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Abstract

Wood-based panels containing urea formaldehyde (UF) resin will be focused on to make
EeZ2S>1¢' 21— 2Z—EZ17«1 15Z@ —1"—1™¢>"eCe’' el M>"e7(E-"
during pyrolysis of waste wood composites. Thermogravimetric analysis (TGA) will be
7eZele laezetle'Z1e'Z>5—SeleZe3SeSe’”" _157SEs""—1""—7+ Ea
rate. Thermogravimetric analyzer coupled to a Fourier transform infrared spectrometer
analysis (TGA-FTIR), X-ray photoelectron spectroscopy (XPS) and gas chromatography
coupled with mass spectrometry (GCMS) will be used to study the gas, solid, liquid prod -
7E®ed1>Z@™ZE'YZeCil Zazesmle>"—1 1S—ele’ Z>DFG)Sele
'— ' ESeZ1e'Sel 157Z® —1Se1 > 1SEEZeZ>SeZele'Z1e7+>SeSe’
radation of wooden composites over the whole pyrolysis process. Compared with wood,
1>Ze’'—1'S+1S—1"«<Y'"201Z ZE+1"—1+'ZIMassIoSsefhydregenis1S — -
®'e—' ES—eeCl —""<'eZelctl 15Z —1S—el—"e>"eZ—-1'1-2CE
“eletZ1 ™Gy’ —Z1S—e1™(¢>>7e71Se157eSe'YZIE " —eZ—e17¢1\i\[-
of UF resin on pyrolysis liquids of wooden composites is mainly on nitrogen compounds
and ketones rather than aldehydes and esters, which is probably due to the chemical
reactions of UF resin with lignin constituent in wood.

Keywords: wood-based panels, pyrolysis characteristic, reaction kinetics, pyrolysis
products

1. Introduction

Considering energy and resources, major conventional fossil energy resources are at th
verge of extinction. Biomass as a renewable resource has been explored as the substitute
conventional energy and chemical resources. As a kind of lignocellulosic bioresource, waste

ImECH i 7KH $XWKRU V  /LFHQVHH ,Q7HFK 7KLV FKDSWHU LV GLVWULEXWHG XQGH!
$WWULEXWLRQ /LFHQVH KWWS FUHDWLYHFRPPRQV RUJ OLFHQVHV E\ ZKLF
open science | open minds GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP cCOEEE'KH RULJLQD
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wood-based panels show great potentials to provide raw materials for the production of
>Z—7 S<2Z21+22®@1S—e1E'Z-"ESelelZZe@e" E"®il Z—EZ81"’
Ze'e£Se’ T —17e1 "Te «SeZe1l™S—Zele"1<Z4Z5172—Z>@*sS—>1
of wood-based panels and its products distribution.

2. Pyrolysis characteristics of wood-based panels

" SeSC®eAL1e'Z1-S —1Z7e'e'£Se’T—1-Z+'"e1"e1l Sa@eZl "7+ ,<S«
tion. Although this method can convert waste wood-based panels into energy, owing to
©'Z172i'eZ—EZ1 el e 5-SeeZ'CeZ,<S®Z+1Se'Z@'YZedl 1"’
gases during the combustion process, which could lead to air pollution. Thermal-chemi -
ES+1l™M>"EZe®rZel —Eeze'—el ™M¢>"e¢@’'®edlSe’ ES""—
“Ce'e€lZ E'Z—e1l™>"EZr®leT1Z2e' ' EZ1< 52 @ "Z>EZL —EoZ«
of formaldehyde-based adhesives, characteristics and products of pyrolysis of wood-based
™S —Ze®1S>Z21—-2E'1e’ Z>Z—2le>"—1e'Sel el E —-"—1<">Z
should be investigated.

XIWil — 2Z—EZ217¢1S¢'Ze@'YZel"—1E " —YZ>e'"—1"¢1<"-S«&

In order to study the pyrolysis characteristics of wood-based panels, the pyrolysis of main
components of wood-based panels has been studied using a thermogravimetric technique.
Most of the research results show that the wood, urea formaldehyde (UF) resin, and wood-
based composites all show three steps of weight loss, weight loss with elevated temperature
as presented inFigure 1i1 —1¢‘Z1 >oeeloeeSeZ@dl-""me2>Z2Z1 @ele>"
loss could be found in all samples because samples were predried before thermal analysis
‘Z1eZE " —+l®eSeZl'®ele'Zl-"@eloe's—' ES—e1ZE"-™"(
with most of weight loss. During the second stage, the main release of primary volatiles, a
charring process that consists in the rearrangement of char skeleton, occurs. The third stag
is mainly the slow decomposition of the residual part, without obvious quality change,
leading to the formation of char. This behavior is quite common in biomass samples. The
samples present a single, broad peak of decomposition. The majority weight loss of UF resir
IS in an active step over a range of about 180-330°C. Pyrolysis of UF resin produces highe
C'Zeel 01V eSe'eZ1-S47501E " -™S>Ze1"1 ""eil "@l>Z0eZs"
ence between them. The UF resin has a network, which mainly consists of groups of imino,
carbonyl, and methylene. Pyrolysis of poplar particleboard produces more char and less
Y eS¢’ eZ1-S47>1E " -™S>Zele"1’e@le "1E"-™M"—7—2®dl "'C
™M TMeS5,1™Sse’ EeZ<"Srel’ @1 —"01'Z1>7Z ZEe'"—1"ele'Z1007-
UF resin is more likely to accelerate the chemical reactions of wood-based panels at lowe
temperature, however, inhibited the degradation of solid residue of wood-based panels at
higher temperature during the global pyrolysis process. The thermal stability of UF resin is
weaker than wood; however, it enhanced the thermal stability of wood-based panels, which

