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Extraction, separation and refining of microcrystalline cellulose

from wheat straw using various pretreatments
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Abstract: This study focused on the manufacture of microcrystalline cellulose (MCC) from wheat straw using
environmentally-friendly solvents. Raw cellulose was separated from wheat straw after thermal decomposition of lignin
followed by dissolution of lignin using a recyclable ethanol/acetic acid/water solvent system. Then, pure cellulose was
produced using a four-step refining process, including chelating, O;, HyO,, and xylanase treatments. Finally, MCC was
obtained through hydrolysis, drying, and mechanical treatments. The effects of acetic acid, O3, H,O,, NaOH, pretreatment time,
and temperature on the properties of wheat straw cellulose (including Kappa number, yield, a-cellulose content, crystallinity,
KMnO, value, degree of polymerization (DP), and brightness) were investigated. The results showed that the addition of acetic
acid enhanced lignin removal and hemicellulose degradation, improving the purity of the raw cellulose. The optimized acetic
acid dosage in the wheat straw thermal decomposition step was 2% (w/w). The optimized O; dosage was 1.2% (w/w). The
optimized conditions for H,0O, treatment were found to be 3% (w/w) H,O, and 1.8% (w/w) NaOH at 70°C for 120 min. The
KMnO, value was 2.0, brightness was 84.1% ISO, the viscosity was 934 mL/g, and the DP was 626 for refined cellulose.

Xylanase effectively improved the a-cellulose content of wheat straw cellulose. With an optimized xylanase dosage of 1.5 IU/g,

the a-cellulose content was 94.7%, the brightness was 85.6% ISO, and the DP was 615 for wheat straw cellulose.
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1 Introduction

The isolation of cellulose from biomass usually
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involves pulping, which includes delignification and
bleaching[l’z]. Lignocellulose is recalcitrant to normal
treatments due to its complex structure, including three
different hemicellulose, and

compounds (cellulose,

lignin)®*.  Generally, microcrystalline cellulose (MCC)
is obtained by the hydrolysis of cellulose using dilute acid
pretreatment, followed by drying and crushing. These
MCC particles have high fluidity with diameters of 20-
80 ,umm. MCC has been widely used in the cosmetics,
food, and pharmaceutical industries. The applications of
MCC can vary greatly due to its broad spectrum
properties; for example, MCC may be used as a
suspension stabilizer. MCC also can be used as an
excipient because of its chemical inertness, nontoxicity
and great hygroscopicity”®. In addition, MCC can be

used in for swelling treatment in synthetic leather
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production!”.

In the pharmaceutical industry, MCC can
be used to produce very hard tablets which disintegrate
rapidly in water due to swelling of the MCC particles and

destruction of the bonding forces them

8-10]

holding
together[

Currently, the raw materials used for MCC production
are cotton pulp and wood pulp!"'. This study focused
on the production of MCC from wheat straw as it is
abundantly available and economical. Using conventional
methods, MCC is produced from treating pulp with
mineral acids, such as hydrochloric acid, phosphoric acid,
or sulfuric acid. However, these mineral acids tend to
affect the final product quality, as they lead to

degradation and are highly corrosive!™.

In another
method, raw cellulose is first separated from wheat straw
using ethanol extraction. The cellulose thus obtained is
further refined using chelating, O;, H,O, and xylanase

treatment.  This method provides a wider product

diversity and improved bleach ability of raw cellulose'™”).
However, the high Kappa number resulting from this
method is unfavorable for cellulose refining.

Our previous study indicated that increasing the
acidity of the system is beneficial for hemicellulose

10,12]

hydrolysis!'®'?.  In this study, a solvent comprising

ethanol, acetic acid, and water (organosolv) was
formulated in order to dissolve lignin and hemicellulose
and to separate raw cellulose from wheat straw. Acetic
acid assists in hemicellulose hydrolysis through cleaving

of acetyl linkages''.

In addition, since ecthanol and
acetic acid have low vapor pressures, they can be easily
recycled by distillation. The cellulose products obtained
after organosolv extraction still contain lignin; thus, the
hardness of the cellulose is high. In addition, wheat
straw ash includes metal ions such as Fe3+, Mn2+, and
Cu2 4

thus, a chelation step was added prior to O; and H,0,

These metal ions can react with Oz and H,O;;

treatment to eliminate the influence of those heavy metals.

