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Abstract

Nut shell of Camellia oleifera Abel which has large scale of plantation in mountain-
ous region of southern China is abundant renewable resource. The nut shell is suita-
ble for preparation of furfural, as the content of which is as much as 16% (based the
dried nut shell). In early time, mineral acids were employed as typically catalyst for
preparing of furfural from the nut shells. These mineral acids could pollute water and
corrode equipment. In this paper we used various mineral acids coating with niobic
acid as catalysts to investigate reactions for preparation of furfural. Among these cat-
alysts, the catalyst of sulfuric acid coating with niobic acid was found to be very ef-
fective, which had higher hammett acidity and better effect of hydrolysis of the nut
shells; The catalysts of sulfuric acid coating with niobic acid was characterized, and
the conditions of preparation of the catalyst were investigated. The optimum condi-
tions were: sulfuric acid as coating acid, the concentration of sulfuric 1.1 mol/L, im-
pregnation time 8 h, calcination time 8 h and calcination temperature 450°C. Then
hydrolysis of the nut shells was explored, the optimum conditions were as follows:
dose of catalyst 20%, ratio of solid to liquid 1:15, reaction temperature 100°C, reac-
tion time 4 h; Under this condition, the yield of furfural was 8.7%.
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1. Introduction

Camellia oil also known as tea seed oil is pressed or extracted by solvents (e.g. hexane)
from the fruits of Camellia oleifera Abel, which was widely distributed in mountainous

region of southern China, and has been used as cooking oil for centuries (Sahari, Ataii,
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& Hamedi, 2004; Shi et al., 2010). Tea seed oil as well as known as eastern olive oil
comprises oleic acid, linoleic acid, a-linolenic acid, stearic acid, vitamin E, flavonoids,
sterol and polyphenols, and the ingredients of which are very similar to the composi-
tions of olive oil (Zhang et al., 2008; Zhang, Xue, Zhong, Xu, & Zhu, 2014). Besides, tea
seed oil is also applied in pharmaceutics (Wei et al., 2016; Zhang, Wang, Wu, Xu, &
Chen, 2010; Zhou et al., 2014; Zong et al., 2015), cosmetics (Jadoon et al., 2015) and
agriculture (Ye, Li, & Fang, 2015). Tea seed oil is very popular and arouse extensively
interests all over the world. Governments and researchers made strategy to enlarge the
scale of plantation and cultivation of the Camellia oleifera Abel; Many refineries were
set up for producing tea seed oil in mountainous area.

As plantation and production of tea seed oil increasing, the nut shell of the Camellia
oleifera Abel which is 60 wt.% as much as the whole fresh fruit need to be studied. The
nut shell contains lignin, cellulose, hemicellulose (Zhang et al., 2009), saponin (Zong, et
al., 2015), protein and starches. In early time, the nut shell was discarded as forestry waste
or fermented as feed stuff (Woznica, Nalewaja, Messersmith, & Milkowski, 2003).
However, these utilizations in some degree were waste of natural resource. Moreover, uti-
lization of renewable, environmental-friendly raw materials is very popular all over the
world. Nowadays many researchers were focused on use agricultural plant and forest in-
dustry by-products (Karinen, Vilonen, & Niemeld, 2011). The nut shell of Camellia olei-
fera Abel was applied for fish removing agent, xylosic alcohol, furfural, tannin, active
charcoal and lignin derivatives (Yang et al., 2015; Zhang, et al., 2009; Zong, et al., 2015).

Furfural (see Figure 1) is a common industry solvent and a platform chemical for the
production of fine chemicals, resins and biofuels components (Climent, Corma, &
Iborra, 2011; Xing et al., 2010). Furfural usually was prepared by corn, oats, and saw-
dust, nut shell and formed by the acid-catalyzed dehydration of xylose (the most abun-
dant pentose present in the hemicellulose component of lignocellulose biomass), and it
is produced industrially through processes that commonly use mineral acids as catalysts
(e.g. HSO,) (Russo et al., 2013). Niobic acid (Nb,Os-nH,O(NBO)) is considered one of
the most promising water-tolerant solid acid catalyst, and it was applied in esterifica-
tion, dehydration, hydroxylation and alkylation (Carlini et al., 1999; Nakajima et al.,
2011; Nowak & Ziolek, 1999). Niobic acid has been exploited in several reactions of
biomass transformation as dehydration of pentose and hexoses to obtain platform
compounds such as furfural and 5-hydroxymethyl furfural, respectively (Carniti, Ger-
vasini, Biella, & Auroux, 2006; Yang, Liu, Bai, & Du, 2011). However, it is reported that

the acidity of solid acid was not high and led to low yield and conversion of
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Figure 1. The chemical structure of furfural.
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products (Wei, Chen, Zhang, & Zhan, 2004).

