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Study on The Thermochemical Degradation Features of
Empty Fruit Bunch on The Function of Pyrolysis Temperature'

Jae Hoon Lee’ * Jae Gwan Moon” * In-Gyu Choi’ * Joon Weon Choi**t
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B otoals B FAHEQl empty fruit bunch (EFB)Q] Al& EAS B35l 958 JE|7|S o]4alo] 400~
SS0C WHIOM ARARE 1327 F4olal $HE Aelelct T SeRd B $ed) 26 AE6Il0e
Y, "ol ez}, 7k 9] gt Eei3lerd B4 HskE skt EFBY 3fetxdd W AAaRAS Fo AR W AFE
ol 800 .2 Sh AS ST, AFFLAOL e S0 3 o EFD sk 25 Sl
o) A2 0 10] Bt £71T A0 2Lk S00T/HKS] SEHeIAL vlo]9 o ale] ~go] Zrksa sha
o o] dasigon vlole 4%011 = skl glolE HHL S00~550TTHAIS] SEESIOl A vol ool
HRo] @ 2}0] 4=gro] ZrAdtRlal 7kAo] =go] FUslt) 7t RAUR A H vio] 2 0 U2 =R ek 20~30%, WY
aF 15~17 Ml/kg H$]9 7 e 013'1 Z = 11 cSt (centistoke), AAFHtotal acid number) 100 mg KOH/g oil u]
ghom Uepiel. 7|4 2RnkE Te A0S Ea) EFB vlolo o JmiE AER oA shEeR)T A1 st
(1785 gRlstlet 2l1dA 3= & 53] phenolo] thF AEEGloH o= A 3RHE %9 25%° id
she opolct.

ABSTRACT

We performed fast pyrolysis of empty fruit bunch (EFB) in the range of temperature from 400~550C and 1.3 s
of residence time. The effect of temperature on the yields and physicochemical properties of pyrolytic products were
also studied. Elemental and component analysis of EFB showed that the large amount of potassium (ca. 8400 ppm)
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presents in the feedstock. Thermogravimetric analysis suggested that the potassium in the feedstock catalyzed degrada-
tion of cellulose. The yield of bio-oil increased with increasing temperature in the range of temperature from 400~

500C, while that of gas and biochar decreased and showed monotonous change each with increasing temperature.

When the EFB was pyrolyzed at 550C, the yield of bio-oil and char decreased while that of gas increased. Water

content of the bio-oils obtained at different temperatures was 20~30% and their total acid number were less than 100

mg KOH/g oil. Viscosity of the bio-oils was 11 ¢St (centistoke), and heating value varied from 15 to 17 MJ/kg.

Using GC/MS analysis, 27 chemical compounds which were classified into two groups (cellulose-derived and lig-

nin-derived) were identified. Remarkably the concentration of phenol was approximately 25% based on entire chemical

compounds.

Keywords : biomass, empty fruit bunch, fast pyrolysis, bio-oil
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HAFH o2 Xt 2dsto]| w2 7]% Wzt tf
Aetaz; sk =go] o]Roj|aL lrt. ofof wat
AT 23] FHoz AEEE SARE A
o AR A] A st = A7t 2EE]
gy Foloh. dFoA Holemiie AEA7F B
ofUA& ¥gsto] dojAl= A 7Feshal g F
A2 e Aper, 53] Mgks S 53l A=
3Pt 7hsste s AR 7Rk AlQlel FHkE 2
o 4= ke Aol Slvh E3, Blo]eujAE o2
A Aeiks g frlEolBns AR3st 4kl
AR S 7R Qe o] wiizof| vieo] uf A
NARE JAT U diA Adez Frp
Uk vl= T {7 =7kl A Hio] uf 2 o %] €]
Akl o]-§-2 4483t Ao ol=2Fom, m= A
20257k A A 71E -8 AR 30%2t -
3] 25%E Hiolemjs [ Apow A
At x5 sl th(Ragauskas et al., 2006).

