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Investigation of Physicochemical Properties of Bio-oils Produced
from Pitch Pine (Pinus rigida) at Various Temperatures™!
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ABSTRACT

In this study, fast pyrolysis of pitch pine (Pinus rigida) was performed in a fluidized bed
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reactor under the temperature ranges between 400 and 550°C at the residence time of 19 sec.
Essential pyrolytic products (bio-oil, biochar, and gas) were produced and their yield was clearly
influenced by temperature. The maximum yield of bio-oil was observed to 64.9 wt% (wet basis)
at the temperature of 500°C. As pyrolysis temperature increased, the yield of biochar decreased
from 368 to 111 wt%, while gas amount continuously increased from 161 to 330 wt%. Water
content as well as heating value of bio-oils were obviously sensitive to the pyrolysis temperature.
The water contents in the bio-oil clearly decreased from 261 (400°C) to 119 wt% (550°C), with
increasing the fast pyrolysis temperature, while their higher heating values were increased from
166 MJ/kg to 193 MJ/kg. According to GC/MS analysis, 22 degradation compounds were identified
from the bio-oils and 10 compounds were derived from carbohydrate, 12 compounds were
derived from lignin.

Keywords : pinus rigida, fast pyrolysis, bio-oil, higher heating value, water content, biorefinery

1. A4 2 EARZ 50 7] wiiel ARl A {2 st
= O St E A vto]l ooy
A A5 Aol w2 A A A 2vtsle} 2R ol&d F d¥ 7tsdE F98 M 3
2 3 A M 7HE s o R el e R (Scott et al., 1999).
S dAE F e AR 7 Ay A] Zpdel dig wEAEHE 3 AAEE FR ANES Y
Tilo]l FoiE L git}. o] FolA & Hlo] Q= o o] vlo]o oY, 11/te] u}o]g% a3 H-EFA
A AsZ A & s va oY AYoly] wiE 7h2 M ol5S] & W B3t EAL vlolo
of thA oA Yoz FEw Qlr}. ool wha} A5 i F5, A5 JAAY], 27 T 48 F
A vlel e~ ARRE AstE vhekdt Bl A&m, vEg7] gy, i) 2%, i3 71A19 Al
AyslebA gl datsty FAEe] AFE I vt F AR Sl 9% weva deA ok (Bridge-
FEEEH T4 & ol &sto] upolemj~E water, 2004). thfet nlo] Qw2 AR I}
Hol AnPHE WA= d5eh4] A3 3A FolA 2= AFAIZR vlo]ufjs FAAF9]
ot} F&dEd FAL A Y 24 dlA sl 7123 A Eo] B8k 24 58] W7st
oF 500°C 9]¢ &xoA uto]Qmj A2 S A7k o o] &5 F3 nlo] w9 ES HAUFE o
(& &9]) EF dEaste] A= 71A e st = A7 wol AgHa dekJi-lu, 2007:
713 HES w5 WA 9 AR X E B A Mohan et al., 2006; Uzun et al., 2006).
o2 WA T FA oIt o] HA A AdE A 2 ATAeE 58 a5gedl A E ol &st
o] APEL Aok vaste] ofF 1/3 Jro] A7 o heFet AR 2= oA grigayis d
S YER) 7] wite] dubA o2 vho] 2 2 A (bio-oil) walsle] vlo]e 9 W wlo] Q EHS ﬂuomJﬂ,
L= vho] @ Y1 (biocrude) a2 H-Et}H(Bridgwater, 7} &% ZANA AAE o]|S AR AR &
2004). F&GEa = AeshA Ak Al Bla] 1 s s, gE5EEdY dxd AFELY
F7do] st vkt TR nlojemAE 9= vtole e el &g - #8449 dn EA4E E45
2 o)& 7hesh o] =& A wdel FERn 3l 2%7) vlo] o de] BAd v A=

.
ridgwater, 2003). B}o] 2 Qe do = < T
3l ZgolA AFE thFd 8
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Fig. 1. Schematic diagram of fluidized bed reactor (1 : feeder, 2 : screw feeder, 3 : isolation, 4
: reactor, 5 : cyclone, 6 : char collector, 7 : cooler, 8 : electrostatic precipitator, 9 : filter).
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Fig. 2. Distribution of product yields as a function of pyrolysis temperature (wet basis, residence
time: 1.9 sec).
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Table 1. Physical properties and elemental composition of the biooils (wet basis)

