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Abstract: The hydrolysis of cellulose to glucose at the temperature of 1000 C using phosphoric acid as catalyst
was studied in this work. The effect of acid concentration on glucose yield with 1 g of biomass weight was
studied at H3PO4 concentrations of 1 %, 2 %, 4 %, 8 %, 15 % and 20 %. It was found that glucose yield is
directly proportional to acid concentration, with best yield of glucose being 21 mg in 35 minutes at acid
concentration of 15 %. The hydrolysis could not take place at other concentrations studied. The effect of
biomass weight on glucose yield was carried out with 0.5 g, 1.0 g, 1.5 g and 2.0 g of biomass. Results showed
that 1.5 g and 2.0 g gave both 22 mg of glucose, while the other biomass weights gave 0 mg. This also indicated
a proportional relationship between biomass weight and glucose yields. Optimization studies were carried out
using the best values of acid concentration and biomass weight. The results showed that rate of cellulose
hydrolysis at these conditions was 0.957 mg/min. The results obtained from this study showed that phosphoric
acid is not a good catalyst for cellulose hydrolysis.
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1. INTRODUCTION

As the challenges associated with non-renewable energy sources looms, a lot of research is being carried
out on the conversion of biomass (cellulose) to biofuels, a renewable energy source. There is a wide
variety of biomass, and composition is also diverse. Some primary components are cellulose,
hemicellulose, lignin, starch, and proteins. Trees mainly consist of cellulose, hemicellulose, and lignin,
and so herbaceous plants, although the component percentages differ. Different kinds of biomass have
different components: grains have much starch, while livestock waste has many proteins. Because these
components have different chemical structures, their reactivities are also different. From the standpoint
of energy use, lignocelluloses biomass, which consists mainly of cellulose and lignin such as trees, exist
in large amounts and have great potential.[!! Cellulose is a carbohydrate of the polysaccharide group
having the formular (C¢H100s)n. It is the most abundant organic polymer on earth which can be can be
broken down chemically into its glucose units by treating it with acids at high temperature. ¥ And then
the glucose fermented and distilled to obtain a type of biofuel known as bioethanol. Although cellulose
is sufficiently stable toward hydrolysis to allow it to be dyed, finished and laundered, it is susceptible
to hydrolysis by acids. Acids attack the acetal linkages, cleaving the 1-4-glycosidic bonds. “* Numerous
challenges are encountered in the course of biofuel production from cellulosic materials. The first
difficulty is encountered in the pretreatment process where a lignocellulosic material is used.
Pretreatment of the lignocllulosic biomass is a key step intended to render the cellulose hydrolysate
more amenable and accessible, thereby increasing glucose yields. Due to its rigid structure and
crystallinity, cellulose is resistant to hydrolysis. The hydrolysis of cellulose is a slow process and the
extent of hydrolysis is influenced by the structural properties of the biomass substrate, such as cellulose
crystallinity, surface area, degree of polymerization and porosity. 2% In order to increase the efficiency
and efficacy of the hydrolysis process, it is necessary to perform a chemical pretreatment of the biomass
to modify its composite structure, thereby allowing better access to cellulose. Some chemical treatments
such as with liquid ammonia and aqueous sodium hydroxide (NaOH), are known to alter the crystalline
structure of cellulose, resulting in the formation of different allomorphs that have different unit cell
dimensions, chain packing schemes and hydrogen bonding relationships. 2% The research is carried out

International Journal of Advanced Research in Chemical Science Page | 27


http://en.wikipedia.org/wiki/Chemical_formula
http://en.wikipedia.org/wiki/Carbon
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Oxygen

Optimization and Kinetic Study of Cellulose Hydrolysis to Glucose Catalyzed by Phosphoric Acid (Hspoa)

to obtain the effective parameters and conditions suitable for acid hydrolysis of cellulose. In other
words, the research projects the optimal conditions necessary for the cellulose hydrolysis process. These
parameters include the suitable acid concentration, contact time and biomass weight at constant
temperature for maximum glucose yield.

2. MATERIALS AND METHODS
2.1.Preparation of Phosphoric Acid Solutions

Phosphoric acid solutions (1 %, 2 %, 4 %, 8 %, 15 % and 20 %) were prepared. In preparing 1 % of
HsPO4, 1 ml of H3PO, was added to 100 ml volumetric flask and the flask made up to 100 ml mark with
water. In the same manner, 2 %, 4 %, 8 %, 15 % and 20 % were prepared by measuring 2 ml, 4 ml, 8
ml, and 20 ml respectively into 100 ml volumetric flask.