The O; process can effectively reduce the lignin content
in the cellulose and reduce the hardness of the products.
The H,0; process can increase the whiteness and stability
of the cellulose product. Because the xylan content of
wheat straw feedstock is high, xylanase enzymes

hydrolyze 5-carbon carbohydrates, thus significantly

improving the purity of the cellulose product '+,

This study investigated the effect of acetic acid on
Kappa number, yield, a-cellulose content and crystallinity;
the effect of O3 on KMnO, value, yield, a-cellulose
content, degree of polymerization (DP), and brightness;
and the effects of H,O, and NaOH dosage, treatment time,
and temperature on KMnO, value, brightness, and
viscosity. The effect of xylanase treatment on the

quality of refined cellulose was also analyzed.
2 Materials and methods

2.1 Raw materials

Wheat straw was collected from a farm in Xi’an,
China, and stored for six months in a sealed container
before it was milled to 20-40 mm. The average
78.3%(wt)

holocellulose including pentosan, 17.7%(wt) lignin, and

composition of the wheat straw was
6.3%(wt) ash. Analytical grade acetic acid, potassium
permanganate, potassium iodide, citric acid, trisodium
citrate, sodium thiosulfate, sodium oxalate, magnesium
sulfate, and sodium hydroxide were purchased from
Tianjin Kemiou Chemical Reagent Co., Ltd. in China.
Analytical grade hydrogen peroxide, ethanol, and
hydrochloric acid were purchased from Chengdu Kelong
Chemical Reagent Factory in China. Xylanase was
China.

ethylenediamine solution was freshly made in the lab.

purchased from Novozymes in Copper
2.2 Pretreatment procedure

2.2.1 Thermal decomposition treatment and high
temperature displacement washing

A 15 L ZQS electro-thermal rotating cooker was
purchased from the machinery factory of Shanxi
University of Science and Technology. The cooker pot
was equipped with high pressure 2 L cans and was heated
using an oil bath. Pretreatment was done using a 55%
(w/w) ethanol solution and a solid-liquid ratio of 1:8 at
195°C for 60 min.
acetic acid in the thermal decomposition solution were
studied: 0%, 1%, 2%, 4% and 6% (acetic acid: ethanol

W/W).

Five different concentrations of

Solids that were separated from wheat straw after
the thermal decomposition and filtration steps were
treated using a thermal displacement washing method in a

2.3 L ZQS electro-thermal rotating cooker manufactured
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by the machinery factory of Shaanxi University of
Science and Technology. The resultant solids were
washed again by DI water in order to remove residual
ethanol. Afterwards, crude cellulose was subjected to
high temperature thermal displacement washing to
remove the residual chemicals in the cellulose product.
Three 30-min washes were performed using a 70% v/v
ethanol solution, a solid-liquid ratio of 1:8, and a
temperature of 145°C.
2.2.2  Refining process from chelating

Chelating was carried out in high-density
polyethylene bags which have a melting point between
135°C to 140°C. Chelating treatment of crude cellulose
can prevent adverse effects of metal ions during O; and
H,0, treatment. The treatment conditions for chelation
were 6% (w/w) pulp, 0.4% (w/w) EDTA, pH of 6.0,
temperature of 90°C, and duration of 80 min. The
resultant product was washed by DI water until the wash
liquid pH was neutral.
2.2.3 Oj treatment

O; treatment was carried out in graduated cylinders
with a rubber cork. Two glass tubes were inserted into
the rubber cork for the O; gas inlet and outlet. In
accordance with literature review of Oz treatment, the
temperature was room temperature, the pH was adjusted
to 2.5 by adding HCI, and the pulp concentration was
45% (wiw)!'2

reaction between O; and lignin, which made the crude

This treatment involved a gas-solid

cellulose fluffy and increased the permeability of Os.
The flow rate of O; was determined by titration of KI and
Na,S,0s.
quantity of Os.