Residence time fixed at 19 sec

Properties 400C 450°C 500°C 550C
Water content (wt%) 261 236 188 119
pH 19 22 25 29
Viscosity (cSt) 102 103 345
Elemental analysis (wt%0)
Carbon 386 431 441 491
Hydrogen 69 66 68 64
Oxygen 545 504 491 445
Nitrogen N/D N/D N/D N/D
Higher heating value (MJ/kg) 166 172 180 193
W FE5EEs 27 Add 1P ESQ] &2 400°C RIS 7t RERE A blo] 2 0 dES T &
oA 36.8 wt%, 550°CollA] 11.2 wt%= &%= S 7}l 271 §lo]l Tt A4S Bt vlojeed W &
e} sk A4S JEt e i 2% 400°Cel A 26.1 wt%, 550°C
UNHA o 7 nlo] Qu~o) FEARE Ay} A E oA 11.9 wt% = Gital] &%=7} oblol whet 7Ha
= T8 ANERJN B 7t d 2] &L R sk 43S eI grvkaur S|
25, G AHEe vhgr] Y AFAIZE Tl A &5 18] 3 EAS W, vfeleode] RS AR
Al @ werha def A 9lvh(Bridgwater and Pea- A Aol 3 FEA FrefE RS ¥ ok i
cocke, 2000). 3 A5 Ao w2 T}k vho] 3 AA T e Eribdo] o HHA S
Qg YRR st ALkE nlo] Qe e i & 4 ) tH(Czernik and Bridgwater, 2004: Mohan
=% oF 500°C Ulell A Hae] +&& Heltka B et al., 2006).
o8 v} 9Jth(Bridgwater et al., 1999a: Conti et upo] . @ dofl 23 Gt Hlo] e e o] wE
al., 1994; Kim et al., 2011). & 4+ 23} g7|dh4a S UFI ALES PN T AA5Ad 7 A
o] 3] Aldl = o]9f o] 500°CallA o A S vAe R HEE U 84S A
£S5 UET o]s Be Lo Hlo] Quj A9 eV E shtha S A oH(Bridgewater, 2004).
a7k ehd ] dojupA] Jtstr] wimol] A= & ofol whzt 27|tk ZHE Hojzl nio] 9 @ e
do] ¢Fol A& Wy EaHA Rt we Thol g = s 257t mobAd skl Hojd
oA = W 500°CHET =2 25 A& 12 & FE At T gAst e wdwFol 16.6 MJ/kedl

3 AkEe] 22 —rﬁﬁﬂ OHLQOﬁ H]g-54 7kl A119.3 MJ/kgo.= Z7Fet 3 HEE 10.2 cStoll Al

ZAgHgo] FolA7] 2 A7t tH(Bridg- water 34.5 cSt= Z7FslE AES Bt E3) 550°Col A

et al., 1999b; Conti et a],, 1994: Mohan et al., AAEE vlo] 2 0 U2 BATA AEAR FAH 7t

2006 Xu et al., 2009). g AT 22 HEE VM Age S0 B
=

3.2. HO|e49o =2 - 3}t EN 7|t AT 25T AL vle] e e o] W

& vE 524 Ale]Qmj a2 A|Zgh vlo] 9.9 ¢ 9]

7k Ll E ALY uho]Q 0 Y] FR3bEE pH, wd@dn 2 Aole glAAT e AR (S

A%, dazxyd 3 dd=zE 57431o] Table 19 W 40 MJ/kg) U vlo] A& (uho] 9] 34~45.3 MJ/kg,
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Fig. 3. Gas chromatograpic separation of low molecular weight compounds in the biooil produced
at 500°C and 1.9 sec of residence time (numbered peaks are listed on Table 2).

Table 2. Relative amount of low molecular weight compounds in the biooils produced at different
temperatures (H: p-hydoxyphenyl types, G: guaiacyl types, S: syringyl types)

Ratio of peak area
(Compound area / IS area)

Compounds Residence time fixed at 19 sec
400°C 450°C 500°C 550°C
1 Acetic acid 398 409 450 533
2 1-Hydroxy-propan-2-one 284 262 287 236
3. Methyl acetate 068 003 084 085
4. Furfural 097 093 083 077
Carbolydrates 5. 2(5H)-Furanone . O.?S 084 074 076
6. Cydopentane-12-dione 158 115 097 093
7. 5Methyl-2-furancarboxaldehyde 020 017 012 on
8  5-Hydroxymethyl-2-furancarboxaldehyde 0065 059 057 071
9. 2-Hydroxy-3-methyl-2-cyclopenten-1-one 055 051 037 036
10. 1,6-Anhydro-B-D-glucopyranose 012 130 135 138
1. Phenol 029 026 027 035

H unit

12 4-Methylphenol 056 048 045 066
13. 2-Methoxyphenol 112 113 095 095
14. 2-Methoxy-4-methylphenol 147 150 140 119
15. 4-Ethyl-2-methoxyphenol 028 029 032 037
16. 2-Methoxy-4-vinylphenol 012 o1 016 028
Lignin G unit 17. 2-Methoxy-4-(2-propenyl)phenol 052 052 048 044
18 2-Methoxy-4-propylphenol 009 010 012 013
19. 3-Hydroxy-4-methoxybenzaldehyde 073 076 076 078
20. 2-Methoxy-4-(1-propenyD)phenol 0381 080 081 065
21.  2-Methoxy-4-propylphenol 017 019 023 026
22 1-(4-Hydroxy-3-methoxyphenyl)-ethanone 035 036 040 042
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