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Abstract   Palm oil solid wastes consist of cellulose, hemicellulose and lignin. In this study, a single stage 
of acid hydrolysis process of palm oil empty fruit bunch (EFB) for production of fermentable sugar was carried 
out under moderate temperature (45°C) and ambient pressure. The effect of four different process variables 
such as solid size, HCl concentration, solid percentage and temperature were investigated. In addition, the 
effect of pretreatment with 0.5-1M NaOH solution in acid hydrolysis was also investigated. Smaller particles 
provided more surfaces for acid-solid contact and longer reaction time was necessary if the large solid 
particles were used. High acid concentration improved the reaction rate and sugar yield. Therefore, the 
sugar yield was found to be dependent on acid concentration and the employed temperature as well. For a 
reaction time of 40 minutes, 5 % EFB solid with 15, 20, 25 and 30 percent of HCl, EFB lignocellulose 
fibers conversion of 36, 60, 65 and 80 % were achieved, respectively. The sugar concentration in acid 
hydrolysis of the pretreated fibers with 0.5 M sodium hydroxide solution resulted in 35 % more sugar. 
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خوشه هاي الياف   از   تحقيقدر اين   . استضايعات پس مانده نخل شامل سلولز، همي سلولز و ليگنين           چكيده          

 درجه سـانتيگراد    ۴۵اي براي تبديل به قند قابل تخمير در دماي           نخل فاقد ميوه در عمليات هيدروليز تك مرحله       
. شـد  در صد مواد جامد و دماي واكنش بررسي          ،اسيد غلظت   ،چهار پارامتر مؤثر اعم از اندازه ذرات      . شداستفاده  

ذرات ريز گرچه سـطح تمـاس بيـشتري بـا اسـيد             . گرديدنيز بررسي   ) M ۱- ۵/۰( درمان الياف با محلول سود      
غلظـت اسـيد و دمـاي       .  ولي در زمان واكنش كافي ذرات درشت نيز بهمان غلظت بازدهي قنـد رسـيد               ،دشتندار

 بنابراين نرخ بازدهي قنـد بـه غلظـت اسـيد و دمـاي               . و سرعت واكنش شد    واكنش موجب افزايش نرخ بازدهي    
 ۲۵، ۲۰، ۱۵ درصد الياف نخل فاقد ميوه و با غلظت اسيد         ۵ دقيقه و با     ۴۰با زمان واكنش    . شتواكنش بستگي دا  

غلظـت قنـد    . دي درصد رس ـ  ۸۰ و   ۶۵،  ۳۶،  ۶۰ الياف ليگنو سلولزي به ترتيب به درصد تبديل          HCl درصد   ۳۰و  
 .دي درصد غلظت قند محلول گرد۳۵موجب افزايش ) M ۵/۰(اف درمان شده با محلول سود الي

 
 

