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Abstract

As an efficient way of using all-components of biomass, wood plastic composite (WPC) has gradu-
ally gained its wide applications. However, after times of recycling and reuse, serious deteriora-
tion resulting from its macromolecular degradation made WPC unsuitable to use as a material and
became a new solid waste need to be disposed harmlessly. Wood powder-polypropylene compo-
site was catalytically pyrolysed at 550°C using analytical pyrolysis-gas chromatography/mass
spectrometry (Py-GC/MS) in order to investigate the effect of catalysts on bio-oil properties. The
catalysts were zeolite HZSM-5 and Ag modified HZSM-5. The influence of catalysts on pyrolysis
products was observed through the yields of aliphatic hydrocarbon, aromatic hydrocarbons, furan,
aromatic compound, lignin-derived compounds, ketone and acetic acid. Results showed that the
yields of aliphatic hydrocarbon were very high. The yields of aromatic hydrocarbons and furan
were increased, while oxygenated lignin derivatives were decreased compared to the non-catalytic
pyrolysis when HZSM-5 and Ag modified HZSM-5 were used, thus indicating that bio-oil heating
value and viscosity are improved. In particular, Ag modified HZSM-5 can improve the yields of fu-
ran significantly. In addition, the HZSM-5 zeolite reduced the acetic acid in the product.
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1. 5|

EAESR, AENAEYIR Ay FIF M R o0& s, RS G MR(WPC) DL F L. )5 FIIRE K
UFPETERR A= iy VR Tl ANY 2 RS AIRAR 21 2 B H . 2R, WPC &2 IRIERFIH G, K
I3 BERRAE D) SV RE AR IE T 4R SR IRASE, A D — o 284 [ s 2 334 0 A0 36 A7 10 36 A0 A 3 L 2 [ Wi
FIFI[1] WPC AELAEAE A B fift, 00 5155 B8 I 35 (19 WIPC o} R 5818 G P05 G 1) 5 o 2 400 5 A/ g T A OB
JRIHSRME A AT AE &, 3 BN REVR,  RTIE & Rh AL AR P SR B RE IR S AR 7= G T
MIMTSEEL T AR S5 08 IR SR SR AR, T G IR IR 5 AR & 0% I 2R 2]

PO ARRRNEAR, R LEW LR IHERR I B B, % BR DR AR f s 7= A =4 8 B
(17, T3 200 AR A B S AR A R T 15 B8R 2 1 T3] [4] [5] [6]. A AVEAG. FoE PEZAN
BIEESE, PRSI T AP R [7] [8]. 75 B A= Wi ik AT K ) CAC I SR oo b o o A= e ) e ) 7
BFEAMAINE. SR Al M RAREE[9]-[14] o Horbr, MEAGZRAEAL AT LAREAR S S0
P RR AR RIEYE, SEIME SRR . R E LR, TR ARARA B
TELR IR I AL TIRZE T80 BEAE 8 G A= P e I Fd R O 46 SR 2 A OB, BIRE T 5 2 [ K [15]
HZSM-5 [HHARUFMFARIERRPE, B FaCHeRE DRI ERBR S I, AL AR RO B MR, W&
B EOL JE 4B N, Pd,  Ag RS & A LA AN U 0 XD Re AL I [16] [17].

TS WPC A R B m R . H AR =W I i O DA R R o ) o B IOAEL, AR S IR A
AQ/HZSM-5 AL, KH Py-GCIMS e B AN - 58 I 25 34 BEH(WF-PP) AT PRs A 0 = idk A7
FELROHT, HEEARF TN AgHZSM-5 LTINS WF-PP PR S P M i s, it 7= Mt e o4,
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LA B WPC 2L 5t 5 J0RL 2 1] F A I R RO, 9 FR AN =R & AW B O B A BB AR 2R, O WIPC R 5
Yy R A S BB R BOR SCH .

