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Fig.1 Experimental apparatus for reaction evaluation of en-

dothermic fuels on single tube reactor

1—Fuel reservoir, 2—Nitrogen, 3—Pressure reducing valve,
4—Mass flowmeter, 5—Insulator, 6—Tubular reactor, 7—
Condenser, 8—Primary filter, 9—Secondary filter, 10—Back
pressure valve , 11— Gas-liquid separator, 12—Liquid collec-
tor, 13—Mass flowmeter, 14—Gas chromatography,

15—Power source, 16—High pressure constant flow pump
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Fig.2 Surface morphologies, microstructure and composi-
tions of the tube reactors

(a. SEM image and EDS spectrum of GH3128 surface; b. Sur-
face SEM image of HZSM-5 coating; c. Cross section SEM im-
age of HZSM-5 coating; d. Surface SEM image of NiZSM-5
coating; e. Surface SEM image of Al,O, coating; f. XRD pat-
terns of GH3128 and the coatings thereon, with HZSM-5

powder as a reference)
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Fig.3

Influence of ethanol introduction on the endothermic reaction performance of EHF fuel (Calculated physical heat sink

line of EEOH/EHF was presented as a reference. Reaction conditions: p=3.5 MPa, m,.,.~ 1.0 g-s™")
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Table 1 Yields and molar compositions of the gas products in typical experiments
Molar compositions of the gas products / %
experiments Tou ! C YyuiI%
hydrogen methane ethane propane ethene propene butenes
551 0.9 9.2 15.3 9.5 19.6 10.3 171 19.1
596 4.3 5.4 249 19.2 8.9 24.7 13.1 3.8
EHF @3128 652 19.0 6.3 24.2 16.5 8.4 22.9 15.0 6.8
703 40.4 7.1 27.0 15.8 6.9 21.9 15.0 6.4
725 47.3 7.3 31.3 15.4 6.2 20.0 14.2 5.6
606 1.1 0.5 6.5 32.4 24.2 241 1.8 10.5
649 7.7 0.2 5.7 19.9 15.3 19.9 27.3 11.8
EHF @ZSM-5
696 29.4 0.2 6.5 19.1 12.1 21.0 26.0 15.1
747 53.6 0.3 8.4 17.9 11.0 22.1 26.5 14.0
507 0.2 89.0 5.6 2.5 0.1 2.6 0.2 0.0
EtOH/EHF @3128 556 2.1 87.5 4.6 3.1 0.3 4.0 0.4 0.0
604 4.9 62.3 9.9 8.6 2.6 11.9 3.9 0.9
651 8.8 16.2 25.3 13.0 5.5 22.5 12.3 5.2
603 1.3 9.4 23.1 13.8 6.3 35.7 9.3 2.3
EtOH/EHF @AIO 643 6.7 8.4 229 14.6 8.4 25.9 14.0 5.7
698 23.7 8.8 26.2 14.1 7.3 22.1 14.7 6.8
401 1.8 0.0 0.1 1.0 0.2 97.9 0.3 0.5
504 5.8 0.1 0.2 0.8 0.4 96.2 1.2 1.1
561 5.9 0.4 1.2 1.9 1.0 92.2 2.1 1.2
EtOH/EHF @HZSM-5 594 5.3 0.9 3.1 3.3 1.8 85.8 3.4 1.7
661 13.5 4.8 16.6 11.9 5.5 44.7 10.2 6.4
693 25.4 8.0 259 14.4 6.1 25.2 12.4 8.0
715 32.4 9.0 28.8 14.3 5.7 22.7 12.2 7.4
399 3.7 0.4 0.2 1.6 0.4 95.4 1.0 1.0
511 8.2 0.6 0.2 1.0 0.3 95.2 1.3 1.4
EtOH/EHF @NiZSM-5 572 9.4 1.8 1.0 1.5 0.6 92.9 1.3 1.0
610 7.2 5.3 5.5 5.3 2.1 77.3 3.3 1.3
648 12.1 8.3 20.3 13.2 5.3 40.1 9.2 3.7
703 34.4 9.1 29.5 14.7 5.5 23.9 12.0 5.4

