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##52 726503 23 : MAJOR CHEMICAL TECHNOLOGY

KEYWORDS : OIL PALM EMPTY FRUIT BUNCH / BIO-OIL / PYROLYSIS

PEERAPON RUENGVILAIRAT : BIO-OIL PRODUCTION FROM OIL PALM
EMPTY FRUIT BUNCH BY PYROLYSIS IN NITROGEN AND STEAM
ATMOSPHERES. ADVISOR: ASSOC. PROF. THARAPONG VITIDSANT,

Ph.D., 99 pp.

The work was carried out the bio-oil production from oil palm empty fruit bunch
(EFB) by pyrolysis in nitrogen and steam atmospheres. The particle ranges were below 500
micrometers, between 500-1180, and 1180-2230 micrometers. Feed rates were 150, 350, and
550 rpm. Both factors were analyzed by single factor ANOVA. Additionally, Box-Behnken
design was to investigate factors, including temperature (350-600 °C) under sweeping gas as
the followings: 0, 100, and 200 cm’/min of nitrogen and 0, 9, and 18 cm’/min of steam. The
particle size below 1180 pm was optimal for bio-oil production. The mathematical model
from Box-Behnken design succeeded in predicting the optimal conditions for normal and
nitrogen atmospheres. In the normal atmosphere or no sweeping gas, the condition was 475 °C
and 450 rpm of feed rate. The optimal condition for nitrogen atmosphere was 530 °C, 450 rpm
of feed rate, and 200 cm’/min of nitrogen flow rate. However, steam caused high uncertainty
and model was unable to predict yield accurately. The bio-oils from normal, nitrogen, steam,
and mixed atmospheres were analyzed for general characteristics. NMR and GC-MS were to
analyze chemical compositions in the bio-oils. Relationships between physical and chemical

characteristics were determined and discussed.

Student’s Signature

Advisor’s Signature
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Form Available | % Mass in
Element Major Functions
to Plants Dry Tissue

Macronutrients

Major component of planes organic

Carbon CoO, 45%
compounds
Major component of planes organic
Oxygen CO, 45%
compounds
Major component of planes organic
Hydrogen H,0 6%
compounds
) . Component of nucleic acids, proteins,
Nitrogen NO,, NH, 1.5%

hormones, chlorophyll, coenzymes
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a13199 2.2 uisgna ldinuluFiuaa (o)

Form Available | % Mass in
Element Major Functions
to Plants Dry Tissue
Cofactor that functions in protein synthesis;
Potassium K’ 1.0% major solute functioning in water balance;
operation of stomata
Important in formation and stability of cell
walls and in maintenance of membrane
Calcium Ca’ 0.5% structure and permeability; activates some
enzymes; regulates many responses of cells to
stimuli
, Component of chlorophyll; activates many
Magnesium Mg 0.2%
enzymes
_ o Component of nucleic acids, phospholipids,
Phosphorus | H,PO,, HPO, 0.2%
ATP, several coenzymes
Sulfur SO 42> 0.1% Component of proteins, coenzymes
Micronutrients
- Required for water-splitting step of
Chlorine CI 0.01%
photosynthesis; functions in water balance
Iron Fe%, Fe' 0.01% Component of cytochromes; activates some enzymes
Active in formation of amino acids; activates
Manganese Mn”’ 0.005% some enzymes; required for water-splitting step
of photosynthesis
Cofactor in chlorophyll synthesis; may be
Boron H,BO, 0.002% involved in carbohydrate transport and nucleic
acid synthesis; role in cell wall function
, Active in formation of chlorophyll; activates
Zinc Zn 0.002%
some enzymes
v Component of many redox and lignin-
Copper Cu,Cu <0.001%
biosynthetic enzymes
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. Cofactor for an enzyme functioning in nitrogen
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metabolism
Essential for symbiotic relationship with
Molybdenum M0042_ <0.0001% | nitrogen-fixing bacteria; cofactor that functions

in nitrate reduction
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do8 66,816,446 | goalaY
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(MJ/kg)
M 2,203,740 9.83 21,824.24 | 516.62
e fau 2,439,236.19 18.42 44,930.73 | 1,063.60
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13199 2.8 JuuvvesInlslagd [32]

Heating Temperature

Pyrolysis technology Residence time Products
rate (°cO)

Carbonization days Very low 400 charcoal
Conventional 5-30min low 600 oil, gas, char
Fast 0.5-5s Very high 650 bio-oil
Flash-liquid <ls high <650 bio-oil
Flash-gas <ls high <650 chemicals, gas
Ultra <0.5 Very high 1000 chemicals , gas
Vacuum 2-30s medium 400 bio-oil
Hydro-pyrolysis <10s high <500 bio-oil
Methano-pyrolysis <10s high >700 chemicals
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liquids, wood oil, liquid smoke, wood distillates, pyroligneous acid 1% liquid wood)
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property characteristics

from almost black or dark red-brown to dark green, depending on the initial

appearance
feedstock and the mode of fast pyrolysis.
varying quantities of water exist, ranging from -15 wt % to an upper limit of -
30-50 wt % water, depending on production and collection.

miscibility pyrolysis liquids can tolerate the addition of some water before phase separation

occurs. bio-oil cannot be dissolved in water and miscible with polar solvents such

as methanol, acetone, etc., but totally immiscible with petroleum-derived fuels.

density bio-oil density is —1.2 kg/L, compared to —0.85 kg/L for light fuel oil

viscosity (of as-produced bio-oil) varies from as low as 25 ¢St to as high as

1000 cSt (measured at 40 °C)

viscosity depending on the feedstock, the water content of the oil, the amount of light
ends that have collected, the pyrolysis process used, and the extent to which

the oil has been aged

it cannot be completely vaporized after initial condensation from the vapor
phase
at 100 °C or more, it rapidly reacts and eventually produces a solid residue

from —50 wt % of the original liquid

distillation
it is chemically unstable, and the instability increases with heating
it is always preferable to store the liquid at or below room temperature;
changes do occur at room temperature, but much more slowly and they can
be accommodated in a commercial application

ageing of causes unusual time-dependent behavior

pyrolysis properties such as viscosity increases, volatility decreases, phase separation,

liquid and deposition of gums change with time
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characteristic

effect

solution

contains suspended char

Leads to erosion, equipment
blockage, combustion problems
due to slower rates of
combustion; 'sparklers' can
occur in combustion leading to
potential deposits and high CO

emissions

Hot vapor filtration; liquid
filtration; modification of the
char for example by size
reduction so that its effect is
reduced; modification of the

application

contains alkali metals

Causes deposition of solids in
combustion applications
including boilers, engine and
turbines; in turbines the damage
potential is considerable,

particularly in high performance

Hot vapor filtration;
processing or upgrading of oil;
modification of application;
pretreat feedstock to remove

ash

low pH

Corrosion of vessels and pipe

work

Careful materials selection;
stainless steel and some olefin

polymers are acceptable

incompatibility with some

polymers

Swelling of destruction of

sealing rings and gaskets

Careful materials selection

high-temperature

Liquid decomposition and

Recognition of problem and

sensitivity polymerization on hot surfaces | appropriate cooling facilities;
leading to decomposition and avoidance of contact with hot
blockage; adhesion of droplets | surfaces > 500 °C
on surfaces below 400 °C

high viscosity High-pressure drops in Careful low temperature

pipelines leading to higher cost
equipment and/or possibilities
of leakage or even pipe rupture.

