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Abstract:
pyrolysis of organic fraction of municipal solid waste (OFMSW) at the final pyrolysis temperatures of 600, 700 and 800°C,

A series of batch experiments were performed to characterize the composition change of tars generated from

respectively. The carbon content in the tars increased from 74.49% to 83.42% with the pyrolysis temperature increased from
600 to 800°C. Although the aromaticity of tars was higher than OFMSW and lower than chars, the polarity of tars was lower
than both OFMSW and chars. Decreases in H/C and O/C ratios in tars were observed with the increase in final pyrolysis
temperature. The content of polycyclic aromatic hydrocarbons (PAHs), the dominant components of tars, increased from
54.06% to 83.45% when the pyrolysis temperature rose from 600 to 800°C. Naphthalene and its derivatives were main
components of PAHs, and they accounted for 50.72%, 46.80% and 39.26% of total PAHs in tars that were obtained at 600,
700, 800°C, respectively. The pyrolysis tars generated from OFMSW could be utilized as carbon based matrix composites and
the raw materials for the production of dyes, resins, solvents, and insect repellents, etc.
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Table 1 Ultimate analysis of tars obtained at different
temperatures
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Table 2 Ultimate analysis of chars obtained at different

temperatures
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Table 3 Chemical composition of tars derived from

OFMSW pyrolysis
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1,3- 2R CisHye 0.86  0.09  0.06




830 H o R % 36 %
g3k 3 4R 3
. HIXT 5 (%) o . HIXT 5 (%)
feriat e 600°C  700°C  800°C feirirat e 600°C  700°C  800°C
= CysHia 035 147  0.19 1,12- 26918 CooHis — 023 1.07
] =R CisHyg — — 0.16 it Ci3Hyp — 0.56  0.40
T = 2 CisHyy — 0.15 — & CioHyo — — 0.24
SREE-L1:3, 1=K Coalls 021 027 0.7 it CyoHiz — — 0.18
= CioHs 8.94 2284 2745 AR CiHio 041 029 —
1-FIEZE CiHyp 960 875 276 sk CoHN — 020 023
1*1%% C[zH]z 1.23 — —_— 2,2,6,6’@ W%747%%W C9H15N03 - - 0.08
1,2- "4 ZE CioHyo 036  0.14  0.08 LIS CgH/N — — 0.10
1,3- = HI%EZE CiHpz 0.60  0.55 034 1,3,5- = FI& LR CoH,,0;3 — 0.09 —
2,3’: tﬁ%§ C[zH]z 054 — 032 :%#nji”ﬁ C[szO - - 015
2,6- L% CiHpp 1.22 — — 1,4:3,6—:Emik—a—d—ﬂfllﬁi% CHeOs o 0.44 -
2,7- I SEZE CioHin 228 083 046 Gk
2-LIFFEZE CiHyp 1.01 098  0.89 . s X I
2 HHZE City 150 155 007 MSW %ﬂﬁ@ﬂﬁ*,%ﬂﬁ%ﬂfb&z\éﬁ@ LR
N N N, N, >3 ] -
2R CisHug 0.14 - - @,H%Yﬂﬂqjﬁiﬁkﬁ’}éx %ﬁié\ EIEJ\ 1% EE\ %\
L2 Cole T NS SRR AR AL A B T A T
LI-e 28 CaoH — — . N ) . i . .
PN ot L ous S TRVREE (b T i 2Rk A T k) D P AR
- — R 20- - .
’ > N N _ N 3 4 \
ks CiaHio 0.64 255 — &@[14]@3?%4@}533{@%&? 5— FF L bRE 1 1) 4y
i Collo - — 086 — SRS T AR TR SR A
— LRI CiH — — 0.32 N . " .
s - vss RIS IR ] RS T 4T 4 SR LT 22
MR e - . . & ) =) N
O-Z ML CeHin 051 075 071 (123 At R L 2R PR SR TT RE S /N T
NN v [16 N
Pl Cilip 035 200 478 Joeh R FURIR/E 2ih N B84 1 il OBt A St 20
e TR R RSN A
H I [e]Pe H — . — ‘ : e
p O o vae vewe A ERENI T I, 2 A, B
12— Cully  — 009 006 U, I RRIS I T AT AR TG ISR E T R AR T
I Cuftie 214067220 AT/ K CORMIFA AWy T B 975
4H- 34 JX[DEF]3E CisHip 028 — — A A1)
3,6- LR CieHy4 0.09 — — PR R
-3 — 074 093
AH-FA T4k CisHyo . N o
Uil CiHp 161 318 327 F4 EMPZERUEYNEE
1-Hid-OH-%jj CiaHiz — — 034 Table 4 Relative content of chemical components of tars
2-HE-OH-) Cratiy 291 063 037 obtained at different temperatures
2,3’: ‘#%’9]’1’% C|5H]4 035 — —_— —
-7 1.93 T AN £ B (%)
1TH-Z£ I [b] %) Ci7Hpz 0.68  1.05 . T u
600°C 700°C 800°C
Y eA] CoHyo 044  0.16 —
2-FIJEE CioHyp 5.73 1.15  0.52 Lk 0.40 0.14 0.12
JB A — J—
2-FJE-1H B CioHiy — 0.20 — Wi 1.42 -
1,3- = H5E-1H-¢f CiHp, 1.35 — — 2R S AT A 4.09 1.05 1
2- 43~ 1H-Efi CyHy, 0.33 — — 173 0.65 0.12 —
2- I 1H-Efi CisHp, 0.35 — — 73 0.37 — —
[ Ci6Hyo 0.68 299 512 il 0.84 — 0.20
b —
1-FETE Cy7Hp, 0.55 112 0.64 i 0.16 g.gg
e
34~ AR I [ed] CysHia — — 0.54 $%fki 13.74 3.81 83. 0
R I [cd]tE CisHio — — 0.31 f%ﬁf 54.06 76.16 ' .56
HIE[etE CyoH), — 0.88  3.64 KIMEAEY) — 0.73 .