Note: T, is the fluid temperature at the outlet of the reactor. Y, is the yield of gaseous product.
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[F] U )25 B 1 L Tl B R W R i oy M B Y 25 R

FH &1 4a 7] UL JRHRRT B T )23 A A0 500 A A (] A 9
WAL . NIiZSM-5 1% 2 [ 8 (EtOH/EHF@NIZSM-5)
6 AH W] UL E T 28 B0 A 0 AT, 510 CCHRVTIE A #
1.85 MJ-kg™", %X EHF@3128 K & (1.53 MJ-kg™", ¥l 3a)
P& w5 20%, H o TAE IR BE S 703 °C, % B #4970
3.0 MJ-kg™s ZSM-5 Tk 2 8 1 A DT il &R IR T
NiZSM-5 , {H H f5 iy TAE IR B ST & . SRR IR
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JZ N (EtOH/EHF@AIO) A #1ITT Hh 28 5 25 1 s by 5
SEARE A A )R ARG AR AU AR R A 11 i
o TR A T 5 (698 °C, 1 2.84 MJ-kg™).

Kl 4b ~ Kl 4d 25 3 1 2 AOR M S0 LS AR R
HRNG O, M AE B R 5 SRR B X R
F A A G R AR BN . 1E 400 ~
600 °C,NiZSM-5 [ T it 7K 1% M fe = , 72 572 °CH 7=
AW 9.4% (K 4b) , AR =W h &0 5 6 92.9%
(F1), HERER 87 mg-s (K 4c), & = T HAbL
N g, WP RS T s AT, 7E 650 CLL 1,
NiZSM-5 2 o 45t 2 30 e g 1) 034 iR, 703 °C
H2.4 mgesT' (B 4d) M ZSM-5 829 1.7 mg-s™',
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Fig.4 Endothermic reaction performances of ethanol assisted hydrocarbon fuel on coated tube reactors(The evaluation results of

EtOH/EHF@3128 were presented as references. Reaction conditions: p=3.5 MPa, m = 1.0 g-s™')
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Ethanol-assisted Catalytic Endothermic Reaction of Hydrocarbon Fuel

XU Guo-liang', CHEN Shuai', WU Chun-tian', TANG Nan-fang', SHANG Qing-hao'*, CONG Yu'

(1. CAS Key Laboratory of Science and Technology on Applied Catalysis, Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023,
China; 2. University of Chinese Academy of Sciences , Beijing 100049, China)

Abstract: Fuel cooling ability is highly critical to advanced aircraft, so it is of great urgency to develop high-performance endo-
thermic fuel and related reaction technology. Based on the characteristics of alcohol promoting the pyrolysis of heavy oil and im-
proving the selectivity of low carbon olefins, we propose to couple the catalytic cracking of hydrocarbon fuel with ethanol trans-
formation to improve the heat-absorbing capability. A variety of coating catalysts were prepared on a high-temperature alloy tube
using a slurry coating method. Endothermic reaction performances were evaluated on a self-made electric heating reaction evalu-
ation apparatus. The research found that, under low and medium temperatures, the Ni/ZSM-5 coating can significantly promote
the dehydration of ethanol to produce ethylene, and the heat sink of mixed fuel is increased by about 20% at 510 °C. At higher
temperatures, the water removed from ethanol participates in the steam reforming reaction to promote fuel heat absorption. A ho-
mogeneous additive can also work synergistically with the coating catalyst to show a good coking inhibition performance via im-
proving the stable operating temperature and give a maximum heat sink of 3.71 MJ-kg™ at 791 °C. These results provide a strong
reference for the future design of the actively cooling scheme of aircraft.
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