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Research progress on preparing high—density specialty fuels from lignin
derivatives
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Abstract: High—density specialty fuels, possessing high energy density and low freezing point, are strategic energy
sources in aviation and national defense. They can effectively enhance the flight range, payload capacity and
maneuverability of aircrafts. Currently, these fuels mainly rely on petroleum resources. Under the background of
“carbon peaking and carbon neutrality”, the development of renewable alternative routes is particularly urgent.
Lignin, a major component of lignocellulose, is rich in aromatic structures and represents an ideal precursor for
constructing high—density specialty fuels. This paper systematically reviews research progress in converting lignin—
derived platform compounds (e.g., phenols, benzaldehydes, benzoquinones and cyclohexanone) into high—density
specialty fuels. It highlights methods for constructing polycyclic fuel precursors, including alkylation, aldol
condensation, Diels—Alder reaction and Michael addition. Furthermore, current challenges in the synthetic process

are discussed. Future efforts should be directed towards understanding structure—property relationships to
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simultaneously achieve high density, high heating value and low freezing point. It is also essential to conduct life—

cycle analysis and techno—economic assessment to support the sustainability and industrial decision—making of the

technology. This review aims to provide a reference for research on lignin—based high—density fuels and offer

insights for their sustainable development.
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Fig. 3 Preparation of high—density specialty fuel using 4—ethylphenol and benzyl alcohol as feedstocks
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Fig. 5 Preparation of high—density specialty fuel using anisole and benzyl methyl ether as feedstocks
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Fig. 7 Preparation of high—density specialty fuel using phenol and cyclohexanol as feedstocks
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Fig. 8 Preparation of high—density specialty fuel using lignin oil as feedstock
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Fig. 10 Preparation of high—density specialty fuel using guaiacol and furfural as feedstocks
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. (0}
Aldol condensation /©/\)1\)\

Density 0.886 g/ml
Freezing point -42.8°C

Hydrodeoxygenation
Yield 93.29%,

P13 R R PRI 2 15 1 DA SO o5 w8 %8 S R AR
Fig. 13 Preparation of high—density specialty fuel using methylbenzaldehydes and ketones as feedstocks
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BITE

P 2 FR T LA R I A7 ¥ R N A v ) L e e A
AR R A8 F T AR 2 AN T R TR 218
TSR A G R 4 A RN o g, DA PUC R AR
F, AEAK AR O 48 G 7 kA T i U A AT B BUSUA
Pe ke o R T 7K R JBT U 2 R o SR A 4 R
HJ‘E7J<,iﬁﬁﬁE%¥,%ﬂA‘#ﬂﬁﬁE%¥ﬁiﬁ
T NI, B P 2R B 0 A5 BB e ke, FL
J& 4 0.884 ¢/ml, VK55 H-38.2°C.

2021 4, Han S5 38 T 1144 2 8 14 750 4 7 52
P I 5 T SE A (MIBK) 12— HH 5628 H RS 1 4 5 I
N, R OSPREREH (B 14) . Amberlyst—15 J&—
P FL YRR PR B , AT AR FLES P AT | Lb 3R 1T
FUK PR Al AR e ME R SR o 7E 2-F
BRI MIBK A R4 5 RO, Amberlyst—15 #4 Jig
FeI e AR TE M . AE MIBK 55 2 R R

FEJR R 2:1,100°C 2 W 10 h 2440 F L B 46 4 7
PIISCR Al A 89.8% . fie)m , 78 F AL 7] Ru/C 1
FHTR KA A AT I & 4, BT A SR B J iy 7 2
9 96% , H#5 3 4 0.895 g/ml VK 5 K —43°C, %7
3% I F MIBK FIUAS T 28177 A= 19 At %5 5 1 Ak & )
B I 5 T USRS

2018 4F, Xu SE R IE T LA F LK FEE A O
SRR, WA VA B B R R (BT 15) . 55—
A TR T RARMEAL T, 2- HY JE 28 F I (s 4 322K
) AR LR A T VA R R I 4 A 15 31 €, B 484
G OB CRIE ) EAOAc B T 1%

/?K)\ @A Amberlyst 15, 100°C @/\)‘\)\
+ 0]

Yield 89.8%

A A BN M B TR R A AR e
EAOAc B IR ML 52 0 oAb 77 SR w@fir“%ﬂit
VERIALE . IR 2 5 80 Ol sy A O I , 4t v
FEM, oMb a5 H SR RS TR
PR R e . TR A RN 24 oK BRAR
EAOAc & T ARG IR EPE (B4 B2s T ab B
JEERRIR G ME . S0 FERD PA/CAREAL T 406
FEIHERT KA I U S, Tt b A B = IS
WH R 92.5% , % 4 0.99 g/ml VK H h-22°C.