1. INTRODUCTION 
 
Malaysia is one of the palm oil producers around 

the world. But the residue of the palm oil has still 
not been completely used. In past decades the palm 
oil residues became the most abundant biomass 
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resources. The annual rate of production of palm 
oil in Malaysia was estimated to be more than 
twelve million tones [1]. The lignocellulosic 
residues can be used as solid fuel for steam 
generation. Presently the palm oil residues are 
burned in the field, which causes major air 
pollution. Palm oil fiber, which is only partially 
used as boiler fuel to produce steam for electricity 
generation with its heating value of 4420 kcal/kg 
(dried weight) and palm oil kernel process, has its 
remaining portion left with low commercial value 
[2]. Total biomass produced by palm oil industries, 
about 10 % was counted as the crude palm oil. 
While others remaining as the lignocellulosic wastes 
are present as trunks, fronds, palm pressed fiber and 
empty fruit bunches [1]. It was reported that about 
27 % of total weight of the fresh fruit bunch would 
be the crude oil whereas the other portion left was 
the solid wastes; 23 % EFB, 14-15 % fibre, 6-7 % 
kernel and 6-7 % shell [3]. It has been believed 
that palm oil trunks yielded about 24-32 % of 
hydrolysable sugars [4]. Through out the palm oil 
industry, the fresh fruit bunch was preliminary 
sterilized prior to the threshing process for fruit 
and bunch separation. Therefore, the palm oil 
empty fruit bunch will be obtained after stripping 
off the fresh fruit bunch. Palm oil EFB consists of 
about 50 % cellulose, in compare to other sources 
of biomass such as sugar cane bagasse, rice straw, 
sorghum straw and corn cobs, palm oil EFB is 
enriched in cellulose [5]. Table 1 shows the 
lignocellulosic composition of various sources of 
biomass, among them; EFB has the highest 
percentage of cellulose. 
     Generally, hydrolysis of lignocellulosic material 
into its corresponding monomer sugar was 
performed by acid, enzymatic and microbial 
hydrolysis [6]. Acid hydrolysis is a direct 
hydrolysis method used for biomass conversion 
and single stage acid hydrolysis is considered as 
the simple and single reaction vessel. Typically, a 
single stage with diluted acid (less than 5 % acid 
concentration) was used rather than concentrated 
acid. A rather high temperature is needed to 
achieve a maximum conversion with in a short 
residence time. However, implementation of high 
temperature resulted in product contamination with 
the presence of soluble derivatives, furfural and 
hydroxy-methyl furfural, which is generated in the 
presence of acids from sugars; C5 and C6, 

respectively [7-9]. In fact, the acid acts as catalyst 
for the chemical transformation of sugars into toxic 
compounds at any temperature greater than 50ºC. 
In acid hydrolysis of cellulose, it was believed that 
the mechanisms were leading to a scission of 
glycosidic bonds which initially catalyzed by the 
action of proton (H+) existing in the aqueous 
medium [10]. Since cellulose was proposed to have 
both amorphous and crystalline structures, the 
reaction possibly occurs at both the surface of the 
cellulose particles and amorphous region, leaving 
the crystalline cellulose structure unaltered [11]. 
Compared to enzymatic hydrolysis that correlated 
with porosity, a specific surface area and degree of 
hydration, the cellulose crystalline structure was of 
great consideration in the acidic hydrolysis [12]. 
Beside the orderly crystalline structure in the 
cellulose molecules, the presence of lignin fraction 
in the cellulose materials is also responsible in 
defending the cellulose from hydrolysis agent [13]. 
Therefore, those barriers offered strong resistance 
for the conversion of cellulose into glucose. 
     The effect of acid concentration and 
temperature did play a significant role towards the 
hydrolysis reaction. In the kinetic modeling studies 
of acid hydrolysis, it has been observed that the 
rate of generation reaction of monomeric sugar 
from polysaccharides was influenced by 
temperature and acid concentration [8,9]. Diluted 
hydrolysis of α-cellulose with high temperature 
has been investigated by Xiang and his coworkers 
[14], it was indicated that at above 215°C, the 
chemical reaction was more sensitive to 
temperature than the physical factors of cellulose. 
The physical factors appeared to be eliminated 
while the true chemical reaction will be a major 
influential factor in the overall process. 
     Hydrolysis reaction was generally controlled by 
hydrogen ion concentration (H+). At the same time, 
the cellulose fragment dissolution performed as a 
function of hydroxyl ion concentration [11]. In 
their study Xiang and his coworkers [15] have 
proved that most of the cellulose was dissolved in 
65 % of H2SO4 or higher. It was indicated that 
beyond this concentration, the hydrolysis rate was 
gradually increased with respect to acid 
concentration. Most of the hydrolysis of 
lignocellulose may take place with the presence of 
hydrogen ions. The suitable range of acid 
concentration should be considered in order to 
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TABLE 1. Lignocellulose Composition from Different Source of Lignocellulsic Materials. 
 