2.2.Procedure for Assessing the Effect of Acid Concentration on Glucose Yield

To washed and dried beakers (100 ml), 1 g of cellulose was weighed into each and 100 ml of 1 %, 2 %,
4 %, 8 %, 15 % and 20 % phosphoric acid solution was added to each of these beakers. The beakers
were labelled and stirred properly in the acid solution. At this point, glass reactors were labelled and
the cellulosic acid solution from the beakers transferred to them. Heating mantle was setup and the
reactors heated while immersed in a beaker (250 ml) containing some water. This heating process lasted
for 35 minutes of which the very first 5 minutes ensured thermal stability between the solutions in the
reactors and the water in the beaker. After this duration of time, the heating process was dismantled and
5 ml of the heated mixture was extracted from each reactor and poured into beakers (50 ml). Each of
the heated solution in the beaker was neutralized with sodium hydrogen carbonate (NaHCQ3) in excess
to ensure complete neutralization. With the aid of a glucose meter, the glucose yield was measured and
recorded for each acid concentration.

2.3.Procedure for Assessing the Effect of Biomass Weight on Glucose Yield

This assessment was done with 15 % of H3PO,. To washed and dried beakers (100 ml),0.59,1.0g, 1.5
g, and 2.0 g of cellulose were weighed into each. The beakers were labeled and 100 ml of 15 % of
H3PO, was added to each of the beaker. The solution was stirred properly and transferred into glass
reactors. A heating mantle was setup and the reactors heated for 35 minutes. The reactors were evacuated
and 5 ml extracted from each, poured into beakers (50 ml) and neutralized with sodium hydrogen carbonate
in excess. The glucose yield of each was measured and recorded using a glucose meter.

2.4.Procedure for Assessing the Effect of Contact Time on Glucose Yield

In order to assess the effect of time on glucose yield, 1.5 g of biomass was weighed into 100 ml beakers.
To each of the beakers, 100 ml of 15 % of HsPO, was added and stirred. All the mixture was transferred
into glass reactors and heated while immersed in a beaker containing water for the first 5 minutes for
the attainment of thermal stability. The heating process continued for the next 20 minutes after which
one reactor was isolated, and 5 ml of the cellulosic-acid solution extracted from it, poured into a beaker
(50 ml) and neutralized in excess with sodium hydrogen carbonate. The glucose yield was measured
and recorded. The next reactor was brought out after the next 30 minutes, neutralized and the glucose
yield measured and recorded. The next reactor was brought out after the next 30 minutes, neutralized
and the glucose yield measured and recorded. The other remaining reactors followed the same step after
the next 20, 20 and 15 minutes time intervals.

3. RESULTS

The Table 1 below shows the hydrolysis of 1 g of cellulose by different acid concentrations of
phosphoric acid and their corresponding glucose yields.

Tablel. Effect of Phosphoric Acid Concentration on Glucose Yield

Phosphoric Acid Concentration (%) Glucose Yield (mg)
1
2
4
8
15
20

N
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Table 2 below shows the hydrolysis of different cellulose weight by 15 % of HsPO. and their

corresponding glucose yields.

Table2. Effect of Biomass Weight on Glucose Yield

Biomass Weight (g) Glucose Yield(mg)
0.5 0
1.0 0
15 22
2.0 22

Table 3 below shows the hydrolysis of 1.5 g of cellulose by 15 % of H3PO, and the glucose yields at

different time intervals.

Table3. Effect of Contact Time on Glucose Yield

Time (minutes) Glucose Yield (mg)
20 0
50 27
80 54
100 79
120 101
135 111
Figure 1 below shows the plot of different glucose yields against different concentrations of phosphoric
acid.
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Figurel. Effect of Acid Concentration on Glucose Yield

Figure 2 below shows the plot of different glucose yields against different biomass weights.
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Figure2. Effect of Biomass Weight on Glucose Yield

The Figure 3 below shows the plot of different glucose yields at different time intervals.
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Figure3. Effect of Contact Time on Glucose Yield at Optimal Conditions.

AGlucose Yield (mg)
ATime (minutes)

Rate of glucose yield =

— 110—-20
134—-40

= 22 =0.957 mg/min

94

Rate of glucose yield = 0.957 mg/min
Hence, for every minute past, 0.957mg of glucose is formed.
4. DISCUSSION