2020 4F, Timothy 2“4 TH T B 362 H IS AT
il £ 2 B R AR R Bk (B 16) o LAl 1k
BRI (PTNT) Ak, 2— Y 28 F R R DN 7
80°CF i 6 h, ARZS 5y K HE 4 5 UL, = e
76% ., FEAELEFUEH , PTNT &5 B HEAL & P T 3
KA TEAS R Y H e TR R A R O B
FRR 5 BE . PTNT AL 7] i B A = A 1 PR A e 1 o
Bl , R FH PUC HEARTR , ZE AR FD 45 44 (130°C,
5 MPa H,,2 h), BI o] X 45 & 7= 9 1 47 2K A i &85
S5 R RORRRL BCR R 92% , H% R 0.91 g/ml
VKR -44°Co FEFFEZRAET , DL 4 8 P R
PR Ay TRk ) A5 R B4 R 0.94 o/ml | K 53 H
~41°C.,

2021 4F, Wang 25 4R T8 T 24 00 g5 25 H I A
] A e FE 28 (ANSs) 18 7 ik, B A R H6 40
A A BRI FAL = N (E17) . 2SI NER
& SR TR TR B I 7K 7= 0, 2 HE R AT DA e AR T R

Density 0.895 g/ml
Freezing point —43°C
Overall yield 86.2%

Ru/C H,0
125 C, 4MPa H,

Yield 96%

P14 PR SR T R 70005 78 T Ay DRl ol 5 o 2 B A AR
Fig. 14  Preparation of high—density specialty fuel using methyl isobutyl ketone and methylbenzaldehyde as feedstocks

“OAc
MO, ©/jij Pd/C,H,0 . (5/\0 Density 0.99 g/ml
EAOAC. o 180°C, 6 MPa H Freezing point ~22°C
x 2
EAOAc: HO\/\NH 5 Yield 85% Yield 92.5% Yield 0.3%
/O (0]
HO Yy OAC Pd/C H,0
+ é ﬂ_, /Q/Ij /O/\O Density 0.96 g/ml
EAOAc O 180°C, 6 MPa H, Freezing point ~3°C
Yield about 85% Yield 82.3% Yield 1.1%

P15 R BRI O R DA SO o5 v 85 2 R AR
Fig. 15 Preparation of high—density specialty fuel using methylbenzaldehyde and cyclohexanone as feedstocks
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Pt/C,HO
\o<+‘:ﬁ\ PTNT, 80°C N0 2 % [f:rtj Density 0.91 g/ml
130°C, S MPa H, Freezing point —44°C
Yield 76% Yield 92%
5 X PYC.H.O Density 0.94 g/ml
/@AO + j.]\ _ PINT. 80°C Q/\/\o 2 2 + Freezing point ~41°C
Yield about 76% 1B02C,/S MPaik, Yield 92.8% Yield 4.8%

P16 A BRI A T g iRl il 6 s 4 P AR R

Fig. 16  Preparation of high—density specialty fuel using methylbenzaldehyde and acetone as feedstocks

Pd/C, 40°C, 3 MPa H,

-0 o 0
EAPA, 40°C S
+ 0O T ——— Y
=~ Solvent free =

0 Yield 91.7%
EAPA: HO_~ 6)1\/
3

Methanol

®_

Main product
Yield 77.9%

(0}
SiO/ALQ,, 325°C
Solvent-free

P17 SRR U AT TS 45 b AT P AR e R 2

Fig. 17 Synthesis of renewable alkylnaphthalene from benzaldehyde and angelica lactone

