AT R M R F F 4k, 2019, 36(5): 981-989
Journal of Zhejiang A &F University
doi:10.11833/j.issn.2095-0756.2019.05.018

— LY —_—
ST A0 3B X 7 £ AR AR T 0 e T R 52 M
K OW, fER, BYEF, TRE, Tk, KXk

(WA AR TR A= B8 WL A8 A7 BEUR 5 m 80R) P R IR B8 o, W7V BicJi 311300)
BE: A DBRBAHMF 4 Chimonobambusa quadrangularis 3 HF 503+ %, KRS BE XY . A E L3 AN
(TG-FTIR) fm b i # i -2, 0 35 A AL (Py-GC/MS) 4 JF J& 77 #F I ke 55 # i X 36, 4R 0 08 2 (210, 240, 270 4= 300
CY*F M550 C)id 2P A, B, REAFHHFEGT R, 2T AREEBEKRZHHBIE ., 2R EEE
BESE, BRFHFTRAZREADEZHRMNEZTEEFRSG, AALFAEL s MTE TN RHAK, Astd 072 8
3] 053, AW 1832 M) kg™ 3w E) 21.65 MJ kg, M T HFETERSG ., ABAKRSH I LA A
(COy) . REAMHO), —RAHK(CO)., Fi(CHY)MAA(Hy), ¥ CO, = FRK; MBEEBREZME, CO, CO,
H0, CH, & ¥/, o3 m, bk hEZHIRE, Bk, kvak, MEFBELS, LPRE. BEAAR
kv KA ARG, 2 A 12.69%, 34.72%%= 29.80%, AKX AR B EMMIT S ER Y, 23 A 9.32%A 11.87%; M
WRBEI G, BE, BEARRHEMN S TRIEAK, HERRERHE M, BO6E1%26
KB KM, M BRETLE,; A, RELSMRM,; AMUREA
hE S %S TQ351.2; S781.46 XHkERERG: A X EHS: 2095-0756(2019)05-0981-09

Pretreatment on characteristics of pyrolysis products for small diameter

sympodial bamboo with torrefaction
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Abstract: To determine the effect of torrefaction temperature on the properties of gas, solid, and liquid products
from pyrolysis, small diameter cluster bamboo Chimonobambusa quadrangularis was heated to 210, 240, 270,
and 300 °C and a pyrolysis temperature of 550 °C. Also, a furnace with a programmed temperature control, a
thermogravimetric analyzer coupled with fourier-transform infrared spectrometry (TGA-FTIR), and a pyrolyzer
coupled with a gas chromatography/mass spectrometer (Py-GC/MS) were utilized. Based on the analysis, the
mechanism of pyrolysis for solid products after torrefaction was discussed. The test of the effect of different
temperature torrefaction pretreatment on the characteristics of pyrolysis products with bamboo powder as raw
material, repeated three times for each test to reduce the error. Experimental results showed that (1) For the
solid product after torrefaction with an increase in torrefaction temperature, the content of C and fixed carbon
in solid products increased much; oxygen content and volatile matter decreased, and the O/C ratio decreased
from 0.72 to 0.53. The calorific value increased from 18.32 MJ-kg™ to 21.65 MJ-kg™', and the bamboo energy
density strongly improved. (2) For the pyrolysis gas product, the main constituents were in the order CO,>
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H,0>CO >CH,>H,. As the degree of torrefaction deepened, CO,, H,0, CO and CH, yields in the pyrolysis
decreased, and H, production increased. (3) The liquid products of pyrolysis were mainly composed of organic
substances such as acids, phenols, furans, ketones, and aldehydes. The dominant components were acids
(12.69% ), phenols (34.72%), and furans (29.80% ). However, the content of ketones (9.32%) and aldehydes
(11.87%) were lower. With the increase in torrefaction temperature, the content of acids, aldehydes, and furans
in pyrolysis oil decreased gradually, and the content of phenols and ketones increased gradually. Thus, the up-
grading mechanism for gas, solid, and liquid products from the pyrolysis process in conjunction with torrefaction
temperatures, provided basic data for energy utilization of cluster bamboo. [Ch, 6 fig. 1 tab. 26 ref.]
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Figure 1  Effect of torrefaction temperatures on basic characteristics of Chimonobambusa quadrangularis
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Figure 2 FTIR analysis and XRD analysis of solid product after torrefaction at different temperatures
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Figure 3 XPS and relative content analysis of solid product after torrefaction at different temperatures

22 MIEEE~=WE TGA-FTIR 547

22,1 B ER A AR EAAE(TCA) oA i8] 4A AT BEEHURR IR BE Ty, AR B R WA 5 B
X (ck)19.98% Tt 2 300 CHY 37.02% . & 4B RN BRI R 70 g JBEK | bR RS 708 s A A 3 >
BrBe. KB Bl B R 30~150 °C, 2K BB 451 2 T2 BEURT-UF 25 /K 45 45 7K TR 200 M Js 2 RS 7K By IR B
PR B B B EER X, HERHREE B 210 “CTF e 2 270 TR, SR RS PEEIR A 2 27 4 K
OB BT R, AR R AR (CO,, CO MR LS PIAF ), 21 2 3R o 38 AR X &5 0 B =2 384 0 5 1
IR E YR, FORRE ARG 118.6 g-kg™ min™s HURHIEEE i 270 “CT w3 300 °C, 227 4 5 AR
BEARSEIN, ST HER AR TR o BRI T, SRR AT RE D, KRR EEREER
F, BRRKREHERBHI/D . ESHINEI B, LR | 45 5 AT R R RN 78 4585 PRI B A
222 =R R et R B E BD-FTIR) 47 X i KOG TR AL 9 — 42T A1 A (I SA) FECR (18] 5B) |
210 CHERE = R (18 5C) | 240 CHERE™ R (I 5D) . 270 CHERE ™ 1 (18 SE) . 300 “CHERE ™ ¥y (1 SF) Y
i 3D-FTIR B 504, AR4E Lambert-Beer & H, A 5 IR I HAC U4 £ W OIG JRE B8 g, 0 7 46 2 7 (8 ARG 57
Wl . WEBMAORE, FEHUER R BRI R, A NIRRT TR, BOCRERRIT, RUIIR ™ Y%k
O RRX BB o X6 T7AT JRURE SOt g 5 AR A R e R EEL A AL i X B /N A M ) 42T
SN B a3 B R B CIEL 6) A [a] W Wi g b f 7 B RE AT A AR AL 3 ATl /o 3 U2 23 (B H,0, CHL,