2.24 H,0, treatment

Treatment time was calculated based on the

H,O, treatment was carried out in high-density
polyethylene bags heated by a water bath. Pulp was
vigorously mixed every 10 minutes in order to keep the
reaction uniform. The effects of HO,, NaOH, temperature,
and time on the refining of cellulose were investigated
under the conditions of 12% (w/w) pulp concentration,
1.0% (w/w) tri-sodium citrate, and 0.5% (w/w) MgSOQj.
2.2.5 Xylanase treatment

There is a small amount of hemicellulose still present

in the form of xylan after O; and H,0, treatment!' ),

Xylanase was used to remove Xylan to obtain high-purity
cellulose. Xylanase treatment was carried out in an
HNY-100D incubation shaker provided by Changzhou
Noki Instrument Co., Ltd. of China. The pH of crude
cellulose was maintained at 7.0+0.1 by the addition of
10% (w/w) citric acid and 5% (w/w) NaOH. Then
xylanase was added and the pulp concentration was
to 3%

hemicellulose hydrolysis was performed at 50°C for 3 h.

adjusted (w/w) using DI water. The
Xylanase was de-activated by immersion of mixtures into
a 95°C water bath for 15 min. The results of cellulose
refining under 0.5-2.5 [U/g on xylanase loading
(absolutely dry materials) are further discussed in the
results section.
2.3 Analysis and characterization

MCC obtained in each step was washed using DI
water. Parameters, such as a-cellulose content, Kappa
number, DP and viscosity, were tested according to
TAPPI Standards T203 OS-61, T236 OM-2006 and
T230 OM-2004. Brightness and pentosan content were
analyzed using TAPPI Standards T452 OM-2002 and
T223 CM-84. Crystallinity was determined using a
Japanese RIGUKU D/MAX-1200 X-ray diffractometer
using Cu Ka radiation at a scanning speed of 3 °/min.
KMnO,4 values were tested according to Chinese
standard GB/T 1547-2004. The morphology of wheat
straw was observed by under a microscope (Model
PMBS5-2231PL-5, Waters, USA).
each step were dried in an electro-thermal drying oven
(Model DHG-9053A, Shanghai Chunjia Electronic

Equipment Co., Ltd, China). The cellulose yields () in

Resultant solids in

each step were calculated using Equation (1).

_Absolute weight of cellulose after treatment «100%

(1)

~ Absolute weight of cellulose before treatment

3 Results and discussion

3.1 Thermal decomposition process of wheat straw
crude cellulose in ethanol/acetic acid/water ternary
solution system

3.1.1

and yield of crude cellulose

Effects of acetic acid dosage on Kappa number

The relationship between the acetic acid dosage with

a constant ethanol/water ratio and the Kappa number of
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crude cellulose was obtained as shown in Figure 1. It is
clear that an increase in the acetic acid concentration
reduced the Kappa number of crude cellulose, which is an
indicator of lignin removal. = However, the Kappa
number decrease was found to be slower at higher acetic
acid dosage, suggesting lignin removal was limited.
When the Kappa number dropped to 20.3 (i.e., at high
acetic acid dosage), lignin removal rate was low.
Therefore, 2% (w/w) acetic acid dosage was chosen to as
an optimum condition. The Kappa number rose to

An 11% drop of Kappa

number showed that the addition of acetic acid assisted

22.8 without acetic acid.

lignin removal during the crude cellulose purification
process.

The morphologies of crude celluloses treated by
different acetic acid dosage were shown in Figure 2a.
The dark spots were lignin particles adsorbed on the
surface of the crude cellulose. Lignin was primarily
observed for the cellulose that was pretreated with no
dosage of acetic acid. Figures 2b and 2c¢ show that the

_

a. Without acetic acid (x1000)

b. Acetic acid dosage 2% (*x400)

lignin particles adsorbed on the crude cellulose surface
disappear gradually with increasing acetic acid dosages.
This suggests that lignin dissolved at the beginning of
treatment precipitates and decomposes on the cellulose

surface that has larger specific surface area and

8191 This validates the observed

adsorption capacity'
results that higher acetic acid dosages resulted in lower

residual lignin in the raw cellulose.

