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Table 1  Equilibrium moisture content, organic element content, and higher heating value of tobacco waste
before and after torrefaction

B Al AHLICER /% A iR AEE
KR/ % C H 0 N S (MJ-kg™) FER/ % TR/ %
T™W 13. 47 42.24 5.49 49. 62 2.26 0.39 16. 09 100. 00 100. 00
TT-150 10.13 43.59 5.32 48.24 2.43 0.42 16. 50 94.17 96. 59
TT-180 7.00 45.62 5.20 46. 16 2.58 0.44 17.29 85.28 91. 64
TT-210 5.87 47.96 5.13 43.70 2.74 0. 47 18.27 76. 86 87.28
TT-240 5.40 50. 04 4.98 41.53 2.96 0.50 19. 05 68.70 81.34

TT-150

TT-180

TT-210 TT-240

A1 BREWEREEFIHrRERECFANA

Fig. 1

Color visualization of tobacco waste powder compacts before and after torrefaction
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Table 2 The effect of torrefaction temperature on

the color of tobacco waste

HE i L at b AE

TW  47.16=0.94" 24.71x0.81" 35.40+1.36" 0.000.00°
TT-150 37.28+0.71" 27.97+0.91" 33.72+0.48" 10. 48+0. 46"
TT-180 27.58+1.42° 19.37£0.73° 20.17+0.66° 25.46x0.81°
TT-210 20.50+1.22" 14.80£0.54" 14.530.79" 35.51+0.94"
TT-240 16.76£0.72° 13.35£0.47° 8.88+0.58° 42.26=0.71°
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Fig.2 SEM images of tobacco waste before and after torrefaction
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A3 BRAERER SRR ENRIRER R AR TR
Table 3 Temperature range and weight loss rate during the weight-loss stage of pyrolysis of tobacco waste
before and after torrefaction
R Briz 1 iz Il BB Il B IV
OREKE/C RER/% BEKE/C RER% REXKR/C REF/ % WEKE/C RER/%
™ 30~117 1.51 117~218 10. 49 218~372 41.29 372~800 15.74
TT-150 30~122 1.37 122~218 4.55 218~371 43.16 371~800 16.74
TT-180 30~123 1. 60 123~218 0. 80 218~375 43.07 375~800 19. 19
TT-210 30~118 1.48 118~218 0.73 218~372 33.81 372~800 21.54
TT-240 30~120 1. 68 120~218 0.83 218~374 28. 60 374~800 23.55
R4 BTSRRI T A 8 R A
Table 4 Pyrolysis characteristic parameters of tobacco waste before and after torrefaction
B T/ BT el nLT e ORI AR %
™ 222.1 394. 4 6.96 324 1.90 1.25 27.00
TT-150 237.0 395.2 7.43 327 1. 81 1.44 30. 26
TT-180 253.4 397.1 8.19 328 1.73 1.74 33.52
TT-210 263.9 399. 8 8.78 327 1.62 1. 98 37.52
TT-240 280.2 403.3 8.48 333 1.55 2.07 40. 13
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Fig. 5 Peak fitting results of DTG curve for pyrolysis of tobacco waste after torrefaction
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Table 5 Proportion of fitting peak area
for tobacco waste after torrefaction

W45 TT-150  TT-180  TT-210  TT-240
1* 5.32 — — —
2f 40. 08 27.75 13.74 6.21
3* 10. 35 18.25 20. 60 16. 06
4% 36.03 39. 44 42. 05 50. 24
5* 8.22 14. 56 23. 60 27.49

T —FR TR,
Vi, FLo R B 12 B B TR T X I 0
W T AR L B 36.03% & 4B T B R 50.24%,
TT-150 F il 468°C 114 5% Hi e g 21 2 3 28 70 ik J £
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i ZE BB AT B IV 1 2 B % 2 S A ok B Be LAY
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2 AR B AL T T o T I T BB IV ) 2k B R
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BAR, R AS S 508 T 40 s v i &R
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Fig. 6 TG and DTG curves of tobacco waste

before and after torrefaction

ISR B R F IRk TR R A Ak E

Table 6 Temperature range and weight loss rate during the weight-loss stage of combustion of tobacco waste

before and after torrefaction

. MrEe 1 FrBell F B I Fir B IV
REXE/C RER/% WEXE/C KER/Q REXE/C KER/9% BEXE/C KER %
™ 30~125 3.71 125~214 9. 60 214~416 46. 42 416~564 27.05
TT-150 30~121 2.50 121~221 6. 05 221~409 46. 84 409 ~569 31.39
TT-180 30~123 2.40 123~218 0.96 218~405 45.55 405~ 602 35. 87
TT-210 30~123 2.35 123~218 0. 87 218~411 41.04 411~599 39.35
TT-240 30~123 2.24 123~218 0. 81 220~414 37.94 414~ 601 40. 43
FT OBERTEIR R R M 6 B b A
Table 7 Combustion characteristic parameters of tobacco waste before and after torrefaction
Bedh T./C T/C DTG,/ (% min ") DTG X107/
BB 1l BB IV (% -min"") (%+min~"-C™)
™ 238.0 480.0 10. 51 12.53 2.29 10. 55
TT-150 245.9 483.3 10. 02 14. 09 2.31 11.14
TT-180 258.6 485.0 11. 86 16.71 2.26 11. 64
TT-210 262.9 487.2 11.74 17.92 2.23 11.87
TT-240 264.0 491.9 8. 89 16. 68 2.18 10. 61
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Table 8 Fitting data of pyrolysis and combustion kinetics for tobacco waste before and after torrefaction