Higher pumping costs.

heating, and/or
addition of water, and/or
addition of cosolvents, such as

methanol or ethanol
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characteristic effect solution

water content Complex effect on viscosity, Recognition of problem;
lowers heating optimization with respect to
value, density, stability, pH, application

homogeneity, etc. Can lead to

phase separation.

inhomogeneity Layering or partial separation of | Blending with methanol or

phases; filtration problems ethanol
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Value

physical property

bio-oil heavy fuel oil
moisture content (wt%) 15730 0.1
pH 2.5
specific gravity 1.2 0.94
elemental composition(wt%)
C 54—58 85
H 5.577.0 11
(0) 35—40 1
N 0—0.2 0.3
ash 0—0.2 0.1
HHV (MJ/kg) 16—19 40
viscosity , at 500 °C (cP) 40—100 180
solids (wt%) 0.2—1.0 1
distillation residue (wt%) upto 50 1

{ & = 3 % v A =) o
A15199 2.12 guianenenImesiNusInIw nuNul las@enuazniin [17]

property BioTherm bio-oil | light fuel oil | heavy fuel oil

heat of combustion

BTU/Ib 7100 18200 17600

MJ/L 19.5 36.9 39.4

viscosity (centistokes)

at 50 °C 7 4 50

at 80°C 4 2 41

ash content (wt%) <0.02 <0.01 0.03
sulfur content (wt%) trace 0.15-0.5 0.5-3
nitrogen content (wt%) trace 0 0.3

pour point (°C) -33 -15 -18
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A15199 2.13 MIAATIEHUINUTINN [44]

analysis method Sample size
water content (wWt%) ASTM203 Ig
Solids content (wt%) Ethanol insolubles 30g
Methanol-dichloro methane insolubles 30g
particle size distribution Microscopy + particle counter g
conradson carbon residue content (wt%) ASTM D189 2—4g
ash content (wt%) EN7 40mL
CHN content (wt%) ASTMDS5291 ImL
sulfur and chlorine content (wt%) Capillary electrophoresis 2-10mL
alkali metals content (wWt%) AAS 50mL
metals content (Wt%) ICP, AAS 50mL
density, at 15 °C (kg/dm3) ASTM D4052 4mL
viscosity, at 20 and 40 °C (cSt) ASTM D445 80mL
viscosity (mPas) rotational viscometry 40mL
pour point (°C) ASTMD97 80mL
Heating value (MJ/kg)
calorimetric value, HMV DIN51900 ImL
effective value, LHV DIN51900 ImL
flash point (°C) ASTMD93 150mL
pH pH meter 50mL
water in solubles content (wt%) water addition 5mL
stability 80 °C for 24h 200mL
40 °C for 1 week 200mL
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property method
water content Karl-Fischer titration
viscosity capillary or rotary viscosimeter, two temperatures (at 20 and 40 °C)
solids insolubles in ethanol, filter pore size of <3 pm
pH use pH meter

store samples for (i) 6 h at 80 °C, (ii) 24 h at 80 °C, and (iii) 7 days at 50
stability °C

viscosity at 20 and 40 °C and water by Karl-Fischer titration

elemental analysis

elemental analyzer (complete oxidation)

add 60 mL oil to 1 L of ice-cooled water under stirring, filter and dry

pyrolytic lignin

precipitate at <60 °C

column type DB 1701, with dimensions of 60 m x 0.25 mm;
gas chromatography, film thickness: 0.25 ,um; injector: 250 °C, split 1:30; FID detector: 280 °C;
GC oven program: 45 °C, 4 min constant, 3 °C/min to 280 °C, hold 20 min;

sample concentrated: 6 wt %, solvent acetone
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beds and transported bed)
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A a d J
gmmllgnimuuumm (Auger reactor)
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suggested
yield | method of operational strengths/ disadvantages/
mode
(%) | heating pyrolysis unit | advantages challenges
of transfer
Fluidized Bed Reactor
75 heated recycle | 95% 400 kg/h at *good ssmall particle sized
gas/hot inert conduction, | Dynamotive, | temperature are needed
gas 4% 250 kg/h at control sheat transfer to bed
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suggested
yield | method of operational strengths/ disadvantages/
(%) | heating mode pyrolysis unit | advantages challenges
of transfer
conventional, | Welman ecasy scalability | has yet to be proven
1% radiation | (U.K.), 20 ewell- at large scale
kg/h at RTI understood
technology
Circulating Fluidized Bed Reactor
75 particle 80% 1000 kg/h at | *good *hydrodynamics
gasification/fire | conduction, | Red Arrow temperature more complex than
tubes 19% (Ensyn), 20 control others
conventional, | kg/h at VIT | elarge particle echar is finer due to
1% radiation | (Ensyn) sizes may more attrition at
possibly be higher velocities
used requires attention
ssuitable for sheat transfer to bed
large has yet to be proven
throughputs at large scale
swell-
understood
technology
Rotating Cone Reactor
65 gasification of | 95% 120 kg/h at scentrifugal *heat transfer to bed
char to heat conduction, | BTG force moves has yet to be proven
sand 9% (Netherlands) | heated sand and | at large scale
conventional, biomass *small particle sizes

1% radiation

needed
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suggested
yield | method of operational strengths/ disadvantages/
(%) | heating mode pyrolysis unit | advantages challenges
of transfer
Vacuum Reactor
35- | wall and sand 4% 3500 kg/h at | elower *not a true fast
50 heating conduction, | Pyrovac temperature pyrolysis as solids
95% required residence time is
conventional, scan process very high
1% radiation larger particles | eliquid yields of
than others 35%-50% on dry
*no carrier gas feed basis
is required
Ablative Reactor
75 direct contact 350 kg/h at elarge particle ereaction rates
with hot Fortum, sizes may limited by heat
surface Finland possibly be ransfer to the
used reactor, not to the
einert gas is not | biomass
required sprocess is surface
esystem is more | area controlled so
intensive scaling is costly
*low ereactor is costly
temperature
(<600 °C)
Auger Reactor
30- | ablative - 200 kg/h at scompact, doesnot | *moving parts in the
50 ROIL, 1 kg/h | required carrier gas | hot zone
at MSU slower process *heat transfer at
(USA) temperature (400 | large scale may be a
°0) problem
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Rep X, X, X,
1 s -1 0
| 1 -1 0
1 -1 1 0
1 1 1 0
1 -1 0 -1
1 1 0 -1
1 =t 0 1
1 1 0 1
1 0 -1 -1
1 0 1 -1
1 0 -1 1
1 0 1 1
3 0 0 0

Total Runs = 15
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AnTIEHanINMIAANTOU (Corrosivity) 4195514 ASTM D1130
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Particle Gas Gas Liquid Liquid Solid Solid
size 1 2 Average 1 2 Average 1 2 Average
<500 um | 20.7 | 199 20.3 542 | 554 54.8 25.1 | 247 24.9
500-1180
222 | 21.8 22 502 | 52.2 51.2 27.6 26 26.8
pum
1180-2230
30.1 | 26.2 28.15 429 | 452 44.05 27.0 | 28.6 27.8
wm

v
Yo A

d‘ o a 4 Aaa
e ldInszinansana laaail

Analysis of variance table [Classical sum of squares - Type II]

Source SS df MS F p-value

Model 119.76 2 59.88 33.48 0.0089 significant
A-Particle Size 119.76 2 59.88 33.48  0.0089