The nut shell of Camellia oleifera Abel theoretically could produce 16% yield (based
dried nut shell of Camellia oleifera Abel) of furfural, which was very suitable for prepa-
ration of the furfural. However, due to the components in nut shell of Camellia oleifera
Abel is very complicated, the study of the preparation of furfural from the nut shell was
rarely reported. In early 1970s, furfural prepared from nut shells catalyzed by mineral
acids (e.g. sulfuric acid) could have 5% - 8% yield. In this paper, we used the catalysts of
niobic acid coating with mineral acids to enforce the acidity. As for today, there has
been no report on the direct use of niobic acid to hydrolysis of nut shells of Camellia
oleifera Abel for preparation of furfural. The objective of this paper is to report on a

novel catalyst to prepare furfural from nut shell of Camellia oleifera Abel.

2. Experimental
2.1. Materials

The nut shells were obtained from Zhejiang kangneng food Ltd., co. and dried at 105°C
for 8 h in oven then smashed to 60 - 80 mesh of powder for use. Concentrated sulfuric
acid, furfural and toluene were purchased from Aladdin Industrial Inc. and used with-
out further purification. Niobic acid was purchased in Jiujiang nonferrous metal Ltd.,
co. The other chemicals were purchased from state medicine company without further

purification.

2.2. Characterization

Spectra of Fourier Transform Infrared Spectrometer (FTIR) were recorded on a nicolet
Is10 by an attenuated total reflectance method (Tarantilis, Troianou, Pappas, Kotseri-
dis, & Polissiou, 2008) using KBr pellets of the solid.

The acidity determination of the catalyst samples was performed by ionic-exchange
procedure followed by titration of the acidity released from the solid acid in aqueous
solution by employing a Metrohm 736 GP Titrino. The weighted amount of dry sample
was put in water under vigorous stirring in the presence of KCI (ca.0.2 M) for 2 h; the
resultant suspension was titrated by NaOH (0.1 M). The acidity of the surface was de-
termined by following the procedure described by (Curthoys, 1980) with visible indica-
tors as recommended by drushel and sommers and arylmethanol indicators as intro-
duced by Hischler. Samples of the solid acid were transferred in a dry box to each of 25
reweighed screwcap vials of approximately 15 mL. The solid was covered with dry ben-
zene. Out of the dry box increasing aliquots of 0.04 M n-butylamine in benzene were
added to the vials. The samples were equilibrated with shaking overnight and small
amounts of each suspension transferred to small vials and tested with a few drops of
0.1% solution of each indicator in benzene. The vials in which the appropriate color
change occurred were noted, and the acidity was determined from the number of mil-
limoles of n-butylamine which had to be added before the appropriate color change
occurred. In this titration procedure, the influence of moisture and overlap of the indi-

cators were reduced minimum.
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2.3. Standard Curve Drawing of Furfural

To determine the yield of furfural, the furfural standard cure was set up. The furfural
was purchased from Aladdin Industrial Inc. and distilled to collect the 106°C - 108°C
fractions as standard. The ultraviolet spectrophotometric (UV) was performed on Shi-
madazu UV-2550 in double bean model. Dissolved the standard in distilled water to 1 -
5 uL/L as the furfural standard solutions and carried out at 276.9 nm. The standard
cure and Unitary Lin-ear Regression Equation as follows: Y = 0.18667X + 0.16499, R? =
0.99986.

2.4. Preparation of Niobic Acid

The preparation of niobic acid was carried out using a similar procedure as previous
reported (Ushikubo, lizuka, Hattori, & Tanabe, 1993). Niobic acid dissolved in oxalic
acid solution was added, then add 6N KOH solution added to precipitates of niobium
hydroxide. The precipitates washed with pure water 5 times at room temperature, then
washed 5 times. Treated with boiling 6 N HCI solution at room temperature followed
by washing with pure water 4 times at room temperature, and calcined in muffle fur-

nace.