2. SLHERSy
2.1 B

HURFES AR - BNIGEE A M ENWF-PP), #AR¥S PP &L 1.1, BARIEML K=Y R
Bl SRR AH S E S =424t WE-PP a1 0%, S EIRAE/NT 96 um AIRMAAE, EHATE T
105°C + 2 CHIMEM N T E S KENT 2%.

2.2. Ag/IHZSM-5 4 FIRI I SRIE

PL HZSM-5 A3k (R I K22 AT, SiOL/ALO, Lt 25), SRAIZARFUIR kbl &%, il iHE Ag %
TR FE R IREAE ) Ag Tk & . 53] Ag/IHZSM-5 465, 104 x% Ag/IHZSM-5, H Ag, #ow, Hrb
X N Ag fH# &, x=0.28, 0.42.

M HAH % D/max2200 ! X SHZATHAC, REFEM K XRD W&, 40 HAFEL . WK AH Cu
H, VI 5°~50° (20), FHEZK 4°/min, RN 40KV, EHITY 30 mA.

XPS ¥ FT FHAX #%2% 35 [F Thermo Fisher Sci-entific /A 724571 K Alpha % X-5F 48 % B 7 BEREAY,
XPS 3% Mg Ka $F£835 (hv = 12 kV), Hif 6 mA, 2= E 45 1 x 107 mbar, #idfE 50 eV, FH
V5 YLt Cls (Eb = 284.6 eV)/ERE B IE .

2.3. WF-PP fEZ: 4L 3B (Py-GC/MS)

PR A SR I0 76 3 [ CDS A 5] CDS5200HP-R 24 #s Fogil. PROERMRSLIGH, EATE PN —
S8 B A0 JER L 0.3 mg (1 JFURRT— 5 8 KA DA, A SRR JEURE I A DA LE S R RIURL A 8 W A 9
TEAE AL SR S0 b AR JFORE R LR 2 B P A SERE BRI, PRIA LRI = #042 0.3 mg, AL 2 [ &
PRIGVE R, #Afire JEUR 00 7 ity 20 20 (A0 001 I AR DRAIE R SR e B B I L FRZ . 1€ 1 & Py-GCIMS
SEEGHE i IR R A

Pyrolysis tube

Quartz wool

WE-PP
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@ (b)

Figure 1. The preparation of analytical Py-GC/MS experimental samples: (a) for fast pyrolysis of
WF-PP samples; (b) for secondary catalytic conversion of the primary products
& 1. Py-GC/MS SRt mmrY R R EE : (a) WF-PP REmIAAE; (b) AR =4I
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INGRA R AR B B R THE I R 20°C/ms, AR 550°C , FAFIN 18] 15 55 P AL 50 1% IR % 285°C,
BERE IR 280°C LAR IEAT HLASVR Ak 2 SLIGIGAIE , PRI 18] 15 s & LIE JFURI 24 iR 58 45, 1418 SCHiR[18],
550°C M A SRR A 2 A3 R ME P2 P2 2R B s« WIPC AR R34 N Agilent /A 7] 6890N/5973i 7!
SR BEFAL(GCIMS) BT E LR 20 M« (a4 9 DB-17 ms 414 4E(0.25 mm x 30 m x 0.25 pm), ZMik N
1:50. GC F£ /5 THE M : 40°C -4 4 min. FHEHZ 5°C/min. 245 230°C 454 2 min. B TIRIEE A 280°C,
A NISTO02 T e fff e A A L R

3. BEREITE
3.1. Ag/HZSM-5 L FIRIRIELE R

2y HZSM-5 FIA [F] 1 45 1K) AgIHZSM-5 JEALFIRE St i) XRD 15 &, A KM AQ,0 HIFFAENT S
U I PRI Ag BT NBEA BUE A TR R AR S R [19], U0 Ag T LA M BT HZSM-5 4T §ii
K. AHE—PHEE Ag,0 Bk <3 nm ) XRD # il R AT HZSM-5 =2y i) i 7= i i sz i, K XPS S
AL AT 7R IO & &