Pure Error 536 3 1.79

Cor Total 125.13 5

PRESS 21.46

R-Squared 0.9571

Adj R-Squared 0.9285
Pred R-Squared 0.8285

Adeq Precision 11.368

J Y 1 a2 a o J 1
W‘]J’ﬂﬂi]i]ilﬂlu1ﬂ@1§31ﬂflNﬁﬁ@ﬂim1mﬂﬁ@ﬂm“ﬂﬂlﬂﬂﬁﬂ’) NWAUDINT R-Squared
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Test for Equal Variances for Liquid

Bartlett's Test
Test Statistic 0.28
<500 pm ¢ | P-Value 0.869

1180-2230 ym{ $ |

Particle size

500-1180 pm{ $ |

(IJ 2|0 4|0 6|0 8IO 1(I)0 liO 14|10 1(|30
9590 Bonferroni Confidence Intervals for StDevs
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Gas Liquid Solid
Feed rate (rpm) Gas Average Liquid Average Solid Average
1 2 1 2 1 2

150 46.1 | 451 456 289 | 302 29.55 25 | 247 24.85
350 200 | 161 18.05 534 | 558 54.60 266 | 28.1 2735
550 283 | 282 2825 472 | 457 4645 245 | 26.1 2530

oSz ianisana ldail

Source SS df MS F p-value

Model 653.02 2 326.51 201.97 0.0006 significant

A-Feed rate 653.02 2 326.51 201.97 0.0006

Pure Error 4.85 3 1.62

Cor Total 657.87 5

PRESS 19.4

R-Squared 0.9926

Adj R-Squared 0.9877

Pred R-Squared 0.9705

Adeq Precision 27.862




59

1 [ 1 a2 a [ J 1
Wm”lﬂﬁmﬂmmﬂmgmﬂﬁwamﬂsmmwammmmmmm ANWDUDINT R-Squared
[ LA = 1 4' A [] o ana d' a d
AN WuaW@Qauﬂammwaammzuuum‘lumaaam TAIAINTN 4.4 LLEAAINITAATISHA

9
anuulsdsiulaensnaaouvod Bartlett w°u3mQmmummgmﬂﬁmmuﬂsﬂmummu

Test for Equal Variances for Liquid
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3 5 350 200 9 18.7 37.0 443
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2 7 600 0 9 14.3 25.8 59.9
15 8 475 100 9 28.4 51.3 20.3
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Summary (detailed tables shown below)

Sequential

Source p-value
Linear 0.4249
2FI 0.1326
Quadratic

Cubic 0.8452 0.9945 Aliased

Sequential Model Sum of Squares [Type I]

Source

Mean vs Total
Linear vs Mean
2FI vs Linear
Quadratic vs 2FI
Cubic vs Quadratic
Residual

Total

N5 AATIZHAITEONAUMIHUVAIDATIANLBIDINDTTIAIAILTUIN

T0%in5 aliased voad 1115

Lack of Fit

<0.0001

Adjusted Predicted
R-Squared R-Squared

0.0022 -0.6195

0.2932 -0.9009

0.9969 0.9931 Suggested
E p-value

Value Prob>F

19574.87
1.01 0.4249
2.51 0.1326

602.97 <0.0001

0.27 0.8452

1458.11

Suggested

Aliased

=

ngavazh

v
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Lack of Fit Tests
Sum of Mean F p-value
Source Squares df Square Value Prob>F
Linear 1798.889 199.88 219.64 0.0045
2FI 925.84 6 154.31 169.57 0.0059
Quadratic 0.74 3 0.25  0.27  0.8452 Suggested
Cubic 0 0 Aliased
Pure Error 1.82 2 0.91

a ! o <3|
NNNITNATDU Lack of Fit ﬁ]’]ﬂﬂ'ﬂﬂ]ﬁﬂ?ﬂﬂi’]@lﬂﬁﬂ'ﬂﬂlﬁﬂ'lgﬁllﬁﬂgu']ﬁ%j']\uﬂu

Aa 4 1 4
T‘JJLﬂa‘ﬂNﬂﬂ!@]ﬂ”lﬁﬁill”Iﬂﬂ’ﬂﬂ'iJﬂ"lig‘]JLL’]J‘UﬁH“‘]

Model Summary Statistics

Std. Adjusted Predicted
Source Dev.  R-Squared R-Squared R-Squared PRESS
Linear 12.79 0.216 0.0022 -0.6195 3719.73
2F1 10.77 0.5961 0.2932 -0.9009 4365.87
Quadratic 0.72 0.9989 0.9969 0.9931 15.89 Suggested
Cubic 0.95  0.9992 0.9945 + Aliased

910A1 R-Squared LIUBNAMHIIZEN 1azANNEINITO TUNITOTUIOAMNLLUEN
d' 9 dB! é 1 d'a' A 1 = J a A
Vo3 TR N a3 19U FIAINIIUINTITINGA 1AINUNAUNITAIDATIANTANMUHNIZ AU

ngarUnU
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ANOVA for Response Surface Quadratic Model

Analysis of variance table [Partial sum of squares - Type I1I]

Sum of Mean F p-value
Source Squares df Square Value Prob>F
Model 2294.24 9 254.92 498.45 <0.0001 significant
A-Temperature 61.99 1 61.99 121.22 0.0001
B-N2 flow rate 2.95 1 2.95 5.77  0.0614
C-Steam flow rate 431.15 1 431.15 843.06 <0.0001
AB 784 1 784 1533 <0.0001
AC 0.11 1 0.11 0.22 0.6592
BC 88.92 1 88.92 173.88 <0.0001
A’ 172.05 1 172.05 336.43 <0.0001
B’ 231.97 1 231.97 453.59 <0.0001
C2 489.05 1 489.05 956.27 <0.0001
Residual 2.56 5 0.51
Lack of Fit 0.74 3 0.25  0.27  0.8452 not significant
Pure Error 1.82 2 0.91
Cor Total 2296.8 14

Ll d' 1 = % 1 A =) d[ =

10 TuAanT F 71 498.45 11aa921 luaavisoifavedananadsunaveasiad sl loma
= 9 v g’/ A A i ddy [ I A
Wigadoeaz 0.01 MY NA1 F U949 1u19a9L 0114199910 noise lagnsailianuiiaziluine F

o 1 Ay U 13 o A & o 9 3
voaul50199 NUABENIT 0.05 taaIuTualshawassgihuadredu Tumania
a s v & 2 2 122 & o A ' .

atlamaniae 11 a1l A C AB BC A* B’ uaz C 3ailudualsndana tagan Lack of Fit 194

Tuaa 0.27 vavenanu luaana uaasn Tumalinnuu1redo

Std. Dev. 0.72  R-Squared 0.9989
Mean 36.12 Adj R-Squared 0.9969
CV.% 1.98  Pred R-Squared 0.9931
PRESS 15.89  Adeq Precision 78.712

f1 Predicted R-Squared 0.9931 8915V Adj R-Squared #1911 0.9969 11ga3211uaaf

y X gy o Ao ' o Mmyd Y, A _
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(M) Extinmnially Stidentized Reskiusls (V) Leverage vs, P
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a N Yo a QJ a P [ v 9 Y] 9 1
ﬂ'lﬂﬂ'l'i')l,ﬂ‘i'lgﬁMlﬂ’tffllﬂig’ﬁﬂ‘ﬁellﬂ\'lﬁiJﬂ'liTﬂQﬂm@lﬁ'lﬁﬁ‘iﬂ@giugﬂﬂnﬂﬂiﬁﬁ NIDUAM