JeE A AL R R ARG R (EA) & —Fh A &F
YRR S v LA S A AL IE BnT R 0
TR, 55— X TR B S Y T R4 A
RN, LR 5 TR I B EAPA B TR R B
S AL TS T 40 G IR A 8 91.7% .,
A f T PA/CAEAR R, B BRI R £E 40°C
3 MPa H, 2614 ™ X FR 4R G = Wi A T AU & 5
=5 HE SIO/ALO MM, Sk 7™ W 2 A IR Mo ik
PR, BEFEZE RN 77.9% AT FRAE L5
WEA, Si0,/ALO, A A6 7] 5 AT 15 A L 22 18 B FLAS AN
LA AR RN R T v 22 T A fl
X ] SR Si0,/ALO, M Ak 5 78 IR e FE A i by 3%
PR SEPERERY RN . Si0,/ALO AL 7S ] 6 h i
ST B, (0 E T B LR A 1

2022 4, Gao 25K R T AR 2% O BR 2 R
o B AR T (B 18) o F LR LI
BB T R A AL R R A 2, B R IA B 309%™, B
9, DAIBL IR b — A AL ER 9K 4T 4k (STNF) AL
Fr L Z MR CEIAE 150°CRN 10 b, ARZE 5 A i 45
B (IR 81%) , [FIHILPEA 13% 455 7= 411

0, STNFs,150°C
Lignin £ _—
Modified

carbon OH
30%(mass)

(0]

Yield 81%
OH
O
HO OH

Yield 13%

PR o TR S AU AR N #E PA/C FTH-Y TR
EWIVE AU REMEAL TR, PA/C Y 42 @ A7 5 T4k
TN, H=Y 4370 R A7 s T . RVBR T
AU GE R 779 (77 % 60%) , ik 2341 DV =36
Pt b L (SR 31.1%) , 3% 02 i FAEI K 5 & T8 AR
W IE B, 55 4 kA 4y T Atk MOz v e 44
HETT AR B = e ke . T A IR AL 4% B R 0.95 g/ml K
FUAAE Ry 39.2 MU/L, 35 48 A 2 VK A5 (= 17°C) He i B
IREHK S, (=47°C) AR 22 (BT LIVE R 0 1%
R R B e L2 R RN AA

2023 4, Wang Sl T IREH AN 22 KA S
R RRRL R B LR (B 19) o B 0 FE R IR i1k
TS A L RRE S kAR A R,
T B 45 5 7= ISR R 78.8% , A 16 T 1) 46 6 77 I
RN 82.6% . 5, LIFRC e MIE ], PA/HY A1
B3, 75 260°C .4 MPa H, 514 F , 46 & 7= ) ] L
24 h, 3 F] = FRRRE . DLER OO AN 22 R ON ORI
£ (AR BLS BE 4 0.946 g/ml UK R -35C, LAFRIY
TRy 22 28 O SRR HR 28 R ARL 25 1401 0.943 ¢/ml 1K
RUON-32°C, PO Y RS E RO 08 A S bR

Yield 60%  Density 0.95 g/ml
VNHOC 39.2 MJ/L

% Freezing point —17°C

Yield 31.1%

Pd/C +H-Y, 200°C

K18 A 22 ZRIER C A A JEURHR o5 w25 %5 B2 R AR

Fig. 18  Synthesis of high—density specialty fuel using vanillin and cyclohexanone as feedstocks
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(') 1 O. i O.
o) o 0
g j@) . ij _ HSo80°¢ - O \/ O ~ _PAHY, 260°C O/\O/\O Density 0.946 g/ml
HO Ethanol HO OH 4MPaH, Freezing point —35°C

Yield 78.8%

Overall yield 70.5%

0 0O

| Y N A
/O:©) N f H,SO,, 80°C O ~ Pd/HY, 260°C Density 0.943 g/ml
HO Ethanol HO O 0\ 4MPaH, Freezing point ~32°C

0O
Yield 82.6%

OH Overall yield 73.7%

B9 222K SRR SOkl 5 e 2 LR Akt

Fig. 19 Preparation of high—density specialty fuel using vanillin and cycloketones as feedstocks

FEIRRETP-10 4024 , A8 vk S =, (BT nT AR S M fg
MRS M TR AL . AR RS F LR
B T 5 MR A TR, DA 22 35 R SRR 4% i 2
FERERIIRRL B — 2 i T3