E " —>—-1leH-Z>1E" —Ez2e’'"—cl



3\URO\VLYVY &KDUDFWHULVWLFV RI
G[ GRL RUJ

KWW S

‘RRG

100 . — (a) ~(b)
y 5 K/min
. - - 20K/min popls
80 v -+« + 50 K/min - - 5 K/min
! - e 20 K/min
‘2 50 K/min
< :
S op 5
E Z
40 + 2
53
a
20 |-
1 L 1 1 J 1 1 J
400 600 800 1000 1200 400 600 800 1000 1200
Temperature (K) Temperature (K)
100
. UF resin © @
. 35 Kr‘m1:n UF resin
X, = = 20 K/min -
80 | B -+ - 50 K/min i
\: weeennnes 20 K/min
y g ——50 K/min
E
9 £ 60 [
< 60} =
£ )
o o
s z
= ® 90
40 | E
g
a
=120
20 F
! -150 Il ! ! 1 J
400 400 600 800 1000 1200
Temperature (K)
100 .
particleboard © ®
Y 5 IQm%n particle board
e = = 20 K/min - = 5 K/mi
v + =+ = 50 K/min o
BoE 00000 sl sl¥E Y g e s 20 K/min
E — 50 K/min
£
S
g z
< 60 )
= o
20 2
=}
40 =
a
20
1 1 1 1 J 1 i 1 i 1 1 ]
400 600 800 1000 1200 400 600 800 1000 1200

Temperature (K)

Temperature (K)

Figure 1. TG curves of poplar (a), UF resin (c) and particleboard (e); and DTG curves of poplar (b), UF resin (d) anc
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on pyrolysis of urea formaldehyde resins suggested three reactions resembling wood pyroly -
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E‘S>SE+Z>' s’ E®1IS—el™>"e7Eele’ee>'<7e'"—1"e1™¢> et
e Sel1" el E ——"— 172" 2>EZ1S—el1e¢'21'— 72— EZ1"¢1>Z2c ' —

Cellulose, hemicellulose, and lignin are the main components of biomass, which consist of
more than 90% of wood. Given the complexity of wood-based panels, pyrolysis conversion,
and the diversity of the obtained products, it may be more convenient to study separately the
conversion of each constituent. Based on the research of the main components separately, ar
the pyrolysis behavior of wood-based panels can be assumed as the sum of the main compe
nents weighted summatively.

In this section, the pyrolysis of each of the main biomass components mixed with UF resin
is individually discussed. First, the results from the literature concerning thermogravimet -
5>’ EL1S—Set®’'®el1S>Z170wZele"1e7¢S’e1e'7Z1-S" —1eeZ™@El™ .
©372721-S" —1<"-SeelE " —0ws+ +77—-+0e 1Fgue 2. Th&resslisloStainky
from TG analysis show that three reaction stages involved in the pyrolysis before or after
—"iZe1 'e'1l 1>Zc'—il T ZYZ>81e'Z21 1E2>YZel>Z™>ZceZ-
@e'e7Z—eleZ—7>SeeC1l™>7@Z—e1S1e’ Z>Z—e1™>7 71 "'l
It is clear that the TG curve of cellulose adding UF resin moved to the higher temperature
range after 200°C. Meanwhile, the maximum weight loss rate of cellulose pyrolysis was
decreased. So the UF resin is more likely to inhibit the degradation of cellulose after 200°C
Ze™MZE'Seetl’ —1e'Z1zZ™™70e’~—1" 1«7 13Mdicatddohateah
acidic environment may accelerate the dehydration reaction of the cellulose. While the
alkaline environment caused by UF resin was assumed to be the main reason to inhibit the
degradation of cellulose. For xylan (representative of hemicellulose), TG and DTG curves
«Z2e"5721S—e1SeeZ51—"(Zs1 'o'1l 15720 —1Z—7>Se+¢C1E~""—C
ence on the pyrolysis behavior of the hemicellulose. For lignin, TG curves added UF resin
moved to the low temperature segment after 200°C. With the addition of UF resin, the char
yield reduced and the maximum mass loss rate slightly increased. Therefore, the promo-
tion of UF resin in the process of pyrolysis for the lignin after 200°C can be observed. While
$fZ1™> "6’ — 017 ZEe1™eSC®1S1-">212ZY eZ—e15"e721"—1
rate. It can be concluded that during the process of the pyrolysis of waste wood-based pan-
els, lignin was the one that UF resin mainly impacted among the three main components
of wood.