Hfo] @ ui 2 9] o x| 2}t 71&2 A A4Est
2 e} doelA] WMo s 4 ik AED
34 ge volonag TASE Agzorsl
snlagRe s Haelm, ol Eol A4
9RE wasel oghg URE SH: slolr)
(Mu et al., 2010). E3}atd WIS A4, 71435}, 4
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HIZ 2203} oF 00T 9] Mg-LmelA] 22 ofthel
BHE WSAOR ARsist, o dojxlt

°H

4 B2 Aol Felm Hslo] o AHER A
3 Za9) Hloleeeld di FAo|chBridgwater,
2012). ol F FEARS] THL ufol2.0o0] g

| %30 A8tk Wbk gAugo] Ak, f
[e]

o 1l

[

B W Ao 148 49 Aojet 820} 557}
HEE o] Arh(Luo et al, 2004). F<Ew3l
Aol FEFE A= 8doll= " 77 Sl
3] whg-ewe} Azke] Walel we} ARe) 283}
AEY &, B4, 38 24l 9= AL
e Hth(Mohan er al., 2006; Bridgwater, 2012).
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A vo] emjAel 2pHsIEE vlo] o Ejutole] YRR
o183 4 olth. B vlo2nje] ol go] Wo
2 QIR 8 219 ZAIES 71 H) whef vl
A Blo]emj2o] o]-&2 @3] AR et Fiks
o aRHoz Hesh] ue] sAHstAlolt,

9 A (Elaeis guineensis Jacq.) 2 5-E A8 L&
E Aibske diqte 4bgo] weojAlotel QIEH|A]
ofs FAo® st qlon drkRE gt &
Q] BAMEo| B3I o] & empty fruit bunch (©]
st EFB)= % @) Fol=nE AvjE si4eha
o puER dndAollNE o 8 AxF 7z
oF 1,3804F = H"/\gﬂ Aoz BEX=Eth(Ahn ef dl.,
2014). T4 EFBE AAAlA F715 WA 1713'— =
o ous e EL Eoot AR 239
oja Wgst= Hthgt iAol =A7E E o ?‘;ZHE
=R H=th(Yusoff, 2006). ¥4 EFBE ZMH|
ol ZHze] wal Gl WAl WA, Ei vEE 3
8oh3 QAT 2 o)) ool WIS glom,

! &3 59 B AT 2AE

o ZE}:Q. /K]—'o—% ] X 713}
4= 9Jth(Kerdsuwan & Laohalidanond, 2011).
wehx EFBE oUX] Ao & 283k 79 o]

AoE Qb AR olole BE 87 EAE

Aste EE AL 4~ Quh
H HLo| A= EFBY| oy A] A3} Hoto 2 &
5% u3 AR S 0] 83 EFBO 4498 4L
A3t 400~550T 2] 2% Wolol| A EFBE &
2B 3)3lo] Hlo]| 9 @ elS H|E3 JE PYAHAES
z3tglon, 7t &% 27o||A] AAkE A= 5
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R NETTE RIS
2 ol ATEE AYsiel vol2eisoliielsl Hs
A gty
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FBE BANER ST g 6% vjhos
23 A2E #4715 3 02 mm =718 2
2590tk FEARHNE W] A BAAR
# BES oF %0|%r). EFB A28 24
E2 o0 gl gkl 7+ Wise H(Wise ef al.,
1946)3} 72% A7 }=EsH(TAPPI method (T222
om-88))°] whet ST FH} FEELS NREL

oA AAISE B (Sluiter et al., 2010)0.2 =743}
o W AR HRES 720 AR oR A
23 PR cou SjAsl AgdEn
A Iel 35717]1912] Carbo Pac PA100 col-
umn (4 x 250 nm)@} ED50 pulsed amperometric de-
A2t n&iA| A =ntE 22 9| (HPAEC,
Aionex system)Z A#Slch PAZRAGH= YAE
A 7](CHNS 932, LECO corp., USA)E Al&-3}
Gk B, Sk, A0 BFS Y
e HRRS 100%01 A B, S, A TS
oz Akt E3, Alm o]l EXste ek
F71EwE At flste e AR Sekar
& E3%= E4(inductively coupled plasma emission
spectrometry, ICP-ES)& 3}itt. 0.5 g& EFB A&
o AAL HAF FABIEAE §8:1:19] Fo vH|E&RE
Tale RO RS Datl B ALgdl
o $712& walsigich. el 3 Wob gl 14
B8 ZR4E S09 S4slel Agsh A
st 35717192 ICPS-10001V (Shimadzu, Japan)
= A1gsiol el
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FHE AAS] Hol Lo
& AvEnA AFFRA
A xjshict. 7]
7 Arejo] EFB AJ2 3 mgS A4 2704 Q-500 IR
(TA Instrument, USA) 7]7]2 o]85}6] 5245 107
/min Z2ASE BXslg o, 2AHAE= 40~800C
2 Axsianh

