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Fast Pyrolysis of Biomass for Generation of Value Added
Chemicals in a Bubbling Fluidized Bed Pyrolyzer
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Biomass pyrolysis is one of the useful thermal treatment process which can generate solid, liquid and gas-
phase usable product like fuel and chemical feedstock. In general, it is known that process parameter contained
temperature had an effect on yield and chemical composition of bio-oil. Effect of temperature and gas veloc-
ity(Uy/U,) on the yield of bio-oil has been determined in a bubbling fluidized bed pyrolyzer. Our study aso
was focused on the change of bio-fuel composition using GC-MS. The yield of bio-oil was decreased with an
increase of pyrolysis temperature and gas velocity. Also it should be noted that our study also focused on the
composition change of bio-oil using GC-MS. The oil yield decreased as the pyrolysis temperature and gas
velocity was raised over 400 and Uy/U+=3.0. The maximum yield of bio-oil was as follows; Quercus Acut-
issima=58%, Larix Leptolepis=55% and sewage dudge=56%. And, value added chemicals such as pyro-
catechol, guaiacol, syringol and levoglucosan was existed in bio-oil generated from biomass pyrolyss.
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Table 1. Chemical composition of various biomass

Municipal solid wastes

Quercus Acutissima

Larix Leptolepis

Sewage Sludge

Prosimat Moisture 8.32 6.27 5.62
roxumnate Volatiles 73.94 78.11 64.45
Analysis

Ash 1.02 0.58 29.95

[wt%] .

Fixed Carbon 16.72 15.04 -

C 47.60 47.20 39.96

Ultimate H 6.10 6.00 6.20

Analysis N 0.20 0.10 5.63

[wt%] S 0.00 0.00 1.16

0 46.10 47.60 47.06

Elemental ratio, H/C 1.55 1.53 1.86
Lignin [wt%] 15.00 28.70 -
Holocellulose Cellulose 46.40 48.80 -
[wt%] Hemicellulose 36.50 10.10 -

]
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Fig. 1. Schematic diagram of a bubbling fluidized bed pyrolyzer.

Condenser 1,

Vent

VAl

Electrostatic
precipitator



7ERES GRS IR 8

Aol ARE 7ERES GEelEE Fig 10
EAE AT 53k 7kl Nyv= MFC(Mass Flow
Controller)ol] ]3] Aoist & 300°CE A L= o] WA
7.62 cmx Z°] 80 cme] SUS304 AjZe] f5% Ht
712 Y3, TH)E blo] v 2= screw feeder
o o3| 25 gmin®] HE2 HFFFEJ o I
H 7k ethylen glycolS Wul2 ARE-Ele] -15°C2
A== W2h7lel oJa) ZARIAeA 13} 3]4313 0
2 A A7 RS B YA Qdu|»~EE
3Fsisinh. AME fsAhe W 974(d) 40 ume
white fused alumina®NANKO, DN2343)31°w O,=
AF T8 T F85AF] S flaiAvE ARSI

2.3. MME9o| =8 ¥ =M 24

ARES] &5 A5 8l 35 9d} 2o
TAE AEaldnh. oY W el AEAE flsl
HP-5MS capillary column(30 mx0.25 LD.; film
thickness 0.25)2 “&2Fsk HPAR] 5973 MSD(mass
selective detector)2} 6890 FID(flame ionization
detector)= ARE3II T GEE|F2] 315HE AL B
o} golaAl ¥43] 18k Sipila 5] Wl
g2 789 v Ao RS EEE
A3t ZHe] A7) 1:100] HES A3 £33t
T e RS A< 0.1 um)E B3 AASA
ot B]EA AR FRTE AL T, 40°C olslellA
Az Axd v849 B2 A e
2o gAIA DA 7Ied 2N GC-MS B4
T 84 AES A diethylether® &3}
&](1:1 v/v), ether soluble fraction#} ether insoluble
fraction® = Writh, BR/E Zhzte] AL 135

o &

(<45°CIR ¥, 85 ZHela wEkae] 83147
GC-MS BA4& 85t t)

3.1. &4 /R85 £=(U,y

Ha frest S2E AAsh] flste] EARE AR
t white fused alumina(40 um)e] A 53} &=
SAsiaen, 2 A= Fig. 20 =AsIT f-5
7oA A SE AdEjelA 33]e] AA
24 53t S5 S8 AdAH fdel St
o wet 7 200 mmH,07H4] S7Fekl o

o

ofir

i)

et

=

S IS 913 Hlol ol FEaRs) 77

200 A S — — — —

Pressure drop[mmH,0]

0.507cm/s

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
U, [cm/s]

Fig. 2. The minimum fluidizing velocity (U, with
pressure dropping.