Innovatively, the weight-loss character of the model (made from cellulose, xylan, and lig -
nin, based on the chemical components study of poplar wood), the main components as
well as the ones mixed with UF were analyzed by TG-FTIR. According to the results from
TG analysis, the residual weight of poplar and model is very close, and the weight loss
curve is basically the same. It can be seen that the model has similar pyrolysis characteris
E®R1ICCIE —-"—1<"-Sce®il ‘Z1 1Ez>YZelae'™ 1+'Sels'Z
pyrolysis of the model. In the TG analysis, it is well known that the two curves coincide

<S@® ESeet¢1c<Ze">Z1X[VU 8121’ 257Z—EZ1S™M™7S51¢>S
UF resin could promote the pyrolysis of model on the basis of a small diminution in char

C’'Ze4]ly
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Figure 2. TG and DTG curves of cellulose (C), xylan (representative component of hemicellulose, X) and lignin (L) as well
Swele'Z1"—Z®l-"jZ+14]+'1

2.3. Kinetic study

152’ —1y

There are variety of models available for analyzing the kinetics of the investigation of biomass
¢ 7>-SeleZE -™M" @' —51  — G l-edEG ode 7 1 FELYY S~ —,
S—e1wZ372Z—+'3p1leit'elel-—"cZ el Pt SPpains S—-11 R0]
distributions. The distributed activation energy model (DAEM), representing the sequen -
tial models, has been employed successfully for analyzing complex reactions in thermal

CIET—™T e e
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reactions having unique kinetic parameters take place concurrently. The kinetic parameters
could be calculated through thermogravimetric analysis (TGA) without considering complex
E'Z-"ESe1>ZSE+""—ale?>' —e1S1e"7>— Sl TRCESprIsehtative Bqudtioh
«“>1e'721 '2>S, S" NUITisZ 1y

kB

E
In = ZIn -=— +098075°= (1)

T2
To investigate this further, based on the pyrolysis of particleboard, the kinetic parameters
25721 ESeEZ7+S+Z+i1 1] Seportedthe letslof In( 1T?) versus 1/T1 Sl @Z72C
poplar, UF resin and particleboard, as presented in Figure 3711 “>1ZVYZ>¢1YSe271"
points corresponding to the three heating rates are positioned in a straight line, as the method
predicts. The sum of the pyrolysis behavior of poplar and UF resin cannot embody the ther -
mal behavior of poplar particleboard. The activation energy of poplar and particleboard is
140-200 kJ/mol; however, the activation energy of UF resin is 150-300 kJ/mol, and that tt
activation energy of particleboard is lower than that of the poplar during the main pyrolysis
®eSeZ1«ZESZ®Z1 7 e1e'Z1™> "¢’ —e17 ZE+1"e1 1570 —i

Yil — 2Z—EZ1"+1S¢'Z@’'YZel" —1™¢>"e¢oe’'cel™>

C>"eCe’'®l ®1S1IES™ eSel@eZ™1 el —Seele'Z>—"E'Z-"(
the process. Biomass by the action of heat in an inert atmosphere can be converted into ga
char, and a liquid composed of a mixture of hundreds of oxygenated organic compounds
13, 14. More precise information about conversion mechanisms of wood-based panels is
provided by coupling TG analysis and on-line analyzer of the evolved products such as
FTIR. With this approach, it is possible to study the composition of the evolved products
throughout the temperature rise of the sample. Based on the evolution of the structure of
©'Z1eS®1™> e7Eeedl Z1ES—1'SYZ1<Z24Z517—+Z50+S—e —
the sample. What is more, the knowledge of formation of the evolved compounds helps to
understand the reactions of fragmentation of unstable functions during the main pyrolysis
©eSeZ1S—e17¢15>72S>>S—eZ-7—e1+7>' 45.IMOEAVE, tBe X-ray-phBtocldE-
tron spectroscopy (XPS) technique can be used to probe the chemical changes occurring |
the solid residue prepared by pyrolysis, the GC-MS technique can be also used to analyze
Z1ET-™MT@'e T —17e1e'Z1™Cs" ¢’ RleE2 1 E —eZ—@Z1e
wood-based panels, additional information can be obtained. Based on a review of the study
"e17751¢7S-1S—e17¢'751S7 " >®@dLle' 21— 2Z—EZ17+1S+'Ze""
liquid, gas) can be described.

3.1. Gas

" ele"1e'Z1E " —™eZi'e¢1l 1< " —-Seel1E" —YZ>0e'"—81+72 18
adhesives on the chemical reactions involved at the molecular scale. The study of the volatile
—S47>017<eS'—Zele> " —1e'Z1™¢> e¢@’'el el "¢, <SeZe1™S—2
'—e1¢S0eZ®3L@@AE 1&ISL-+1 i1 >1S1<Z472>17—7Z>0S—e" —



3\URO\VLYVY &KDUDFWHULVWLFV RI :RRG %DVHG 3D
KWWS G[ GRL RUJ

5.0 " 6.0
0.0012 0,0013 0.0014 0.0015 0.0016 0.0017 00015 0.0019 0.0020 0.0017 0.0018 0.0019 0.0020 0.0021 00013 00014 00015 00016 00017 0
UT (K T K

Figure 3. Plots of In( ¥T2) versus 1/T1 ¢ 1™ " ™eS510S0U81 15720’ — 100818 —e1™Sse’ EeZI]S>:

«<S®Ze1"—1S1>Z2Y'Z 17e1'Z1™Z7co’®@'Ze1>Z®ZS>E'L ">"®dLle'z
mation of these products is discussed.

