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Table 1 the elemental analysis and calorific value of PW and FB

JCEIMT (% , wi,db)

EN IAfE/ (M /kg)
(el [H] 0] [N]
PW 4671 632 4530 167 19.83
FB 4618 613 4356  4.13 19.17

12 HEsEe

BB e B ACFAE U A, A A 1200 mm,
AR 44 mm , SR A A TRLRE 48 26 B 1 L AP EA T I, O
AR SOV EE . RS0 No, i 200 mL/min.,
FE T B IR E X ] (200~300 °C) , 7 SCSE 3 e B 200,250
300 C AR TL . v IR e AR 1 A 3R 0 B T R L S
BRFIHT, FREZ 1 g FEGCEE TR S I TR
Vo i, T LR s o 2 R NG BRI ), 214 S5 0 8 2k B35 1R
H N 10 min 5, S RHE AL FE 120 min,
T R A5 U, TN B8 A 08 U, IR A N, TR ST
P AR, PRI IR LR [ A ™, VRORH 7 ) 48 S TR T
WS J B 2 VA v R AT T S A A B SR P M 2K ki ik
Hezs i B, AR ST E A 3 K
1.3 EWRIERSWAE

2 Fofr stk R JHL b e 1 A 7 0y 14 AR B - 21 A1l 3 R A
[ Bruker £ 7 1 Tensor27 & BLI 2L AM G REALHEAT 0BT o #%
4 mg # it 5 200 mg 1Y KBr 75 55 S Ak rh F I TR 5 15 50 0F
F i BGR TECARE t RE r EAT 0 I E A A YE E
400~4000 cm™, BN EEE A 32 K, R K 4 em ™, BEIR
D51, A KBr g a7 B4R . SR H AR GV 2 B KA
Shigeaki Morita 1 AT & 114 2D-shige %K {2 ) b PR JS 1) £ &b
i AT BOR R AR S TR O 4T AN i (2D-PCIS) .
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[ 25 AH GG T R AT W, JR 2 R IEAE . A5 T 6T A 42 7 ) 11
W Sy 28 SUWe A IE AL o [ 25 DO i 22 Ui mT ok R AE
WA v, i vy 2Z2 ] B ] 20 DG A 5 S 28 A O3 rh 28 S T3
TEWE vy T vy AR AR08 56 S5 U AEL 75 45 65 ] 25 AH SO Hhoxs
28 SCUE I IF B (8 AR 41 Noda 32 0 ) 5 ', Noda 25 Il 40 5% 2
iR

2 DRk R A % A 7 0 e RE SR FH 0
Thermo VG Scientific 27 ) ESCALAB 250Xi B[ X H£k 6
TR (XPS) I 743 HT . $EIE RO 88 AL §E(1486.6 V),
R 150 W, 6 BAR N 500 wm , HLF S A R 90°, 2R
FHEE 8 R Al RE 30 eV, 6K K 0.1 eV,
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Table 2 Summary of Noda’s rules in 2D-PCIS analysis

Y(vi,v) D(vi,v) Noda 1 I fiff- g
— ik W v, 1 v 2B Ak 1] A ]
— il W v, A1 v 2B A6 T A R
iE 1k W v, AR AL AE U v, 22
il iE W v AR ARV v, 2 JR
il il W v, AR AL AR U v, 22 T
iE il W v AR ARV v, 2 JR

SR A T, TS 4 R Advantage BRPFFE C 1s BRI ZE S
fiE 284.6 eV X C 1s W ATALIE . R H] Gaussian-Lorentzian
TRA REGI AT/ (FWHM 1.4 eV) , 3734 Shirley 28R
I oAb, AERER R b SRR A = (M) JBA
R (DN IR RN (D) FI=X (2) Fis

Ml
M, =7 % 100% (1)
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DN=|1-—5—=|x100% (2)
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300 °C°F ,PW FlIl FB By &A™ 353301y 35.62%F11 39.88% , 3%
PHTEZ B B, PW FIl FB Y8 A T 0 i S 72 . ASTRI 2
FEAGIRHERE (200 <C) DL I i ATEERS (250 °C) BirBe , PW i [ {4
eI ST B 7E =R AL BB (300 °C) , PW Y [ 4=
MR T FB. EEAE T, FB %A 3 2 AR e 6700 DR A
), ELIREEAR M A4 gt 10 32 DX [B] (195~430 C) AL ™, e AR i
BOXTEF A A A TG (R R VE T, B A R A T IR
R B 7= 1 5 A IO 2 4 TR 1A S R ) R TR A e T
BL AT AR YA AR A — s AR E R

XFF 2 AR B GRS A ) 9 T 2R A el 4
HERF FUALBE, PW R FB f C TR TR W EH K, 0 THEF
U I B o H R RN R TR LR e A
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CO IO Pk /N4y F B AR A JE s BR Y, 0 Je s>
AT AR R be T R e & IR Rl B, PW ORI FB R N T &
SR/ B K AR B TR K, 7E 300 C A3 ik
Fld5 KAA 75.04%F1 72.48% 45 Fh JC 2 7 & (14 AH X 22 1L [H]

FE SN AE B BT 25 2 B8R C TR S R O
FH JGE & AN, PW R FB A FA(E 43571038 0 36.56%
fl 33.96% , 1 19.83 F1 19.17 Ml/kg 43 4l 3 = 27.08 F
25.68 MJ/kg.