2023 4, Zhang S5 [/ B¢ DL IR G AN 22 R N
SR BT i 2 R 20) o FEFLIR 4B
e B P (LATLI)ME R, SR 06 HR AN A >4 R 23 sl
RAEFREEAR A N, B0 AR 6 7 ) 3 4
Tk 82.8% F112.4% . £ WERE FZLIER 1E A fE AL 55 53
SIS Z b I AR I 2 B AR =4 i A i, i BH
CBEREFNFLIR 2Z 18] 0 B [ FH AR #E 1 By i AT
ZAEA AR FR A 3E T A D AR A T A X R
R R R ST (AR A RN, 7 SR KT
80%. i, L PA/C A1 HZSM=5 M EAL K], FRBE 4 4
FEY R A IR, BRI BSCR R 72.5% , HoA ROA
Pl e B . W REMEAL ] PA/ND,O, eI TE 4T
A AR U RS, PR R BSCR N 79.6% . i
BREL 089 o/ml, VK EAK T -60°C.

20224F, Wang S & T KRBT 4E R ATA M 1,
3-FRC S CTE BRI R H ) W28 6 s
BEEERRRIRL (8 21) , 1,3-FC AT DL f A=)
TTAE N R RTN e A A58, T T DLl AR
LA R A0 T AR, FEE IR KA

M H IR 250, TRES 1,3-30C i S
4 h, G PIFEIESR A 510 v R I St R 15 E XL
WIEET=H), RN 16%., 153, 1E PA/C FIEETR
AL TR 40 B F= e T U S A B OO R, ST
ZI ik A R B AR R AT RS 1,
3-IRC ARG RN o TR B R K T AR
WA, VR ARG BE R 4 1D IR AR, =
T TCHEAL 7 2512 R KON 2 h, L 96% FR 4551 = 3
AT BRI Z =T SN E A A
23 e BT S, AR B XA B, LR DR A
T T 2 R A TR IR Y . (ARG, 2
o 7E X F R R (p—TS A AL (80 CEAF T #E4T2 h,
RS 1,3-50 O A B T S5 F AN )1 DU 3R 45
P o DU BRI AR )0 U S AR P R R AR B
FEL, L 89% HIRITAN Ak ]y = Ik .

2025 4, Zhang S5 & T LAEAER 2% H D
I R JEARL =2 v A MR A v 2 R R AR )
Tk (E22) . ALY EA B0 F 454, M
LU — M 45 4 1 PR e J , LA B R 114 % B AR
S — P A ) ) % R R AR AR T . R B RA
T B SE AR S N AT RS . T
Lewis & T AR urea/AICL, FUMEALAVE T, B8 48 &
P S W 2D RO A R A Diels—Alder

0O
_O. N Pd/C+HZSM-5 Vield 63.9% Density 0.88 g/ml
o 240°C, H,0, 6 MPa H, Freezing P01nt<*60 C
b Y HO Overall yield 72.5%
LAIL, 100°C Yield 82.8%
+ e 5 HDO Yield 12.3%
O
I on ~ . =
0 O O Pd/Nb,0, Density 0.89 g/ml
= Yield 75.2% Freezing point <-60°C
LAIL: HO-_~Y O)K( HO OH 240°C, H,0, 6 MPa H
NH, P Q » T O Ra Overall yield 79.6%
OH Yield 12.4%
Yield 8.4%

BI20 7 RS RN IR A SRR 4 g 2 AR FRE

Fig. 20  Preparation of high—density specialty fuel using vanillin and cyclopentanone as feedstocks
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9 H ORT
~_CHO + 227 O (b Pd/C, AcOH, 220°C Density 0.84 g/ml
d Catalyst free 4 MPa H,, cyclohexane VNHOC 37.3 MJ/L
O

Yield 76%

CHO (0]
H,0: EtOH=4:1,RT
+
Catalyst free
O
Yield 96%
CHO (0)
p-TSA, 80°C

Solvent-free

Yield 93%

4 MPa H,, cyclohexane
O

Yield 80%

Pd/C, AcOH, 220°C

Density 0.85 g/ml
VNHOC 37.4 MJ/L

Yield 61%

70 Pd/C, AcOH, 220°C ——
= :
4 MPa H,, cyclohexane VNHOC 39.0 MJ/L
O

Yield 89%

P21 FERALA YR 1,3-FRC Sk SRR % o 25 B R Rk

Fig. 21 Preparation of high—density specialty fuel using aldehydes and 1,3-cyclohexanedione as feedstocks