3 3 5K 5 «

S LT Ik A7 L3R AR A v B 1) R

831

3. K 4 KW, 27518 (PAHS,C19~Cas) ST
FEH IR ROy B A PR 2N 600°C T &
800°C, PAHs 5 M 54.06%14 45 83.45%,3X 5 A
S SCERM IR o 46 S — B S A HIC 281k
At — 2 A PAHSs S, — T2
T 05 A WA B W A 53 iR SO T TR A B
R, 0 UL T M DA 2R 23 i S U 5 — i T
re i AR I R s 2 UK B 1Y PAHSs. PAHS AF AL
PR 2 9% 2 832 172 Diels-Alder JxNVEE1E,
RIAE il T ot e 8 Mot A7 1 J FH 45 0 0 o
IR 28 B RN AR 1 22 34 5 98 TR I S A —
IR R 5 2RI SR R, S 43 BN R
N R PAHs B IS 28 BR (1) 46 5% s N $2 A2 B
PAHs!! X 86 5 3 A i~ 5 5 kAR e o
52 PAHs (R IR, AERRYE S AT N A5 2% 1) Tk
WA W R R G I R Gk 2 CO
H H L — 20 T A R I I I IR R e —

H 7 A I = i, 2D A A Rl

28R B A H IR = AEAH N B RS, AT DL 2R
I B SR A A O A A LA SRR ) 5
FALEWCLNE 4 AT LLF B PRI (T
LIRS Keke s M LAy S I B
B9 D, R R LA PAHs 2 E
Diels—Alder & N LA R S AT AR 1 il
SV A T

P A P A7 AE D RS B A A,
2,2,6,6- VY F 34— IR g I 45, 31X ] fig o th T Ok
)R TR AR B T AR I RS )
PN T Jr R 248 P8 T e ), ot i 2 11%) 1 vy 8 v v 1)
AN SR E A WA AL S 0 BURAE £
M GC-MS i g R, JLF- %A K& B Al
TR Y AT TS EUR I T 2
T, 40 CH,S'. (CH,)4C=N 2%
2.3 fEyli PAHs 141K

PAHs & A2 3 1) 5 B2 i, T AR HLAE £
TH R 2L 53 ) A 1R 3 R 28 DG T EEL N
%3 TSI, PHAs HICOR . 250 B dE. 5. B,
BE e FLR N (AT A 4Lk, R IR & D s
i JEFEAE.

Kl 3 4Lk PAHS 4RI o A 1.

55

50 f
b“'
a5 r R
40 1
< K
S 35 ¢ K
X
L8 30 | b
T o5t &
= K
= 20 %
151 g
10 t 8 B
by R
5 B il .
KX Q ) o R
o LA B X K R K KX -
408 8 ¥ o#4 & § =
‘ ; ; ‘ ‘ ‘ ;
& & & \\\—‘ \\\—‘ \\\—‘ {;
2o = =K = K K
= N R = = I
Bom 2B % 8B 9 ®
,;}:{

3 PAHs [¥12H o) i
Fig.3 Component distribution of PAHs

M 3 FTLLE A S 200 1 T v £
MR ZE L B J5 AU DY AT AR A ) B AT 32
TRE R FES A HAH N AT AR 4 1) B 4B AR
38 0,3 A] B8 T Rl A WL 1) T R PAHs
By e T M AR s gt — R
(¥ 1 P 3 S AT DA o 3E B 2 B i
S7NGIE R I VATIRI A0 (£ Y A e R o
AW 22 3805 S 1 BN A VIR 24 600
700 800°C i 43l ' PAHs ] 50.72%- 46.80%-
39.26%, bifi 45 A 2 (0 T v SL L ) 2R T R
B A AR T AE AR 2430 800 °C (1) A5 vk v L Ll 431
k. 28R F B A T J50RE, v DL £ il 42
IZEEA W) o, T G Bk, IR .
K L 4

3 #Hig

3.1 C AR B Rt 3 b AR AR
TRl C 3 R 0 S S AR AR
C o, T HAEmRE S A AR

3.2 AR T A AR B v JEURM I AR T S ok,
FE R AR AR T BB RN S e, Bl A R 283
)T e, 5 H/C R O/C 32 3T FRAIK.

3.3 PAHs &M EZ Ry, 8 mhf
fift 243 B TF v i B i PAHs E @ i Diels—
Alder SN LA K Ry B SLAT A IR B HH 2 S
e 1 2% S AT R ) 2 £ PAH 1) By



832 heOE R

B2 36 %

SE K-
[1] Asadieraghi M, Daud W M A W. Characterization of

lignocellulosic biomass thermal degradation and physiochemical

structure: Effects of demineralization by diverse acid solutions [J].