®3 PWHFBREMEERF=WEI TR VE. B R IAR R RBER

Table 3 The elemental analysis, calorific value, mass yield and denitrogenation of torrefied PW and FB

TCE I/, wi, db)

EAs BRI (%,w) AR (%, wt)  FAME/ (M) /kg)
Lc] [H] (0] [N]
PW 46.71 6.32 45.30 1.67 — — 19.83
PW-200 48.60 6.26 44.29 0.85 94.91 51.69 19.92
PW-250 52.99 5.92 40.39 0.70 73.33 69.26 21.66
PW-300 68.07 4.76 26.00 1.17 35.62 75.04 27.08
FB 46.18 6.13 43.56 4.13 — — 19.17
FB-200 48.96 6.01 42.64 2.39 91.88 46.83 19.67
FB-250 53.28 5.66 39.28 1.78 71.67 69.11 21.44
FB-300 65.64 451 27.00 2.85 39.88 72.48 25.68
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Fig. 1 Van Krevelen diagram of raw and torrefied PW and FB
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Fig. 2 FTIR spectra of raw and torrefied PW or FB
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Table 4 FTIR spectra band assignment for

characteristic functional group

W/ (em™) FPIEE REM

KR R L) BRI Y O—H fif
ARl

P R W F R rh C—H i iR 5l

Fi e R USRI EAL W ¢=0

1740~1700 1

3400

2940~2850

1660 AL D7 IR A P C=0 45 PR3)
1610~1596  AJFEH C=C B75 & B #R31(S>6)

1510 AJFZFEH C=C I35 FHHEIRT(G>S)

1460 F S C—H AR PR 3h

1427 LY E T CHL A I A IR 50

1375 CH WA P oh

1320 YR CHIREIRS)

1270 AFBEH C—O MR

1245 KRIEZ PIEFR Y C—O Mgk N

1160 LY PFYEE T C—O0—C %Rz

1117 C—C 1 C—O AXHFR T M Pk sh

1056 LFYER LY T C—O R4k 5

1034 H AL DL SR T R B—0—4 i C—O PR3

898 ToE L 4R b C—H AR iR 3

664 C—OH WM PR oh

HER (200 °C) LIS IRARERS (250 °C) BB, PW il FB AL A%
A7 W (0 21 A0 15 1 5 JEORERE L, A0 IR M5 B A T X
B, 2 B Ak S 55 0 OF ok & R W E AR b . 7E IR LR
(300 C) BBz, B AR = ) 2T AM GRS E  1500~1650 em™
Z RN TR 2 1 55 7 B 5 A oy g R A i 5 g i, L
Tt 5 SRR B X, A2 254 A i 2528k . Balogun'™
FE R 1R S, Z5 0 B S 50 0 A i AR BRI A
FOR AR T — T T e R R AR 1 TR T 3R v I 1
24 TR B TR T A J5 2R 100 %) 48 B N, s 0 A A R
=5, R R YR R R RARRE K
A B A SN o 1278 Ak e B 5 i S AR JEE R 1 AR Ak
P2,

