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Figure 1 Utilization of triglycerides for the production of biomass
fuels and bio-derived chemicals via catalytic pyrolysis (color online).

70°C, % &), {6 AR TR JEUR I Bk 2 20U A
P2, R b R 0T T el e 25 B, (R T R A
2. BT RIS S 8GR E T 2R, 5
T3 8 A ARS8 A AR AR Ak 77 A1 T R R 9, A I
BTRHR I Mg-AUKIE A FIFe,0,/Ca0™ 14
FEAGTRI,  HXT B R 56 A 2SR B 0™ 7(200~250°C
~10 MPa), {HA[ 8@ G 2L A 3P R, Hol 3k15
R I H AL b, RIE S N I EE RS e T
AR AT IE B 5 D PR AR R A — AR AR S
(>99%). FHLLF RARM AR, BeAs Bk kB 128 — R4
SEAE+ /S BB (50~60) SIS TE . W Bh A 4k
WA R NEER. R, H-RAEwsehE
ghy S A s E RO, B KRR RITRIM
HEY, SEERIE~11%, LEG AL ARk
0.1%)I100f5 7 4. & it 3 3O — AR AE ) S8 A7
FEAJE MR PERAG . B KRR e T 2 45 )
FE23230 AT B AR A A S VR A B AR S (R R
<20%), BRI T HAE Tk F 2 M.

BE T, HAFENETNI. Cu. PARIPESE)E
AFEREASSA TR TR AR
AP @ BT R INE E E  E N RE
BRI, AR 2. W A F L
R B Bt — P R A R hth, 12
FEP= ShA TR vERE, AT 5 AL Sk SE F A AL
55 T ARA W S (SRS g 7 ) BRI A3 K. A EE T
F-REDSm, HRPR BRI, JUPASHE
A(<0.1%), #MEALEMEL3.3%, TR E
(70~90). JEMEPE. AR E B ELE, TS5 A1k
ey LT & LL R S I R ), ki, s
BB FEEEAR, TR, AFres
UKL 0 B, fl, WA BET S R A A ) (n
KPR A S 2 A o R RS T A A
JEWRR ARG A — Ll & KBE b e, RN T I i
FARFIEFEA R R ARSI T — R
Lk &

NT DR TR SRR, TR
AN HERAMAREAABBE AR R, B
MAURFAR AN RETLER . LRBCE S ER
Bl B Ko T OO R NN Tk fE. B
AR DA I SR A el R A A e 5 g 8
TR, HAEFYEERRRE. B, BRAE

1495



WA S5 ot IS A AR ) S B PR R AN A 2 i T 7 i

R RO G R ACEEAR R R LA

Table 1 Comparison of three different oil resource paths and product characteristics
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Table 2 Reaction formulae and corresponding thermodynamic parameters of the hydrodeoxygenation, decarboxylation, and decarbonylation

reactions of stearic acid [49]a>

JF3A:N AGsy3 (kJ/mol) AH;; (kJ/mol)
e (1) R-COOH+H,(g) — R-H+CO(g)+H,0(g) -67.6 48.1
(2) R-COOH+3H,(g) — R-CH;+2H,0(g) -86.1 -115.0
%2 (3) R-COOH — R-H+CO,(g) —-83.5 9.2
%7 (4) R-COOH — R'-H+CO(g)+H,0(g) —-17.0 179.1
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Figure 2 Fatty acid hydrodeoxygenation reaction network using
stearic acid as an example (color online).
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Figure 3 The pyrolysis reaction network of triglycerides in a
hydrogen-rich system [61] (color online).
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Figure 4 (a, b) Product distribution of Pt/C, Ru/C, Pd/C and Rh/C
catalysts catalyzed by stearic acid in micro-batch reactor; (c) carbon
number distribution of liquid products catalyzed by stearic acid over
Ru/C catalyst; (d) cyclic stability of Ru/C catalyzed stearic acid
pyrolysis [57] (color online).
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Figure 5 (a) Catalytic properties of Ni/ZrO, catalysts with different
Ni loading capacities for the hydrodeoxidation of methyl laurate;
(b) GC-MS diagram of catalytic pyrolysis products of jatropha oil,
catering waste oil, and gutter oil over Ni/ZrO, catalyst [54] (color
online).
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Figure 6 Hydrodeoxygenation of stearic acid (a) conversion and (b)

selectivity of commercial Pt/C and metal-organic skeleton-derived
CuO@NiO, CuO and NiO catalysts [50].