T ol Rl Z7hselE AL,

webd] Eiddo] AP FAE7] AL 0507
cmisE H2: 758 Sw 2959t o1 Ergun
4& AHg3iel AN Aol & AASAD

3.2. HlO|OjA0| AZEE H5|
ulo] omlj2o] G| Al 27l e d
sl7] Sl AxHE AEE oldst] T
siom 1 AAE Fig. 39 YR
2 Az L=l o
o}5H2] Wh-gof o3t BFo] EAS HoF
of ogt 549 FA A 54 AT
. 39 (a)llA] Hi= npe} o] ulo] Quj
e I F REog pRAY, zhzte
H3le= oF 200°ColA] A 2}ated
=k, 5 250~400°Ce] +
F HislE B} vlo]ulx
2 gl WAUSES H=
Hol= Aow Ud#A )
o9, Williams 5-& 3 R0l AEZ QAL OF
300~350°Ce] 7ol A N=™ glzde] 749 o]
B} =& 400°C ool 7oA Eajetiy B s}
3 . Fig. 39 (a)lx BEE nkel 7Ho] 350°C
ojae] FrlellA Yd4e] TGA ZAlo] Arauhiol
Hjsl doidos ehitek 218 & & U o)Ze

i
o

>,
Mo nR Mz ol

M
1%

>’_\‘L4 _124., Oy_ur; ﬂllO r,(

i
R

. H

e o
oy
o

(@

Zodo Ay o oax o 1x do
o

r

o o
oft

P>
I8

)
600°Col A th
ZhollA 714 %
= 77 E£F

o Slsh ol

to
o

=

}

d
B

1-

mlI
ot
12
ol
of

(i
2
)
o &

o e
o
o

=)

e 1z
it

1

A
of

} T AMAA
A5 2lad o) el visl ¢F 13.7% =
7] &l Aow AT}, sEEA e AL Jdds
2 AUl vld] G5 el duidoz 2ok
o =& F&E oz 9ls)] 600°C o]de] F7rolA
= 9F 30%2 FHS Btk Fig 39 (bl BHE
ulel Zro] FH DTG WH3l= 200~400°C F-7HollA

=

ot



78 Azt
100
£
w B0
]
£
i
T &
;
w
wi
g
0
a
N
=
£ m
o]
=
o

2 L[]
Temperature [°C]

- R
an
— Q. Fertissima
25 — L. Lepbkpls
— Sowap Shoge
20
i; 15
o
10
0s
oo
0 i) 600 Bm

Temperature [*C]

Fig. 3. TG and DTG curves of biomass and sewage sludge under N, atmosphere at the heating rates 10 min.
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Table 2. Chemical compounds identified by GC/MS analysis

B
2US GC/MS library(Wiley275)2} ¥

© o

No. Compounds No. Compounds

1 acetic acid 47 3-ethylphenol

2 acetol 48 2,3-xylenol

3 benzene 49 naphthalene

4 popionic acid 50 3,4-dimethylphenol

5 cyclopropylethanone 51 4-methylguaiacol, creosol
6 toluene 52 2,4,5-trimethylphenol

7 cyclopentanone 53 pyrocatechol

8 furfural 54 4-vinylphenol

9 furfuryl alcohol 55 1,4:3,6-dianhydro-a-d-glucopyranose
10 ethylbenzene 56 5-hydroxymethylfurfural

11 m-xylene 57 1-ethyl-4-methoxybenznene
12 acetoxyacetone 58 3-methylcatechol

13 2,5-dimethoxytetrahydrofuran 59 3-methoxycatechol

14 styrene 60 acenaphthylene

15 p-xylene 61 hydroquinone

16 2-methyl-2-cyclopenten-1-one 62 2,3-dihydro-1H-inden-1-one
17 acetylfuran 63 4-ethylguaiacol

18 2(5H)-furanone 64 1- or 2- methylnaphthalene
19 5-methyl-2(3H)-furanone 65 4-methylcatechol

20 5-methyl-2(5H)-furanone 66 3-hydroxybenzaldehyde

21 benzaldehyde 67 4-vinylguaiacol

22 3-methyl-2-cyclopenten-1-one 68 5-methyl-1,3-henzenediol
23 5-methylfurfural 69 2-methyl-1,4-benzenediol
24 1-ethyl-3-methylbenzene 70 syringol

25 3-methyl-2(5H)-furanone 71 eugenol

26 phenol 72 3,4-dimethoxyphenol

27 benzofuran 73 4-propylguaiacol

28 ethenylmethylbenzene 74 1,2,3-benzenetriol

29 2-propenylbenzene 75 4-ethyl-1,3-benzenediol

30 corylone 76 vanillin

31 2,3-diemthyl-2-cyclopenten-1-one 77 trans-isoeugenol

32 1-propynylbenzene 78 2-allyl-4-methylphenol

33 1H-indene 79 2,3-dimethylnaphthalene
34 o-cresol 80 4,5-dimethoxy-2-methylphenol
35 acetic acid, phenyl ester 81 cis-isoeugenol

36 m- or p- cresol 82 acetoguaiacone

37 guaiacol 83 levoglucosan

38 ethenylbenzaldehyde 84 2,3,5-trimethoxytoluene
39 2-methylbenzofuran 85 vanillic acid

40 2,6-xylenol 86 homovanillic acid

41 maltol 87 syringaldehyde

42 3-ethyl-2-hydroxy-2-cyclopenten-1-one 88 4-allylsringol

43 1-methyl-1H-indene 89 acetosyringone

44 2.4-Xylenol 90 anthracene

45 2,3-dihydroxy-bhenzaldehyde 91 methyl-anthracene

46 4-ethylphenol 92 4-methylpenanthracene
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