TE 1735 em™ AbXF R Y S22 2F 4 & P R 1 C=0 4
PRl 7 & 2 bk IR, Bl MG RS TR (19 TR PW ORI FB Y
C=0 i HR 3 0 n] 2 3 R AL B By, ITAE 1700 em™ ZLTE WL —
AHEA L) C=0 M gifie g0 . & %4 ) 32 2R A
SNV U 2 e I TSR RN A R AR BT R AL AR SR A
ST A BLEE I bR A L AU B A B W s I (B—0—4
) RSB E L BRI LR . fE C=0 fh 4
PRI IR ISR | PW 5 FB R & H BY 22 5 L 1
250 CF,PW 1y C=0 WILsRFEH 0.23 352 0.36;FB 1Y C=0
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W5 B Y 0.46 38 0.53, X T = R Eh & B FB, 7RI
T B, 0 S T ) IR B 2 3R 1 PR 35, B P 2R e 3R Y
JBE £ T LA R A T 28 114 5 R A B RN SRy o W LR R
LFPUERAE 1427 em™ (ZF4EF D CHL 25 A E4R ) (1375 em™
(CH 7 PR35 ) (1160 em™ (P4 2pELF4EE f C—0—C f#
HiPR5)) (1056 em™ (LFHE R R AR T C—O0 M%idiks) L
% 898 em™ (JLSE AT 4 F b C—H A TE IR 30 ) Kb X 1 A 45 AE
W 7E 300 °CF , 33 SRR AR U4 F 560 BE K 60 %% A T I g A
b, 1375em™ 898 em™ AbUETE TG, RIUIPLAF R 4R
PR B & A B S 1) AR A S
HAGE AT 2 0 R 208 B B P 1427 em ' ik
(LFHEF T CH A AR TE 4R 8 ) 5 898 em™ b (TC 7 B £F 4t
F i C—H IEARS ) FEAE WSS B 11 AR 2R 4 A A
# (total crystalline index, TCI ) i TCI & ST 4E 2R 25
JERYAEfL . PW AT FB (4 TCT A&l 3 fif7R . 7 300 °C'F,PW Al
FB HLRE A= L AME E b, o TR 2F 4E R AE 898 em ™' Ab
) C—H B TEAR B 56 48 25, 76 1427 e REIEF4E R CH,
135 i AR TP R sh AR A AR I . BRI AE TR 4 R AR %
TRLBE T A= il 2 g, L2 46y 38 81 7™ FE AR, i LAAE L 3
AL 300 CF PW M FB (1 TCI
6

——— PW
st (I rs
4 -
~
23r
2 -
] -
0 . P —
JRE 200 CHtEE 250 ‘CHbkE

K3 PW RIFB BB EHAF= W1 TCT
Fig. 3 Total crystalline index (TCI) diagram of row and
torrefied PW and FB
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K, RWNZIRET PR R T — R TR A T4 5 R
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A RS R ) AR AR AR AELGS 43— 2 b Y o R v ) DG B A
8=, I HhF FTIR Wl &, FBUR UK N I 5 451
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B R, [ AT A ok FTIR W57 7 5 1 ) B, J&— b S 1k
By IERE AT 0, PW R FB B LA [ A 7= M e 45 401X
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A MHIVER B AR LB R W R s 2D (v, va)
PW il FB 28 XD (1700, 1600) FID (1660, 1510) ¥4 1F , %
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Fig. 4 2D-PCIS spectra of raw and torrefied PW and FB

5K C=0(1700 em™) 2= AU AH G 1384 21 L 28 - 4F
4EZ P C—0(1056 em™) 5 AR R H AL DL K B—0—4
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ik R A7 AEW (1700, 1034) , W (1700, 1056) 5 2 %R H.14 K
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E, R Yl A E L i S 5 EREE 4 A il s R AR Ak A )
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Cl s SMERLAINE 5 iR, TR LS 2045 Fh 5 5k 5 RE 1 A9 A
e K 6 R .

MIE 5 & 6 AT Y FEMERE S RE B PW ORI FB B A
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RESEARCH ON TORREFACTION PYROLYSIS CHARACTERISTICS OF
WOOD-BASED PANEL WASTE

Wang Nantao'?, Zhan Hao’, Zhuang Xiuzheng'*, Song Yanpei'?, Yin Xiuli', Wu Chuangzhi'?
(1. Key Laboratory of Renewable Energy, CAS, Guangdong Provincial Key Laboratory of New and Renewable Energy Research and Development
Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences, Guangzhou 510640, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. State Key Laboratory of Organic Geochemistry , Guangdong Key Laboratory of Environmental Protection and Resource ,

Guangzhou Institute of Geochemistry, Chinese Academy of Sciences , Guangzhou 510640, China)

Abstract: The torrefaction experiments were carried out using two typical wood-based panel wastes: Plywood (PW) and Fiberboard
(FB). The influences of torrefaction on chemical structure and fuel property of wood-based panel wastes were researched using the
analytical characterization by combining with the element, calorific value, Fourier transform infrared spectroscopy (FTIR) , two-
dimensional correlation infrared spectroscopy (2D-PCIS) and X-ray photoelectron spectroscopy (XPS). The results show that the
chemical structure of PW and FB do not change a lot at 200 °C even at 250 °C, but at 300 °C, significant changes will occur. With the
increase of torrefaction temperature, the low-energy states of “—C—H/—C—0/—C==0" change into the high-energy states of
“aromatic —C—C/—C=C"", and the calorific value of torrefied solid increases significantly. Simultaneously, at 300 C, PW and FB
obtain the maximum denitrogenation rate,, which is 75.04 % and 72.48 %, respectively.

Keywords: biomass waste; torrefaction; chemical structure; pretreatment
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