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Abstract
Emulsions were prepared using a mixture of bio-oil obtained from the pyrolysis of sawdust in an N, environment and Quercus
mongolica in a CH4 environment for both non-catalytic and catalytic cases. Both prepared emulsions were examined by meas-
uring the physical stability and Fourier transform infrared spectroscopy. The emulsion with HLB 5.8 (Span 80 and Atlox
4916) for the ratio of bio-oil (B-oil and C-oil): surfactant: diesel = 10% : 3% : 87% showed stability for 15 days. Combining
oils produced in N, and CH4 environments could be a potential solution for generating high-quality emulsions with a high

heating value.
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1. Introduction

The stringent environmental laws coming in place due to major envi-
ronmental concerns have made it inevitable to search for sustainable
energy resources|1-3]. Rapid pyrolysis is a thermochemical conversion
process for the generation of bio-oil from waste biomass resources and
is a potential candidate for replacing fossil fuels[4-7]. On the other
hand, the bio-oil obtained from pyrolysis cannot be used directly as a
fuel because of its high viscosity (40~100 cP), high oxygen content
(40~60 wt.%), lower chemical and thermal stability, lower high heating
value (16~19 MlJ/kg), and higher water content (15~35 wt.%)[8,9].
Hence, upgrading is required to improve its properties for use as an
engine fuel.

Zeolites provide a better solution for the upgrading of oil owing to
their lower H/Cqr (hydrogen-to-carbon effective ratios (0~0.3)[10-12].
Moreover, methane is an inexpensive source of hydrogen that can be
obtained by decomposition catalytically using metal-loaded zeolites
[13]. Furthermore, methane pyrolysis under zeolites and metal-loaded
zeolites enhance the generation of benzene, toluene, ethylbenzene, and
xylene (BTEX), which ultimately enhances the quality of bio-0il[8,13].

Emulsification is a process to use the bio-oil obtained from pyrolysis
[14] directly in a diesel engine as a mixture of bio-oil and diesel. In
general, bio-oil and diesel do not mix because of the aforementioned
properties. Hence surfactants/emulsifiers are required to make stable
bio-oil and diesel emulsions[15-17]. Surfactants are selected based on
their hydrophilic/lipophilic balance (HLB)[9,18]. Emulsifiers can be ap-
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plied individually or with a combination of two or more emulsifiers to
obtain the optimal HLB for stabilizing bio-oil in diesel[19]. Researchers
have tested several scenarios to develop emulsions using a range of
emulsifiers under different conditions and reactor systems[9,15,20,21]
and have produced stable emulsions. On the other hand, more insight
is needed to use the produced emulsions as a replacement fuel in diesel
engines.

This study evaluated a mixture of bio-oil obtained from the pyrolysis
of different waste biomass resources, such as sawdust and Quercus
mongolica, in different gas environments (N, and CH,). The bio-oil was
produced for both non-catalytic and catalytic (HZSM-5 and Ni/HZSM-5)
cases. To the best of the author’s knowledge, no study has been per-
formed to prepare emulsions with a mixture of bio-oils obtained from
pyrolysis in different environments (N, and CH,) in diesel. All the
emulsions were prepared in an ultrasonicator reactor, observed both
physically and with Fourier transform infrared (FTIR) spectroscopy, and
stored at room temperature. The heating value was measured to check
the feasibility of oil for diesel engine use.

2. Experimental

2.1. Production of catalytic upgraded oil

Both non-catalytic and catalytic pyrolysis oil were produced using
sawdust (SD) as a feedstock in an N, environment and Quercus mon-
golica (QM) as a feedstock in a CH, environment at 550~650 C. The
catalysts used were HZSM-5 and Ni/HZSM-5. A mixture of bio-oil was
prepared from pyrolysis under N, and CH, in the ratio of (Pyrolysis un-
der No/pyrolysis under CHy = 5 g/1.5 g). The following mixtures were
prepared, and their stability in diesel was assessed in a laboratory-scale
ultrasonicator:
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Figure 1. Experimental setup for the ultrasonicator.

- A-oil = SD Pyrolysis NC at 600 C under N, + QM Pyrolysis
over Ni/HZSM5 at 600 C under CHy In-situ

+ B-oil = SD Pyrolysis over HZSM-5 at 600 C under N, + QM
Pyrolysis over HZSM-5 (550 C) at 650 C under CHy4
Ex-situ

- C-0il = SD Pyrolysis over HZSM-5 at 600 C under N, + QM
Pyrolysis over Ni/HZSM-5 (500 C) at 600 C under CH,4
Ex-situ

- D-oil = SD Pyrolysis NC at 600 C under N, + QM Pyrolysis NC
at 650 C under CH4

A combination of Span 80 and Atlox 4916 with HLB 5.8 was tested

to obtain a stable emulsion with the above-mentioned mixtures of

bio-oils.