0 O
Aldol condensation Z>Ph  Urea/AlCL, RT Pd/C+H-Y,160°C C,; spiro-fuel
~ T el Density 0.943 g/ml
S 5 Diels-Alder 3.5 MPa H,, Cyclohexane VNHOC 42.3 MJ/L
e } i Hydrodeoxygenation Freezing point -~46°C
-0 Yield 94% Yield 91%
Overall yield 78%
)\/
o ¢ Y N C,, spiro-fuel
é N P gy T S FO/CH-Y 1800 Density 0.932 g/ml
Aldol condensation Ph Diels-Alder 3.5 MPa H,, Cyclohexane VNHQC 41:1 MJ/L
Yield 94% Ph Freezing point —42°C

Yield 92%

Hydrodeoxygenation Yield 86%

Overall yield 74%

P22 RS PR RS R 0 o R o6 s 2 R AR

Fig. 22 Preparation of high—density specialty fuel using benzaldehyde, cycloketone and isoprene as feedstocks

Y EE IR, urea/ AICLHEAL A RHZ 2 v ELAT B
U W A Ak e A A A IR . A = DA H-Y R
Pd/C J AL, Diels—Alder ;=4 F 2N 2K 45 3]
TR Z ERIRE, H=Y A1 Pd/C & A AL 78 U v S
AR AR R B R R . T A A MR BRI
B FE R T 0.93 g/ml FAE K T 41 MI/L KSR T
—40°C , HAEREME TR RI-4, B B IE G i fi
Az T e 4 R R T

AR A AR R B R AL A W vl e R
55 im0 AR I A v R AR R ARL . B
B ORI E R, L B S H IR T 0.90 g/ml, {H# 1
R e AR T B R XL G R LA T AR A T

Z = Ak R R R B TE . Bk, K
FHIN BT SEB A F N IR AR BT R R
TV 1845 4 B B s A 22 SRR (6 > 0.95 g/ml) .
FRWE 45 A b [a) ARt mT gF— 2538 3 Diels—Alder 2 b
SIAHTIR , e 26 BUR 2 PR 0R), 9% B ] 3k 5]
JP-10 7K F-. BRTOFSE R g R 5 HF 2%
Ry SRk T AR Ae] A J5T 22 1 R0 ARG AR Ml 3R AT X
PR AT BB, PR, AR H A% J = i B AR 02
DL R0 TR T ARG I 2R A o SRR i 1ot
V7 U B A 4 T o 8 A Ak R A A 1T )
e R BEME IR/ BHER AR B B2 B T 25, 7 S OB,
ARBEAR A RIS, DL S R RE B2 T 3 A4 AR i



S fe 1 7 i 55774
LRI I PRI N 6.8%. ML FIT V0, % 7 4 4 A 5
B R L V-THO, M AR E 2 5 3 3R % =
3 AMFERBHAGEEBEMIER  wrrwmm et 5oy 77.2%, BILEN,V
5 Ti0, Z 8] iy Bl R F 2 SRR 54T 5k

S AR R T L 3 o A R 22 LA A g o 9 1 4 I ) P IR R S I 5 7 5

PEEARAR B, IR G54 v A 7E A e SUHE = — >
ARG TR 19 S A 1, J2 P 75 1 Diels—Alder 2 3 3L
LN ﬁﬁﬁm%%m%%ﬁﬁﬁ%%ﬂﬂm
A R R 7 . 202248, Liu 5514
“ﬁT — MUK 5 2—Eﬁ;@e 24— T (MPD) R i
b 3 W RN A LR R AR Y B 2k
(EB%J@RxMTUﬁﬁNﬁ:MMﬁ%@%
A A5, E e, 1 E AR I FR (ChCl) 5 Y i iR
(MSA)JE BRI 7557 (DES ) /R K17 MPD 43
RAIK A AL s R IR 5 94% . T DES
R P 0 1 T 7 ) AR P AN, S R & R R R R A
R AYAR AE O°C e fe 3 b i 430 B T S =4 43 5
LG R DES 28 T-J8: Bk 25 /K 43 J5 vl EL AR 30
fifi o A5 L 48 — 0 v R 5 2K R & 4= Diels—
Alder IV o T4 M1 4 Pd/C 5 HZSM-5 {4k
AT A, S5 2R B B B SR 2 R 0.91
g/ml VK 7E-48.1~-37.1°CZ i), (HAFEER I, 1%
DES {4 2 AJ LA i K 10045, E B T 1% 07 6 B
FUBLALA: 7205 7, S DNA= ) o S il % i 4 B R
BOEHRL TH MEMN S5 512