‘Z21Y eSe’e71-S47501 <SS’ —Zele> =121 ™¢>"e¢e’' el el "7~
»Ze"2>EZ1ETSSEEP1 81  81S—-1 164§pil T ZYZ>81S0cel ™
Figure401l ,E"—e¢S’'—'—eleSeZ®@l ele'Z1™¢> ¢’ el ™ 1E" —-"—
position of extractives in wood, nitrogen gases of the pyrolysis of wood-based panels are sig-
—' ES—eeCl'— 2Z—EZe+1 'e'1e'Z1See’e’"—17e1 15Z@ —il *1'«
e7—Ee'"—1'—1 15720’ —172—7>S7Zce1 1S—e1S1™ZEZ>."
(the gas is highly toxic, when conducting experiments, operators should be very careful) under
\[VU1Bpi1 —1>Z«S>sWe thuld make conclusions that the fragmentation of UF resin
unit directly leads to the formation of azyl at the narrow temperature range between 180 and
YXVU 1S—ele'Z—1e'Z1+7>-Se'"—17+1+\ith the Bigltest intengitgedt 240°C
$7pil 1oe—Se+1S-"782+15% $ —eduld also be detected gradually at the low tempera-
ture range, which is primarily due to the break of the methoxyl group and single C—C bonds.

EE e —e1"1'21320pA247 eyl Sceez8LB4'S=1e1 1S>717>—
tively, by the cracking of methoxy groups, decarboxylation, and decarbonylation. In the main
pyrolysis stage, the break of carboxyl in the lateral chains in furfural acid results in the release
"ol il *Z1eZceeloeeS<eZ1ES><"—C¢e1'—1Y eS¢’ eZ0el'el-">Z1¢:
" —17¢1 1'el1Se@ 1eSs>eZe¢l'— 77— EZ*1<¢C1leZE —+1E>SE”
¥1]. During the third pyrolysis stage in a high temperature range between 400 and 800°C,
almost all the gases reach their equilibrium intensity value, which is relatively low. Lignin deg -
radation plays an important role in this stage. Functional groups in the lateral chains of phenyl
propane are still cracking and volatiles would undergo further secondary reactions, resulting
in the formation of incondensable gas and of small chain organic compounds.

TG-FTIR analysis of each of the main biomass components mixed with UF resin can explicitly
7—eZ>@eS—ele' 721’ — 72— EZ17e1l 15Z0®'—1"—1e¢'Z1e"5-Se' "~
"M e SEE Sy e Z17e 1l E LT "R Z1-"—"-2>2O1E -™M"®Ze"
17ele'Z1—"e5"eZ—1eS@Z@1 <SS —Zele>"—1e'Z1™¢>7e¢e’'@l"
the pyrolysis of UF resin. The addition of UF promoted the formation of water and carboxylic
SE' e@lez> —elEZeoZe Z1™¢> ¢’ il ‘Z1ce22showkd tBat e
pyrolysis process of cellulose is divided into two stages. Below 300°C, reducing the degree
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Figure 4. Y eze'"—oel7e1 MWSU§L0EGNSL 10 WBAGSLS—e1 10GeUleZYZel —1™
™E>"e¢ 'l el ™SS0 EeZc¢ " S>e1Sele s 21 fle’ 757 —1'2Se’—e15Se7@1ly

of polymerization caused by bond breaking leads to the formation of free radicals (carbonyl
>SS ES e ®ILES><T{¢e1>Se ESeed1S—e1Ce> " ™Z>"5Mle1 S SES
¢Z™ ¢ —Z>"£Se’ " —1"—e7EZe1lcCle>S—@esCE @GS’ —1 8™
of UF resin on the pyrolysis of cellulose is mainly in the low temperature range, namely the

>eel0eeSeZ1 el EZeeze ®Z1™¢> ¢’ il 1>Z@ —1™>"—"eZce
and accelerates the formation of carbonyl and hydroxyl radicals. For lignin, UF resin could
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™" _"eZ1e'Z1>Z¢Z2ZSeZ17¢1l 1leZ> —ele'Z1™(¢>"eC0e’'cel M>"EZ
and lignin leads to the formation of weak stable compounds, then releases large amounts of
— > e —1E -™"7—e@1S—+17{CES> 2RIl ‘Z1'— 22— EZ1"
be found mainly in the release of nitric gases. Intensity peaks of nitric gases of wood-basec
panels are higher and occur earlier than that of wood. Therefore, UF resin is the main factor
E"—e>'cze’ —ele™1e'Z1—"e>'ELleSeZ®1 *1le'Z1™¢>"e¢@’ @1 L
Z— E Z 1"~ —,Isn@ bbvious.

3.2. Char

Char formation consists in the conversion of biomass in a solid residue, namely char, which
™yZ@eZ—e+@1S—1S>"-S E 12334 EiGdand@ieoacledulBrreaZahgement
reactions occurred in the process of char formation could result in a higher degree of reticu-
¢Se’" — 1S —e1'—1S1"¢7Z51¢'7Z>-Se10235p1"2 ¢V lee vZ1"> LS »7;
reactions are the formation of benzene rings and the combination of these rings in a poly-
cyclic structure. Recombination consists in the combination of volatile compounds lead to
the formation of a higher molecular weight molecule, which sometimes is no longer volatile
—S47>17—e751¢'Z1E " —e ¢~ —el 17— 2672% WWheh e feeodhina
tion happens inside the pores of the polymer, this reaction can lead to the information of a
secondary char.

