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Table 1 Proximate and elemental analysis of anthracite

proximate analysis / % Qp.ad elemental analysis / %

moisture ash volatile fixed carbon / MJ-kg™ C H N S O
9.40 17.33 6.19 67.08 23.90 67.25 1.42 0.36 0.90 3.34

T2 [ M P Y 2R S

Table 2 Ingredients of the used solid propellants
component AP Al-1 Al-2 HTPB others
mass fraction/% 65 14 3.5 8 9.5
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Fig.3 DSC curves of anthracite and propellant mixture samples
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Table 3 Thermodynamic parameters for combustion of the samples

T,/°C (dX/dt);/ %-min™!

sample burn-off rate / % T,/ °C T,/ °C (dX/d0) o / %o -min™ S,/ min~2.K™*
=1 =2 j=2

C 80.4 560 676 - 636 0 5.96 0.84 2.36 E-8

By, 77.8 522 675 287 601 1.57 4.98 0.81 2.89 E-8

B,, 72.5 476 624 295 565 3.24 4.55 0.77 4.26 E-8

Bso 70.1 402 618 300 535 6.38 3.68 0.78 7.86 E-8

B., 77.3 383 616 305 533 9.77 3.65 0.85 1.27 E-7
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Table 4 kinetic parameters for oxidation processes of the
samples

sample E/k)-mol™ R?

C 165.6 0.9901

B,y 145.0 0.9968

B, 122.5 0.9905

By, 105.3 0.9989

B 91.2 0.9973
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PR FE R A4 B o AT LA Sy 2 700 79 in A% I AR A
A RRBE AL A T AR T o Bl T R R 1L T AR S
SV, T H 1 8 43 R A T R R IR A, (o I 53 % R Oy
T AL I 7% EE A AR FE AL, RIS fL BB REAIG
3.5 BMOBFEMSW
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TG-FTIR Study on Waste Propellants for Enhanced Combustion of Anthracite

WEI Xiao', LIU Jian-zhong', ZHOU Yu-nan', YUAN lJi-fei', ZOU De-rong’

(1. State Key Laboratory of Clean Energy Utilization, Zhejiang University, Hangzhou 310027, China; 2. Hubei Sanjiang Aerospace Jianghe Chemical

Technology Co., Ltd., Yichang 444200, China)

Abstract: Large amount of solid propellants would be discarded each year due to failure, and the recycling/reuse of the waste
propellants is important for energy conservation and environmental protection. On the basis of thermogravimetry-differential
scanning calorimetry, coupled with Fourier transform infrared spectroscopy (TG-DSC-FTIR) technique, the solid-state reaction
properties of the mixtures of propellant and anthracite has been investigated with details. Propellant-anthracite blends at different
ratios were heated up to 1300 °C at 10 K-min™' heating rate in air, and the FTIR spectra have been obtained synchronously. The
results show that as the propellant content increases, the decomposition process moves to the low temperature zone. The igni-
tion temperature of anthracite decreases from 560 °C to 383 °C. The burn out temperature decreases from 676 °C to 616 °C, and
the comprehensive combustion characteristic index increases from 2.36 E-8 to 1.27 E-7. Moreover, the apparent activation ener-
gy of the fixed carbon combustion part decreases from 165.6 to 91.2 kJ-mol™. The FTIR spectra show that as the propellant con-
tent increases, the release of CO, and CO as the major gaseous products of anthracite oxidation, move to the low temperature
zone. It indicates that the waste propellants can greatly enhance the oxidation process, ignition and combustion of anthracite.
Key words: waste propellant;anthracite; co-combustion ;thermogravimetric analysis;infrared spectrum
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