2022 4F, Luo SF R 38 T LA 5 1 0 5 % KR
SR, AL A = AR B T ik (B 24) o fE T
B30 9 Diels—Alder 2 1, 32 %3 B RBR 5 — 53
T A B, HOSR y 88.8% , 1T — 3R

)\/\
OH OH ChCI/MSA “
R
ChCl CI +§H1

_/__3

Diels-Alder reaction

Yield 94%

OH (0}
i @\
OH (0]

Yield 100%

T K Diels—Alder UV Y . AL E
VEHIV Y VO, FE 33 26 3 P BE 8 38 1o 1 B 3 4
JEF 16 AL A A HOWER ) A . 5 7 240°C
12 h 244 °F %F Diels—Alder P2 ¥y A7 & B 42, =3
BEIEIMCEEN 91% . %7 W) R G5 A0 T R R
FLA T i AR B (45.7 MI/kg)

2024 4F- | Zhang SE I K T VLIS I R F0RE R R
S JECRL, DU B A R 22 B R AR R O ik
(25), &5, 7 Zo/TiCLAE IR , B 80HA 4 A5 3 It
IR, LA 78% 1Y r= %45 2 %8 —FE . BJe , LAI#H
TRBRPER IR Amberlyst-15 AL 7], 76 580 A 1 Y ok
A TR B VAR AN BT T, 48 R M K B A A B
$& o WFFE R, B WA N [Hmim [CLCEP BHES 14
ORI R | 785 - 208 1) B, B8 0w
W i 5 o Amberlyst-15/[Hmim]Cl#E AL AR 96 2 fiff
ARG AR R AP TS . HLEE L, BRiR IR 548 —
F 2 [B) TP B8 1 ik S0 B A B 05 Ak C—O g, {2 aE I
W 5 A A L B 5 S T U3 A e A AR 1%
T IE 5~ v g 44, DT 40 o 1) B vz i 4%, £ 55 H A
PRI R . A R A SO R AE 60°CT
KA Diels-Alder RIMAL, PP K 88% . #i , LA
Pd/C Fl H-Y 2 ST Be A AL 57, 36 O e sl L 78
200°C 3.5 MPa H, 2514 F K20 10 h, SE I & i 4,
PR30 C UL DU RN B Rk 54% . 15
tn FHZRE WM Z I 2B R I L R 2R G

Oé\ + isomers

Yield 97%

Pd/C+HZSM 5
433 K,4MPaH,

Density 0.91 g/ml, Freezing point ~48.1—-37.1°C

P23 JRHRAN MPD Sy JEUHE] 8 5 2 B ROk
Fig. 23 Preparation of high—density specialty fuel using benzoquinone and MPD as feedstocks

<+¢

Yield 77.2%

V- T1O 80°C
Diels-Alder

RW/C+HZSM-5
240°C, 4 MPa H,

\C(:O/ VNHOC 45.7 MJ/kg
\C(:O\ Overall yield 63.3%

Yield 91%

P24 S8 e AR A R # s 2 R OB

Fig. 24  Preparation of high—density specialty fuel using isoprene and benzoquinone as feedstocks
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O [Hmim]ClI
‘:é Zn/TiCl, O_@ Amberlyst-15 @_@ Dlels Alder O Pd/C+H Y
reductlve coupling 110°C 60 C 200 C, CyH
Yield 78% Yield 85% Q Hydrodeoxygenation
N+
¢ Q»Cl— ) Yield 88% Yield 92%
1
| "Hex  [Hmim]CI | Density 0.966 g/ml
! OH 1
i N E VNHOC 43.1 MJ/L.
! O
[ | Q V) <ee-- SN ) - ~ | J Freezing point —67°C
/ '\R

Hemicellulose-derived furfural

Lignin-derived phenols

Kinematic viscosity 12.4 ¢St

125 BRI -5 08 AR A IO 4 4 BE AR R AR

Fig. 25 Preparation of high—density specialty fuel using cyclopentanone and benzoquinone as feedstocks

PERE : % 0.966 g/ml FAH 43.1 MJ/L VK5 -67°C iz
SEEE 12.4 cSt.