Y
ANMUHANAIAAIU
Factor
Intercept

A-Temperature
B-N, flow rate
C-Steam flow rate
AB

AC

BC

Coefficient
Estimate
29.4
-2.78
-0.61
-7.34

14

-0.17
-4.71
-6.83
7.93

11.51

df

Standard
Error Low
0.41 28.34
0.25 -3.43
0.25 -1.26
0.25 -7.99
0.36 13.08
0.36 -1.09
0.36 -5.63
0.37 -7.78
0.37 6.97
0.37 10.55

vz laglaumsdmsuamaalsidnsid fe

%’aaazmmﬁmmﬁﬁu%amw = 29.4-2.78A-0.61B-7.34C+14AB-0.17AC-4.71BC-

6.83A°+7.93B°+11.51C°

HAZAUMTFIMTUAIRITD39 AD

95% CI

High
30.46
-2.13
0.042
-6.69
14.92
0.75

-3.8

-5.87
8.88

12.47

95% CI

VIF

1.01
1.01

1.01

$ooazvoalSinaniniuTmInIm = 16.63945+0.028211A-0.64945B-2.77858C+0.00112AB-

0.000149AC-0.00524BC-0.000437A+0.000793B°+0.14208C"
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Condition Predicted liquid yield (%) Actual yield (%)
Atmosphere | Temp. N, Steam 95% 95% Ist | 2nd Error
, ; Pred. Average
°C cm/min | cm/min TIlow | Tlhigh | rep | rep
Normal 475 0 0 54.07 | 46.97 | 57.17 | 49.3 | 502 | 49.75 7.99
Nitrogen 530 200 0 63.97 | 58.81 | 69.13 | 60.7 | 59.1 | 5990 | 6.36
Steam 435 0 6 44.74 | 3996 | 49.53 |35.6 | 38.7| 37.14 | 17.00
Interaction | 435 100 6 33.30 | 28.66 | 37.94 | 20.6 | 243 | 2245 | 32.58
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ANTUITTMA

Und Tulasin | et WE
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Fovaz Taoman)
sfuan 29.95 29.25 29.83 | 30.19
vhifumin 20.21 21.54 21.34 20.60
¥ 49.84 49.21 4883 | 4921
mANuou* (Mike)
vhsfumin 27.64 24.57 24.12 2391
%3 14.03 16.30 15.05 14.66
99AYTZNDULENDIN*
Fovaz Taaman)
7
C 423 2.65 3.73 2.14
H 9.71 10.11 9.91 10.50
N 0.42 0.47 0.37 0.03
O** 85.64 86.77 85.99 | 87.33
T
C 55.91 51.71 51.51 49.63
H 7.70 8.01 8.32 7.83
N 1.65 2.05 1.29 1.50
O** 34.74 38.23 38.88 | 41.04
%5

39.66 44.78 4440 | 43.58

2.16 1.77 2.12 1.87

0.74 0.82 0.84 0.82
O** 57.44 52.63 5264 | 5373
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Chemical Bio-oil mol (% of total hydrogen)

Type of hydrogen
shift (ppm) Normal Nitrogen Steam Interaction

Aromatic 6.19-7.73 22.46 16.94 26.27 19.05
Aliphatic adjacent to oxygen | 3.34-5.57 9.33 2.41 13.71 7.73
Aliphatic adjacent to

1.98-2.67 44.06 41.86 35.40 41.00
aromatic/alkene group
Other aliphatic 0.81-1.87 24.15 38.79 24.62 32.23
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Peak# Ret.Time Conc. Name
1 3418 0.58 2-Furanmethanol
2 4.371 1.74 2-Cyclopenten-1-one
4 6.325 24.09 Phenol
5 6.478 0.85 3,4-Dimethyl-2-cyclopenten-1-one
6 6.599 0.45 2,3-Dimethyl-2-cyclopenten-1-one
7 7.33 1.34 1,2-Cyclopentanedione, 3-methyl-
8 7.624 1.19 2-Cyclopenten-1-one, 2,3-dimethyl-
10 8.171 2.91 Phenol, 2-methyl-
13 8.741 3.85 Phenol, 3-methyl
14 8.939 5.76 Phenol, 2-methoxy-
17 9.392 0.5 Phenol, 2,6-dimethyl-
18 9.71 0.75 2-Cyclopenten-1-one, 3-ethyl-2-hydroxy-
20 10314 1.02 Phenol, 2-ethyl-
22 10.539 1.3 Phenol, 2,4-dimethyl-
23 10.574 0.79 Phenol, 2,5-dimethyl-
24 11.018 1.32 Phenol, 4-ethyl-
25 11.081 1.21 Phenol, 2,3-dimethyl-
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Peak# Ret.Time Conc. Name

27 11.262 0.34 Phenol, 2,3-dimethyl-
28 11.556 1.2 Phenol, 2-methoxy-4-methyl-
29 11.647 0.47 Phenol, 3,4-dimethyl-
30 11.874 0.49 1,2-Benzenediol
31 12.726 0.59 Phenol, 3-(1-methylethyl)-
33 13.142 0.34 1,2-Benzenediol, 3-methoxy-
35 13.298 0.89 1,2-Benzenediol, 3-methyl-
38 13.619 3.58 Phenol, 4-ethyl-2-methoxy-
39 13.986 1.06 1,2-Benzenediol, 4-methyl-
44 15.26 8.7 Phenol, 2,6-dimethoxy-
47 15.617 0.66 Phenol, 2-methoxy-4-propyl-
50 16.49 0.63 Phenol, 2-methoxy-4-(1-propenyl)-, (E)-
52 17.365 2.73 Phenol, 2-methoxy-4-(1-propenyl)-, (E)-
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Peak# Ret.Time Conc. Name

1 4.229 2.06 2-Cyclopenten-1-one

4 5.662 1.76 2-Cyclopenten-1-one, 3-methyl-
5 6.237 22.49 Phenol

7 6.512 0.67 2-Cyclopenten-1-one

9 7.558 1.82 2-Cyclopenten-1-one

10 8.123 5.44 Phenol, 2-methyl-

13 8.702 7.09 Phenol, 3-methyl-

14 8.894 3.13 Phenol, 2-methoxy-

16 9.357 0.99 Phenol, 2,6-dimethyl-

18 10.289 1.44 Phenol, 2-ethyl-
20 10.516 2.82 Phenol, 2,4-dimethyl-
21 10.558 1.4 Phenol, 2,5-dimethyl-
22 11.001 2.67 Phenol, 4-ethyl-
23 11.064 2.9 Phenol, 2,3-dimethyl-
24 11.245 0.82 Phenol, 2,3-dimethyl-

26 11.538 0.79 Phenol, 2-methoxy-4-methyl-
27 11.633 1.27 Phenol, 3,4-dimethyl-
30 12.717 1.67 Phenol, 2-ethyl-4-methyl-
33 13.247 1.06 Phenol, 3-ethyl-5-methyl-
35 13.375 0.46 Phenol, 2,3,5-trimethyl-
37 13.61 1.89 Phenol, 4-ethyl-2-methoxy-
43 15.245 4.33 Phenol, 2,6-dimethoxy-
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Peak# Ret.Time Conc. Name

2 4.268 0.91 2-Cyclopenten-1-one

3 6.218 20.85 Phenol

4 6.394 0.71 2-Cyclopenten-1-one

6 7.268 0.84 1,2-Cyclopentanedione, 3-methyl-

7 7.573 1.07 2-Cyclopenten-1-one, 2,3-dimethyl-

9 8.115 23 Phenol, 2-methyl-

12 8.687 327 Phenol, 3-methyl-

13 8.887 5.15 Phenol, 2-methoxy-

16 9.675 0.6 2-Cyclopenten-1-one, 3-ethyl-2-hydroxy-
22 10.991 1.66 Phenol, 4-ethyl-
23 11.053 1.07 Phenol, 2,3-dimethyl-
25 11.531 1.12 Phenol, 2-methoxy-4-methyl-