Sources 
Main Components 

(Percentage by Dry Weight) 
  References 

 Cellulose Xylan Hemicellulose Lignin Ash  

 (%) (%) (%) (%) (%)  

Palm Oil EFB 50.4 - 21.9 10.0 0.5 Umikalsom et al., [5]

Sorghum Straw 35.0 19.0 24.0 25.0 - Herrera et al., [7] 

Sugar Cane Bagasse 38.9 20.6 - 23.9 - Rodriguez-Chong et 
al., [8] 

Corn Cobs 31.7 - 34.7 20.3 - Rivas et al., [17] 

Rice Straw 43.4 20.2 28.0 17.2 11.4 Roberto et al., [18] 
 

reduce the formation of decomposed products [16]. 
     The lignocellulose size was reduced to a very 
small fine particle powered by using a grinding 
mill that may increase the surface area and reduce 
the diffusion problem related to the reactant 
involved. The milling efficiencies for both knife 
and hammer mills have been studied and it was 
found that the product size distribution in the 
processes was highly feedstock and mill-type 
dependence [19]. Meanwhile, the use of vibratory 
ball milling prior to dilute acid hydrolysis process 
yields substantial increases in its reaction rate. In 
the acid hydrolysis of hardwood cellulose, the 
effect of particle size was assessed by kinetic and 
modeling results. As the chip size was increased, 
the maximum attainable glucose was decreased 
and this effect was significant as the temperature 
and the acid level were raised [20]. The effect of 
the ratio of liquid to solid has been studied by [16] 
peat hydrolysis. The liquid to solid ratio was 
investigated by Lavarack and his coworkers [21] 
where as the solid to liquid ratio were reduced, the 
rate of decomposition of xylose would also been 
reduced as the xylose produced within the 
hydrolysate was also diluted. In the concentrated 
hydrolysis of corn cobs, the feed of solid 
concentration lower than 5 % was considered to 
improve the conversion of the reducing sugar. The 
use of 2, 5 and 10 % of solid concentration resulted 
in maximum conversion of 90, 70 and 65 % 

reduced sugar, respectively [22]. 
     In most lignocellulosic wastes, due to the 
presence of cellulose crystallinity, the chemical 
attack on the cellulose is retarded. Therefore, 
chemical pretreatment was necessary to increase 
the susceptibility of lignocellulose for hydrolysis 
reaction. Chemical treatment may accelerate the 
rate of reaction and the extent of cellulose 
hydrolysis. Sodium hydroxide, NaOH was 
employed in order to enhance the digestibility of 
lignocellulose due to the swelling and disrupting of 
the crystalline structure of cellulose [23]. Sodium 
hydroxide acts as an intracrystalline swelling agent 
for both crystalline and amorphous celluloses [24]. 
In the pretreated biomass with NaOH solution, the 
sequential actions that involved will be 
 
• The hemicellulose solubilization, 
• The increase of cellulose and 

hemicellulose digestion activity and 
• The improve of cellulose and the 

hemicellulose digestion rate [25]. 
 
In this research, a palm oil empty fruit bunch was 
used as raw material in an acid hydrolysis process. 
The cellulose fibers from palm oil EFB were 
converted to sugars, which can be used for ethanol 
fermentation. The EFB residue contains nearly 50 
percent cellulose [26]. From batch acid hydrolysis, 
experiments for 4 different parameters; solid size, 

www.SID.ir



Arc
hi

ve
 o

f S
ID

150 - Vol. 20, No. 2, August 2007 IJE Transactions B: Applications 

HCl concentration, solid to liquid ratio and 
temperature were carried out and the total reduced 
sugar was formed as the final product. All 
experiments were conducted with caution to obtain 
optimum conditions for hydrolysis reaction and 
maximum liberated sugar concentration. The 
purpose of this research was to obtain fermentable 
sugar from renewable sources for production of 
ethanol as a bio-fuel. 
 