Energy Conversion and Management, 2014,82:71-82.

[2] He M Y, Xiao B, Liu S M, et al. Syngas production from
pyrolysis of municipal solid waste (MSW) with dolomite as
downstream catalysts [J]. Journal of Analytical and Applied
Pyrolysis, 2010,87(2):181-187.

[3] # K, T 5,SEGUN Giwa, 55 38 117 75 U8 5 B U Ak At 1
N ] ESR R, 2015,35(3):804-810.

[4] Jeffery S, Verheijen F G A, Van Der V M, et al. A quantitative
review of the effects of biochar application to soils on crop
productivity using meta-analysis [J]. Agriculture Ecosystems &
Environment, 2011,144(1):175-187.

[5] Sun L S, Shi J M, Xiang J, et al. Study on the release
characteristics of HCN and NH; during coal gasification [J].
Asia—Pacific Journal of Chemical Engineering, 2010,5(3):403-
407.

[6] LiulJH, HuH Q, Jin LJ, et al. Integrated coal pyrolysis with CO,
reforming of methane over Ni/MgO catalyst for improving tar
yield [J]. Fuel Processing Technology, 2010,91(4):419-423.

[77 YuHM, Zhang Z, Li Z S, et al. Characteristics of tar formation
during cellulose, hemicellulose and lignin gasification [J]. Fuel,
2014,118:250-256.

[8] Ates F, Miskolczi N, Borsodi N. Comparision of real waste
(MSW and MPW) pyrolysis in batch reactor over different
catalysts. Part I: Product yields, gas and pyrolysis oil properties
[J]. Bioresource Technology, 2013,133:443-454.

[9] Song K L, Wu Q L, Zhang Z, et al. Fabricating electrospun
nanofibers with antimicrobial capability: A facile route to recycle
biomass tar [J]. Fuel, 2015,150:123-130.

[10] Wang P F, Jin L J, Liu J H, et al. Analysis of coal tar derived
from pyrolysis at different atmospheres [J]. Fuel, 2013,104:
14-21.

[11] Ates F, Islkdag M A. Influence of temperature and alumina
catalyst on pyrolysis of corncob [J]. Fuel, 2009,88(10):1991—
1997.

[12] LiSJ, Sanna A, Andresen J M, et al. Influence of temperature on
pyrolysis of recycled organic matter from municipal solid waste
using an activated olivine fluidized bed [J]. Fuel Processing
Technology, 2011,92(9):1776-1782.

[13] Chen Y Q, Yang H P, Wang X H,et al. Biomass—based pyrolytic
polygeneration system on cotton stalk pyrolysis: influence of
temperature [J]. Bioresource Technology, 2012,107:411-418.

[14] Li S, Lyons—Hart J, Banyasz J, et al. Real-time evolved gas
analysis by FTIR method: An experimental study of cellulose

(15

(16

(17

(18

[19

[20

[21

[22

[23

]

]

pyrolysis [J]. Fuel, 2001,80(12):1809-1817.

Patwardhan P R, Dalluge D L, Shanks B H, et al. Distinguishing
primary and secondary reactions of cellulose pyrolysis [J].
Bioresource Technology, 2011,102(8):5265-5269.

SR 53 9k T v K e SR s L G T T R PR 9 (D).
IRV I R K22, 2007.

Gunawardena D A, Fernando S D. Thermal conversion of glucose
to aromatic hydrocarbons via pressurized secondary pyrolysis [J].
Bioresource Technology, 2011,102(21):10089-10093.

A E R R, R M, S5 S DR 2T 4 R A e I v R
HLEEBETT (7). BORHLA 241, 2014,42(4):415-419.

Koo J K, Kim S W, Seo Y H. Characterization of aromatic
hydrocarbon formation from pyrolysis of polyethylene-
polystyrene mixtures [J]. Resources Conservation & Recycling,
1991,5(4):365-382.

Ratcliff M A, Medley E E, Simmonds P G. Pyrolysis of Amino
Acids. Mechanistic Considerations [J]. Journal of Organic
Chemistry, 1974,39(11):1481-1490.

RS, £ 0, 55,5 PVC B R HCL MR &
WA EE [J]. R EFREERFE, 2015,35(8):2460-2469.

Marinov N M, Pitz W J , Westbrook C K, et al. Aromatic and
Polycyclic Aromatic Hydrocarbon Formation in a Laminar
Premixed n —-Butane Flame [J]. Combustion & Flame, 1998,
114(1/2):192-213.

MRBLAERT I A R AEA R R AL T ] [D]. A lE:
T EREBAR K, 2009.

TEZ TR : K MBE(1965-), T, TP, I T-RITF0 A, 3 A (A
PRI G JFALRIT AL