52 923
—&— Yield
51 ; —— Kappa number
15}
° 50 - g
S g
.8 <
> 49| &
4
48 |
47 ! L . 19

0 1 2 4 6
Acetic acid dosage/%

Figure 1 Effect of acetic acid dosage on kappa number and yield

of crude cellulose

. v

c. Acetic acid dosage 6% (x400)

Figure 2 Surface morphology of crude cellulose fiber with different acetic acid dosages

Figure 1 demonstrates that the yield of crude cellulose
decreases from 51.02% to 47.85% with the increase of
The trend of

decrease is intensified with the increase in acetic acid

acetic acid dosage from 0% to 6% (W/w).
concentration. A comprehensive analysis of the effect
of acetic acid dosage on Kappa number shows that lignin
removal is obvious accompanied with a slow decrease in
yield when the acetic acid dosage is controlled below
2% (W/w).

acid to lignin is preferred in the mentioned acetic acid

This means the reaction selectivity of acetic

dosage, which is favorable for lignin removal. In
addition, acetic acid dosage can not only reduce the load

of subsequent cellulose refining process but also protect

the strength and yield of cellulose*”.
3.12

content and crystallinity of the crude cellulose

Effects of acetic acid dosage on a-cellulose

The a-cellulose content of crude cellulose impacts the
yield of cellulose after refining. Therefore, the influence
of acetic acid dosage on the a-cellulose content of crude
cellulose was studied, as shown in Figure 3. The
a-cellulose content rises with the increase of acetic acid
dosage; the increase is more predominant when the acetic
acid dosage is lower than 2% (w/w). The reason is that
the promotion of lignin removal and hemicellulose
degradation s

more  distinguished below this

concentration, which increases the purity of crude
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cellulose; in other words, the a-cellulose content is raised.

However, the a-cellulose content only increased
marginally when acetic acid dosage exceeds 2% (w/w).
Considering the Kappa number and yield from Figure 1,
the promotion of lignin removal and the selectivity of
acetic acid to lignin are both debilitated accompanied
with intensified acid degradation of cellulose at acetic
The loss of yield of

approximately 3% (wt) is mainly attributed to the

acid dosages more than 2% (w/w).
degradation of cellulose. The maximum a-cellulose
content was observed to be around 84.3% (wt) at 2%
(w/w) acetic acid dosage. This resulted in almost stable
a-cellulose content. Therefore, the acetic acid dosage
was selected to be 2% (w/w) to maximize the yield and
purity of crude cellulose.

85 q 65

Crystallinity/%

a-cellulose content/%

—4&— a-cellulose content
—#— Crystallinity

81 : . : 30
0 1 2 4 6
Acetic acid dosage/%
Figure 3  Effects of acetic acid dosage on a-cellulose content and

crystallinity of crude cellulose

Cellulose is composed of both crystalline and
amorphous regions. MCC is mainly extracted from the
crystalline region of cellulose; the larger the crystalline
region, the higher the yield of MCC. Therefore, it is
necessary to analyze the crystallinity of crude cellulose.
From Figure 3, acetic acid dosage has a large influence
on the crystallinity of crude cellulose. The crystallinity
of crude cellulose increased initially and then decreased
when acetic acid dosage was higher than 2% since at
lower dosages (<2%) acetic acid degraded mostly
hemicellulose and lignin. However, at higher acetic acid
dosages, the selectivity of lignin/hemicellulose to

cellulose degradation decreased. Therefore, the

cellulose crystallinity was decreased. The maximum
crystallinity value of 59.4% was observed when the
concentration of acetic acid was 2% (w/w). The

selectivity of acetic acid is better when its concentration

is lower than 2% (w/w). However, selectivity of acetic
acid to lignin becomes trivial when its concentration is
more than 2% (w/w). In addition, the removal rate of
lignin is slower accompanied with the intensified acid
degradation of cellulose. The decline is not favorable
for the yield of cellulose hydrolysis or the physical
property of microcrystalline cellulose?!).  Therefore, the
optimal acetic acid dosage is confirmed to be 2% (w/w).
3.2 Ozone refining process

3.2.1 Effects

permanganate value and yield of refined purified cellulose

of ozone dosage on potassium

The crude cellulose extracted after the organosolv
process was subjected to ozonolysis in order to remove
the residual lignin. In this treatment, the KMnQO, value
was measured to characterize the lignin content in crude
cellulose during O; treatment. The relationships
between the O; dosage and KMnOj, value as well as the
yield of crude cellulose after O3 treatment are presented
in Figure 4. O; is a strong oxidant which has a very
obvious effect on lignin removal, resulting in a rapid
decrease in the KMnO, value of crude cellulose. The
KMnOy value drops very quickly, especially when the O;
dosage is between 0.2% and 0.8%, and then tends to
stabilize with increasing O; dosage. This indicates the
effect of lignin removal using O; is significant when O;
The KMnO, value drops

slowly due to the poor selectivity of O; to lignin after the

dosage is lower than 0.8%.