(Thermogravimetric analysis, TGA)&
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hg2ko wE T FANE(empty fruit bunch)e] F3}ehs] Haj EAdo] wgt A+
2.3. 54985 2™ 0] 0 U MES ARFEA7|7L A2HE 7| A=nE
12 3£(5975C Series GC/MSD System, Agilent tech-

2 AdoAe f58 E&l7IE ©l&3to] EFB nologies, USA)Z &A513tE. &4 Zdo=zs
Aze] F&gdEs 342 Ayskqlct EFB £4% DB-5 (30 m x 0.25 mm x 0.25 pm)S o]-&a}
238 35 FAE sl A 150 g9 = QE 2k 5TAA SEF fASHL 52%5% 3T
HHE7] Wiol| Bdstaict. €Y 5 viA= 200 /min® &2 280C7HA] F&dto] 1021t F-4]8}31ct.
g mHE AFste] Abdel wEg7lo] Fsk3l
457 Watel Mg e A B 3. Z3 2 pE
27 EAEA sty AATIAE FF5kolth 9E
) F AAE Hol oA Aol 2RE B3 Helstd 31 EFBO| aFSlEA U YAZXM
a3 ZAlE PR e A7IRR AAE 8l
SRAAA ALY Hlo] @ @ YL I B EFB A|&9] 3}etx4al d4dE E45ke 1
Lo W Hlo]2 oYU 4&9] W3} Fo|E FAE| AiLE Table 1o Yebiith EFB:= A/ L&A}
A3l 400~550C 2] & HLollA 212 F&5EE] S ERAER A FhFo] OF T1%, Flud 1E
S ANSHITE ARALRS 1322 14 ARl Bl gl of 18%2 Witk ARl &

ZF dEH AHEEo|2e Y, Blol A}, 7in)
9] —’F—g(wet basis)& T}l Zro] AAMEFT)

(1) Ho] 22U 0] =&(wt%)

= [H}o] 2 @ 2l o] RA|(g)/AlE2] A ()] x 100
(2) HFO| 2A}2] 4=E(Wt%)

= [Hlo] @x}2] HA(g/AIRES] FA|(g)] * 100
(3) 7F29 & (Wt%)

=100 - (H}o] 2.2 0] 428 + Hjo] 20| 4=8)

ME

2.4, HO|2L2H9| =2[3feld EY 24

Arslel Fo A4Ee vloleode] g
- 3j5tY BA4S otolr] 913 tloket A4S A%
slach nvlole e do]l £BsleFe 870 KF Titrino
plus (Radiometer, Switzerland)E AM&-3Fo] =43}
11, A= Agblevor 50| AJA]SE =7 (Shao &
Agblevor, 2015)©2.= 848 Titrino plus (Radiometer,
Switzerland)S AHE-SFATE ES, AT SH|
A (Parr 6400, USA)E ©]&3to] ZA4skAaL
HAE= 40T 2A BAE A=A A (Schott,
Germany)& ©|-85to] Z73l91ct. vlo] 9. 9.9Jo] &
Aok sharze] A W Ay BAL Sla

Z521(25 mg fluoranthene/m{ acetone)S #7}3t v}

xﬂo}‘— zz‘jq ULE}:O Ok 4%, Q.,_J 61—31:0 ij
6%z LA ulo] Qo) 2o ) Blie] oo ]
2 o Aoz ZALr) FES o2 =g o

oo il

e dF e, de, A vhadls, 25, QL A
AR e 53] 2529 g%l of 12,000 ppm o
2 ohE F71Eel vl v g Ale Eelskie
o of= dRbAQl 24| vho]euj 0] 108 o) =

3+l oFo]tHEom et al., 2011). B BAS Zaf Al
EReA0 udERAS FASHE T8 oAl 7}
2] 9] ©hdF(Arabinose, Glucose, Galactose, Mannose,
Xylose)7} HEH A @7 4 Hl&e FEA
Hpo] @291 FHAA|UE (Yellow poplar)2] Z13} -
AR AL @13 tH(Hwang et al., 2012).