34 13.601 3.31 Phenol, 4-ethyl-2-methoxy-

35 13.973 0.4 1,2-Benzenediol, 4-methyl-

41 15.236 12.06 Phenol, 2,6-dimethoxy-

44 15.604 0.66 Phenol, 2-methoxy-4-propyl-

50 17.35 2.52 Phenol, 2-methoxy-4-(1-propenyl)-, (E)-
59 22.336 32 Phenol, 2,6-dimethoxy-4-(2-propenyl)-
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Peak# Ret.Time Conc. Name
1 4.47 0.63 2-Cyclopenten-1-one, 2-methyl-
2 6.35 19.78 Phenol
4 7.366 0.82 1,2-Cyclopentanedione, 3-methyl-
5 7.666 1.08 2-Cyclopenten-1-one, 2,3-dimethyl-
6 8.193 2.87 Phenol, 2-methyl-
7 8.608 0.43 2-Cyclopenten-1-one, 3-ethyl-
8 8.756 3.86 Phenol, 3-methyl-
9 8.958 3.81 Phenol, 2-methoxy-
11 9.41 0.42 Phenol, 2,5-dimethyl-
12 9.728 0.67 2-Cyclopenten-1-one, 3-ethyl-2-hydroxy-
13 10.325 0.85 Phenol, 2-ethyl-
15 10.55 1.41 Phenol, 2,4-dimethyl-
17 11.026 1.54 Phenol, 4-ethyl-
18 11.088 1.76 Phenol, 2,3-dimethyl-
19 11.268 0.47 Phenol, 2,3-dimethyl-
20 11.562 0.72 Phenol, 2-methoxy-4-methyl-
21 11.653 0.62 Phenol, 3,4-dimethyl-
22 11.879 0.5 1,2-Benzenediol
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Peak# Ret.Time Conc. Name
24 12.727 0.79 Phenol, 2-ethyl-4-methyl-
27 13.252 0.75 Phenol, 3-ethyl-5-methyl-
31 13.619 2.23 Phenol, 4-ethyl-2-methoxy-
36 15.254 12.47 Phenol, 2,6-dimethoxy-
41 16.487 0.66 3-Allyl-6-methoxyphenol
45 17.358 3.34 Phenol, 2-methoxy-4-(1-propenyl)-, (E)-
55 20.448 1.44 Phenol, 2,6-dimethoxy-4-(2-propenyl)-




uni 5
a v Y
agﬂmmanauamamummz
Ao =2 a ?,’ v A 4 1 a
mﬂmm%msﬁﬂy1mswa@umummwmmmmﬂmamﬂmmﬂ"lei"lamﬁcluﬂnz

1 9 Y
vssomennes lulasnunag loth annsoaglwalasail

a d v [ & %4 d v
5.1 ﬂ15’3!?15131’?%1’31‘”6]!!@3ﬁﬂ‘tlmz!‘lji’)\‘lﬂuﬂl@ﬂﬂz@]ﬂﬂ]ﬁ‘mﬂﬁ]

NMNNMINATIEHUUVYTEU (Proximate  analysis)  Veanza1gd1duilar wui
oarlsznouveangarethdumlasznonludrs anuduiilsadosas 584 18%ovay
13.65 e3szmedesas 70.03 uazMSUeUAIISoYas 1048 18T ITHILLLENT 1Y
(Ultimate analysis) Wu3mzatethamlainzisznonlddremsvensoesas 53.22 lalasau
fovaz 6.25 Tulasnu 0.97 Muzduiovas 0.48 uazesndauiosay 39.08 tazAnNuiou

4 1T A g Y]
Gllf]\‘l‘ﬂ%ﬁ?ﬁlﬂ?ﬁlllﬂﬁWllﬂW 17.61 Lllﬂﬂgﬁﬁ@l’élﬂjﬁﬂih

a d % d
ﬂ753!?751$ﬁﬂ7§ﬁa'lﬁlﬁ?7n\7ﬂ?'lﬂl‘§la uwmnza7£/ﬂmmﬂd7

A1ITATIEHNITTa18aIN1IAINTeuveanzate1audardremaiia
Mo3 1uN31NATN (Thermo gravimetric analysis, TGA) WuInzarstdulariininisg
ﬁa1fJ@TmNﬂa”m%’awﬂy”amiﬁﬁaqqmwgﬁﬁ 190 94AUFAITHN TnggUUnUV0INITaaIea7
mm’?iqsﬂ Ao sz 290 e waiFoadmsueiisag laduazivag lad waz 460 999N
GG G AV RS IGRARTAT!

v
o w

5.2 AZNHMNZANABNIZVIUMIHANTNITHT I N nnzangihaular

=

msneaeInzimInzaudmsums Inls lasa e Ngumngil 475 esrusaFod vina
Y ' @ Y A o <3 1 = @
BUNAUBYNI 1180 UliJIﬂ‘illlﬁ‘i ﬂ@]iﬁﬂ‘iﬂﬂuﬁ1iﬂ@ﬁi'lﬁ’)if]ﬂ’ﬁﬂ;i 450 39UABDUIN LASDATIN
(24 ~ a aa 1 =\ Y a o s 9
ﬂﬁvl“ﬂﬁ"ll’élﬂll,ﬂﬁvluiﬁ‘imuﬂ 200 YaaaaInauIn Gh’iWﬁ@]ﬂm“ﬂﬂl@ﬂ!ﬂﬁ'ﬂﬂigiﬂm‘i@ﬂﬁg 60
o (% g 1 9y v v da! o =3
mmnmimmﬁ”lammwaMmm"lmmuauiuazuquu Msiedsu
a @ A Y VoA A o Y = A 9 ¥ A a t4
Na@ﬂmm1/1”lﬂmﬂimmmnﬂmmmwaa@ 1/]161,14?’]'35146ﬂlﬁﬂﬁﬂ151%1@u11u!ﬂi@ﬁﬂ§]ﬂ‘im
2 ' ] < ! 30 A [ A ] A @
ITUVU Lm@EJNU],‘iﬂﬁﬁJhlflu'lﬂEJ\?!ﬂ'L!‘U5‘5‘(’]1ﬂ1ﬁ‘1’i‘§flllﬂﬁﬁ’JWﬁ/IlJﬂ’Nllu1ﬁu1ﬂluﬂﬂﬂ1ﬂﬂﬂﬂﬂ
9 "9y a 9 (%
NNATUIIN LL@]@]@QW%”Iiilﬂﬂ”Iii’)f)ﬂ!Lll‘1J'i$‘]_l‘]JﬁfN‘fIﬂ’JTJJiﬂf!iJ(luﬂTiﬂ'J‘]JﬂiJﬂ”lihlﬁﬁsU@Q
9o’ 9 3,’ [} [ [ 1 a aaa 1 d' 9 Y = [
llﬂlﬂuﬁgGL‘H]’I,@H”Iﬁ‘JJNﬁﬂ‘llfﬁii%ﬁ’JNﬂ”lilﬂﬂ‘]J{]ﬂiEJ”Ilﬂﬂﬂ’J”l‘Vl%lell”lulﬂvnﬂﬂ”lulﬂfnﬂ‘ll