2.5. Catalytic Tests

Batch experiments were performed under nitrogen atmosphere in closed tubular glass
micro-reactors (30 mL capacity) equipped with a PTFE-coated magnetic stirring bar. In
a typical procedure, the reactor was loaded with 1 g nut shells in 10 mL water and cer-
tain amount niobic acid at same temperature for hours, then examined the content of
furfural according to the standard procure. And the yield of furfural calculated as follows:

_ Obtained furfural

- weight of nut shell

Yeild +100%

3. Results and Discussion

3.1. Preparation and Characterization of Niobic Acids

Niobic acid made from the niobic oxide showed very good water-tolerant characteris-
tics and good performance in canalization of many reactions in water (Guo et al., 2003;
Lachenmeier, Kroener, Musshoff, & Madea, 2004). In this paper, various mineral acids
coating with niobic acid were prepared with different preparation conditions such as
impregnation time, calcination temperature and calcination time and different acids
(e.g. sulfuric acid, phosphoric acid, hydrochloric acid and nitric acid).

Acidity is one of the most important character for the catalysts (Lercher, Griindling,
& Eder-Mirth, 1996). N-butyl amine titration method was employed for determining
the acidity of catalysts (Luz et al., 2013). As shown in Table 1, the niobic acid coating
with sulfuric acid, its acidity was —14.52 of hammette acidity, when the other mineral
acids coating with niobic acid, their hammett acidity were —12.44, —13.16 and —12.70.
Among them, the sulfuric acid coating with niobic acid had the highest acidity. More-
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Table 1. Different hammeet acidity of mineral acids coating with niobic acid.

Mineral acids Hammeet acidity (Ho)
Phosphoric acid -12.44
Sulfuric acid —-14.52
Hydrochloric acid -13.16
Nitrate acid —-12.70

Notes: the contents of mineral acids for impregnation 0.8 mol/L, impregnation time 4 h; calcination temperature
300°C, calcination time 4 h.

over, when the sulfuric acid coating with niobic acid were employed to hydrolysis of
nut shell of Camellia oleifera Abel at the experimental conditions (reaction temperature
100°C, water as solvent, etc.), the yield of furfural was 7.1%, which was higher than
other mineral acids coating with niobic acids (see Figure 2). Therefore, in our research,
sulfuric acid coating with niobic acid was selected as the catalyst to study the prepara-
tion of furfur from the nut shells of Camellia oleifera Abel.

As shown in Figure 3, the three FTIR spectra showed absorption peaks at around the
1420 cm™ and 1950 cm™ were corresponding to the Nb-O vibration. When the nitrite
acid and sulfuric acid coating with niobic acid, the peak became broad and showed new
absorption peak at 1100 cm™ and 1530 cm™. These peaks were characterized peaks for
nitrite acid and sulfuric acid respectively. Due to niobic acid had a low acidity in some
reactions (Nowak & Ziolek, 1999), we modified the niobic acid by coating mineral acids
to enforce the acidity, the results (see Table 1) showed that the acidity of the modified
niobic remarkable increased. Compared to modified niobic acids (e.g. coating with hy-
drochloric acid and nitric acid), the sulfuric acid coating with niobic acid had better
acidity and higher yield of furfural at the same experimental conditions. Therefore, in
this paper, we applied sulfuric acid coating with niobic acids to study on the hydrolysis
of nut shell of Camellia oleifera Abel for preparation of furfural.

As shown in Figure 4, when the concentrations of sulfuric acid were lower than 1.1
mol/L, as the concentration of sulfuric acid rising, the yields of furfural from Camellia
oleifera Abel were increasing. When the concentration of sulfuric acid was 1.1 mol/L,
the yield of furfural was maximum. At this point, the yield of furfural was 3.9%. Con-
trary to the sulfuric acid concentration continued to increase, the yields of furfural were
decease. This decrease of the yield of furfural could be attribute to high concentration
of sulfuric acid covering the surface of niobic acid, so that sulfuric acids were difficult
to penetrate the pore of solid acids result in sulfuric acid were poor distribute on the
surface of the niobic acid. However, the concentration of sulfuric is low, the sulfuric
were insufficient to distribute on the surface of niobic acid.