;-A]-A;LE ) A EIL ) AN EIL
o0 1o R : F28r B i ERINC
~ —10 X5, gm=
R %\«JFTE —30 \:38
¥ 5o = SRR —60
e = =70 +
;\K HEH ‘OD 90 | —90 N
25 -\4< -4 - Hd —120 1 Loy 1 )
o 110 - 275 305 335 365 395 425
0 1 1 1 1 ] S _130 | 1 1 1 ]
0 160 320 480 640 800 100 160 320 480 640 800
T/°C 7/°C
Ck —— BTZIO ——— - BT240 """ BT27() —— BT3{)0
B4 RREBEREEHRMBTRREE(TC)Fk Tik £ (DTG)

Figure 4 TG and DTG curves pyrolysis in different temperatures after torrefaction
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Figure 5 Pyrolysis 3D-FTIR analysis of solid products at different torrefaction temperatures of bamboo
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Table 1  Effect of torrefaction temperature on the relative content of organic components in pyrolysis oil
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2,6- W A - DR 5.33 5.91 6.79 10.56 12.40
2- F A -4 (1- P 56 ) 2 19 0.76 0.64 1.03 0.96 2.73
R T 4.66 4.55 4.46 3.22 1.41
(F)-2,6- 11 48 H-d- (75 - 1-475- 158 ) HE 1 9.69 9.05 8.94 5.94 3.70
M 32.52 34.65 37.14 37.66 38.19
UNICES i 0.53 0.34 0.64 2.58 321
2,3- A - I kI 29.27 27.37 24.81 15.40 7.64
st 29.80 27.71 25.45 17.98 10.85
Bz 2-FR5E-3- 1N 1.11 1.87 2.08 261 5.23
1- (3% ik -4- T AUAE AR AL ) - 2 0.42 1.08 2.01 2.60 4.89
1-(4-F2 -3 H A B 2R 0 ) -2- P il 261 2.87 2.94 242 1.45
3,5- LI T 4.57 4.99 5.69 7.21 9.99
1-(4-F2 5E-3,5- Z HU AR LR 3 ) - 2 il 0.61 0.51 0.41 2.01 2.78
¥l 9.46 11.32 13.13 16.14 24.34
B 23- TR 0.35 0.31 0.36 ND ND
A-FRFE-I W R 1.68 1.20 0.79 ND ND
i 2.51 2.45 1.86 1.41 1.09
AR HE-3,5- AR R T 1.74 1.64 1.74 1.85 2.94
LGS 5.59 4.95 471 2.67 1.19
st 11.85 10.55 9.46 5.93 4.03

BT “ND” RoR R
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32.52% b T4 % 38.19%, MG BT AT LT YRR MLT 4E 2 R &0 Al , AR BTR AN & B4 i M 2R i
F YR T AR5 R T B BT A B BE R ER E A C—C AR B-0O-4, o-O-4 BESE R 2 DL S 45 T 4T 4k %
SR WE BT R PR A, T 0 v U R S A 2 A 2 R L R RO ZE R C1 A C2 i E 1 C—O ST
ARH AR, BREEBRBEY R, FEAIRM 5 AL Y B X & P PRI 2R AR
Wy 5 AH X A BN 29.8% 1 11.85% %A% 2 10.85%F1 4.03%, M2 & &1l 9.46% | T} 224.34% , [ififit
R EE R TS, REFYER | AR R ARG RN, R gER . 2R 4R R kg SR A AR TR R R ELHE, R4
iR O— St EE AR RME L IT TN 4-O— LA HE I 1R PR 0T A A AR A, R A il kel 288 | 2R AR X 5 1
BT R, B 2SR i B R A

3 Hib

N[5 3 FBE A5% TAL 6 5 AT AR AT A R, R I BERLRT IR B TR, R SR AR R 25 R Mt
K5I G AT S i 47.27% T & 54.61%, AT E XS RN B 45.47% %85 38.83%, A
H A 18.32 MJ-kg™ FHim % 21.65 MJ-kg™' o BRI YA ML S RS . RIS . M2 . BRZSFIRER 5
FRI, B A & e, M 38.19%, EEORIE TR E RN ILEIC (I B-0-4, o-0-4 7 4 ) 1)
2. WA HO, CO,, CO, CHy fI/bik Hy 4 pl, o, CO, AHX & fdpe iy, BMURR TRLEE T, A
K CO,, HO, CO, CHy AHXT & S B M A, Hy A0 & it BT e s Bk TLAk 35 R A % 25 B A= i op
(7K S RS IO, e e AR P A o R B 7 3 T A Sl — R R AR, L F Tl AR
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