Al

QE



82

wa o W A A Yo

5.3 auummumummww"lmu
r 4 :l v A 7 J
AN INNITOHYONHINUY INTNUASOTHY T

1 9 90’ v A = [ ] 1T Aa Y] I A
AN NUIDUVDIUIUUBININ nmag‘lumaﬂizmm 24-28 LNﬂﬂ%@ﬁ@]ﬂﬂTﬁﬂiM Aunun
] [ @ 9 %’ v A a1 [ %’ v A A 9y & Y]
mm@mﬂmawmmmsauumummw”lumimmﬁﬂﬂmmqqmmmummwm"lmmﬁm
Y (] [ 1 [ %l Y] 4 [
WTL!ﬁ%ﬂﬁi%‘Uiiﬂ]ﬂ?ﬁul’rﬂ‘lj”lllllﬁQNﬁ@]@ﬂ”IWEINTL!?‘I’JTJJ%}@‘L!‘SU@QMTJJulﬁﬂlﬁﬂ“ﬂﬂ‘ﬂ‘ﬂiimﬂTﬁ
1 1 14 ] ] 1 A Y]
"luimmu uazﬂ1mm%’@mammﬂmmﬂmsmamagiwm 14-16 Lllﬂﬂ%@ﬁ@]@ﬂiﬁﬂill TﬂEJ

' ] sAqY O o A @ 9 1 ad 9
W‘]J'J']ﬂq‘LIGU@\T“H']TVIGLGMLﬂﬁ@]'JWTJJﬂ']Wﬁ\i\i']l!ﬂ'l”llli@uq@ﬂ?’]ﬂiﬁﬂ’]ﬂ’]ﬁﬂﬂﬁmﬂuf’JEJ

Jd :, s J
mﬂﬂiznammmmnm@mmmwu?ﬁm1wua§:a'mmﬁ

a 4 o ¥ o U 4 ' ¥ o
ﬂ'l‘i')!ﬂi'l%’ﬁﬂ'lf]\‘lﬂﬂﬁgﬂﬂﬂllﬂﬂl!EJﬂ‘ﬁ'l@!"U@x‘]“H'l‘JJH%'Jﬂ'IWLLﬁZﬂ 'luﬂﬂ‘i‘WU'Jﬂuu’liJu‘]ﬂﬂ'lW
] = 4 4 a I J
llﬁgﬂ'luélﬂiNﬂﬁﬂﬂ‘i%ﬂ@ﬂﬂl@\iﬂ'ﬁﬂ@u Vlaimﬁm 111«!1@]51,51]11 uazaaﬂ%mmﬂumﬂﬂizﬂa‘u Tﬂﬂ
J 4 3 oo 9 ) o a 9
@Qﬂﬂ‘i$ﬂﬂﬂﬂlﬂ\1‘ﬁ1@!ﬂﬁﬂ@uﬁluu'lllu‘]f’)ﬂ'l“ll‘lﬂ‘imﬂmiﬂﬂag 56 ’(,’f'lWi‘U‘U‘i‘iEJ'lﬂ'lﬁ‘]Jﬂ@ uazﬂ‘izmmiaa
A W o 1 s @ o 1A Y A ¢
ae 50-52 Glu‘]J‘iiEJ'lﬂ'lﬁiJllﬂ’ff@l'JW'l uaﬂuammaﬂmmﬁmwmgﬂﬂigmmiaﬂaz 44 YUSNVITIIN

v
(=}

a 1 ] 1 o 14 v
ussNMALNA 2gn %}ﬂﬂﬁg 40 LIEIAUTTENIAT INOA o1sunaeenilsenoums vtz a 'lfn'lll%}f]u

I3
A A

aUTANUGIUAIG VoI UTIMN

*a

1 %,' Y] (] (] a @ 1 4
mmwmuuummumu%amwaglumq 1040-1090 ﬂjﬁﬂﬁ\lﬁﬂgﬂUTﬁﬂmﬁi ﬂ'ﬂll‘ﬁﬁﬂ
] a 4 d'g) 9 Id‘&} [
39 0.7-0.8 IFUAH IATH NINAITUOUNI DAL 3.6-4.4 1019gNIYAT 11-12 A1 pH Uszanm 3-4
~ = 1 { Ao Yy & o 1
ﬁ;mm”h/\lmﬂizmm 70-80 DIFFALTOE LAAIINTEHINUITMAUNANUNT IFUNFAINF I

1 o f ? o { wa 1 ? o [ 1 [ 1%
mﬁumﬁu;@mm@mmu@amw ﬂng‘leﬁll‘ll91iS‘Vi'JN“LH‘JJH%'Jﬂ”IWGlHLLﬂﬁG]’JWW]N“‘] ]'I,‘JJ@]Nﬂu
a 4 :’ v A 4 a a =S Jd a
ﬂ7§?J!ﬂi?s‘fﬁﬂ?ﬂu‘lf?ﬂ”li'\lﬂ?ﬂ!ﬂﬂMﬂil’iﬁﬂu—u')!ﬂﬁﬂi!!ﬂﬂ!uﬁﬂ

islounugainlns alast (H-NMR)

1 1 4 4 = [ % 1y
AMzussMAaNanoaslszneu lalasans vou Tasiiameunuriniudmwluussenma
Und wuussomea luTasnuldsnae: Isuanuazezavhann i uszi UeonFaud 1071
A aa A A Vo W Y q9 a
vyaznozarhandue AN dmsvussenme ey 1915 naensisenevez 15mnan uag

a a d‘ o w [ a 1 d' a a d' o w Y a A =S :'; 1
ozanh@ INMWUTENUDDNHFRUFINIT VYUSN pza VAN USZN UL 1SINANHT BB UAINI

d :I %4
n1shas1zniduyinsinareunalasurlansiw-unaa/nlasiuns (Gas

Chromatography-Mass Spectroscopy)

1 [ Y o oa 9 =
W‘]J’J1’ff’3uﬂi$ﬂ’é]ﬂﬂaﬂ"ll@du13Ju6]5’Jﬂ1W ﬂi$ﬂ@ﬂ@’38ﬁ1§ﬂ§$ﬂ@ﬂl!@ﬁﬂf]@lf]’d ﬂi@lu

=

1A ' o I
waznguiluea TasmwizansdsenounguiluoatazoynusuuINNga



83

5.4 Yora UL

1))

2)

3)

4)

5)

6)

7)

U { A 1 a 4 a o a
daudeuaousnunmauduaseslfnsaldanuiouvesszuums Inls laga

J A g J a o 1 o Y y o o a (% '
l,l,ﬁZﬁ')u‘Vl!ﬂ‘]Jﬂ'lﬂ%'liﬁqm’ﬁﬂhﬁ1ﬂ'31‘1/nﬁl,ﬂvl®‘§$ﬂ’ifluHJHIJﬂ!ﬂ1$ﬁ8ﬁhﬂ‘i!’3mﬂ\1ﬂﬁ1’3

U
@

v Y a 3 o q YV 3 -
W'Iﬂﬁ'liﬂiﬂ’EJ’EJﬂllﬂﬂﬁlﬂﬂﬂﬂﬂﬂiﬂﬂﬂmﬂgﬂ’q@ fﬁ]g’L’f'lll1501/1']114Qu']11u°]5'3ﬂ']1/‘|@@ﬂ11']

a a

v 2
ﬂ'lﬂﬁgﬂﬂhlﬂll'lﬂ"llu
? W a Ay Y S v & ' o <
u’liJu“]f'Jﬂ’lW‘VlUlﬂmﬁ?uﬂﬁ%ﬂﬂﬂﬂl@ﬂu’llﬁﬂ’lmﬂ’lﬂ muummwﬂﬁ’guﬂaua@mﬂuﬁm

