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ABSTRACT In this study, a hydrothermal pretreatment of an empty fruit bunch (EFB) was carried out to improve the fuel properties.
The possibility of reusing the hydrolysate generated from this process was examined using three different adsorbents (XAD 4, XAD
16 resin, and activated carbon). The degradation rate was 19.46% during the hydrothermal pretreatment, which increased to
20.05-26.77% by the reuse of hydrolysate depending on the adsorbent. The inorganic compound and degradation products contained
in the hydrolysate were removed by the adsorbent. In particular, the total phenolic compounds were removed effectively (3.9-49.6%)
by activated carbon. The inorganic compounds were removed by activated carbon with a 2.8-12.4% removal rate. The heating value
was increased slightly by the reuse of hydrolysate. Finally, the fuel properties were improved by removing the inorganic compounds

and improving the heating value.
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Table 1. Chemical and physical properties of adsorbents
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2, M= A oY

2.1 BAIR=

2 AFoMe SANER ERiz7IE A Al F
Y = 9 YAIE ol 'PEE PRl Empty Fruit
Bunch(EFB)E ARE31SITE, EFBE 5mm 0|32 Eajjs}o]

ARgRReH 24 - AR 27| a2 8.53% %

2.2 ERE|
EFBO] el 1.8, 119} ¥k |(EMV-HT/HP600-3,
EMS)ollA Z3stle}, Apiel= U= 25g3 557
4= 200mL(1:8 w/w)S &35te] 200C, 58, 150rpm &
Aoz 2aslglon HhS 5 uke |2 Wzksll o oA}
st matol oul Ak ofzt 5 Helsto] Wi
Hyskeich
2.3 XAD FX|, S-S 0|88 MWIlrEsliitE
THARE
NAP | A FakE T B W HaAE ke
Q3| XAD 4, XAD 16, &AeH(Activated Carbon, AC)S
g shgc. B AGOIA AGE EAA EAL Table 1
o el EAAS] TS 9la) ol Sol 2441
AATOH F5E AHSI0] 714 T ARSI 2
ol AbEt 1:20 HlE= E36to] 500mL
QJ§t % Shaking Incubatorof4] 207C,
oA
Akgsect

A= W7
AEetsdel
2417} 59k 150rpm O 2 WHISITE AT
& ofaste] FRAe 2 & Aol
(Fig. 1).

2.4 TYHO|R0iA JEEM

Q4A2) A F9| EFBY| AR A4S NREL ¥

Vteri Polarity Srucure | DOy densiy | Specifc sufece | Pore dameter | - Parlicle size
XAD 4 Non polar Poly styrene 1,08 725 50 20—60
XAD 16 Non polar Poly styrene 1,02 800 100 20-60
AC Non polar Carbon 0.45 925 360 8-30
* AC: activated carbon
2019. 6 Vol.15, No.2 53
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Fig. 1. Schematic diagram in this study
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Table 2. Chemical composition and degradation rate of Empty Fruit Bunch by hydrothermal pretreatment (unit: %)
Glucan Xylan Lignin Ash Degradation rate
. 35,72 18,13 26,77 3.04
Empty Fruit Bunch (0.58)* (0.44) (0.15) 0.39)

HT 46,51 8.93 31.59 2.59 19.46
(1.22) 0.12) (0.25) (0.26) (0.63)
|—HT 49,35 6.99 32.58 1,94 20,05
0.74) 0.12) 0.17) (0,43) (0.66)
49,26 5,91 33.86 1.62 20,93

XAD 4 2-HT ’ : ’ ’ :
(0.12) 0.12) (0.13) (0.56) (0.97)
3 [T 48,97 5,27 35.16 1,56 24,49
(0.42) (0,09) (0.34) 0.14) (0.63)
—HT 49,13 7.28 35.77 2.19 20,67
(0.83) (0.23) (0.26) (0.64) (0.69)
48,00 6,07 36.72 2,05 24,60

XAD 16 2—HT ) : ’ : ’
(0.20) (0.19) 0.71) (0.398) (0.76)
3_HT 47,50 5.88 37.12 1.62 25,42
(0.32) (0.03) (0.70) (0.12) (0.52)
—uT 47,39 6.86 34.82 2.35 21,37
0.78) (0.51) (0.19) (0.39) (0.58)
47,98 6.35 35.28 1,66 23.11

A 9—HT . . . . .
© (0.69) (0.01) (0.96) (0.25) (0.17)
3_HT 49.01 5.88 37.97 1,49 26.77
(0.21) (0.11) (0.04) (0.15) (0.23)

HT: Hydrothermal pretreatment

Degradation rate: {(raw material (dry weight)—hydrothermal treated biomass (dry weight))/raw material (dry weight)}*100

1-HT: Hydrothermal pretreatment after adsorption

2—HT: Hydrothermal pretreatment after adsorption of 1-HT
3—HT: Hydrothermal pretreatment after adsorption of 2—HT
AC: Activated carbon

* The parentheses contain the standard deviation with the analysis repeated three times.
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Fig. 2. Degradation product contained in hydrolysate depending on adsorbent treatment (a) XAD 4, (b) XAD 16, (c) Activated
carbon (HT: Hydrothermal pretreatment, 1: Hydrolysate after adsorption treatment with HT, 1—HT: Hydrolysate of
hydrothermal pretreatment with 1, 2: Hydrolysate after adsorption treatment with 1—HT, 2—HT: Hydrolysate of
hydrothermal pretreatment with 2, 3: Hydrolysate after adsorption treatment with 2—HT, 3—HT: Hydrolysate of
hydrothermal pretreatment with 3)
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Fig. 3. Xylose and xylo—oligomer contained in hydrolysate depending on adsorbents (AC: activated carbon, HT: Hydrothermal
pretreatment, 1. Hydrolysate after adsorption treatment with HT, 1—HT: Hydrolysate of hydrothermal pretreatment with
1, 2: Hydrolysate after adsorption treatment with 1—HT, 2—HT: Hydrolysate of hydrothermal pretreatment with 2, 3:
Hydrolysate after adsorption treatment with 2—HT, 3—HT: Hydrolysate of hydrothermal pretreatment with 3)
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Fig. 4. Inorganic compounds contained in hydrolysate depending on adsorbents (AC: activated carbon, HT: Hydrothermal
pretreatment, 1. Hydrolysate after adsorption treatment with HT, 1-HT: Hydrolysate of hydrothermal pretreatment with
1, 2: Hydrolysate after adsorption treatment with 1—HT, 2—HT: Hydrolysate of hydrothermal pretreatment with 2, 3:
Hydrolysate after adsorption treatment with 2—HT, 3—HT: Hydrolysate of hydrothermal pretreatment with 3)
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