2.2. Emulsions preparation

The experimental setup consists of an ultrasonic probe with a ther-
mocouple attached in a soundproof box. The ultrasonic probe consists
of a 6 mm horn. Parameters, such as the ultrasonic power and time
for an ultrasonic wave, can be adjusted using a digital control system,
as shown in Figure 1.

The experiments were performed in a neck flask reactor with an ul-
trasonic probe and thermocouple. The HLB of 5.8 (Span 80 and Atlox
4916) was chosen based on previous studies for obtaining a stable
emulsion[18]. A preset amount of a mixture of bio-oils (10%) was
added to the blend and brought under the ultrasonic probe at 40%
power. The ultrasonic pulse was controlled, so a pulse was generated
(ultrasonic time) for 3 s and then off (gap time) for 1 s and on again
for 3 s. The process was continued for 10 min. Finally, the blend was
inserted into a 100 mL cylinder to observe the extent of stratification
(phase separation) every 10 min. The stability of the emulsion was also
tested periodically by FTIR spectroscopy to ensure stability.

3. Results and Discussions

Gas chromatography/mass spectrometry (GCMS) analysis of the

bio-oils (Figure 2) produced under N, revealed phenols as the major
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Figure 2. GCMS Analysis and phase separated emulsions (a) HLB 5.8
A-oil: 10% SA: 3% D: 87% (b) HLB 5.8 D-oil: 10% SA: 3% D:
87%.

compound. In contrast, the oils produced under CHy revealed benzene,
toluene, ethylbenzene, and xylene (BTEX) and phenols as the major
compounds, especially for the catalytic cases, HZSM5 and Ni-HZSM-5.
The increase in the BTEX content under CH4 environment pyrolysis is
attributed to the increase in the H/C atomic ratio of feedstock due to
enhanced catalytic and thermal cracking of CH, into H,. BTEX im-
proves the quality of oil; hence, the stability of the bio-oil mixture pro-
duced under N, and CH4; was tested in diesel.

Figure 3 shows the physical stability and FTIR spectra for the emul-
sions prepared through B-oil and C-oil. The HLB value of 5.8 for sev-
eral mixtures of bio-oils (A-oil, B-o0il, C-oil, and D-oil) was tested to
check their stability in diesel. The emulsifier amount was kept minimal
(3%) to maintain the optimal viscosity of the emulsion. The emulsions
for A-oil and D-oil showed stratification (phase separation) within one
day, as shown in Figure 2. In contrast, stable emulsions were observed
when Span 80 and Atlox 4916 for HLB 5.8 [bio-o0il (B and D) : sur-
factant : diesel = 10% : 3% : 87%] were employed. The emulsions
prepared through B-oil and C-oil showed stability for more than 15
days, observed by both physical state of emulsions and through FTIR
spectroscopy. The peaks in the range of 1352~1448 cm™ were due to
vibration of asymmetric, symmetric or scissoring bending of C-H.
While the peak at 1744 cm™ reveals the stretching of carbonyl group.
Moreover, the peaks in the range of 2845~2961 cm reveals the stretch-
ing of aliphatic C-H[18]. The FTIR peaks showed no change in in-
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Figure 3. (a) HLB 5.8 B-oil: 10% SA: 2% D: 88% (b) HLB 5.8 C-oil: 10% SA: 2% D: 88%.

tensity for 15 days, confirming the stability of the prepared emulsions.
The presence of BTEX-containing oil (catalytic CH, pyrolysis) in the
mixture enhanced the quality of the oil, thereby producing a stable
emulsion with a higher heating value.

The heating values of the emulsion prepared using B-oil and C-oil
were 45.26 MJ/kg and 45.02 MJ/kg, which are comparable to commer-
cial diesel, 45.65 MJ/kg. Therefore, the prepared emulsion can be a po-
tential candidate for use as a fuel in diesel engines.

4. Conclusions

Emulsions were prepared using a combination of bio-oils in N, and
CH, environments for both non-catalytic and catalytic cases. The emul-
sions for the catalytic oils (B-oil and C-oil) were stable for 15 days.
The addition of pyrolysis-derived oil under CH, provided an emulsion
with a comparable heating value to diesel, highlighting its potential for

commercial use in diesel engines.
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