
D-glucose Glycine N-substituted glycosylamine Amadori compound
“2H,0 —3H0
Schiffs base of HMF

of furfural

+HZO/Amino compound

Fission prodycts
(Acetol, Diacetyl, Pyruvaldehyde, ...)

+Amino compound

Aldehydes _—

HMF of furfural

Aldols and
N-free polymers
/Amino compound

+Amino
compound

Melanoidins
(Brown nitrogenous polymers)

[2,37]

2 Maillard

Fig 2 Maillard reaction network[?:*"]



1011

o)
2 (Nannochloropsis  Scenedesmus) ol
(350°C) s s 22
Nannochloropsis 5 1%
4.2% , e
, . Gait*" Long
20 % s pH [50]
[20.44] , 3 R 0~100C ,
’ 1 kg 15 MJ ° ’
; 4%, . ,
. Kang [46-47] i ,
250°C 60 min SR
137 mg/g s Kang , 200°C ,
200°C o s
; 250°C Maillard
o b o
/
187 521 Long [
[17] b b 70 % o b Ay
53-57]
O
O-LR _ O
>—O-n- R Hydrolysis HO/\/\OH + RAOH
O .
O-|Or R o Glycerol Fatty ;amds
e Acid-catalyse !
Lipid :
p hydroly s;S/ Wicatalysed hydrolysis v
s R T T T : Osan 5 5
i Ou~OH H}CJK/OH | .Ho\,ﬁ\,o 0 _X_oH : ;. OH e 5 E
Hydroxypropanal Hydroxyacetone | {Glyceraldehyde_Dihydroxyactone 5 CCE\? =
= =1 = ' |
=] =] (=} ' '
2 g ¢o B M ______________ at_ty_@qu-
o o S -+
Z 2 HO™YoH z H_H o g
A 3, OH | A N RV |
= Glyceric acid O H l E
Acalom T R : Dehydrotion N A0 | g
£, HO™"OH /l\,OH : Reducing _ Pyruvaldehyde 0 N g
2 : . Benzylic R R™OR' A
< . Propancdiol rearrangement | R TE( ! Esters :
x i 1
©0 Dehydroction HO Amides r _________ Yoo
~Hop \)LOH Esterification WA O P e
Acrylic acid . 1O, ooy NS I :
Alkyl lactate. NH, o O 19 o :
PN INE YNNI
1 Amides] O o
:_/_\/_\/_\/\/\)lo’ E
i\ Esters;
PSS Y
i Alkanes Alkenes :
[27,34,50]

Fig 3 The hydrothermal liquefaction pathway of lipi
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