RE, HALFIE80.0%, +-Lhtik ML) N66.0%. DFTit
HREIMoO,FK M RA T R E S Sk, FmAERES
Az AT U I i B A i 2 ot Bk e 7

BE, Cao P33 T —Fh 71 HUNiRe/SBA-15
4 JEAEAL TR, ATLE 150 CARIR N (AR i R hn it 4
ERE A N R TEE, IR N94.5%. MREFEE
170°CHF, 4= 1 J LT #5548 4 S8 ¥ R N R e 4,
IR F1£95.0%, HERED T HATiRE NI, NiMo.
NiFeFINiCu AL (7). AL P EAL 2 57 4
Hr&B, RefI5I NEGE T &BNifI o BE A SE
Re 77, IR T IR 5 AR (R R

5 AT IHEAGHRA

FH T4 8 1AL 7 P R 7 25 B0 A DA £ ol
RESAR B R KAt 70 T4 R AR R N, (R, & &R
PEAT £ R TS FLIR G5 R4 14 43 i fk A 75t vl i
AR B, 431 _E OB YE AL 5 (W Bronsted Al
Lewis%5) 0] 75 5 i JIg SR 7 IR b I C-O B A C—CHat &
AR, IR IR B rp (R — 2D R A K. BB
e de . R S RS IO, AT SR TR =)
(oA, 4k, 470 PRSFL 45 ha mT (i ik A 42 5 v ()
Wit 5540, RS = (HR KR
TEAE TR R A TEFLIEIE F R R LS, &iE%
oo BAb. BdEAb . B AR R B A SR N R AR
B, SEURRME A S o B LI b 2T R A kD,
DRI, o] S K 2 0 RO A8 P 2 i 2 A R AF T Bk k2
—. HEUAS R NG R 10 27 0 w2 S FH T ek g A4 74
R, T AR RANAE, 750 L5375 Al

1501



WA S5 ot IS A AR ) S B PR R AN A 2 i T 7 i

o Stearic acid
—o— Stearyl alcohol

- (=) ®
L ird

Conversion/Selectivity (%)

»
2

<

B 7 (a) ANE4EJE LFIINIRe/SBA-1 5407 i AR R In
A PERE, (b) BEARRRIEMIAN+ )\ (&) A /ENiRe/
SBA- 15 Ak 1 e 7] ) A A5 ) (0 4 RORE 1)

Figure 7 (a) Catalytic performance of NiRe/SBA-15 catalysts with
different metal ratios for the hydrodeoxidation of stearic acid; (b) time-
dependent conversion of stearic acid substrate and stearyl alcohol
intermediate over NiRe/SBA-15 catalyst [26] (color online).
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Figure 8 Concentration of phenols, alcohols and carbonyls in the
organic phase of the bio-oil produced by pyrolysis of lignocellulosic
biomass over mesoporous MCM-41 catalysts [100] (color online).
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Figure 9 Concentration of hydrocarbons, PAHs-polycyclic aromatic
hydrocarbons and heavy compounds in the organic phase of the bio-oil
produced by pyrolysis of lignocellulosic biomass over mesoporous
MCM-41 catalysts [100] (color online).
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Figure 10 Distribution of pyrolysis products of soybean oil under
different catalysts [101]: A, None; B, MCM-41; C, AI-MCM-41; D, La-
MCM-41; E, Ni-AlI-MCM-41; F, Fe-AI-MCM-41.
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Figure 11 Effect of different concentrations of KNO; on the catalytic
pyrolysis performance of K,0/MgO-SBA-15 catalyst for rubber tree
seed oil (RSO) [106], the test conditions were 10 g RSO, m(Cat):
m(RSO)=1:30, 450 °C, 80 min.
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Figure 12 Composition of liquid products from pyrolysis of waste
palm oil over H-Beta, MCM-41/Beta and MCM-41 [108].
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Figure 13  Specific component distribution of bioliquid fuels obtained
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Abstract: Due to the abundance of biomass resources in China, the development of biofuels/biochemicals and the
construction of multiple and complementary energy systems are of great strategic significance for ensuring our national
energy security and achieving the goal of carbon neutrality. Through the application of catalysts and high reaction
temperatures, liquid hydrocarbons could be obtained from lipids using similar oil catalytic cracking reactors via a series
of complex reactions, including deoxygenation (decarbonylation, decarboxylation, or dehydration), C—C bond cleavage,
isomerization, aromatization, efc., which is an important technical option for the utilization of biomass energy. Herein,
we summarize the recent research progress in the conversion of lipids to liquid fuels and chemicals via the catalytic
thermal cracking route, including the comparison of different lipids utilization technologies, the thermodynamic and
kinetic factors of the catalytic pyrolysis reaction, the research status of high-performance catalytic materials, and discuss
the structure-activity relationship of the catalysts. Finally, the key problems and future research suggestions in the
catalytic conversion of lipids process were summarized.
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