It can be concluded that the
optimal O; dosage is 0.8%-1.6%.

O; dosage is raised to 0.8%.

20 —&— KMnO, value T 100
f —&— Yield
16 95
2
T§ 12 90 §
= 3
g =
S 8 ~
2 85
4 1 80
0 1 1

1 1 1 75
02 04 08 12 16 20 24

Ozone dosage/%

Figure 4 Effects of O; dosage on KMnO, value and yield

of O; purified cellulose

It is revealed in Figure 4 that the yield decreases

gradually with increasing O; dosage. The yield is only
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80.9% when O3 dosage reaches 2.4%, which indicates a
serious loss of crude cellulose. The reasons for the
decrease include the removal of most of the residual
lignin and the oxidative degradation of hemicellulose and
cellulose in crude cellulose resulting from large O;
dosage. It is known that most of the lignin has been
The KMnO, value

In this

removed when O3 dosage is 0.8%.
drops slowly if the Os; dosage is kept rising.
situation, cellulose loses its impermeable lignin seal and
reacts with O3 more rapidly, which leads to the intensified
degradation of cellulose and drop of yield. It also means
the selectivity of Os to lignin is poor.

322 Effects

polymerization and a-cellulose content of refined crude

of ozone dosage on degree of
cellulose

The DP of cellulose was measured because it is a
commonly accepted indicator for refined cellulose quality.
The DP of crude cellulose is also influenced by O; dosage,
as shown in Figure 5. The decrease of DP is initially
slow but becomes rapid after O; dosage is more than
1.6%.

the glucoside bond is cleaved at the center or the end of

This can be explained by the following: firstly,
cellulose molecular chain by O;. Then, the amount of
de-polymerization increases with the increase in Oj
dosage, increasing the possibility of terminating oxidation.
Finally, most of the O; is consumed by removal of
residual lignin and hemicellulose degradation as well as a
small amount of amorphous cellulose degradation when
the O3 dosage is lower than 1.6%. However, crystalline
cellulose degradation is enhanced when O; dosage is
more than 1.6%, resulting in the sharp drop of DP. It is
revealed from the relationship between O; dosage and
a-cellulose content that a-cellulose content increases but
tends to be stable once O; dosage rises to 1.2%. This
indicates that an O; dose of 1.2% is sufficient for
refining!**,

The brightness is another important parameter for
MCC. The brightness continues to increase with
increasing O3 dosage from 26.4% ISO to 61.5% ISO, but
below the required value of 75%-85%.

Nevertheless, brightness cannot be improved by simply

is still

increasing O; dosage without considering the intensive

decrease of yield and DP. Therefore, treatment only by

Alkaline H,0,

treatment can be applied with the O; treatment in order to

O3 cannot meet the required brightness.

increase the brightness.

a-cellulose content/%

500 F =— Dp 182
—&— g-cellulose content +

450 : : : : : 81
02 04 08 12 16 20 24

Ozone dosage/%

Figure 5 Effects of O; dosage on a-cellulose content and DP
of O; purified cellulose

3.3 Investigation of hydrogen peroxide refining
process
3.3.1 Effects of hydrogen peroxide of dosage on crude
cellulose refining