3.2 EFBS| X EY

4 53l EFBY Faet 9 dag
AR 3 T AYE Fig 19 A5 EFBE
HE-Lmwoll A 19.5%2] gho] AAElom 3188C
oA HdiEFgaES Btk dybdes 100C
ROl Lrofl HPOIEUH/\ U R 3 %
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Table 1. Chemical composition of EFB

Elemental analysis (wt%) EFB Yellow poplar®
Carbon 44.8 48.8
Hydrogen 5.5 6.5
Nitrogen 0.5 0.2
Oxygen® 492 445
Component analysis (wt%)

Holocellulose 70.6 78.3
Arabinose 6.1 6.7
Galactose 3.7 1.1
Glucose 39.0 40.4

Xylose 18.8 18.1

Mannose 2.9 53

Lignin 18.0 21.3

Extractives 4.6 4.4

Ash 6.2 0.6

Inorganic compound analysis (ppm)

Aluminum 1758 19

Calcium 2165 783

Iron 2680 12

Magnesium 789 282
Potassium 11929 769
Phosphorus 750 117

Silicon 761 14

* Data from Kim et al., Eom et al., and Hwang et al (Kim et al., 2011; Eom et al.,, 2011; Hwang et al., 2012)

® By difference.

Deriv.Weight (%/°C)
‘Weight (%)

0.0 T T T T T
100 200 300 400 500 600 700 800

Temperature ("C)

Fig. 1. TG (thermogravimetric) and DTG (derivative
thermogravimetric) curves of EFB.

9ol A £al7h MaAEls 0w el fcHRamiah,
1970). EFB ] A1E20.20] Hhafziago] At
49l Fepd WelHTh lmd e Loy B
H ol B4R 5 2B Fu) Agon A%
2ox0] Bal7h ZAwo] Faziac] Welvt Wt

31917] YR o2 AR chEom et al., 2012).
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33. 2E SLEEa
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EFBE 400, 450, 500, 550°ColA Z}2F F4EES
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Table 2. Physical properties of the bio-oils

A (empty fruit bunch)®] @3tshd] Eaf 549

& A

r

Residence time fixed at 1.3 sec

Properties
4007C 450C 500C 550C
Water content (wt%) 332 £ 1.1 26.6 + 0.9 26.9 + 0.7 345 + 1.1
TAN (mg KOH/g oil) 82.8 + 32 844 + 7.1 882 + 1.1 78.6 £ 2.0
Viscosity (cSt) - 11.7 £ 0.6 11.1 = 0.6 -
Higher heating value (MJ/kg) - 16.6 £ 0.3 15.6 £ 0.1 163 + 0.3
* Not determined
w0 |k I : gk vk sS0ColA utol2.ake] o] AR 7
0 — —
w | S UK gm gAE A WgeE 2] 5]
70— = _
T il ozt "ol 2o FAE AAlso] FET
3 0] 58 A== 7] o Holn| Hwang 5ol oJ3) 2
=
30 - Ayt EuE d1F QtkHwang et al., 2013).
20 -
9, EFBY FAARINZEE AL vlo]0 09
0 - -
400%C 450 500 550 2 ThE o] QufA [ Hio] @ @ Y o] 4=E0f Hl3|
mBio-char ®Bio-0il =Gas 15~20% X‘]E ]/]—71] é;g]% }ﬂ—%‘ 7]—'}_\‘9‘] ."F_%.%

Fig. 2. Mass balance of fast pyrolysis products from
EFB.