K 2 A7 AR 2R R 1 Diels—Alder JZ W M 5 &2
TN SR A R 2 R AR R — AT AT R R
BRER S FRRIR KBRS PR NG 2 5 DU 5 s A Y
B TR C SRR}, HL 2% B 5 BB P T TP-10, UK
SRS 2 AT, R R ERE . 5
1M, H AT A T 2 B 2R R 1AW S 245 [N,
PRIBCRAAR, H1 29 Tz AR 0 Tkt o i
DAL, T DR 11 15 2 R R ) S SRR Ak 17 FH 4T
AT I 9 R R o A R A5 B ol 8 A A 5 35 170 fip 2R
S m Al T2 $E TR IR 0 A B, LA &
R T IR AR B A I AU AR T K S R SR B
LTSI
4 KREEFCEHF 45T

Jia s

2015 4%, Deng S LA J5T 2 AT A= 90 20 O A A 5
BE, B T v R AR R (18 26) o B LR ]
F 2 19y 38 o Al I R AR, AR T 2 ok Skt
28 P BY Pd-CL/ZeO, 8 A0 590 2E 17 358 6 P i &8
JE, 0] AR AR IR BT AT R 4 e A AL
HE R4 L MIL-101 3558529 2 (PTA@MOF ) 75 Ay fi
PR3, HAE IR O B 4 A B L P e B P S A 4 A
e, BLAR B PR B IS 95% . AL B A T

ok =

34.3%(mass)

JE A A

Pd-Cl/ZrO, PTA@MOF

130°C

Lignin
H,, HCI
Sel>95%

<:/§_<:> Pd/H-B 250°C : :

RO TR, BEAS FR 1 5 43 BUAE MOF B )Y, $ 1t
= AR 7 A5 5 3E R R T B RS R (PTA) 1 T kit
AL SR T FLAR B IR . A i AL R A 2
B RAF 8T PTA R PR RE 78 1% 20 S U A
AEPRFE R E AL I ME o 5 2 DL PA/H-B M fiEfk
F, 7€ 250°CF N 48 h HEAT A 4, 153 2 80A O
Bt RN 84.9% . %K B FE R 0.887 g/ml VK A3
N 1.2°C FE N 38.11 MJ/L,

2017 4, Xie S5 71— 25 ¢ & T — Fp A H A i
B IR A g % R R AR vk (B 27) . B o,
TE Zo/TiCLAE T, 20 156l 3 O R & A 3 DA 1
A Ay Ry U ) R TR O R (S B
T B 2 I 3 B A v R L A B W A3 O
76.1% F178.5% . BfJ5 , A SnCl, fi {48 — i & A=
FHE, B IR IR EE Y, B A S
94.49% ( A T T % 28 ) F1 79.4% (3R R B 28 ) o
J& , i 1 Wolff-Kishner-Huang i 5 52 7 4 Filil Bk 3 34
Ji, B IRIRRE A WS R 53 301 64.7% F1 52.0% . A
g SO Cou (I S N = A S R X o
0.870 g/ml VK i A =76°C FRAE Ky 37.17 MJ/L i 5
FHEEN 2.12 eSt; MO R 25 U REHZ B2 0.893 g/ml.
UK A =51°C VIV O 38.41 MJ/L., B 3h B E R
4.37 cSto ZMORMEAE AR R AR I s M 5 1R RS
VIR TR S BA  3E A as Rk Y T RE TR A
Moy, K dd m RE R B R

Density 0.887 g/ml; Freezing point 1.2°C
VNHOC 38.11 MJ/L; Kinematic viscosity 3.72 cSt

Yield 84.9%

K126 FRC A IOk & e BE R R

Fig. 26  Preparation of high—density specialty fuel using cyclohexanone as feedstock
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(0]

1) CH,Cl,, MgSO,

ZwTiCl, OH
() —— G0
(¢

2) SnCl,

0

o0

N,H,-H,0, BuOK

OO

Overall yield 32.4%

Density 0.893 g/ml; Freezing point ~51°C; VNHOC 38.41 MJ/L; Kinematic viscosity 4.37 ¢St
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Fig. 29  Synthesis of methyldecalin using cyclohexanone as feedstock
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Fig. 30  Preparation of high—density specialty fuel using cyclopentanone and cyclohexanone as feedstocks
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Fig. 31 Preparation of high—density specialty fuel using cyclohexanone and norbornene as feedstocks
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