The H,0, dosage level is one of the important effects
that influences the crude cellulose refining.  The
brightness of refined cellulose increases rapidly and
reaches 83.0% ISO when H,0; dosage is higher than 4%,
as evident from Figure 6. There is also a quick drop of
the KMnQO, value. This may be explained by dissolution
of the chromophores of residual lignin with the increase
of H,O, dosage. At the same time, the celluloses go
through degradation in alkaline environment to some
extent, leading to the continuous decline of viscosity and

ppl21-22

980 4.5 ~187
o0r 0= /I/%”_{ 13
; 4 /I 1 481
‘s0 960
E ® 35 1 2
S 950r 2 —A— KMnO, value {75 o)
‘3 > —u— Brightness %
g 940r g 30r —A— Viscosity 172 8
= £ £
2 930—525 19 =
E . 466 2
Z 90t
2.0/ S L
910 - A \i 460
900 - 1.51 L L L L L 1 57
0 1 2 3 4 5 6

H,0, dosage/%

Note: pulp consistency of 12%, H,O, dosage of 3%, temperature of 70°C, time
of 120 min, and stabilizer dosage of 1%.

Figure 6 Effects of HyO, dosage on the characteristics of the
hydrogen peroxide purified cellulose
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The changes of KMnO, value and brightness tend to
be stable when H,O, dosage is larger than 4%, as
presented in Figure 6. However, the rapid drop of
viscosity does not become smooth and relatively stable
until the H,O, dosage is more than 5%. This is probably
because of the lignin removal capacity of H,0O, is limited.
However, its strong oxidation results in serious
degradation of cellulose, leading to the large viscosity
drop. Considering the KMnO, value and brightness
show no significant differences between 3% and 4%
H,0, dosage, 3% H,0O, dosage is selected in order to
maintain higher viscosity.

3.3.2 Effects of NaOH dosage on crude cellulose
refining by H,0O,
The relationship of NaOH dosage to the properties of

refined cellulose by H,O, is shown in Figure 7.

980 45 _87
184
970 1 — 1 I
0 11
- I 1 | 481
= 960 -
| 35 178 o
§ 950F 8 —A— KMnO, value - @
£ T; —m— Brightness 1 &
g 940t & 3.0 —a— Viscosity 172 &
2 o g
2 930} & )
2 2.5 =
£ R 166 &
g 920t 1 K
2.0 I, *é 163
910 X 1 460
900l 15 " L L . 57

1 1 1
0 04 08 12 16 20 24 28 32
NaOH dosage/%

Note: pulp consistency of 12%, NaOH dosage of 2%, temperature of 70 °C, time

of 120 min, and stabilizer dosage of 1%.
Figure 7 Effects of NaOH dosage on the characteristics of

hydrogen peroxide purified cellulose

The KMnO, value decreases gradually with the
The KMnO, value tends to
be constant when NaOH dosage is more than 2.2%. The

increase of NaOH dosage.

brightness increases and then decreases slowly after
reaching the peak value of 83.1% ISO at 1.8% of NaOH
dosage.  The viscosity decreases continuouslym’w].
The reason for the observed trends is that the increase of
OH’" concentration promotes the ionization of H,O, to
generate HOO', which can attack lignin. This results in
the drop of KMnQ, value and the increase of brightness.
Too much NaOH enhances inefficient decomposition of
H,0,, which is not favorable for HOO™ generation and
inhibits the refining of crude cellulose. The increased

alkaline concentration speeds up the degradation of

cellulose, which favors the stabilization of KMnQO, value
and brightness and the continuous decline of viscosity.
Therefore, the optimal NaOH dosage is 1.8% ',

3.3.3 Effects of temperature on crude cellulose refining
by H,O,

The influence of temperature on crude cellulose
KMnO, value
dropped by 0.4, brightness increased by 3.6% ISO, and
intrinsic  viscosity decreased by 9 mL/g when the
This

indicates that an increase in temperature improved the

refining by H,O; is shown in Figure 8.

temperature was raised from 60°C to 70°CM°,

oxidation of H,O,, resulting in better refining. However,
the KMnO, value began to increase, brightness began to
decrease, and the viscosity decreased continuously when
temperature continued to increase. This is probably

because of more intensive decomposition of H,O, and

cellulose degradation at high temperature. Therefore,
. . . 14
the optimal temperature for refining is 70°C"'*.
980 42 —A— KMnO, value 187
4.0, —m— Brightness /\I\ 184
970 - 1 —A— Viscosity J‘ - }\% 181
30 960 178 o
£ 8 2
2 950} E 475 <
Q = %
2 ¢ i
o T g J69 %,
z = =
£ . - 66
£ 930
163
920
460
olob 241 - 1 . L 157
0 20 40 60 80 100