3 & AQ/HZSM-5 fEALFFI XPS 3 . 48 XPS Al 7 Hrffi e : A7 IR IHE Ag, Si, Al, O PUFiT
%, HEZaRRn S omE I, K ifikim Ag & 2505 0.28%7H1 0.42%, WEFR, 45
AREALT 374 A1 368 eV [ 73 BV JE T Agsgd/2 Al Agsg5/2. ARFEXT Ag TG XPS I [ A7 B AN 43 224175
SIRTRIAEL, HONSEAAS Ag S G Rele, Rk, X TMAAE Ag & &1 Ag/HZSM-5 LR, Ag TuE
DA A S T AR AE TR .

3.2. WF-PP =4

4 f= WF-PP fEZ AR R L SRS 4 GCIMS M3 B R B F il I, Bl g
WE-PP 13 2 P ML B 42 1 iR

HIZe L AT CUR Y, P9 E BAE R I SL A A A 25 E AR 1, DR 2R o SRk 7 W A EL [20]
[21] [22], WF-PP 2@ WA S A AR RS- IRE . B Wl TR R, 2R M HATEMSE S Aa
WL, 5 RINIRRAE = . WF-PP R3] C5-C27 Je K LB ik 5 S e R A, BRI,
DR L BEAN K B4 58 A ik A

J J ‘ f I HZSM-5

.‘.,.JLL AMALA ~M,AJ“\«M..M\ AR A
)M \ Jhn AQ.42
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Figure 2. XRD patterns of HZSM-5 and different Ag/HZSM-5

B 2. HZSM-5 F1A[E] Ag/HZSM-5 L FIRERET XRD i
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Table 1. Assignment of WF-PP pyrolysis products

5% 1. WF-PP 3fEr=4)

Peak RT (min) Compound name/synonyms Formula MW
1 1.61 Carbon dioxide CO; 44
2 1.89 Pentane CsHiz 72
3 213 2-Methyl-1-pentene CgHi2 84
4 2.75 Acetic acid C,H,0; 60
5 2.81 Hydroxy-acetaldehyde C,H,0, 60
6 4.30 1-Hydroxy-2-propanone C3HgO, 74
7 4.65 2,4-Dimethyl-1-heptene CoHisg 126
8 7.86 1-Hydroxy-2-propanone C3HsO, 74
9 8.87 2-Oxo-propanoic acid, methyl ester C4Hs05 102
10 9.35 Propanal CsHgO 58
11 9.93 Furfural CsH.0; 96
12 11.63 2,4,6-Trimethyl-1-nonene CioHyg 168
13 11.77 4,6,8-Trimethyl-2-nonene CioHa 168
14 13.12 1,2-Cyclopentanedione CsHgO, 98
15 13.95 Phenol CeHsO 94
16 14.38 2-Hydroxypropyl acrylate CeH1005 130
17 15.06 2(5H)-Furanone C4H,0; 84
18 15.80 2H-Pyran-2,6(3H)-dione CsH403 112
19 16.09 2-Methyl-hexanal C/H1.0 114