 
 

2. MATERIAL AND METHOD 
 
Palm oil EFB was obtained from the FELCRA 
palm oil milling plant in Seri Iskandar, Perak as a 
partially dried raw material. Initially, the fiber was 
dried. Moisture content of the fiber was determined 
after 24 hours of drying in a drying cabinet at 
100°C. Destruction of fiber was carried out by the 
vibratory grinding in a laboratory with the aim of 
achieving a large surface area of cellulose for 
hydrolysis reaction for the to acid act as a catalysts. 
EFB contains 17 % moisture, collected from palm 
oil mills nearby. The EFB were primarily air and 
oven dried, grinded (Apex-Mill A 38133, England) 
and screened to the particle size of less than 1mm. 
The grinded fiber was subjected to a sieving 
process. Fractions retained on available screen size 
were 1mm, 710, 500 and 250 microns used for the 
experiments. Determination of the fiber 
composition was accomplished using the 
Elemental Analyzer, Perkin Elmer Model 2400. 
The evaluation of data was based on maximum 
sugar yield resulting from the cellulose fibers. 
     A preliminary experimental run was carried out 
in a flask using 10 to 30 % HCl with an incumbent 
of 5 % at 45°C. Several solid percentages (2 to 10 
%) were studied and the soliid was charged into a 
250ml Elernmeyer flasks placed in a temperature 
controlleded water bath. The effect of solid particle 
size was investigated for the size of 250, 500, 710 
and 1000 microns. 
     The hydrolyzate was collected and neutralized 
with a sodium hydroxide solution with a pH of 7. It 
was then further diluted with distilled water 
(1/10v/v) and filtered through 0.45 μm cellulose 
membrane before being analyzed. The total 
reducing sugar produced in the hydrolyzate was 
analyzed by the colormetric method using the UV-

Vis spectrophotometer, (Cecil 1000) at 540nm 
using a reducing chemical reagent, 3, 5-
dinitrosalicylic acid 98 % solution (DNS reagent) 
[27]. 
     The pretreatment of fibers was carried out using 
0.5 M sodium hydroxide solution. The 
impregnation of alkaline solution was implemented 
by a heat treatment at 121°C in an autoclave for 
about 12 minutes. The pretreated sample was 
neutralized and dried prior to main hydrolysis. 
Batch studies were conducted at 45°C using 
hydrochloric acids to catalyze the hydrolysis of 
cellulose. A 5 percent solid was charged into a 
100ml flask contained 10 % HCl, reaction time 
was set for one hour. The flask was placed in a 
Water Bath Shaker, Clifton 1050W, Nickel 
Electric LTD England and the stirrer was used to 
mix the solid with a speed of 300 rpm. The sample 
was withdrawn for sugar analysis at 10 minutes 
intervals. The defined volume of the sample was 
immediately naturalized to stop the reaction. Then, 
the diluted sample was filtered through filter paper, 
Whatman # 1. 
     For electronic microscopic scanning (SEM), 
samples were taken from the hydrolyzed untreated 
and treated fibers. The samples were freeze-dried 
in the Freeze Drier, EMITECH, model IK750, 
Cambridge, UK. The sample was fixed on the 
aluminum stub and coated with gold palladium by 
Polaron machine model SD515, EMITECH, 
Cambridge, UK, at 20 nm coating thickness. 
Finally the sample was examined under SEM using 
Stereoscan model S360 brand SEM Leica 
Cambridge, Cambridge, UK. The elemental 
analysis of samples was conducted by an E.M. 
unit, University Sains Malaysia, Penang, Malaysia. 
 
 
 

3. RESULT AND DISCUSSION 
 
Acid hydrolysis of untreated and pretreated palm 
oil residues were carried out in several sets of 
experiments. Batch experiments were conducted 
using HCl as the reaction catalyst. For maximum 
monomeric sugar production, four parameters were 
considered, such as solid particle size, solid 
percentage, acid concentration and reaction 
temperature with respect to reaction time. Each 
parameter was evaluated to determine the optimum 
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Figure 1. Total reducing sugar with respect to particle size at 
10 % HCl, 5 % solid and 45°C. 
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Figure 2. Total reducing sugar with respect to acid 
concentration using 0.5mm fiber, 5 % solid at 45°C. 