figp it RS WS, SR B REAR T 4 A 30 A H By

v T e IS A7 R? E/(kJ-mol™) A/min”!
W m F1.5 y =—10 845. 59x+6. 13 0.945 2 90. 17 9.97x10’
v F1.5 y ==11 407. 7T1x+2. 47 0.935 4 94. 84 2.70x10°
TT-150 m F1.5 y ==10 748. 25x+6. 00 0.947 0 89. 36 8. 67x10’
v F1.5 y ==11 420. 82x+2. 52 0.934 4 94.95 2.84x10°
B TT-180 m F1.5 y=-14 741. 15x+12. 32 0.956 4 122. 56 6.61x10"
v F1.5 y==11 790. 43x+2. 91 0.9370 98. 03 4.33x10°
TT-210 I F1.5 y=-16 455. 44x+15. 18 0.981 1 136. 81 1.29%x10"
\Y F1.5 y=-11 650. 29x+2. 80 0.936 3 96. 86 3.83x10°
TT-240 I F1 y=-15 230. 93x+12. 06 0.985 1 126. 63 5.26x10"
I\ F1.5 y=-11 726. 02x+2. 85 0.936 2 97. 49 4.05%10°
W m F1.5 y ==9 498. 39x+3. 70 0.9525 78.97 7. 68x10°
v F1.5 y ==35 604. 17x+34. 83 0.953 5 296. 01 9.53%10%
TT-150 m F1.5 y ==10 132. 13x+4. 77 0.950 5 84.24 2.39%x10’
1\ F1.5 y =-33 201. 82x+31. 61 0.9715 276. 04 3.55%10"
A TT-180 I} F1.5 y =—13 125. 66x+9. 58 0.937 2 109. 13 3.80x10°
v F2 y ==25 617. 04x+23. 45 0.9520 212.98 7.83x10"
TT-210 I F1.5 y =—14 149.35x+10. 85 0.9522 117. 64 1.46x10"
\Y F2 y ==27 141.90x+25. 33 0.956 0 225. 66 5.44x10'
TT-240 m F1.5 y ==13 993. 99x+10. 33 0.959 7 116. 35 8.57x10°
\% F2 y ==26 101. 85x+23. 50 0.940 8 217.01 8.39x10"
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Influence of torrefaction treatment on the pyrolysis and combustion
characteristics of tobacco waste

LIANG Miao',LEI Tian' ,ZHAN Xiaolin>, LIU Sikui’,ZHANG Xingquan’,
70U Enkai’,LIU Yuxuan',ZHOU Ruifang’
1. College of Tobacco Science and Engineering , Zhengzhou University of Light Industry , Zhengzhou 450001 , China;
2. Technology Center ,China Tobacco Jiangxi Industrial Co.,Lid.,Nanchang 330096 , China;
3. Xiangyang Cigarette Factory, China Tobacco Hubei Industrial Co.,Ltd.,Xiangyang 441000, China

Abstract; Tobacco waste was selected as the research object, and structural composition analysis and
thermogravimetric analysis methods were used to study the influence of torrefaction treatment on its micro-
morphology, elemental composition, pyrolysis, and combustion characteristics. The results showed that torrefaction
treatment reduced the equilibrium moisture content and oxygen content of the samples while increasing the carbon
content. The higher heating value increased from the original 17. 15 MJ/kg to 19. 05 MJ/kg, which increased the
energy density of the samples, facilitating storage, transportation, and thermochemical conversion and high-value
utilization of tobacco waste. During torrefaction, tobacco waste underwent obvious dehydration and decarboxylation
reactions. As the torrefaction temperature increased, the surface color of the samples gradually darkened, and it
gradually turned charcoal-like. SEM observation showed that after high-temperature torrefaction, the tobacco waste
had pores on its surface and its microstructure was destroyed. The effect of torrefaction temperature on the pyrolysis
process of tobacco waste was significant. This was reflected in the reduction of the weight loss rate during the
volatile component release stage. The pyrolysis residual mass increased from the original 27. 00% to 40. 13% at a
torrefaction temperature of 240 “C. Both the onset and termination decomposition temperatures shifted to higher
values with increasing torrefaction temperature. The comprehensive pyrolysis index gradually increased to 2. 07 x
10° %/ (min-°C*). Gaussian peak fitting of the main pyrolysis weight-loss stages could better reflect the changes
in the proportion of each component in the sample. An increase in torrefaction temperature raised the ignition and
burnout temperatures of tobacco waste. The sample torrefied at 210 “C had the highest integrated combustion
characteristic index of 11. 87x107" %/ (min®+°C*). The decomposition kinetics analysis of the main weight-loss
stages during pyrolysis and combustion showed that the decomposition process of each sample followed the chemical
reaction control model, and torrefaction treatment altered the reaction activation energy during the main weight-loss
stages of the samples. Torrefaction pretreatment can be used as a pretreatment method for tobacco waste to enhance
its energy density and improve its pyrolysis and combustion characteristics.

Key words :torrefaction treatment ;tobacco waste ; pyrolysis characteristics ; kinetics ; thermogravimetric analysis
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