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ABSTRACT Biomass is considered one of the most promising renewable energy sources, which are being actively researched due to
the depletion of fossil fuels and the global warming issue. Biocrude-oil can be produced through the fast pyrolysis of various biomass
feedstocks, such as wood, crops and agricultural and forestry residues. Because the heat transfer from the hot sand to the biomass
particles is important in the fast pyrolysis process, the particle size is one of the key factors involved in controlling the fast pyrolysis
process. In this study, PKS (Palm Kernel Shell) was used for fast pyrolysis to study the effect of the biomass particle size on the fast
pyrolysis characteristics in a tilted-slide reactor with a biomass capacity of 20 kg/h. The raw biomass was crushed and ground first,
and the resulting particles were sieved into three ranges of particle size, d < 0.5 mm, 0.5 mm <d < 1.0 mm, and 1.0 mm <d <2.0 mm.
At a low pyrolysis temperature, the biocrude-oil yield increased with increasing particle size, while at medium and high temperatures
the yield did not show much variation with the particle size. The heating value of the biocrude-oil increased with increasing particle
size at low temperature, while it decreased significantly at high temperature.
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Fig. 1. PKS biomass

Table 1. Proximate analysis (Dry basis)

Properties PKS Sawdust
Volatile (wt%) 72.6 83.6
Fixed carbon (wt%) 16.8 15.5
Ash (wt%) 10.6 0.9
HHV (kcal/kg) 4376 4231
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Table 2. Elemental analysis (Dry and ash—free basis) o i AR A9 JARSIATE oS YA vtz
Element (wt%) PKS Sawdust FE, PKS Hjo]@ufjA7} FHiETE $itEo] H3ow &
o 19,30 8.7 )i el o olnA Au Aue 4 ol
H 5.50 5.49
° i 0.7 2.2 HIO|RHUS HEAH
N 0.48 0.03
*by difference =oll, F5gEsfol 1= AMESh o= T2t Sl ot

S 13} 3442 B0 Uk ]S 5~Tmm Fol, 2
3} £a4stol 72 2mm of5te] 2|8 THI A A
SIEIc), 23 afeh YA A1 o}831o] 0, 5mm ol
0.5mm~1,0mm 183 1,0mm~2. 0mm H$9] UA=
T8, PKS Hio] @m0 @ oleh 10, 8wt%= H]
WA S Holug HE=O Heiy glo] Hio].df- A
Z0]| ARESFA.

Hho] @ 2l7-0] Al 25 fI5to] Fig, 29] AR} -2 A}
s g5 AEs RIS ol8skdinh W] A EE
Fig. 3o Uepfigie}, SAguiA|el mefje} nlo] emj27}
AR Hkg7] Afeko R e FE o] WheT] WRtellA 9
Al v A W7k dHgollA wEEEaizt dojub,

FE7Aef A vlo|exprt AddE. St

= =
i, BlgE7kAE 357 YRR HiEsE vt 357
9

. . . A WA DA A= Hlo] L UR-E RAKSE] sl
Fig. 2. Tilted—slide fast pyrolyzer

I
] —mmimmm - !
7
Waste heat
|
2 Biomass ! Sand
! v
Y1 , Us : 8
N Heated air N N v
I Pyrolytic gas o 16 18
R O
3
i
i |
Air |
4 v
Nt 5
Vent @
I:I@ e \VAVAVAVAVAVAVAY i 15
Char + Sand § b— %_e =
A 17 [ 14
i

Fig. 3. Schematic of tilted—slide fast pyrolyzer“s]

2017, 12 Vol 13, No.4 57



ﬂ
re
x
ﬂ
X
=N
oy
>
A
_o'y
>
02
0x
re
40

r

o] 23 ol QJato] S5E = WAlo|H, o] ThAo|
A= shell and tube 49| 7H-357] ? A-8-= it
A7 LES] O] PKSE o] 83t afu]Ag oA,
Hlo] 9 95-9] H=gS S = U= ‘é% HS-2m=
580 CZ UEldth o] &xi A9l §-535 H-3-7]of|A]
PKS G4 EE61E 44519 of Hi4&-S Hol= vk
2291 500Cof vlate] w24, o] ¥hg7| 24 2] A}
olo] 7|15k= AR AZbEch 2 A-tollA] ARE A
P FEgEs w7 fe WAl g BRS]

off a7k HAA A ¢t 4

O

A Tt SR T
ol majo} ol sl 0] SIE S0l 55 08
79 v, 2Ry EE W19l $7F olelA] =

27} o]-goh= HIEH AN SAE G onE X =&
< Holz 2wvt g 2 oR dekEr

olgjgt duAE Auts vigo R, diEs| vhe2Ee
510C, 580°C 12]1l 630 C 2 MAslg.on zizte] A8
%71& Table 39| A3kt

el Faka?l viol e 2k= mefe} I fs3 e
shto s FHEY, wfE 7tdsh] 3t GUoE AR
gt B8-S/ B fe g daTlol Fasol d4gS
3laestal, 7HEE Hefs ohA] WS AT R FE o
3ok xo|t,

BB W71 7189 71ERES B BRSOl
Hslo] f-5317 kA Fo] BashA| ol H|go] HA14
ol ¥hg7| A&E &Y 4= Shi= o] Qirt. Hio] eujA9)
E%‘% 2 20kg/hrol™, R 9 AR A7|E o835t

AR Zl

Hlo] @ 9 AZAFA & P Belstct,

=

Table 3. Experimental conditions

Temperature T (C) Particle size d (mm)

d <0.5

510 0.5<{d <10

1.0<d <20

d <0.5

580 0.5<d (10

1.0<d <20

d <0.5

630 0.5<¢d <10

1.0<d <20
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