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Flash Devolatilization Characteristics of Biomass Particles
Heated by Solid Heat Carriers
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Abstract

To investigate biomass devolatilization characteristics heated by solid heat carriers at high heating
rate, experiments on the velocity field of biomass particles were conducted with particle image velocimetry
(PIV) during the flowing of ceramic balls and pulverized biomass powder in a vertical pipe. Based on the
PIV experimental results, the calculation method of residence time of biomass particles was determined.
Flash devolatilization experiments of corn stalk were performed with a down flow tube reactor heated by
ceramic ball heat carriers at 400°C , 450°C , 500°C and the char was collected at the drop distance of
100 mm, 400 mm, 700 mm, 1 200 mm of the tube, respectively. The devolatilization percentages of the
char were analyzed with ash tracer method. Results indicate that the experimental data have excellent
repeatability, but the data are not agreement with the model well. The experimental data coincide with
the model to great extent when the movement function of the biomass particles is involved in computation
of the models.
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Fig. 1  Velocity nephogram at different cross sections
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Fig.2 Axial velocity of biomass particles at pipe axis
JEE 43 A R AT 55 Ry N o T 55 AR ) T SURE A T B
N R ]

Hi 2 W 0 VR R 1R AT, L T OBE R 20
0.9 m/s; M 1 F —EH ] 1600 mm R
F S B 200 0.75 m/s, R 0RL7E T B4 N
1) 45 B4 I [ 2y

f,=—+— (1)

L by by, —F R EARRR 2 BEEK ,m
wy uy——h, B m/ s
FRAE 2 (1) T35 2 A= 4y T OB 78 T B 45 P i
X5 A 0. 765 m/s i R A ) S URL 7R R R
B o s R IR R B, NI A

t,=— (2)

u

3 HEMRRBELREE

DL KA A8 A Ik, R T R AR o A i
7RSI 6 B, AE AR FE 43 51 DR 400,450 500°C
HEAT A S BG , IFFE T B IR 25 4 51 k100,400,700
F11200 mm Ab 3E A7 [ R 7= 90 R AE R F K 53 7% B
WO BT A A 7 AT AR R R T . MK
O3 7 BRI 0 D PR AR W T A A A B HE R 4y
[ 7 B K G A A A BB, B — 2 T 1 K 4y
W BR KT — 5 TR AR B . I AR R K 4y T

ISR IR A A TR 2 IR R AT R
AT E R BEAT 7R B2 20 o A0 I < %) A2 1) Jo ik
Fr 22 ol oy rse s, A5 B OR 2 B 7 7 b P( 2
USRI I3 (E) o A ()4t O Y 2R 9 o JRORE 2E A7
PSR S, X WA B 1) ¢ A 2 UK B BILHORE I 5 LK
O EE A RFIE P, o R Bl 45 2
45 A o o A ) BOSORE BB A L, RD AR
p

W:(l-P—)xloo% (3)

a

Horp sz W@ i PN 9.5% .

SN 35 ok €I = D G I 5 e A
HEAT T 2 W25, JF X B R S I R S AT T 2R
FEGHT o B 3.04.5 43 3l Ry B K R A1 78 #4412
400,450 ,500°C 1 F F& 15 B 4% 31 4 100,400 , 700
1200 mmAb B, 15 21 (1 4 00 9 52 560 208 7 21
L P S 2R SIS B, AR R 2K LI B
AR, B bR T 5256 5006 5 8 249 8 09 D 25
W2, M3 ~5 AT LA, Bk U, 5550 508 L
WA, BRI 0B E 22 IR AR, B BT E R
P FEAREZ MR 2Z v Be i LT R B 580 B &
BRAAERMAE I AT A T R TS 1 e B
B 3P B BR B R () B 8 e R R R ) JEE 4 A
SR B BR AR BE A . KR A RIS 451 b A LA
Tt (TR 23 TR FA A [ R 7= 0 v, Bk A 0 T2 K 4
(8 — 853, RO TE R R 3 /s Bkt S, 7= A4 1t
BARZE . I3 AMIRCR G 1 B0 N Bl A A= 0 o AUk A
JE A5 PN B I A 2 R 3 2 BN R/ U Bl
IR

60
o5
A0 - - - * 1=100 mm
= ¥ ETETT L h=400 mm
E 30 -t h=700 mm
= . ¢ *h=1200 mm
A bR Weoveoogiesroompistans
20 § LR
10
1 2 4 5 6

3
SEH UCKINIR

Bl 3 400°C i 45 R A AL B AU Tk
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Fig. 6 Relationship between experiments and models
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coupled with movement of biomass particles

5 HRIE

Ao X ) R B UKL 5 A W OB R 5 T R UL B
P 18 S MLEEBE AT SERR BF 5T, 20 A T A W) T OR:
(1 f5% B N 1) o )P I AR AR A R T A A ) T A
4 A SR L WP ST T EORAE AT AR b BHE TR
WEAE TR ) AR R R o T ) ) SR T A
6 R 14 B R PO AR, e B S 0 U0 5 AR R A A R
ZERE o AR 5 A ) BUBURL ) 32 3 BURE IS, A= W 5t
PSR S B A 5 1 2 g S R R B ARG W)
P P, A= 9 ot 3R i LB B2 2 0 T 8l ) o7
LR [R) s 52 UKL 1) 12 2l R 5

2 £ x Wt

1  Demirbas A. Mechanisms of liquefaction and pyrolysis reactions of biomass [ J]. Energy Conversion and Management, 2000,

41(6) :633 ~646.