Ak Ho| 2 2 US| $8-2- S00C7HA= At S71sto]
500CoA 532%%2 M =2 88 B 550T
oA a3 AT 7FAS] 52 S00T7HA] A
5ol AL S0TOAA E7Asled 168% 2
0 28 Ut vloleake] 82 400T oA
500 CW}ZH SERANA 242~256%2] RS
Ho & Apo|7k YA ko 550T ol A= 16.8%=
Fasigie). oleist Aak AR LE7} 27k
wel wloleate] go] Fal Fashs g
wolonse) Gaenal Yol RS ok

(Bridgwater et al., 1999). A3§¢1to] 2Jshd o]
A Y BUAE EF] e 258 FEY9E 9
SR ECEEEY LR E AR B SR DS
2 S7HFIE SR 2gsita 4R tHEom er
al., 2012; Nowakowski & Jones, 2008). we}tx EFB
o) BARRIE ol oot He &
= WA AT £ 58S e AL upo)
oa}e] @40l EFBE] B7)4Ro] olg o) 2hgo]
Agsl Enc o 2 9 7o) hEOE AR

10% o) =4 S Holemf o o]
&, 53 AF2 dudl A S e 7k
S7HAZ1AL Hlo] 2 2 A O] % A= AL
&2 A rH(Oasmaa et al., 2010b). Hwang 5ol 9]
A cl9Hor AFL 2.0 wt% X|sF Wi}
A& 28 o A1§a°1l v F&gE Al af
0|29 4=8o] 10% o4 ZFAstrH(Hwang er
al., 2013). EFB2] 79 7|48 = 7+50] ofo] I
aL ol Qlsff &gl BAolAl 7kATt o] A
AEHA Hlole e Y l AA APE AL A2

bu wlo ol

l

o whebA EFB U ZF SR warhd oo
do| sgo] YUY 42 FPEL HNE | 4
e Ao AzkErt.

a8 549 23
2 B4l WS 217t 2510] Table 20] Lieh
Ak,

Hlo] 2.0 l0] SRFRE WhS-L o] wat 26.6~
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oI E - BAT - HlF - HE

34.5%%2 =A%t vlo] 22 Po] 5L Hlo]onj
2 W ol A fefstAY S EEs) oA A
AE= Aor AdHA T Bridgwater er al., 1999). T
i dolents U] 21400 G 5 09
= oo Bl Ay wee dovl: Eu) &
&5 5t o] oA o] AT HuEG
CHFahmi ef al., 2008). EFB] F4 AR o] 4= 5
TR % el B4, B9l 2ol 2aw ) 2
§2 sige Ao ARt voleede] Fug
& 550C =M 7 =Tl o= W
7} 27Kl wet ZujEAY 28 BHES o}
7] glE:o 2 AZrEtH(Hwang et al., 2013). 3+H H}
ole.0dle] ¥& fugwom Q) 4 welt v
Holom 550C 2704 P53 Hpe] 2 YUojlA] 7t
4 Alg 4F el dagol el vloleeale]
T %ﬁn‘j*ol 27%]1 4502t 500T Z7of|A
11.1~11.7 ¢St9] S Uehd o, $835kgko] 30%
di 400T 2 S50 ColME 2 FEEE UE

of @E% SAT = lsioh
Ho]l@ @ o] At 2= xzlo] web 78.6~
88.2 mg KOH/g oil2 &A= SIct AW o R Hio|
S.000k PStold L8 5ol el 3

;}i ]-rl jusd)

T

,9_
[e)

=0
ST

et
i
C

fFElo] QL o]F EFo] Hlo]e e Yo] 2 AEE
e A 6}% dlor AZtErH(Oasmaa et al.,
20104a).

Hlo] 9 9 Qo] dere o o wet 15~17
Ml/kg Atol9] gro = SAwglon, ol /(47
MI/kg), 7643 MI/kg), 2642 MI/kg)L} AEk32
~37 Mlkg)ol] m|x]A] Fél= GeFo]rtk(Sensoz et
al., 2000).