‘Z1E'S>17e1 "Te,«SeZe1l ™S —Ze®el eSS —ZelesT—1™(¢s7eC e ®
E~—eZ—el1"ele'Z®Z12e72-2—2@1 —1+'Z1E'S>1’®le’ Z>Z—s1-
of C in sample is relatively stable both before and after pyrolysis. Although a large amount of
element C are lost, C is still the main element in the char, accounting for 70—90%, and the mas
cTe@lTele'ZZ1Z27-7—21E " Zeel<Z1'— 2Z—EZ1<¢1 157’
'el—"ele’e—' ES—e01'" ZYZ>81+'Z1-Seel™e1Z«72-7—+1 1'ce
Tel7j¢eZ—SeZelET-™"7—ee1l —1™¢>" s in@adseslduriiyg prdcsss- tricoritrhs
el ET—eZ—9+1'—17>'¢' —Se1®@S-—™e781'e1E 20121 7—21+'S
o7>'—e1™¢>"eCe’®01l'” ZYZ581'Z2521 Sel—"1e’'s—' ES—-1l>,
1S—e1¢'Z1E ™" —eZ—e1701 15Z@ —1'—1 ""¢ <SeZ+1™MS_—Zeeil
<29 >721S—e1See7>1™¢>"e¢02' 001 e 1™Sse’ EeZc"Srel 'e‘1e’4e71C
“el 1'—1-Ze'72-1eZ—c@’'eC1l <Z><"S>e10 UleZE>Z2ZSeZ®l1l+>S-S
™5~ ¢Sce@le> " —1e'Z1e’ Z5Z—01'—eZ>5SEe’"—®lcZe 2Z—1 157Zce:
Seeil 1oeeze¢1l™ —1™ 1YSe7Z17ele'Z1E'S>17e1l ""e1S—e1 "o«
Se"Se’'—701'72>2" 572811 ®1E " —Ee7eZe1e'Sele'717e72-7—>+1
wood-based panels.

To investigate this further, the X-ray photoelectron spectroscopy technique was used to
research the existing forms of nitrogen compounds in char of wood-based panels, as pre
sented in Table 1.

‘21-S'—1e"5—-1"e17e¢72-7—e1 1"—1 1’01™>'-S>¢1S-—"—710Y_
Z U711 'Z1-S'—1e " >—1"el1Ze7-7—e1 1'—1 ""el’®1S—"eZ10Y__in
o7’ —1Z7Zj'eeZe1l’ —1 ""el1Zi>SEe’YZeil ZS— ’eZ31S-"eZ10Y _
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in UF resin, accounting for 32.69%. Both of UF resin and MDF have strong intensities of peak:
S4>'¢7eZ01e7 171 , 1oee>ZeE " —o1Y 3BR1I"-ZHWNO Mo\ ] 084 3 FRE -
and amide is not detected in the samples after pyrolysis. The existing forms of nitrogen com-
™~7 —e@l —1 1E'S>1 Z>Z1™¢>’e’—Z710Y _"iZ1Z 11S—e1™¢>>
o721 E"T—eS ' — —elE-™"7—e@lz—eZ52 1< —e1EZSYS+Z71S-
structures of pyridine and pyrrole.

3.3. Liquid

Biomass mainly consists of cellulose, hemicellulose, and lignin, and therefore its pyrolysis
<Z'SY'">@1Smele'Z1'—eZe>SeZe1™Z75e7>_S__(E 29 Gilen heecoOmplexty
of lignocellulosic material and of biomass pyrolysis conversion, the liquid products obtained
from pyrolysis of biomass consist of complex chemical compositions, including acids, alcohols,
SeeZ'CeZ@d1” 7" — 7 B IPandrbiechigieraxygen content and lower heating value
than hydrocarbons. Furthermore, its acidity, high water content, and corrosion make it hard
«"1¢Z17@Z+1Sme1S1.>S3dMyenerdls thephysicActkgnical properties of pyrolytic
products are closely related to future industrial applications. The compositions of pyrolysis
©'87'e17e]l "o «SeZe1™MS—Ze®1S>Z1717<Y "z 1le’ Z5Z—EZ1e>"
™ 1VSe7Z17e1™¢>"e¢e’'®1e'32 el ¢ 1E —-"—1<">Z20"2>EZ1S-
™EsTe¢e'Ele'$3Z2' 0170l "o «SeZe 1l ™S —Ze@1YSs>'Ze1les"-1SE"
occurred in the two types pyrolysis liquid originates from the existence of UF resin in the
wood-based panels and conditions for thermal decomposition. And furthermore, the variation
Tel™ 1YSez7Z17e1™(¢s7eCe’0ele'E7 701701l "Te «S@Ze1l™S—Zeel-
™S __Ze@1S—e1™(s> " eC'@1IE " —e's’"—@il ‘Z1e™ZE' E1l>SY
"2 1>Z2¢Se'YZet¢1leeSceZ81Y 330341l ¢ XL ERW Vo ET WEWNDHY o1 01 ™
'— 27— EZ+1<C1™C¢>"eC@ElIE " —' " —®d1leZE'1S®el™¢> " ta
ferent compositions of pyrolysis liquid of wood-based panels compared to common bioresoure
are mainly on the nitrogen compounds. The relative content of nitric compounds in pyrolysis

