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1.1
HZSM-5 ( 38)
SBA-15 ( ) ;
D- (CAS:50-70-4)
Ni/HZSM-5/SBA-15, Ni/H(S),
HZSM-5  SBA-15, 4 h
, 12 h,
10% ( ) 90 °C 12 h
, 450 C 4h,
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450 C 4h,
1.2
10 mm, 350 mm,
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, 4 mL s
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ml/min, )
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(Vario EL )
— x100% (1)
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, X CuKa
(0.154 06 nm) ;
Micromeritics ASAP-2000 ,N,
, -196 C; BJH
; HK ;
JEM-2100F
(TEM)  S-4800
(SEM) ;
(NH;-TPD),  Micromeritics
Chemisorbs 2750 ,
0.150 g; WZR-
1T-ClI&IKA C2000 ,
(25%C),
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:C-C C-0
’ “5|O ’
C-C )
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Table 1 BET surface area and pore size of catalysts
mle mg em¥e  emlg
HZSM-5 387.4 310.2 0.13 0.19
SBA-15 506.0 / / 0.70
Ni/H(S) 390.7 131.5 0.08 0.45
HZSM-5
8
, , 5.7~



374,
NiO
52.0°

584, 5.1~52A ; “z” NiO
Ni
, , 5.2~5.6 A 17,
HZSM-5 HZSM-5
SBA-15
Ni/H(S)
- SBA-15 Ni/H(S)
, 3 SBA-15 10 20 30 40 50 60 70 80
20/(°)
, 1 XRD
(0.87 nm) R Fig.1 XRD patterns of catalysts
1 XRD 1 , , s 20
,SBA-15 , 43.4,62.9°
20 22.3° , ; , 20 446°
SBA-15 , NiO
; HZSM-5 MFI Ni,
, SBA-15 , 2
(a)HZSM-5 (b)SBA-15
(¢)Ni/H(S) (500 ) (d)Ni/H(S) (1 000 )
2
Fig.2 TEM images of catalysts
2 : HZSM-5
, ; SBA-15 Ni/H(S)
; , 2(c)
NiO SBA-15
2(d) NiO SBA-15
. HZSM-5
3 NH5;-TPD o
,HZSM-5 100 200 300 400 500 600 700
rc
,250 C NH, 3 NH,-TPD
Si—OH, 450 °C NH; Fig.3 NH;—TPD analysis of different catalysts
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AI-OH  Al—OH-S; 1117 5
SBA-15 o /C
HZSM—5 NiI/H(S) 240 280 300 320 340 360
b
1% /223 312 40 577 613
’ ’ 1% 91.0 879 790 856 970 97.9
. , SBA-15,
1% 9.0 121 210 144 30 2.1
’ HZSM~ 31195 260 357 370 321
5 , 55 60 41 31 129 187

6.5 163 105 104 33 307
125 137 148 139 181 9.8

22 1% 181 168 185 222 217 47
HZSM -5 543 278 261 146 71 40
3 , /47 46 47 63 55
HZSM—5 /102 108 203 17.6 125
/168 166 159 119 102
HZSM-5
s / 80 80 86 101 223
° > /139 191 202 274 283
Ni/H(S) /07 13 01/ /
/ /27 07 /
,Ni/H(S) 1% / /311 /
SBA-15 /59 42 31 28 06
’ /89 60 59 47 21
’ /28 16 1.1 11 03
C-C C-0 /14 09 10 05 /
Cl1~C4 , / 50 43 23 17 06
. /192 142 117 81 96
291 /25 20 33 78 80
b 2 b
o] 2’ ’ [e]
( 4 MPa, 2500 h™, , ,
40% , 1.25 240 °C 360 °C,
h), 21.9%  0.5%.
2 2- 2- 3- .
Table 2 Effect of reaction temperature on ) 2 25
the product distribution in sorbitol transformation - T T ’
IC
240 280 300 320 340 360 o N C1~Co6
1% 653 862 985 >99.0 >99.0 >99.0

/ 08 04 06 12 1.1
/ 1.7 25 28 3.1 42
C1~C6 55 140 108 215 155 194 ’ ’ N
279 140 128 32 1.1 05
1.3 1.5 23 25 26 1.7

2- 36 36 35 31 28 10 ° ’
% g 40 38 26 12 03 ,
3- 39 32 19 09 / /
2- 12 20 36 43 56 41 i ©
2- 53 38 32 32 30 23 ,
2,5- 3.6 3.4 3.2 30 31 23 280 °C 360 °C ,