3.5. HIO|22 29| GC/MS &EA

ZF e ke vhole e dof sleh R
4 WEkE FIs] flste] GOMS #4& 35t
t}. Fig. 3= Wh3-2% 500C ZA0|A AAHE Hlo]

Lo o] A AREIHoIt. F 2652 etE
ol AEH ol& AEReLAet BadAR &
ot 9% AER LA StEt 1759 2lad

< o
Vﬁm&
A=)

32 N

o
of

o

T
0 10 20 30 40 50 60 70
Retention time (s)

Fig. 3. Gas chromatogram of chemical compounds in
the bio-oil obtained at 500C and 1.3 sec of resi-
dence time (numbered peaks are listed on Table 3).

A stEe gelskt

2o uhg SRS 74 HSkE A E, 400T
27004 BEE BleleedofA 1152 2RjHeol
A&H vk, 550°C 17494 HPO]RQO‘Oﬂ/\ih 25%
o] gtEol Hed ghelskeint. 53] 400T
279 HPOIRQ%‘OHH% 4%9 gladA sRktEol,
550C =39 mpo|eedoM= 17FY A
shokEo] HE I 2BR o3t Aols &
2ExdoA glade] 97 Z&j7h o &ds] Yo
W7 ez gzHEh

EFB H}o| 2 2 lo] =8 313k
29] 355K (depolymerization), 7}
AFs}H(oxidation), ©4=(dehydration), E7} 2 & Al 3}
(decarboxylation) HF-3-(Demirbas & Balat, 2007)°]] 2]
3 A== F=Q AME-Q] acetic acid, furfural, 5-meth-
yl-2(5H)-furanone, 3-methyl-1,2-cyclopentanedione
o] &= ALt T3, gladoA f-aigt phenol, cat-
echol, guaiacol, 4-vinylguaiacol, syringol, 4-vinyl-
syringol 5°] 1=t}

HEH 263 =9 A %*% gelst7]
slelo] 7+ sigle Wash s
S Yool 499 B2 e wHsen o

o

Table 3] L 2ict.

= SRAERS
3f|(hydrolysis),

oot
S
S
;T

pry=y _,O] 550C 7\7401]/%] A(J)M%El o] 9 ¢ olo] &}
e TEe e 25204 AEE g bl
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Table 3. Main chemical compounds present in the bio-oils obtained at various temperatures and 1.3 s of resi-

dence time
Relative amount
Peak no. Compound Source (area / IS area)
400C 450C 500C 550C
1 Acetic acid c? 2.84 2.51 2.34 1.78
2 1-Hydroxy-2-butanone C 1.05 0.77 0.98 1.10
3 1,3-Propandiol C 0.95 0.86 1.09 0.87
4 Furfural C 0.58 0.77 0.71 1.53
5 2-Methyl-2-cyclopentenone C - 0.04 0.04 0.36
6 trans-1,2-Cyclopentanediol C 0.64 0.62 0.71 0.68
7 1,2-Cyclopentanedione C 0.51 0.21 0.24 -
8 Phenol L° 2.87 3.92 3.84 7.19
9 3-Methyl-1,2-cyclopentanedione C 0.56 0.85 0.79 1.42
10 m-Cresol L - - - 0.30
11 Guaiacol L 0.44 0.83 0.79 1.42
12 Ethyl cyclopentenolone C - 0.17 0.16 0.29
13 Creosol L - 0.12 0.11 0.26
14 4-Ethylguaiacol L - ND ND 0.24
15 4-Vinylguaiacol L - 0.23 0.25 0.85
16 Syringol L 0.69 0.97 0.93 1.29
17 Eugenol L - 0.25 0.22 0.46
18 Vanillin L - 0.19 0.19 0.44
19 Vanillic acid L - 0.22 0.22 0.50
20 trans-Isoeugenol L - 0.35 0.36 1.00
21 4-Ethylsyringol L - - 0.09 0.22
22 4-Vinylsyringol L - 0.30 0.35 0.81
23 Methoxyeugenol L - 0.22 0.20 0.45
24 Syringaldehyde L - 0.15 0.12 0.34
25 trans-4-Propenylsyringol L - 0.35 0.16 0.25
26 trans-4-Propenylsyringol L 0.29 0.73 0.61 1.16
Total 11.44 15.63 15.47 25.21
 Cellulose-derived
" Lignin-derived
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