S-™eZee ZeSe'YZ1S-"72—e10-10
Binding energy 399.4 399.8 398.4 400.2 403
az u
‘Z-"ESe1 >'-S>¢1S-—"—7 —'+Z Pyridine Pyrrole Pyrrole oxide
structure
>’ —Se1 MDF 4.28 1.07 / / /
samples .
TTel <Z> 0.49 / / /
UF / 32.69 / / /
Char MDF / / 6.65 7.45 0.4
“~eldl <Z> | / 0.24 0.71 /
UF / / 1.36 2.29 /

Tablel. ~—eZ—eel ele’ Z5Z—e1 1E —@*>ZE+s"—@1"+128]+1 <Z>81 81S—+1 157
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e'S§7'e@17e]l "Tel1'1YZ>C1leZ 1<czele Z>Z—eleC™Zmel1 e1S—-"eZcC
wood-based panels and UF resin. The formation of nitric compounds in pyrolysis liquids origi -
nates from the conversion of urea in UF resins as applied in wood-based panels and the interac
" —1<¢Ze 77Z—1 1>7ce’Y-THe-transfoimelign of nitrogen-containing compounds is
'— 2Z—EZ+1<C¢1e'Z1'—Z>SEe " —@l<Ze ZZ—1 157 —@®l1lS—-
of the pyrolysis liquid of UF resin, it can be found that nitrogenous substances are the main
components. Feng et al. reported that the two most abundant components in pyrolysis liquids
el 157Z@'—1S>7Z1-7Z+'¢e,7572S1S—+113,while Zhang ¢+ ak répSriey that
o'Z1-"0e*e1572¢Se'YZ1E " —+Z—+1’ Bk In additidr, Sther Bitrog@nbys substances,
such as 1-Methyl-2,4,5-trioxoimidazolidine, 2,3-Pyridinediamine, Pyrimidine,5-methyl-), urea,
*T>—Cees'—Ze' e JIES—1Se@ 1<Z1eZeZEoZs1 —1e'Z1™¢>"0C e’
heterocyclic compounds in the pyrolysis liquid of UF resin, such as pyridine, pyrimidine and
piperazine, are alkaline and have irritating smell (see Table 2).

‘Z1S—'Ce>"  @SEE'Ss> eZ@l ' eZ—e Ze1E >>Z0™ —ele 1070
several dehydration reactions. Glycosidic bond cleavage of cellulose and aldol condensation
>ZSEe’ " —1eZSele” 10 Z1e >-Se’"—1"e1WB\OXAY, 'S—'Ce>",Z, ,
Anhydro-D-mannosan. Furan derivatives are considerable constituents of pyrolysis liquid
of biomass. These furan derivatives are generated by the pyrolysis of holocellulose. Thes:
E -™"7—+e®@1ES—1Se®@™1«Z1E " —@’'*Z>Z2+1S®eleZ™ e¢-25"£S
are detected in pyrolysis liquids, which are probably formed by decarboxylation with active
chemical properties. Ketones are much likely to be originated from the large amount of car -
bonyls in wood. Some pyridone, imidazolone in the form of nitrogen heterocyclic compounds
S>Z1e"7—el'—1™¢>"e¢0e’'ele’'837'0@17 01 "o, «S®Ze1™MS—Zeel
'—ele'Sel—es"eZ —1e5"-1 157 —1'01>Z >-Ze1S—el jZ+1"
wood in the form of ketones in the pyrolysis liquids.

7>’ —ele'Z1™¢>"eC'el M>"EZR®ILle'e— —1-"ZEZ221E'S
ranged, and pyrolysis products are mainly phenolic compounds. Phenolic compounds in
pyrolysis liquids of particleboard (PB) are mainly originated from lignocelluloses; however,
o7 >leeriEez>7Z@1l "'l <21’ — 22— EZ+1<¢1 1570 —1' —1-
conversion process, resulting in a small amount of phenol (peak area around 1.5%) in PE
despite the large amount (peak area over 15%) detected in pyrolysis liquids of wood. The
'— 27— EZ17+1 15Z0'—1"—1"'Z51E-™M"—7Z —e@l —EeZe —
®'e—' ES—ele'—EZ1e'Z®Z1IE -™"7—e®@1S>21—"e1'21-S"—
not detected in pyrolysis liquids of UF resin.

‘21— 22— EZ17+1 15720 —1¢>1™Sse’EeZ¢"S>e1’@1-S"—+¢
sented in Table 3. There is a small amount of nitric compounds in the pyrolysis liquid of
“Teil " ZYZ>81S51eS5e71—7—<Z>170l—"e>"07 —"701E " -™M"7—e¢
<SeZe1l ™S —7e1S5721¢27ZE+Z2+81®@ZzE'1Sel™¢>" —"«'—78],-
trione,1,3,5-trimethyl-, just generated by the pyrolysis of UF resin. But others generated by the
E"—EZ>921>ZSE""—1"+1 ""elS—el 1572 —081zE'1Sel
Thus, it can be seen that the transformation of nitrogen-containing compounds in the process
Tel TTel™Esete'el'el — ZZ—EZe1<G1e'Z1 —eZ>SE T —@lc
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As the main constituent in wood, cellulose will go through dehydration reaction during
pyrolysis process, forming levoglucose and glycolaldehyde. The glucosyl groups will then
crack into smaller structures in high temperature. Research studies show that acids could
catalyze the dehydration reactions while UF resin introduces an alkaline atmosphere during
the pyrolysis, which inhibits further cracking of glucosyl groups. Compared with cellulose,
hemicelluloses are inhomogeneous glycan with weaker thermal stability. The pyrolysis of