The impregnation process is a period for the mineral acid adequately adsorbing on the
niobic acid particles. As shown in Figure 5, the yield of furfural was maximum at 8 h.
the impregnation time was less than 8 h, the sulfate anion had less chance to interact with

niobic acid led to acidity of the combine mixture became weaker. The impregnation
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Yield of furfural (100%)

Figure 2. Yields of furfural from the nut shell of Camellia olieferal Abel with mineral acids coating
with niobic acid. Notes: concentration of impregnated acids 0.8 mol/L, impregnation temperature
300°C, impregnation time 4 h; The conditions of hydrolysis: dose of catalyst 15 wt%, ratio of solid
to liquid = 1:10 (g/ml), reaction temperature 100°C, reaction time 2 h.
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Nitric acid coating
with niobic acid

Niobic acid Sulfuric acid coating
with niobic acid
Figure 3. The spectra of FTIR of niobic acid and mineral acids coating with niobic acid. Notes:
concentration of impregnated acids 0.8 mol/L, impregnation temperature 300°C, impregnation
time 4 h; The conditions of hydrolysis: reaction temperature 100°C, ratio of solid to liquid = 1:10
(g/ml), dose of catalyst 15 wt%, reaction time 2 h.
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Figure 4. Effects of concentration of sulfuric acid on yields of furfural prepared from nut shell of
camellia oleifera Abel. Note: impregnation time 4 h, calcination temperature 300°C, calcination
time 4 h; The conditions of hydrolysis: dose of catalyst 15 wt%, ratio of solid to liquid = 1:10
(g/ml), reaction temperature 100°C, reaction time 2 h.

time were more than 8 h, the surface of the solid acids covering more sulfate anion and
hindered other sulfate anion entering the pore of the niobic solid acid.
The calcination temperature for preparation of solid acid is one of the most key fac-

tors for the acidity of the catalysts. When calcination temperature is too high, the acid
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Figure 5. Effects of impregnation time on yields of furfural prepared from nut shell of camellia
oleifera Abel of sulfuric acid on niobic acid. Notes: The reaction conditions: concentration of
sulfuric acid 1.1 mol/L, calcination temperature 300°C, calcination time 4 h; Conditions of hy-
drolysis: dose of catalyst 15 wt%, ratio of solid to liquid = 1:10 (g/ml), reaction temperature
100°C,reaction time 2 h.

center would minimize the number of acid center in solid acid. On the contrary, the
low calcination temperature would affect the functional group binding which also led
to the acidity of solid acids decreasing. As shown in Figure 6, sulfuric acid coating with
niobic acid at 450°C, the yield of furfural was optimum.

At other reaction conditions not changed, the time of calcination affect the hydroly-
sis for production of furfural from nut shells of Camellia oleifera Abel; If the calcination
time is too short, the acid center seemed weak there. In contrary to the long time of cal-
cination, the acid center would be broken. As the Figure 7 shown calcination time as 8
h, the yields of the furfural is optimum. And calcination temperature showed the simi-
lar affect results and 450°C was better for the calcination of the sulfuric acid coating
with niobic acid.

According to the single factor experiments, the optimum condition for preparation
of mineral acid coating with niobic acid were as follows: the sulfuric acid as coating ac-
id, the concertation of sulfuric 1.1 mol/L, impregnation time 8 h, calcination time 8 h
and calcination temperature 450°C. The catalyst of sulfuric coating with niobic acid
prepared at optimum conditions was named catalyst A.

3.2. Hydrolysis of Nut Shell of Camellia oleifera Abel to
Preparation of Furfural

Typically, production of furfural is prepared through hydrolysis of agriculture and fo-
restry waste, corn cob etc. with mineral acid (e.g. Sulfuric acid, hydrochloride acid). In
this paper, we selected sulfuric acid coating with niobic acid to prepare furfural. And
compared to the sulfuric acid, the yields of furfural were a little bit lower than sulfuric
acid, and much higher than niobic acid (as shown in Table 2). From the environmen-
tal, renewable and sustainable point of view, sulfuric acid coating with niobic acid is a
promising heterocatalysts for the hydration of hemicellulose contained materials.