[ I I U { a ' o v Y o Y
qIU ﬁ’f] ﬁjﬂlﬁﬂlﬂ“ﬁjﬂﬁ@ﬂlﬂﬂﬂﬁﬁﬂj'] 100 @Qﬁ“%al%ﬂﬁﬁ']ﬁiﬂ!ﬂUu'lnuwuﬂ 3Y3}+

U U

9
[ Y

2 4 '0 g O'J
Alaniun aaiulsunaniluiniuminezasasnmsiin 14 biswiudeair lnduuen

¥ = ° o ' o) Y o e A A Y ‘5
H1NBN ﬁTVii‘Uﬁ"Ju"lJﬂﬂu"I‘JJ‘L!L‘]J”IG]E’NHWUMLLEJTWHW m@minﬁaumimzmﬂ”lmww

3,' v A A Y 13 A 1 ) %’ v A =\ I
aausenouve WU NN ‘lﬂ o au"lmy Qv vead QNﬁhl‘Vi U u A UNIAF

'
A o

Y A 7 ' v ~ s a A A o
doi 1 hurs osudowezd waliens Tnawes wag Taviz Memsioudn i ognang ov
9 H Y 9 ) '
aniiagh 1 luszuud mi udeomddeeiniudwmdestimysmly aiveus lnlapnaanan
' = S Aa o ¥ Y1 a [T 0 RS
a5 uvewaanamasnuanus ou i nTanuuuiud awnsarh 1l
da' A o 1A Z, Y o A 1 o 79 Y I [ A Y
Forwasoaune snnuwiniiinas sageensoi hhlszgnd lsdluiagilgnitela
?,’ I [ Y] pa o) [} ) o A
vssome lontlunnasmmndanuinauladmsumseonuuuseun nls lagealu
1Y v 9 3 a a a
auna uageslinsesnuuuiszuumslouleininisaruguilSua gugl uaz
v 3 1A FY ¥ a A a aaa A a J
anuauuedsd naziloulerusnaunmalinsenlunieslfnsal vazuenns

a

Y @ a @ A Y @ dy 1%
Houdagaveanninnu ieilesnuifyriniuduluiagay

Q

H { 4 =\ o
winvzrdniniudinmild 115l wnsesoudsuiludesiinisliuljenanainlag

v 1 (%] =\ % % u = ?)I =%} (%}
szinerieen aadSuand 1degluszaufernuiiuiuama awsalaiiuny
A o < o Y 1 ° 9 A oS <
insosuAAanUEITo DM Ia uarinaziih Il 1FlunsessudnirannuiEiseuga
o 1y a o ) o @ 1 o
suiludelsulgaTasmshoonumsu uaznaudwudiuld ldesdlsznounia
= g v A 3
wltazauianamenmnlndmeainiudsaunuu
4 1 % =%} u
ilesnnadinisznouvesiniudinniinnududougs MINABIN1TATINTOUNAVDS
'd 1 o = ’.f 9] ] =

U35 ANUAD09ATLADUNIUANVDIH N UFININDE19aLID8A AITATIVADU 1A

a 4 Jd a a J 1 % 4 4
matayEesnauadosuoudsusa-annlas T Intimes  saunulamweiounud
Aa a 1 a 4 4 [
anlalasulans e lunsiasizviesntlszneumand uazuna lasui Inns v lu

J ? o oa Y I @ A ag 9 Y
M3n3NdoUYIa Iuanaonlsznouve I IMW IR uRaTA UYL NTDUNI
(9] (9 =S da& 1 d'

asnaouunanszuy Iaguna Iasun Insnswl-unaaaln Insweasyaazsioden log

v o o ' s ' 9 9 A 2
ﬂ'nllﬁllwu‘ﬁﬁgﬁj']\‘l@\‘lﬂﬂﬁgﬂﬂﬂm@ﬂﬁ131HLWﬁﬁTQﬂ ulﬂﬂﬁ‘llﬂ')uﬂﬂ‘uu



(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

318N195919949

] o a2 o og, o d. 1 {
unagldmsugusms-thaniiu (eoulal). unasimn:

http://www kasetcity.com/Thaibioenergy/Plam/QAview.asp?id=15 [2553, a1Al 15];

[ a I8 og’ o J 1A
ATNAUTITNNITINYAT. 1hausu (a@u”lau). LUUaNNUN:

http://www.doae.go.th/plant/palm.htm [2553, Aa1AN 19]
o o I o v o o Y Aa Aa o o Y v o o
ﬁ'"l‘lJﬂ?]”l’)ﬂﬁ'il?Jﬁ'&‘f“b"lﬁ'llWUﬁ. 019158 V3. ﬂ’)?ﬁ'?’lﬁﬂﬁﬁ'ﬂ7?ilﬂﬂi”ﬂﬂ&‘fﬁ"lflihﬁllﬁ?\?

o o

5ﬂ7515"\7!!3¢75/@ll aAnNITAA ?ﬁﬁ7ﬁ73ﬂ7 (@au”laﬁ). LLWE‘iQﬁﬂJT:
http://media.thaigov.go.th/pageconfig/viewcontent/viewcontent1.asp?pageid=471&dir
ectory=1784&contents=1848 [2553, falny 19]

Umikalsom, M.S., et al., The treatment of oil palm empty fruit bunch fibre for subsequent use
as substrate for cellulase production by Chaetomium globosum Kunze. Bioresource
Technology, 1997. 62(1-2): p. 1-9.

Rahman, S.H.A., J.P. Choudhury, and A.L. Ahmad, Production of xylose from oil palm empty
fruit bunch fiber using sulfuric acid. Biochemical Engineering Journal, 2006. 30(1): p.
97-103.

andaan, sindaran avpuai e Tse ihmearethdusiausnveaTan. 2007,

Konsomboon, S., et al., Effect of kaolin addition on ash characteristics of palm empty fruit
bunch (EFB) upon combustion. Applied Energy, 2010.

Abdullah, N. and H. Gerhauser, Bio-oil derived from empty firuit bunches. Fuel, 2008. 87(12):
p- 2606-2613.

Abdullah, N., H. Gerhauser, and F. Sulaiman, Fast pyrolysis of empty fruit bunches. Fuel,
2010. 89(8): p. 2166-2169.

Demirbas, A., Mechanisms of liquefaction and pyrolysis reactions of biomass. Energy
Conversion and Management, 2000. 41(6): p. 633-646.

Bridgwater, A.V. and G.V.C. Peacocke, Fast pyrolysis processes for biomass. Renewable and
Sustainable Energy Reviews, 2000. 4(1): p. 1-73.

Sagehashi, M., et al., Superheated steam pyrolysis of biomass elemental components and Sugi
(Japanese cedar) for fuels and chemicals. Bioresource Technology, 2006. 97(11): p.
1272-1283.

Piitlin, E., F. Ates, and A.E. Piitiin, Catalytic pyrolysis of biomass in inert and steam
atmospheres. Fuel, 2008. 87(6): p. 815-824.