2 BER L MER, AOKE, & TR AU BRI WAL S AR Bt ()] AR HL A4, 2011, 42(9) ;116 ~ 119.

Li Zhihe, Bai Xueyuan, Li Yongjun, et al. Development of down flow tube reactor for bio-oil production from biomass flash

pyrolysis[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(9) :116 ~119. (in Chinese)

3 FEGEEWN MTIR,E. BRI S E Y TR B AR [T ], Al U=, 2010, 41 (3 TI) :128 ~132.
Li Zhihe, Cui Xibin, Bai Xueyuan, et al. Heat transfer mechanism between the solid heat carrier and biomass particles[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2010, 41 (Supp. ) :128 ~132. (in Chinese)

4 GBI, RS, S EORFFIR R A BN #E R R TR [T]. 4l TR 2=, 2004,20(6) :246 ~250.
Yi Weiming, Bai Xueyuan, Li Zhihe, et al. Investigation of devolatilization characteristics of pulverized corn stalk at flash
heanting rate [ J]. Transactions of the CSAE, 2004, 20(6) :246 ~250. (in Chinese)

5 GEENL MR BT A ARV BT NI AR T R R RS [T ] DR B, 2006, 27 (3T 2) : 135 ~138.



120 PSS A I R = < 20124
Yi Weiming, Bai Xueyuan, Xiu Shuangning, et al. The devolatilization characteristics of biomass at high heating rates [J].
Journal of Engineering Thermophysics, 2006, 27 ( Supp.2) :135 ~138. (in Chinese)

6 Xiu Shuangning, Li Zhihe, Li Baoming et al. Devolatilization characteristics of biomass at flash heatingrate [ J]. Fuel, 2006,
85(5~6): 664 ~670.

7 Xiu Shuangning, Yi Weiming, Li Baoming. Flash pyrolysis of agricultural residues using a plasma heated laminar entrained
flowreactor [ J]. Biomass and Bioenergy, 2005, 29(2) :135 ~ 141.

8 AL, B YEW] XU AE. ) N PR A R R BT S [T ] . Aol TR AR AR, 2005, 21(10) ;1 ~4.
Li Zhihe, Yi Weiming, Xiu Shuangning, et al. Models for volatilization characteristics of biomass flash pyrolysis [ J].
Transactions of the CSAE, 2005, 21(10);: 1 ~4. (in Chinese)

9 FEEE, SV XD, T E TR N RO S AR SR [ T]. Rl TREAE 4R ,2009,25(2) 72 ~76.

Li Zhihe, Yi Weiming, Liu Huanwei, et al. Experimental study on the flow behavior and heat transfer of ceramic balls in a

vertical descendant tube[ J]. Transactions of the CSAE, 2009, 25(2) :72 ~76. (iin Chinese)

10 EHR50, 5 4E WY, g A 5, 4. 188 ELAE P9 T RS BRORT K RS R R 5 UKL A2 S 9 PIV R[] gk TR A% 4, 2008,

24(3): 154 ~157.

Wang Nana, Yi Weiming, Yang Yanqgiang, et al. Particle image velocimetry of motion of the mixture of corn stalk particles
and spherical ceramic particles in a vertical pipe[ J]. Transactions of the CSAE, 2008, 24(3) :154 ~157. (in Chinese)
EEMW,2EG, B4, E. T BE R Y DD P BNz e i 7 S A L] ROl LR 2 4k, 2010,41 (3
) :133 ~ 135.

Cui Xibin, Li Zhihe, Yi Weiming, et al. Control and measurement of temperature field in a down flow tube reactor[ J].

Transactions of the Chinese Society for Agricultural Machinery, 2010, 41( Supp. ) :133 ~135. (in Chinese)

(E#EI8I)

7

10
11
12
13
14

Xk SR, 2 0, 20 [, 45 T ) BLAS AR A B0 i 0 s AR [T ] Rk D AR 4= 4% ,2008,24 (12) 166 ~ 69.

Liu Jizhan, Li Pingping, Li Zhiguo, et al. Experimental study on mechanical properties of tomatoes for robotic harvesting[ J].
Transactions of the Chinese Society of Agricultural Engineering, 2008, 24(12) :66 ~69. (in Chinese)
PR B B TR B B A 5 05 TOR B 1] Al BLBRE B ,2005.36.(7) 97 ~ 100,
XAk ZE R AR ST 5. AR LA N B2 R AR E BT IR [T ] Al HU 2R ,2010,41(10) 1171 ~ 173,184,
Liu Jizhan, Li Pingping, Ni Qi, et al. Design and test of the vacuum suction device for tomato harvesting robot [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2010,41(10) :171 ~173,184. (in Chinese)

TR R A R 4y 2 L A [E, CN200820103914. 0[ P]. 2008 — 09 — 30.

AT R T A WOPE o B M BT R TR A TSR AL P [, CN201010578942. X[ P]. 2011 —06 —0L.

Pof, SRR LR B 5 AT [ M. JEat v B Aol s kit ,2004.

NY/T 1824—2009 F AUk HL/EME i [ S]. 2009.

FWA] H . BiSRYORHULB M. a0 B RO LB S R, 1982,

(k%147 ;T)

13

14
15
16
17

Huang J. The impact of different weather data on simulated residential heating and cooling loads[ J]. ASHRAE Trans. ,
1998, 104(2) :516 ~527.

ME. ESUAERE M ], Jbat: WA RS H AL, 199657 ~58.

ALAFT. G SR T M ). Lt o B Tl R 1989129 ~ 130,

ESCH W R R S FUAS A BN T T SR 3 DN Bl B B AL B TS [T ] BB HUAL R, 2010(2) 234 ~40.
PSR AN BT IM ] db st P A AR Dl A, 199573 ~ 5.



