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ABSTRACT
The purpose of our research is to find the best condition of producing hydrogen and methane with the wastewater of pulp mills and
compare the efficiency between the yields of two gases. In the hydrogen production experiment, the result shows that the best
hydrochloric acid concentration of acid hydrolysis is 2%. The best pH value for producing hydrogen is pH5. In the methane production
experiment, the best pH value for producing methane is pH5.By calculating the efficiency, the production of methane yields a better
result than the production of hydrogen.
Keywords: Bio hydrogen, Bio methane, Pulp mill wastewater reclamation.

1. INTRODUCTION
Hydrogen is one of the most numerous elements on the
planet. In this era of large energy demand, the day when oil will be
depleted is approaching faster than ever before, hydrogen energy
has shown itself to be useful. "Biomass is the most outstanding
energy among many renewable energies, and the bio-hydrogen
production technology has been regarded as an important future
development in the new energy development trend [1]. Using the
new alternative energy source, hydrogen, which cause near zero
pollution, has become the new research goal for scholars.
In order to provide the source of nutrition for
microorganisms in the sludge, we referred to a lot of information,
some of the researches used wine dregs [1], textile wastewater [2],
straw and Pennisetum [3] as raw materials. Their commonality is

that all these wastewater contain rich cellulose or starch, and the
cellulose can be converted to glucose through acid hydrolysis [4].
Besides these materials, pulp mill wastewater also includes
numerous cellulose. Therefore, we decided to use pulp mill
wastewater as our raw material. However, the process of
producing hydrogen with cellulose would consume a lot of
hydrochloric acid, which would harm our environment. In
contrast, producing methane with pulp mill wastewater would
generate less pollution, because the methane bacteria are
omnivorous. Therefore, in order to figure out the most efficient
and environmental protecting way to reclaim pulp mill
wastewater, we produced the two gasses with their best proportion
and compare the efficiency between them.

2. EXPERIMENTAL SECTION
2.1. Materials.
Pulp mill wastewater, sludge (from the school septic tank),
MnSO4 ・ 6H2O, FeSO4 ・ 7H2O, CuSO4 ・ 5H2O, NaHCO3,
K2HPO4, MgCl2 ・6H2O, CoSO4 ・5H2O, 3, 5 - dinitro salicylic
acid, HCl, Potassium sodium tartrate, NaOH, NH4CO3, C6H12O6
2.2. Methods.
2.2.1.
Hydrogen
production
experiment. Hydrolyze
wastewater. Apply 2% 4% 6% 8% 10% hydrochloric acid to
hydrolyze wastewater. Then examine the concentration of
reducing sugar in the wastewater with the spectrophotometer to
explore the best hydrochloric acid concentration of acid
hydrolysis.
2.2.2. Batch hydrogen production experiment. Conduct batch
hydrogen production experiment using wastewater in different
environment from pH5 to 9, with sludge and substrate ratio at 1:4.
Then record hydrogen production, and compare the results to
identify the best pH value for hydrogen yield.
2.2.3. Gas chromatography analysis. Analyze the produced gas
with the gas chromatography to identify in which pH value can the
hydrogen bacteria produce the most hydrogen.

2.2.4. Liquid chromatography analysis. Analyze the liquid
metabolites to confirm if our results are correct.
2.2.5. Methane production experiment. The process of
producing methane is the same as producing hydrogen, except that
the process of hydrolyze wastewater is not needed when producing
methane. We compare the results of producing the two gases and
calculate their efficiency.

Scheme 1. Pulp mill wastewater Methane and Hydrogen
production experiment flow chart.
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3. RESULTS SECTION
3.1. Hydrogen production experiment.
3.1.1. Hydrolyze wastewater. The reducing sugar concentration
is the highest in 2% of hydrochloric acid. This is due to the fact
that the cellulose in the wastewater will over hydrolyze into
organic wastes when the concentration of hydrochloric acid is too
high.

Figure 1. Result of hydrolyze wastewater in 5 different hydrochloric acid
concentrations.

3.1.2. Batch hydrogen production experiment. The highest
cumulative gas production was created using pH5, which shows
that pH5 is the proper pH value for most microorganisms in the
sludge.

metabolites. The calculation method is TVFA/SMP*100%.TVFA
is the total amount of four kinds of organic acid, CH2O2, C2H4O2,
C3H6O2 and C4H8O2..SMP is the sum of all liquid metabolites. If
the percentage of TVFA/SMP*100% is higher, the yield will be
better. From figure 4, we can see that pH5 has the highest
percentage of TVFA/SMP*100%.

Figure 4. Result of liquid chromatography
3.4. Methane production experiment.
3.4.1. Batch methane production experiment. Same as
producing hydrogen, pH5 has the highest cumulative gas
production.

Figure 5. cumulative gas production after 72 hours in 5 different
pH values.
Figure 2. Cumulative gas production after 72 hours in 5 different pH
value.

3.2. Gas chromatography analysis.
The ratio of hydrogen in the gas production is the highest in
pH5. Drawing the conclusion that pH5 have both the highest
cumulative gas production and the highest ratio of hydrogen in the
gas production. As a result, pH5 is the best condition for
producing hydrogen with pulp mill wastewater.

3.5. Gas chromatography analysis.
The ratio of hydrogen in the gas production is the highest in
pH5. The highest cumulative gas production of producing methane
is also pH5. As a result, pH5 is the best condition for producing
methane with pulp mill wastewater.

Figure 6. Result of gas chromatography analysis

Figure 3. Result of gas chromatography analysis.

3.3. Liquid chromatography analysis.
There are C2H4O2, C4H8O2, C12H22O11, C6H12O6, C5H10O5,
C3H6O3, CH2O2 and C3H6O2 in the composition of the liquid

Liquid chromatography analysis
PH5 has the highest percentage of TVFA/SMP*
100%.Which confirmed our result that pH5 is the best condition
for producing methane with pulp mill wastewater.
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Table 1. Hydrogen production efficiency

Figure 7. Result of liquid chromatography.

Table 2. Methane production efficiency.
3.6. Efficiency calculation.
From these charts, we can see that producing methane has a
higher economic efficiency than producing Hydrogen. The
distinction of the two expenses is an important consideration. The
expense of producing hydrogen is much higher than the expense
of producing methane because hydrochloric acid is costly. Hence,
to produce hydrogen more economically, we should develop
another way to hydrolyze wastewater to decrease the expense.

4. CONCLUSIONS
In the hydrogen production experiment, the best
hydrochloric acid concentration of acid hydrolysis is 2%. The best
pH value for producing hydrogen is pH5. In the methane
production experiment, the best pH value for producing methane
is pH5.By calculating the economic efficiency, the production of

methane yields a better result than the production of hydrogen.
From our results, we can see that the feasibility of this plan and
the possibility of development in future are considerable. Later on,
we will experiment to bring it up to the next level to design a
continuous device.
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