Temperature/ °C

Note: pulp consistency of 12%, H,O, dosage of 3%, NaOH dosage of 1.8%, time

of 120 min, and stabilizer dosage of 1%.
Figure 8 Effects of reaction temperature on the properties of the
hydrogen peroxide purified cellulose
3.3.4 Effects of treatment time on crude cellulose
refining by H,O,

Temperature and time are related factors. The
increase of temperature results in increasing reaction rates
and consequently decreasing reaction times if other
factors are kept constant. The effect of time on crude
cellulose refining by H,O, is shown in Figure 9. An
increase in the refining time from 60 min to 120 min led
to a drop in the KMnO, value from 3.0 to 2.0 and an
increase in the brightness from 80.7% ISO to 84.2% ISO.
KMnOQOy4

brightness changed slowly if the treatment time was

However, value was unchanged and the
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increased above 120 min. This indicates that the
refining effect cannot be improved only by elongation of
refining time. It was also observed that the viscosity

continuously  decreased due to the cellulose
decomposition in alkaline environment with the increase
of refining time.
120 min.

are listed in Table 1

Therefore, the optimal refining time is

The parameters of celluloses refined by H,0,
[12,13]

980 45 i

970 | I 1 ] -

404 /{ 1 {81
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e i
2 v 3.5 2
s 950+ 8 — 175 &
= < °\°
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: e
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Note: pulp consistency of 12%, H,O, dosage of 3%, NaOH dosage of 1.8%,

temperature of 70°C, and stabilizer dosage of 1%.
Figure 9 Effects of reaction time on the properties of hydrogen

peroxide purified cellulose

Table 1 Parameters of refined cellulose

a-cellulose content/%  Pentosan content/% DP Brightness/%ISO
84.28 9.01 626 84.16
94.67 4.29 615 85.60

Noto: first row: H,0, dosage of 3%, NaOH dosage of 1.8%, temperature of 70°C,
time of 120 min. second row: the optimized condition.
3.4 Effects of xylanase on the crude cellulose refining

The first row of Table 1 shows that the a-cellulose
content of wheat straw was higher compared to initial
composition. However, the amount of pentosan content
was also high. In order to remove remaining pentosan,
xylanase enzymes were used for further refining. The
effects of xylanase dosage on the a-cellulose content and
xylan content were studied as shown in Figure 10.

From Figure 10, a-cellulose content rises as
hemicellulose content drops rapidly after treatment using
The a-cellulose content increased
from 84.3% to 87.0% at a xylanase dose of 0.5 IU/g.

The highest a-cellulose content was observed to be 95.4%

xylanase enzyme.

at a xylanase dose of 2.5 TU/g. The results showed that
enzyme treatment can hydrolyze most of the pentosan,
which is mainly xylan. Considering the cellulose

content and cost of production, the optimal xylanase dose

is 1.5 IU/g. At optimum conditions, the pentosan
content dropped from 9.0% to 4.3% (w/w)!">'®,
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Figure 10 Effects of xylanase dosage on a-cellulose content and
pentosan content

The parameters of the resultant a-cellulose obtained

under the optimized thermal decomposition, separation

and refining processes are shown in Table 1.
4 Conclusions

The organosolv method is an effective way to
decompose the recalcitrant nature of wheat straw and to
extract and separate crude cellulose. This process is
environmentally friendly, and the solution can be
recycled. The addition of acetic acid enhances the
removal of lignin and degradation of hemicellulose,
which improves the purity of crude cellulose. The lignin
removed by acetic acid is mainly adsorbed and deposited
on the surface of cellulose. Based on the experimental
results, acetic acid dosage in the wheat straw was
optimized. This was followed by chelation, Oz, and
H,0; xylanase treatment. Overall, the production of MCC
is more economical since it is produced from wheat straw
as compared to cotton or wood. In addition, the
organosolv agents have low vapor pressure and they are
easily recyclable at low temperatures, making the process
more economical and more environmentally friendly.
The process can lead improved MCC production from

wheat straw and may lead to commercialization.
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