53.6% 78.8%, 3
) ° %
299 10 20 40 50 60
/ 9.2 11.7 12.1 13.1
1% / 8.0 33 7.0 39
)
o 3 3 ,
C1-C6
( 320 C, 4 MPa, o
2500 h, 1.25h™), 10% 20%
3 , 70% C1-C6
Table 3 Effect of sorbitol concentrations on the product ) 20%
distribution in sorbitol transformation
1% ;
10 20 40 50 60 40% (420% ) 5
1% 653 862 >99.0 >99.0 >99.0 40%
/ / 06 04 03
/ / 2.8 4.8 6.0
C1-C6 775 723 215 217 213 : ’
2.0 3.5 32 8.2 13.1 ’
6.9 4.3 2.5 2.5 1.6 s N
2 112 31 31 28 ,
% 2- 0.5 1.0 1.2 1.3 2.1
3- / / 09 07 12 : ’
2- /12 43 43 46 ,
2- / 02 32 32 3.0 1
2,5- 1.2 1.2 3.0 3.0 4.1 223
1% /51 420 384 307 s 4
1% 89.4  90.0 85.6 91.6 90.8
1% 10.8  10.0 14.4 8.4 9.2
304 31.0 35.7 31.2 37.0 ° ’ (
5.0 6.0 3.1 13.6 12.9 40%, 300 °C )
114 127 10.4 12.2 33 o
1% 203 205 13.9 16.8 18.1 4
253 203 22 152 217 Table 4 The comparison of calorific value and element content
76 95 146 104 7.1 between conventional fuel and synthesized fuel
/ 4.0 4.7 6.0 6.3
/ 12.2 20.3 18.8 12.6 1% 1% 1% /MJ kg™
/ 16.0 159 16.9 19.1 52.2 13.0 34.8 28.0
/ / 8.6 9.6 12.1 85.0 14.6 / 43.1
/ / 20.2 21.2 254 54~58 5.5~7.0 35~40 16~19
/ 2.1 0.1 / / 84.3 10.5 52 39.8
/ 13.0 0.7 / / 86.1 13.8 0.1 42.1
1% /o152 /
/12 31 19 10 4 ’ 39.8 Ml/ke,
/21 59 40 49 (16~19 MJ/kg) (16.7
/ Lo L1 / / MJ/kg) 24 P
/ / 1.0 0.8 / ,
/ 6.0 2.3 1.7 1.8 ( Pd/C
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HZSM-5, 250 °C,H, 4 MPa,
2h) 42.1 MJ/kg™,
Ni/H(S),
60%

’ N

Ni/H(S) . Ni/H(S)

SBA-15, HZSM-15
(
42.1 MJ/kg)., :
61.3%,
60% .
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Production of renewable aviation fuel range hydrocarbons from

sorbitol using aqueous phase aromatization

Qiu Songbai', Weng Yujing', Cai Jiankun®, Liu Liting’, Ma Longlong', Wang Tiejun'

(1.Key Laboratory of Renewable Energy, Guangzhou Institute of Energy Conversion, Chinese Academy of

Sciences, Guangzhou 510640, China; 2.School of Environmental Science and Engineering, Zhongkai University

of Agriculture and Engineering, Guangzhou 510225, China)

Abstract: In this paper, under mild reaction conditions, renewable liquid fuels with high contents
of aromatics and cyclic ~hydrocarbons were synthesized over mechanically mixed zeolite catalysts
(Ni/HZSM -5/SBA -15) with bimodal pore strictures by aqueous phase aromatization of biomass —
derived sorbitol. Characterization techniques of N, adsorption—desorption, X-ray diffraction (XRD),
transmission electron microscopy (TEM) and NH; temperature—programmed desorption (NH;—TPD)
were used to study the textural properties, phase compositions, acid behavior and morphologies of the
catalysts. The test results showed that the liquid fuel yield of 42.0% with aromatics content of 69.7%
was achieved at 320 °C, and the oil yield further increased to 61.3% at reaction temperatures up to 360
°C. The synthetic hydrocarbons, mainly consisting of cycloalkanes, branched—alkanes and aromatics,
would be used as additives of renewable aviation fuels after simply upgrading by hydrodeoxygenation
(HDO).

Key words: sorbitol; aqueous phase aromatization; renewable aviation fuel; aromatic; cyclic

hydrocarbon; zeolite
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