20 16.33 2-Hydroxy-3-methyl-2-cyclopenten-1-one CeHs02 112
21 16.47 3-Methyl-2(5H)-furanone CsHg0, 98
22 16.80 Unknown Unknown 112
23 17.99 2-Methoxy-phenol C7H;0, 124
24 18.09 4,6,8,10-Tetramethyl-2-undecene CisHso 210
25 18.30 2,4,6,8-Tetramethyl-1-undecene CisH3o 210
26 18.53 2,4,6,8-Tetramethyl-1-undecene CisH3o 210
27 18.97 5-Hydroxymethyldihydrofuran-2-one CsHg03 116
28 19.09 4-(3-Methoxycarbonylpropyl)-4-butanolide CyH140, 186
29 19.84 Benzoic Acid C7HeO, 122
30 20.38 2,4,6,8,10-Pentamethyl-1-undecene CieHa2 222
31 20.56 2,3-Dihydroxybenzaldehyde C7HsO3 138
32 20.67 Dihydro-4-hydroxy-2(3H)-furanone C4Hs03 102
33 20.82 2-Methoxy-4-methyl-phenol CgH100, 138
34 21.14 2,5-Dimethyl-4-hydroxy-3(2H)-furanone CeHs03 128
35 21.42 1,2-Benzenediol CeHsO- 110
36 23.02 3-Methyl-2,4(3H,5H)-furandione CsHgO3 114
37 23.09 Tetrahydro-6-methyl-2H-pyran-2-one CeH100, 114
38 23.17 3-Hydroxy-cyclohexanone CeH100, 114
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Continued
39 23.52 4,6,8,10-Teramethyl-tridecane Ci7H36 240
40 23.72 3-Methoxy-1,2-benzenediol C7Hs05 140
41 24.10 2,4,6,8,10-Pentamethyl-1-tridecene CisHss 252
42 24.16 4,6,8,10,12-Pentamethyl-2-tridecene CisH3 252
43 24.21 5-(Hydroxymethyl)-2-furancarboxaldehyde C6H603 126
44 24.37 2,4,6,8,10-Pentamethyl-1-tridecene CisH3s 252
45 24.60 2-Methoxy-4-vinylphenol CyH100, 150
46 25.35 3-Allyl-6-methoxyphenol C10H1,0, 164
47 25.57 2,4,6,8,10,12-Hexamethyl-1,12-tridecene CioH3s 264
48 26.05 2-Ethenyl-4-methyl-1,3-dioxolane CeH100, 114
49 26.10 3,4-Dimethoxy-phenol CsH1003 154
50 26.83 2,6-Dimethoxy-phenol CsH1003 154
51 28.10 (E)-2-Methoxy-4-(1-propenyl)-phenol C10H1,0, 164
52 28.28 2,4,6,8,10,12-Hexamethyl-1-tridecene CioH3s 264
53 28.48 Vanillin CgHsO4 152
54 28.87 4-Hydroxy-3-methoxy-benzoic acid CgHs04 168
55 29.29 Methylparaben CsHgO3 152
56 29.49 4,6,8,10,12-Hexamethyl-2-pentadecene CaoHao 280
57 29.65 2,3-Dihydro-7-hydroxy-3-methyl-1H-inden-1-one C10H100, 162
58 29.80 6-Methoxy-3-methylbenzofuran C10H100, 162
59 29.85 Homovanillyl alcohol CoH;1,03 168
60 30.15 2,4,6,8,10,12-Hexamethyl-pentadecene CoiHa 294
61 30.49 5-Tert-butylpyrogallol C10H1405 182
62 30.54 1-(4-Hydroxy-3-methoxyphenyl)-ethanone CyH1005 166
63 31.53 Homovanillyl alcohol CoH1,03 168
64 31.92 4-Methyl-2,5-dimethoxybenzaldehyde C1oH1205 180
65 32.33 Diethyl Phthalate C12H1404 222
66 32.43 2,6-Dimethoxy-4-(2-propenyl)-phenol C11H1405 194
67 32.53 2,4,6,8,10,12,14-Heptamethyl-1,14-pentadecadiene CooHas 306
68 33.02 2,4,6,8,10,12,14-Heptamethyl-pentadecene CooHas 306
69 33.75 3-Hydroxy-4-methoxycinnamic acid C11H1405 194
70 34.27 2,4,6,8,10,12,14,16-Octamethyl-heptadecene CasHso 348
71 34.89 2,6-Dimethoxy-4-(2-propenyl)-phenol C11H1405 194
72 35.08 4,4-Dimethyl-6-hydroxy-3,4-dihydrocoumarin C1H1,0; 192
73 35.42 4-Hydroxy-3,5-dimethoxy-benzaldehyde CyH1004 182
74 36.01 n-Hexadecanoic acid Ci6H3.0, 256
75 36.39 2,4,6,8,10,12,14-Heptamethyl-nonadecene CasHs2 364
76 36.63 4-Hydroxy-2-methoxycinnamaldehyde C10H1003 178
77 36.76 1-(4-Hydroxy-3,5-dimethoxyphenyl)-ethanone C10H1,0,4 196
78 37.56 Desaspidinol C11H1404 210
79 38.01 2,4,6,8,10,12,14,16-Octamethyl-nonadecene CoHss 378
Reaction conditions: heating rate 20°C/ms, reaction temperature 550°C, reaction time 15 s.
DOI: 10.12677/ms.2018.84043 387 MEEREE