Piitiin, A.E., E. Apaydin, and E. Piitiin, Bio-oil production from pyrolysis and steam pyrolysis


http://www.kasetcity.com/Thaibioenergy/Plam/QAview.asp?id=15
http://www.doae.go.th/plant/palm.htm
http://media.thaigov.go.th/pageconfig/viewcontent/viewcontent1.asp?pageid=471&dir

[15]
[16]

[17]

[18]
[19]

[20]
[21]
[22]
(23]
[24]

[25]
[26]

[27]

(28]

[29]

[30]

[31]

[32]

(33]

85

of soybean-cake: product yields and composition. Energy, 2002. 27(7): p. 703-713.

Campbell, N.A.a.R.J.B., Biology. 6 ed. 2001: Benjamin Cummings.

Finch, C.A., The chemistry of solid wood. Edited by R. M. Rowell, ACS Advances in Chemistry
Series No. 207, American Chemical Society, Washington D.C., 1984. pp. x + 614,
price $79.95 (USA & Canada), 395.95 (rest of world). ISBN 0-8412-0796-8. British
Polymer Journal, 1986. 18(5): p. 352-352.

Mohan, D., C.U. Pittman, and P.H. Steele, Pyrolysis of Wood/Biomass for Bio-oil: A Critical
Review. Energy & Fuels, 2006. 20(3): p. 848-889.

Celluose (@@u”laﬁ). uwdaﬁm: http://en.wikipedia.org/wiki/Cellulose [2553, a1A1l 15];

Tang, W.K. and W K. Neill, Effect of flame retardants on pyrolysis and combustion of Ol-
cellulose. Journal of Polymer Science Part C: Polymer Symposia, 1964. 6(1): p. 65-81.

Soltes, E.J.E., T. J., Pyrolysis. Organic Chemicals from Biomass; Goldstein, 1981.

Fengel, D.W., G. Wood, Wood: Chemistry, Ultrastructure, Reactions. 1984.

Laine, C., Structures of Hemicelluloses and Pectins in Wood and Pulp. 2005.

Anthony, B., Biomass fast pyrolysis. 2004. 8.

McCarthy Joseph, L. and A. Islam, Lignin Chemistry, Technology, and Utilization: A Brief
History, in Lignin: Historical, Biological, and Materials Perspectives. 1999,
American Chemical Society. p. 2-99.

Nimz, H., Chemistry of potential chromophoric groups in beech lignin. 1973.

Kudo, K.Y, Eiichi, Decomposition process of wood constituents in the course of
carbonization. 1. Decomposition of carbohydrate and lignin of Quercus crispula
wood. 1957.

dninauargRamaneas (eeulaw). undafiin: www.ace.go.th. [2553, AaAY 15];

NILNIIUNVATUALAVNTEL, zmuﬁ'@yuvqﬁfmwnﬁullﬁwlfyn‘t’ﬂ 1/ 2551 - 2555. 2006.

shdunhii eeulavh. uiasian: hitp:www kehakaset.comy [2553, 4R 15];

Maschio, G., C. Koufopanos, and A. Lucchesi, Pyrolysis, a promising route for biomass
utilization. Bioresource Technology, 1992. 42(3): p. 219-231.

Bridgwater, A.V., 4 survey of thermochemical biomass processing activities. Biomass, 1990.
22(1-4): p. 279-292.

Avyhan, D., Pyrolysis of ground beech wood in irregular heating rate conditions. Journal of
Analytical and Applied Pyrolysis, 2005. 73(1): p. 39-43.

Bridgwater, A.V., Catalysis in thermal biomass conversion. Applied Catalysis A: General,

1994. 116(1-2): p. 5-47.


http://en.wikipedia.org/wiki/Cellulose
http://www.aoe.go.th
http://www.kehakaset.com/

[34]

(35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]
[43]

[44]

[45]

[46]
[47]

(48]

[49]
[50]

[51]

86

Bridgwater, A.V., Renewable fuels and chemicals by thermal processing of biomass. Chemical
Engineering Journal, 2003. 91(2-3): p. 87-102.

Emmons, H.W.A., Arvind, The science of wood combustion. Indian Academy of Sciences,
Engineering Sciences, 1982.

DiBlasi, C., Modeling and simulation of combustion processes of charring and non-charring
solid fuels. Progress in Energy and Combustion Science, 1993. 19(1): p. 71-104.

Bridgwater, A.V., Principles and practice of biomass fast pyrolysis processes for liquids.
Journal of Analytical and Applied Pyrolysis, 1999. 51(1-2): p. 3-22.

Czemnik, S. and A.V. Bridgwater, Overview of Applications of Biomass Fast Pyrolysis Oil.
Energy & Fuels, 2004. 18(2): p. 590-598.

M Garcia-Pérez, A.C., H Pakdel, D Kretschmer, D Rodrigue, C Roy, Multiphase Structure of
Bio-oils. Energy & Fuels, 2006.

Piskorz, J.S., D. S.; Radlien, Pyrolysis Oils from Biomass: Producing Analyzing and
Upgrading. American Chemical Society, 1988.

Oasmaa, A. and S. Czemik, Fuel Oil Quality of Biomass Pyrolysis OilsState of the Art for the
End Users. Energy & Fuels, 1999. 13(4): p. 914-921.

Elliott, D.C., Analysis and comparison of biomass pyrolysis/gasification condensates. 1986.

Gerdes, C., et al., Design, Construction, and Operation of a Fast Pyrolysis Plant for Biomass.
Engineering in Life Sciences, 2002. 2(6): p. 167-174.

Oasmaa, A.P., 4 Guide to Physical Property Characterization of Biomass Derived Fast
Pyrolysis Liquids. Technical Research Centre of Finland, 2001.

Oasmaa, A. and D. Meier, Norms and standards for fast pyrolysis liquids: 1. Round robin test.
Journal of Analytical and Applied Pyrolysis, 2005. 73(2): p. 323-334.

Kokanutranont, C., Carbonization Of Rice Husk In Fluidized. 1992.

Bridgwater, A.V., D. Meier, and D. Radlein, An overview of fast pyrolysis of biomass. Organic
Geochemistry, 1999. 30(12): p. 1479-1493.

Meier, D. and O. Faix, State of the art of applied fast pyrolysis of lignocellulosic materials — a
review. Bioresource Technology, 1999. 68(1): p. 71-77.

Montgomery, D.C., Design and Analysis of Experiments. 6 ed. 2004: John Wiley & Sons.

Natrella, M., NIST/SEMATECH e-Handbook of Statistical Methods, P.T. Carroll Croarkin,
Editor. 2006.

Piitiin, A.E., E. ApaydIn, and E. Piitiin, Rice straw as a bio-oil source via pyrolysis and steam

pyrolysis. Energy, 2004. 29(12-15): p. 2171-2180.



[52]

[53]

Parihar, M.F., et al., An Experimental Study on Pyrolysis of Biomass. Process Safety and
Environmental Protection, 2007. 85(5): p. 458-465.
Wiggers, V.R., et al., Biofuels from continuous fast pyrolysis of soybean oil: A pilot plant

study. Bioresource Technology, 2009. 100(24): p. 6570-6577.

87



AWIAINTAUURITINY 1A
CHULALONGKORN UNIVERSITY



&9

MANUIN N

MIAATZHANTANIINMEN NV BTDIWAS

1. MIAANZFIvoINAUUYsZINY (Proximate Analysis): ASTM D3172-D3175
1.1 Pwnannuruludlesha¥enaa (Standard Test Method for moisture in the Analysis

Sample of Coal and Coke: ASTM D3173)
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12 PSwneudludeda¥enaa (Standard Test Method for Ash in the Analysis Sample of

Coal and Coke: ASTM D3174)
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WSnaansszvigl uiIve81 9% aIWAS (Standard Test Method for Volatile Matter in the
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