reaction condition for the maximum liberated 
sugars. 
     The effect of solid particle size in acid 
hydrolysis is shown in Figure 1. Four different 
sizes of solid particles (250-1000microns) were 
investigated. At early stages of hydrolysis, the 
smaller particle size may show an increase in sugar 
concentration. As the smaller particles possession a 
larger surface area, the particle size lower than 250 
microns do persuade the hydrolysis process, but at 
longer reaction time for all solid particle sizes, the 
sugar concentration profile may follow through a 
similar pattern as is shown in Figure 1. The total 
reduced sugar with respect to most of the particle 
sizes at 10 % HCl, 5 % solid and 45°C, a sugar 
concentration of about 16 g/L was obtained. 
Experiments with very fine powder may possibly 
caused by the presence of impurities, such as 
debris and ash produced from the grinding process 
which was also experienced by Abdul Aziz and his 
coworkers [28]. For solid particles with a size 
bigger than 1mm, the penetration of acid was 
slower and the sugar concentration gradually 
increased after 15 to 20 minutes. This was due to 
large particle size and insufficient contact time for 
the acid to penetrate inside the large solid particles. 
Hydrolysis of EFB fiber with a solid size of 500 
microns resulted in acceptable sugar concentration. 
The librated sugar concentration was increased 
with the reaction time. It was observed that a rapid 
reaction time of about 40 to 60 minutes was 
adequate for maximum sugar concentration. Small 
particles have provided more surfaces for acid to 
contact the solid and acid penetrated faster into the 

small solid particles. In addition, longer reaction 
time was necessary if large solid sizes were used. 
The sugar concentration for acid hydrolysis of 1 
mm solid size at 40 min was about 10 g /L. The 
sugar concentration gradually increased, at 60min, 
reached to 16 g /L. 
     Hydrolysis of EFB fiber was carried out at 
various concentrations of acid; 5 to 30 %, of HCl, 
with an incumbent of 5 % acid. Merely 36, 60, 65 
and 80 % conversion was achieved at reaction time 
of 60 minutes, 5 % solid with 15, 20, 25 and 30 % 
of HCl, respectively. As clearly stated by the 
numbers, the sugar concentration was increased 
with an increase in the acid concentration that was 
applicable to the acid, catalyzed the hydrolysis 
process. The catalyst activity was proportional to 
H+ concentration. The more hydrogen ions formed 
in the solution, the more rapid the hydrolysis 
process occurred [29,30]. Therefore, the breaking 
of glucosidic bounds will increase, causing the 
high conversion of hemicellulose fraction into 
xylose. Under harsh conditions if high acid 
concentration was applied, the cellulose fraction 
would be disrupted and glucose would be 
generated. In this study, both xylose and glucose 
concentrations were considered as total reducing 
sugars. As acid acts as a catalyst, high 
concentration of acid may speed up the reaction 
rate while improving the sugar concentration. The 
experiment was conducted at 45°C with an acid 
concentration of 10 to 30 % HCl, and with an 
additional increment of 5 % acid. Figure 2 shows 
the reduced sugar liberated from acid hydrolysis of 
5 % solid EFB at 45°C. The highest sugar 
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Figure 3. Total reducing sugar with respect to solid 
percentage at 10 % HCl and 45°C. 
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Figure 4. Effect of temperature on total reducing sugar at 10 % 
HCl and 5 % Solid. 