In Table 1, we have a kinetic experiment on the hydrolysis of 1 g of biomass by phosphoric acid (HzPO.)
at different concentrations. The Table therefore shows the effect of acid concentration on glucose yield.
We have the first acid concentration to be 1 % of HsPO4 which resulted to 0 mg of glucose yield. This
shows that at this concentration (1 %), HsPO4 cannot hydrolyze. The concentration was increased a unit
further to 2 %. The glucose yield at this concentration was 0 mg which shows also the inability of HsPO4
to hydrolyze at 2 % concentration. At 4 % of H3PO,4, we have also the glucose yield to be 0 mg.
Phosphoric acid also could not hydrolyze at this concentration level. The concentration was made to
increase four units further to 8 %. And just like the previous concentration levels, the glucose yield was
also 0 mg. This also signifies the inability of HsPO4 to hydrolyze at the experimented concentration
level. The concentration was increased to 15 %, a six unit increase. At this concentration (i.e. 1:15), we
had a low 21 mg of glucose yield. The concentration was increased to 20 % and glucose yield dropped
to 0 mg. Normally an increase in glucose yield was expected as there was an increase in the
concentration of HsPOa. But the reverse was the case. The explanation for this is that at 20 % of HzPOs,
there might have been a possible decomposition of the glucose formed into an undesirable by-product
like hydroxymethylfurfural (HMF). Since the rate of glucose decomposition in acidic medium is
directly proportional to concentration regardless of acid type 24, it then means that hydrolysis of 1 g
cellulose with 20 % H3PO4 is not feasible. In other words, the acidic level is too high for 1 g. The results
here show that glucose yield is directly proportional to acid concentration. They also confirm the weak
and triprotic nature of HsPOa, because at 15 % level of concentration as against 1 g of cellulose, we
could only obtain 21 mg of glucose. Finally, they show that the best glucose yield on the hydrolysis of
1 g of cellulose with phosphoric acid can only be obtained within the range of 12 % - 17 % concentration
of HsPO,4 which should result to 14 mg — 16 mg of glucose by extrapolation as shown in Figure 1. As
can be seen in Figure 1 also, beyond 15 % of H3POy4, a decrease in glucose yield resulted. This decrease
could have been also as a result of glucose decomposition in acidic medium. Hence, 15 % of H3PO4 is
the best acid concentration in the hydrolysis of 1 g of cellulose, being the concentration that gave the
best glucose yield.

Table 2 shows a kinetic experiment on the effect of biomass weight in the hydrolysis reaction of
cellulose catalyzed by 15 % of phosphoric acid. The first hydrolysis was done with 0.5 g of cellulose
and the glucose yield was gotten to be 0 mg. This shows the non-feasibility status of the hydrolysis of
0.5 g of cellulose by 15 % concentration of HsPO, due to high acidity level of the system. Hence, the
formed glucose might have been decomposed in the system. At 1 g of cellulose, the glucose yield read
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0 mg — a kind of anomaly that is explained by contact time. The biomass weight was increased to 1.5 g
and at this weight; the glucose yield read 22 mg. In order to confirm the trend of this effect, a further
increase in weight was done to 2.0 g of biomass. And at this biomass weight, glucose yield also read 22
mg. It was expected that an increase be seen in the glucose yield, but it remained constant. The overall
results obtained from the study of this parameter show a proportional relationship that exists between
biomass weight and glucose yield. Figure 2 also shows the graphical relationship of biomass weight
and acid concentration to be proportional. Though, 1.5 g and 2.0 g of cellulose gave same 22 mg of
glucose, 1.5 g was selected as the best biomass weight in studying the rate of glucose yield since its
more economical.

The rate of glucose yield studied using the best conditions were shown in Table 3. The study was done
at time intervals of 20 min, 50 min, 80 min, 100 min, 120 min and 135 min. And the glucose yields at
these time intervals were 0 mg, 27 mg, 54 mg, 79 mg, 101 mg and 111 mg respectively. This shows
that glucose yield is time dependent. As time increases, glucose yield increases as shown in Figure 3.
With the aid of Figure 3, the rate of glucose yield was calculated to be 0.957 mg/min. This shows that
phosphoric acid is a very slow catalyst for cellulose hydrolysis.

Results obtained from this research work prove that acid hydrolysis of cellulose is quite dependent on
some parameters. These parameters are; system’s acidity (type and concentration of acid catalyst),
biomass’ or substrate’s properties (amount and particle size) and contact time. %2

5. CONCLUSION

With the significance of the discussed results above, it is very obvious that the hydrolyzing ability of
phosphoric acid is very low. The use of H3PO, as a catalyst in cellulose hydrolysis wastes a lot of time
and energy and therefore economically non feasible. In addition, the catalytic usefulness of H3PO4 in
cellulose hydrolysis is barely appreciated due to what is believed to be caused by its acidic strength. If
it is assumed that cellulose is hydrolyzed directly to glucose, it will result in a very low glucose yield
in phosphoric acid than in sulphuric acid, nitric acid or hydrochloric acid at the same hydrogen ion
concentration, temperature, cellulose weight and time. 231 Phosphoric acid is therefore not a good catalyst
for cellulose hydrolysis. And it is therefore not recommended for future cellulose hydrolysis reaction.
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