https://doi.org/10.12677/ms.2018.84043

G 2E

6500+ Ag3d,, —— AQ042

A28

Counts/s
:

30001V \onn \ N
30 365 30 35 380
Binding Energy/eVV

Figure 3. AgsgXPS spectra of different Ag/HZSM-5
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Figure 4. Total ion chromatograms of WF-PP catalytic cracking

& 4. WF-PP UL BRI R EFRILEE
3.3. HE~IPERRENEEENENLSE

N T LA AR I R RE I, SEIRE AR, TR SRR AR AR B AR SRR 1 5 R A S
LTH BRARRE F SR o 2R PP 52 o TRLAE AN [R] S 56 o T 43 B 10 [R) — R, 38 et bl s L0 R )
YN AL, TR L P R AR A e A T I B I T R A AR AL, TR AR R R S R
40 [23]

1 2 WoR AR R e AN 05 A I o L B BRI . AT DU H T AR R TR R
WF-PP = A K s g ik, SCHR[20] [24] [25]30IE (I AE 4R 2= M Wi j = e il /b, DRIk T DA
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Table 2. Catalyst’s effect on the production of aliphatic hydrocarbon and aromatic hydrocarbons
2. UK EREMFERB LS 200

Peak area/%
Sample
Aliphatic hydrocarbons Aromatic hydrocarbons Total hydrocarbons
WEF-PP 27.891 0 27.891
HZSM-5 23.454 24.443 47.897
Ag0.28 24.164 18.763 42.927
Ag0.42 23.152 24973 48.125

Reaction conditions: heating rate 20°C /s, reaction temperature 550°C, reaction time 15 s.

Jig i e WF-PP th PP 7E it T REALITHE R AR ) . WIF-PP ZRAF 28T HZSM-5 AL J e I e 2 s
Gk, FHERESEIGIN. J5ERIA T RER HZSM-5 LRI Y, TRAR A/ NE#PEA ¢, Carlson
SE[26]0F 7T T A FAMFAE ZSM-5 NIRRT EIRAC S R AR . WA R ARIE R AR
P FRE e deA, Al MG RN, X m S BT O BRI A . ARTT A, e
IR TR AE Y R HIC L, SRR RE, WR-PP R4S 21 (1 AP0l A% G W) o JEURERE
feAs B LI A TR . HZSM-5 R A T3 M Al d it . 151 5 R 1AL FIN 55 B iR &4

R .
34. ZEUEFEHEHAMIETRER

M 5(a) R AFE H WF-PP U AT 2K, HR, 6 ISR A o (2 WF-PP i 2514 HZSM-5
AT AL S, A, FISE, X HORES B ORIENE . AN MR 5 VF 2 07 & e i & s,
X AT eSS HZSM-5 AL TN J7 E i M R B AL B A5 R I3 e RESE I A= 40k F) = Joe AL AT VL

K 5(b) o T HEALTIXT @ AUARIEMIE T F EAR R ATE RN . B AT LA B S 80T A
FREMEM GRS . REEP S DARFERATEDRA BN, (ER SRR A R R,
RIFERATEY C-O $E sl C-C MAEMEMTIMIEM TWiER, %L H,0. CO M CO, MTEAFRE, mEAMTT
whe, MTARRERNAEYEEER, 2 TER, XER A SEEDMAER, e RdEh i
MEALFE AR P W ik B 0E AR BORATAEY), FRIRADuhR I, 32 A P