concentration (20 g/L) was associated with high 
acid concentration and the lowest reduced sugar 
concentration (2.7 g/L) resulted in 10 % HCl. 
However, the sugar concentration decreased at 
high acid concentration at elevated temperatures; 
the longer reaction time at high temperature may 
cause deformation of sugar to furfural and 
hydroxyl methyl furfural. The undesired products, 
hydroxyl methyl furfural and furfural originate 
from glucose and xylose decomposition at high 
temperatures (greater than 55°C) in the presence of 
acid catalyst, respectively [31]. 
     Figure 3 shows the percentage of solid EFB in 
acid hydrolysis. Four different percentages of solid 
EFB (2,5,8 and 10 %) were studied. These 
conditions coincide with the other researchers’ 
explanation that to a certain percentage of solid 
concentration of liberated sugar gradually 
increasing [22]. The lowest percentage of solid 
resulted in minimum sugar concentration. The 
concentration of liberated sugar with 10 % HCl at 
45°C for 2 and 10 % solid were 7 and 23 g/L, 
respectively. 
    The effect of temperature on acid hydrolysis is 
shown in Figure 4. A temperature range of 35 to 
85°C with an incumbent of 10°C was studied. The 
sugar concentration at low temperatures was low 
(about 11 g /L). At 45°C, which is a secure 
temperature, the liberated sugar concentration is 
about 16 g /L that is about 60 %. At a high 
temperature of 85°C, the concentration of sugar 
may increase to 20 g /L. Another words the rate is 
constant for high temperatures which was higher 
than the low temperatures since the reaction rate 
was faster at high temperatures, 85°C. But, at the 
elevated temperature (greater than 55°C), there is a 
possibility of decomposition of xylose and glucose 
to furfural and hydroxyl methyl furfural. However 
the effect of temperature in kinetic studies of acid 
hydrolysis has a positive impact. The problem of 
sugar decomposition needs extensive research to 
be resolved. The acid hydrolysis data presented in 
this research focused on positive effects. The 
negative impact still remains unsolved; it is most 
probable the problem will be resolved in future 
research. The high temperature conditions were 
also experienced by Kim and his coworkers [32] in 
their hydrolysis study of nitrocellulose (NC). It 
took only 9 minutes for 90°C to convert the NC to 
the maximum glucose compared to 63 minutes for 

60°C. In addition, [32] it was stated that, 
temperature did play an important role on the rate 
of acid hydrolysis reaction. Based on the Arrhenius 
equation, at high temperatures, the reaction would 
be faster. Table 2 shows the rate constants and 
activation energy increase with acid concentration. 
Table 3 presents the rate constants temperature 
dependency and the role of acid concentration for 9 
sets of experiments. According to Arrhenius law, 
the rate constants increased as the acid 
concentrations and temperatures were increased. 
Beside the higher activation energy showed by its 
kinetics behavior [15], the high temperature also 
performed high sugar yield. According to Xiang 
and his coworkers [14] in their studies, the 
breakage of hydrogen bonds in hemicellulose and 
cellulose fraction occurred rather abruptly in 
response to temperature. 
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TABLE 2. The kinetic Rate Coefficient and Activation Energy Based on Arrhenius Equation. 
 

Acid Concentration, % ki, min-1 Ea, kJ/mol R2 

10 
20 
30 

4.57 x 108 

3.73 x 1012 
6.32 x 1012 

63.78 
74.57 
83.96 

0.997 
0.998 
0.961 

 
 

TABLE 3. Kinetic Parameters with Respect to Acid Concentration and Temperature Range of 35-55ºC. 
 

Acid Concentration k1 (min-1), at 35ºC k1 (min-1), at 45ºC k1 (min-1), at 55ºC 

10 % HCl 
20 % HCl 
30 % HCl 

0.007 
0.009 
0.035 

0.015 
0.032 
0.138 

0.034 
0.112 
0.276 
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Figure 5. Yield of total reducing sugar liberated from treated and 
untreated EFB fibers, 10 % HCl and 45°C.

     The hydrolysis of the pretreated fibers resulted 
in about 35 percent more sugar with 5 percent 
solids using various acid concentrations. It fact, the 
sugar concentration was observed during the 
hydrolysis after prior treatment by 0.5M of NaOH 
solution. Compared to untreated fiber, the 
hydrolysis of the treated fiber resulted in more than 
35 percent of sugar concentration (Figure 5). The 
hydrolysis reaction was found to be faster with 
treated fiber. After the NaOH treatment, 