ZeZ—e'~—1+’—710-Designation “eZ@EZ7eS51¢7>—-7+8S Z¢Se'YZ1S-"7
3.30 Acetonitrile C, & 0.54
3.51 Lo o> S —"e7 C, , 54.52
5.12 Pyrimidine,5-methyl- C, s, 4.50
6.59 W ,'—"eSE"ZBW,-ZCfe, , 1.18
8.66 Cyclohexanol,3-methyl- C, . 0.30
9.92 Urea, formyltrimethyl- C, v, 4.30
10.16 Pentanamide, Co 1, 0.88

,0S—-"—"ES><«"—¢-01,
10.72 3,4-Pyridinediamine C . 1.81
11.07 . ,e'=Ze'¢e"iS—"eZ2C, ., , 1.26
13.45 W ,'—"eSE"«ZYyWdX, <@, , , 0.19
pyrazole,2,3-dihydro-
13.62 QW 0, ¢>>7«2,Y, Co s » 0.13
carbonitrile,2-methyl-
13.79 ¢e>"2>SE'*dW,-Z+'Ce,, , , 1.40
14.22 2,3-Pyridinediamine C , . 6.79
15.68 Piperazine,1-methyl- G L, 0.86
16.01 ZiS'CerT —e"eZ Co 1 1.63
17.07 2-Acetyl-3-methyl-3,4,5,6- C, 0.50
tetrahydropyridine
18.36 1,35- ) Co of /3 2.38
>'SE'—Z,X8Zd\0W dY &[ 0,

trione,1,3,5-trimethyl-

18.49 ,o>'SE"e"yZBY, p C 2.03
pyridine,8-amino-

19.81 1-Methyl-2,4,5- C, . s 7.65
trioxoimidazolidine

21.20 WoXdZ, >’£7«7yZoY,Ch , , 2.70
pyridin-8-amine,3-methyl-

22.94 6-Methyl-7,8- C, . . 1.75
U CeHT XAW U, ™eZ> e —"—7

24.46 2-Pyrrolidinophenol Ch 15 2.69

Table2. S'—1E " -™"—7 —e@1 e1™¢>"etoe’' @le’'82 11125281 >—SeeZ'¢eZ15720" —:
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ZeZ—e'~— 1+’ —7 1Desigration VA >1le™>—7¢8 72¢S¢'Y721S5-"7—
4.55 2-Furanmethanol (ORI 14.22
5.29 EZS-"2728 8 ,*'—2+C, 1.84
5.68 2-Cyclopenten-1-one,2- Cs & 0.14
methyl-