In this paper, we applied the sulfuric acid coating with niobic acid, which is the op-

timum catalyst selected via above factors of reactions named the catalyst A to
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Figure 6. Effects of calcination temperature on yields of furfural preparation from nut shells Ca-
mellia oleifera Abel. Notes: The reaction conditions: concentration of sulfuric acid 1.1 mol/L, im-
pregnation time 8 h, calcination time 4 h; hydrolysis of dose of catalyst 15 wt%, ratio of solid to
liquid = 1:10 (g/ml), reaction temperature 100°C, reaction time 2 h.
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Figure 7. Effects of calcination time on yields of furfur preparation from nut shells camellia olei-
fera Abel with sulfuric acid coating with niobic acid. Notes: The reaction conditions: concentration
of sulfuric acid 1.1 mol/L, impregnation time 8 h, calcination temperature 450°C; Conditions of
hydrolysis: dose of catalyst 15 wt%, ratio of solid to liquid = 1:10 (g/ml), reaction temperature
100°C, reaction time 2 h.

Table 2. Yields of furfural with different catalysts.

Catalysts Yields of furfural
Concentrated sulfuric acid 8.1%
Niobic acid 4.2%
Catalyst A 7.1%

Notes: conditions of reaction were as follows: dose of catalyst 15 wt%, ratio of solid to liquid = 1:10 (g/ml), reaction
temperature 100°C, reaction time 2 h.

investigate the reactions of hydrolysis of nut shell of Camellia oleifera able to prepare
furfural. And the results showed that the dose of sulfuric acid, ratio of solid to liquid,
reaction temperature and reaction time (see Figure 8) affected the yields of the furfural.
When the dose of the catalyst was 20 wt% (base of the weight of nut shells of Camellia
oleifera able), the yield of furfural was 7.5%. When the dose of catalysts was 25%, the
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Figure 8. Effects of experimental factors on the yields of furfural with the catalyst A. Notes: (a)
ratio of solid to liquid = 1:10 (g/ml), reaction temperature 100°C,reaction time 2 h; (b) dose of
the catalyst A 20%, ratio of solid to liquid = 1:10 (g/ml), reaction temperature 100°C, reaction
time 2 h; (c) dose of the catalyst A 20%, ratio of solid to liquid = 1:10 (g/ml), reaction time 2 h;
(d) dose of the catalyst A 20%, ratio of solid to liquid = 1:10 (g/ml), reaction temperature 100°C.

yields of furfural was lower than the yields of which dose of 20%. The reason was that
as the dose of the catalysts increasing, the product of furfural would conversion to other
chemicals (see Figure 8(a)). The solvent used in our experiments were water which is
friendly and renewable resource on the Earth. The ratio of nut shell to liquid were car-
ried out at 80°C, 20% of the catalyst (based the weight of the nut shell) for 2 h. The re-
sults (see Figure 8(b)) showed that the ratio of solid to liquid was 1:15, the yield of the
furfural from the Camellia oleifera Abel was 8.2%. Reaction temperature which could
accelerate the speed of reactions and saving reaction time is a key for factor for the
most of reactions. As shown in Figure 8(c), reaction time was 100°C, the yields were
very good. However, from the trend of Figure 8(c), the reaction temperature was the
higher the better. As we known, the boiling water is 100°C at atmospheric pressure,
once, the temperature is more than 100°C, we need to use pressure equipment which is
waste of energy and steels for the reactions. As shown in Figure 8(d), the yield of fur-
fural was 8.5% at 4h of temperature time. When reaction time was more than 4 h, side

reaction would occur, yield of furfural would decrease.
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4. Conclusions

In this work, we have shown that sulfuric acid coating with niobic acid is effective for
the preparation of furfural from the nut shell of Camellia oleifera Abel. Various mineral
acids coating with niobic acids were prepared. Among them, the sulfuric acid coating
with niobic acids were found to be very effective catalysts with higher hammett acidity
and better effect of hydrolysis of nut shell of Camellia oleifera Abel; the catalysts of sul-
furic acid coating with niobic acid was characterized, and the conditions of preparation
of the catalyst were investigated. This kind of catalyst was friendly and no pollution to
environment and reaction equipment. The effects of hydrolysis conditions such as dose
of catalyst, ratio of solid to liquid, reaction temperature and reaction time were carried
out through single factor’s reactions. The results showed that the catalysts were more
effective than niobic acid.

Our future work will focus on development of the recycle system of catalysts, which
catalysts will reactive and explore the toxic factors. These are the key factors to obtain
successful catalytic process in the preparation of furfural from nut shells of Camellia

furfural oleifera Abel.
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