hemicellulose fraction of EFB fiber would possibly 
solubilized. Furthermore, the cellulose fraction 
swelled and transformed from its crystalline form 
to the more reactive amorphous form [28]. In 
addition, it was also understood that lignin might 
be removed after NaOH treatment leaving 
carbohydrate fraction reactive towards the acid 
action [33]. In addition, Umikalsom and his 
coworkers [5] proved that an increase of reactive 
cellulose (ready to be attacked by acid) and the 
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reducing of lignin content were not only caused by 
the pretreatment of NaOH solution itself, but also 
by autoclaving. Within this chemical treatment of 
empty fruit bunch fiber, the autoclaving was 
believed to modify the physical structure of lignin 
while the NaOH solution acted as an effective 
intracrystalline swelling agent. 
     The electronic scanning and images of the 
treated and untreated palm oil fibers are presented 
in Figure 6. The surface chemistry reviled that 
active cites and more extended surfaces were 
created for the treated fibers and then the reaction 
of acid hydrolysis made the process act faster on 
the treated fibers and activated cites. In general, the 
surface preparation on the treated fibers may result 
in a higher yield. The uniform action of acid 
hydrolysis showed the perfect criteria of the treated 
fibers resulted in higher yield of sugar. In fact, the 
whole concept of acid hydrolysis of the treated and 
untreated EFB fibers are presented in SEM and 
elemental monograms of Figure 6. The hydrolyzed 
EFB fibers with localized reaction are shown in 
Figure 6a. The uniform surface area of the treated 
hydrolyzed fibers is shown in Figure 6b. The 
elemental analysis for the treated fibers shows 
about 74.45 wt % carbons. The SEM for 
hydrolyzed and untreated fiber is shown in Figure 
6c. All of the localized sports on the fiber did not 
contain crystalline product. Figure 6d shows the 
pretreated fiber electronic scanned image. The 
SEM for treated and untreated fibers are compared, 
as the treated fiber shows uniform localized active 
cites were prepared for further reaction (Figure 6e 
and 6f). 
 
 
 

4. CONCLUSION 
 
From the hydrolysis studies towards palm oil 
wastes, it was concluded that palm oil wastes show 
a high potential to be converted to a valuable 
product, which is monomer sugar. A concentrated 
acid hydrolysis process was employed in order to 
perform a moderate reaction condition with 
ambient temperature and pressure. For a reaction 
time of 40 minutes, 5 % solid with 15, 20, 25 and 
30 percent of HCl, EFB lignocellulose fibers 
conversion of 36, 60, 65 and 80 % were achieved, 
respectively. The sugar concentration in the acid 

hydrolysis of 10 % solid with 60min reaction time 
was 22.5 g/L. From the parameters studied, the 
hydrolysis of EFB present that a better conversion 
was obtained with 500 micron of particles size 
compared to the other solid size. It was also 
concluded that the increase of sugar yield was 
proportional to both acid concentration and the 
temperature employed. The reaction rate constant 
was temperature dependent. In a fast rection, the 
size of solid particle was inflectional for a short 
reaction time of less than 30 minutes. In addition, 
with the prior treatment of EFB with 0.5M of 
NaOH, the yield of total reduced sugar was 
observed to increase the sugar concentration. This 
may be attributed by the solubilization and 
swelling of hemicellulose and cellulose fraction 
respectively and exposed the EFB fiber towards 
the catalytic reagent. 
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                   (a)                                                              (b) 
 

Element Weight % Atomic % 
C K 74.45 79.51 
O K 25.55 20.49 

Totals 100.00  
 

Standard: C   CaCO3   1-Jun-2005 12: 00 AM      O   SiO2   1-Jun-2005 12: 00 AM 
 

        
 

(c)                                      (d)                                        (e)                                         (f) 
 

 
 

Element Weight % Atomic % 
C K 72.88 78.16 
O K 27.12 21.84 

Totals 100.00  
 

Standard: C   CaCO3   1-Jun-2005 12: 00 AM      O   SiO2   1-Jun-2005 12: 00 AM 
 

Figure 6. Electronic scanning microscopic pictures of untreated, treated and hydrolyzed fibers and elemental analysis of the  
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(e) EFB Fibers, Magnified 300, (f) NaOH Treated EFB Fibers, Magnified 1500. 
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