35 BAMXMRLEXESEENTR

FRPIRPVE &, BN EY T RER BN A M E R =Y. BRI A, Gk AT
VIFIREA RS A, JOHRIEAEFANL TR, A r=fh2=dli b 158 6 i 1A AR f5 7=
HHIERI I & R, MBI AT LUE B, S G IR, 2-FF AR, PRIk, 2-FF IR IR
I, HRRIEMEZ M 0% (T GCIMS (s Ak B ) 34 hn 42 5%, XEYt, 4 AgIHZSM-5 fiEfl
th4 HZSM-5 AL &2 — %, U Ag BN RERR I N UL DOSRIRIB SRR & . SMiE
FRIE N 2(5H)-PRIR B & Sk b, Ag IS IR0k, Uil] Ag fEH s TIREZEER. Xt
T UL F RIS o )R A DR — 7 THI AT B A AR A0 0T 2R A I DA A e i A AR ER B KR Ak
EMAMENFIEAST A TR, O BERRIR S T, 53— 7 THI A AR 0 o0 AR A P A e 5 Ik M S ot
SR EATIRZ I TE Ag B T R AE NIRRT R N, BUE LA RERRAC, D B I 2 F ki

WPC @& AN FIEEHE N #AE BORAS BT, A IR (81 A A 5 R B R A (1], R A
fif R LATAT SRR A AR UL o) S 24, HUE AT T2 IR 1520 2 ATt 454 SCHk[16] [27] [28], kTS
FIRAE DB = Mg, — R4 R A4 R RS BRI R, BRIRZRY) R4
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Figure 5. The effect of catalysts on the production of aromatic compounds

B 5 EXFINSERLEYSENENM

DOI: 10.12677/ms.2018.84043 390 MRl 24


https://doi.org/10.12677/ms.2018.84043

G 2E

WF-PP

;| o HZSM-5

% @ Ag0.28
Ag0.42

Peak area (%)
Q
O
=

' S OSQK
Wl % [l m

1
1 2 6

Figure 6. The effect of catalysts on the production of furans

B 6. HEAFIXRIEEY RS 2R

BRI IR DR, BN RS EFRILEY), R RIAR R4 AR R R T ED A
TR )Z B AR, C-O ikl C-C W Z445 30 75 A et &4, 1B i S0 T 24 T 56 K A6 7E IR (AL R I B M 3
ATREE I MK, B ERAN R SN 43 B AE K, CO Al CO, fikR 25 . =& PP 3= AR IR R4 HZSM-5 1
WHIBE AT 207 R A, w1 fos.

36. Bt BMMRZELAESEZHER

AW T3 Ah— A E RV TR B A AR . G, 2RI ARG EEAN 23 B BE I TR TR K
MR T H MBI R KRR, IO RAEYI AR E R EZRK . K7 BT AR REA &
TR, K LR, R 1,2- ZIRIIA bt AL S 5 sl b 10 53 S PRI SE S g T
P SR P/ R T4 e AR A i RO R E

FIREH TR pH ERMGAEAEY RAEhE, WS RIRF EE, F%EP/E‘?%B%%B‘JﬁME‘E
MR, WEL T LR B 2R E BN, HZSM-5 ff IR & s g/b . X EERF A5 FififEH
T, SRR MG RASE RIS DT R [29]

4, g5ig

FIH Py-GCIMS 734t T HZSM-5 fiE4L 7T PP &4 AR WPC 247 = VIl fb 52 . HZSM-5 34 1 7% &
KSR, RN ATV 9k K S ECEY I ESE N, SCE AR, s A
fﬁ Ag I BB R B3 ki, 2-FFBEIR, ZRIFIRIR,  2- FF IR DRI 7 &2 1 1Y 2R PR R 70 ol 1) 2%

&, zéf’éwimﬁu 2(5H)-MRmi e & &g b, HAE Ag I1EH MR E &I 28D . HZSM-5 BE (KA1
W R B, FRAR A0 R o
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