6.03 1-Pyrrolidinecarbonitrile C, 5, 11.24

7.39 2-Cyclopenten-1-one,3- C, & 2.33
methyl-

7.58 4-Aminopyrimidine C, ;s 0.50

8.09 Pyrimidine,5-methyl- C, ¢, 3.19

8.98 2-Cyclopenten-1-one,2- Cs 5 2 1.45
hydroxy-3-methyl-

9.22 2-Sec-butyl-3-methyl-1- Cy 3.19
pentene

9.27 2-Cycpenten-1-one,2,3- C, » 0.77
dimethyl-

9.51 Dl-citrulline Ce 15 3 3.25

9.64 Piperidine,1-methyl- Cs 13 0.02

9.88 Phenol,2-methyl- C . 0.92

10.68 Ethanone,1-(2-methyl-1- C, ., 6.64
cyclopenten-1-yl)-

10.82 1,3-Cyclopentanedione,4- C, . , 0.71
ethyl-

10.94 2,5-Pyrrolidinedione, 1- C, , ., 0.62
methyl-

11.05 W, , ¢>SE +Z8WBYS[GBy' 52 ¢, 0.21

11.37 1,3-Cyclopentanedione,2,2- C, . , 2.12
diethyl-

11.56 Maltol o o\s 1.91

11.69 2-Cyclopenten-1-one,3- C, . 1.17
ethyl-2-hydroxy-

11.85 Bicyclo(2,2,2) C, 1 0.10
octane,2-methyl-

12.18 Z,0W U, ¢>'«'—"—Z738G8dY, 212
dihydro-1-methyl-

12.99 W , —'«SE"Z8X8Z8[C, , , 0.03
trimethyl-

13.36 z8[, ®*S—Z72"—7 C, ,, , 2.04

13.6 Phenol,2-methuxy-4-methyl- C, =~ 0.68

13.68 Quinuclidine-3-ol C 0.15

7 13
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ZeZ—e'~— 1+’ —7 1Desigration "7 E >1e7>—%¢S
13.83 ,+>'SETTyZ8Y,Sp C, , , 1.31
pyrazine,3-methyl-
14.1 X, €>7i¢,YB[,*'Z" ¢CL, . , 0.55
methylcyclopent-2-en-1-one
14.39 1,2-Benzenediol C ., 1.39
14.51 2-Isopropoxyphenol C 1 0.68
14.69 iSE".Z28Z,Z+'¢+ ,X8[C, 0.95
dimethyl-
14.81 2-Methyl-4-(1- Cio 16 0.57
methylethyl)-2-
cyclohexenone
15.01 Phenol,2,6-dimethoxy- G s 0.22
15.64 1,2-Benzenediol,3-methoxy- C . 3.53
15.89 1,2-Benzenediol,3-methyl- G , , 1.15
16.27 Pyridine,4-(1-pyrrolidinyl) C, , , 0.45
16.86 1,2-Benzenediol,4-methyl- G . , 1.73
18.07 Phenol,2,6-dimethoxy- G s 11.67
18.22 Benzenemethanol,3- Co 1w s 1.58
hydroxy-5-methoxy-
18.65 1,3,5- C, o s 2.28
Triazine-2,4,6(1h,3h,5h)-
trione,1,3,5-trimethyl-
19.07 2,3-Dimethylhydroquinone  C, ., 0.36
19.14 1,3-Benzenediol,4-ethyl- G 0 2 0.27
20.36 1,2,3-Trimethoxybenzene G o s 3.11
20.44 Ethanone,1-(2,3,4- Co s 4 1.14
trihnydroxyphenyl)
21.41 Ethanone,1-(4-hydroxy-3- Cy 1 s 0.18
methoxyphenyl)-
21.64 8-Quinolinol,5-amino- Cy 4 0.27
22.21 Benzene,1,2,3-trimethoxy-5- Cho w3 1.52
methyl-
22.38 2-Propanone,1-(4- Cho 12 3 0.49
hydroxy-3-methoxyphenyl)-
2254 2-(2-Aminoethyl)-4- C, 0.14
amino-6-dimethylamino-s-
triazine
22.82 ZOW U, *Z>'«'—"—78&,5-"—", 0.23
23.98 Phenol,2,6-dimethoxy-4-(2- C,, ., . 0.23

propenyl)-
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Ze7—«'~—1+'—7 1Desigration “eZE2+S51¢7>-%48 72¢S¢'Y72185-"7—
24.13 Z—£7—78W3W ,™>TMGe'eZ—27c 0.20
24.53 [, i7°ZiS—Z—">"22 C, | 0.18
25.1 Butan-2-one,4-(3-hydroxy-2- C, ., . 0.33
methoxyphenyl)-

25.44 2-Pyrrolidinophenol Cho 1 0.72

26.26 Phenol,2,6-dimethoxy-4-(2- C,, .0, 0.40
propenyl)-

26.79 Ethanone,1-(4-hydroxy-3,5- C, ., , 0.45
dimethoxyphenyl)-

27.34 Benzoic acid,4-hydroxy-3,5- C, ., , , 0.14

dimethoxy-,hydrazide

Table3. S'—1E " -™"—Z—e0el1 e1™¢>"e¢0e’'@Lp'E7'¢17¢1™S e’ EeZ<"S>ely

iCeS—1"—1'Z—"EZee7e " ®Z01>272S®7Z®@®1SE e®@1S—1See7"
'— 22— @EZe1<t1l 15Z0 —il 'e—'—1'1le'Z1"—+¢1S>"-S+'E1
ESeZleer2Ee2>2Z01 “"eZ21'—1 1>Ze' —1-"®esle>2E*2>Zce1l
many of detected nitrogen compounds show aromatic properties, such as pyridine and
pyrimidine. It could be concluded that concerted reactions between UF resin and lignin
"TEEZ>L—1'Z1™¢>"e¢t@'eel™>"EZeeele le'Selele—"— 1"
by UF resin in wood.

4. Conclusion

From TG and DTG results, it is found that UF resin in wood-based panels make them to
degrade easily at the beginning of thermal treatment but inhibit the degradation of wood-
based panels during the second and third stages. Pyrolysis of wood-based panels produce:
—>Z1E'S>1S—+1eZe1Y eS¢’ e721-S47Z>1E " -™SsZe¢1e 1’01
0 Z75-8e1<¢Z'SY " H>17e 1™ ™S, 1 ™S e’ EeZ< Srel’@l—"01“20201s"
poplar and UF resin. The activation energy of both wood and UF resin is higher than the acti -
vation energy of wood-based panels during the main pyrolysis stage. The pyrolysis nitrogen
eSeZoel sl "Te «SeZ1™S—Zeel Z>71-S’—Thelexpdiinentabressiks
showed that the existing form of nitrogen compounds in MDF was a mesh structure of large
molecules. The existing forms of nitrogen compounds in MDF char were pyridine and pyr -
>TeZi1 ‘21— 72Z—@EZ17+1 1>Z@’ —1"—1™¢>"eCe’ele’'§7'17 1
compounds. More nitrogenous compounds are detected in the pyrolysis liquid products.
According to the existing research and practice, pyrolysis liquid of wood could improve the

physical and chemical properties and fertility of soil and promote plant growth. The pyroly -
sis liquids of wood-based panels contain a high content of nitric compounds, besides those

%DVHG 3D
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eZe>SeZele> =1 Z1-S " —1E"-™"—Z—el7el "Teil 'es"eZ—1"0]
which plant needs and plays an important role in plant growth. The pyrolysis liquids of

e «SeZel1™S —Zeoel "'l 1570 —1ES—1See"1l’'—'< 35 'Bu
the application of pyrolysis liquid of wood-based panels in agriculture is still a new subject,
worth exploring.
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