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A derivative of triazine, namely 2,4-bis(4-sulfonate phenoxy)-6-chloro-1,3,5-triazine (BSPCT), has been synthesized
from the reaction between trichloride triazine and p-hydroxyl benzene sulfonic acid. Fourier transform infrared
(FT-IR) spectra suggested the structure of BSPCT. Microcrystalline cellulose was modified with BSPCT and then
hydrolyzed with 8 wt% H,SO, at 130 °C for 5 hours. The yield of reducing sugar in the hydrolysis and the influence
of the content of BSPCT in the modified cellulose were tested. The results showed that the yield of reducing sugar
first increased and then decreased with increasing the content of BSPCT. A maximum yield of 12.42% was reached
for 6.25% molar content of BSPCT. The probable mechanism was explained from the variation of the crystal

structure of cellulose.
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INTRODUCTION

Because of environmental problems and the
depletion of fossil energy resources, people have
been seeking new clean energy resources.
Conversion of cellulose into ethanol has been the
focus of researches in the field of biomass fuel.”
It is well known that cellulosic biomass is
difficult to convert into ethanol, which is
attributed to the high degree of polymerization
and crystallinity of lignocellulose. In order to
solve this challenge, proper pretreatment is an
essential step for the conversion of
lignocelluloses into ethanol.”"”

Compared with physical and biological

pretreatment  technologies, neither  special
equipment nor extreme operating conditions are
essential for the chemical methods. According to
the studies of Borsa et al., a substituent on the C6
position of cellulose could increase the hydrolysis
of cellulose.' In the field of dyeing and finishing,
it has been found that reactive tendering of cotton
fabric renders cotton fibers dyed with reactive
dyes more easily hydrolyzable than the original
fibers."””"” Significantly, sym-triazine dyes have
wide-ranging applications during reactive dyeing.
This provides a new approach to the pretreatment
of cellulose. Therefore, the derivatives of
2,4,6-trioctylthio-1,3,5-triazine are promising
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candidates to pretreat lignocelluloses to obtain
ethanol. Jiang er al.'"™" researched the influence
of 2-chloro-4,6-diphenylamino-1,3,5-triazine
(DACT) and
2,4-dichloro-6-phenoxy-1,3,5-triazine (PHCT) on
the structure and hydrolysis of microcrystalline
cellulose. They found that the crystalline
structure of cellulose changed, the content of the
amorphous region of the cellulose increased, and
reducing sugar yield increased as well after the
modification by DACT and PHCT.

In the -current study, 2,4-bis(4-sulfonate
phenoxy)-6-chloro-1,3,5-triazine (BSPCT) has
been synthesized from the reaction between
trichloride triazine and p-hydroxy benzene
sulfonic acid to modify microcrystalline cellulose.
The crystalline structure and the hydrolysis of
cellulose were studied, and the possible
mechanism of the change was also considered.

EXPERIMENTAL

Materials

Microcrystalline cellulose (J&K, Ph102), trichloride
triazine (TCT) (J&K) p-hydroxy benzene sulfonic acid,
sodium hydroxide, acetone, anhydrous sodium
carbonate and sulfuric acid (AR) were bought from
Sinopharm Chemical Reagent Co., Ltd. (SCRC).

Synthesis of BSPCT

BSPCT was synthesized from the reaction between
trichloride triazine and p-hydroxy benzene sulfonic
acid. P-hydroxy benzene sulfonic acid, trichloride
triazine and sodium hydroxide (molar ratio of 2:1:4)
were added to the solution containing water and
acetone (volume ratio of 1:1). The reactive mixture

Cl

was kept under stirring for 2 hours at 0-5 °C, and then
for 5 hours at 40 °C. After that, the mixture was
filtered and washed with a small amount of acetone.
Finally, the mixture was dried in a vacuum oven and
the BSPCT was obtained.

Chemical grafting of BSPCT on microcrystalline
cellulose

Grafting of BSPCT on microcrystalline cellulose
was performed in a three-necked flask containing 2 g
of MCC and 20 mL of deionized water. The
suspension was adjusted to pH = 11 with 20 wt%
sodium carbonate solution and stirred for one hour at
85 °C. Then, the solution containing a certain amount
of BSPCT, 0.4 g sodium sulfate and 20 mL deionized
water was slowly added dropwise into the reactive
system. After the reaction mixture had been stirred for
2 hours, the mixture was filtered and washed with
water until the pH of the filter cake reached a value of
7. Subsequently, the mixture was dried in a vacuum
oven for 24 h at 50 °C.

Acid hydrolysis

An amount of 0.5 g of MCC was mixed with 10
mL of sulfuric acid aqueous solution (8 wt%) in a
single-neck flask. The reactive mixture was kept under
stirring for 5 h at 130 °C for hydrolysis, and then the
pH of the mixture was adjusted to a value of 7. After
that, the suspension was centrifuged for 3 min at 4000
rpm. The supernatant was transferred to a 100 mL
volumetric flask, and the precipitate was washed with
distilled water. The mixture was then centrifuged for 3
min at the same speed, and the centrifuged supernatant
was collected in the previously mentioned flask in
order to measure the yield of reducing sugar.
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Scheme 2: Grafting of DPHACT on microcrystalline cellulose
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Figure 1: FT-IR spectra: (a) TCT and (b) BSPCT

Characterization

Infrared spectra were recorded at room temperature
on a NICOLET IS10 Fourier transform infrared
(FT-IR) spectrometer to characterize the surface
modification of MCC. The samples were prepared by
the KBr pellet
spectrometer was 4 cm’', the wavenumber range was
400~4000 cm™, and the samples were scanned 30
times. X-ray diffraction (XRD) patterns of raw MCC
and the modified MCC were recorded on a Bruker
Siemens D8 X-ray diffractometer operated at 3 kW
with CuKoa radiation (A = 0.154 nm) in the range 26 =
3-60° with a step of 0.02°. The yield of reducing sugar
was determined using 3,5-dinitrosalicylic acid
calorimetry (DNS).*” The standard curve of glucose
measured at 494 nm was calculated by the following
Equation (1) and the yield of reducing sugar was
calculated by Equation (2):

method. The resolution of the

y=1.07165x—0.01356(R> = 0.998) )

0.9m, -V, IV
y = 1 0 1 2)
m,

In equation (2), y is the yield of reducing sugar, m,
is the weight of glucose (mg) obtained from the
standard curve, my is the weight of the sample (mg),
Vy is the total volume of the extracting solution (mL),
V, is the volume used in measurement (mL).

The crystallite size of cellulose was calculated
according to the Scherrer equation, as shown in
Equation (3):

D= 3
B cos 6

where D is the crystallite size, x is the Scherrer
constant, k = 0.89; A is the wavelength of the ray, A =
0.15406 nm; B is the largest width at half of the

characteristic diffraction peak, shown with radian; 0 is
the Bragg angle.”'
Crystallinity index was calculated using Equation
“:
et =T = Lan @)
002
where 1002 is the 002 plane diffraction intensity

maxima and I, is diffraction intensity in the range 20
=18.3°%

RESULTS AND DISCUSSION
Synthesis of BSPCT and its grafting on MCC

The synthesis of BSPCT was investigated by
FTIR analysis, as shown in Figure 1. Curves a
and b are the spectra of TCT and BSPCT,
respectively. The characteristic adsorption peaks
of the triazine ring appeared in both spectra,
while more adsorptions appeared in curve b,
which suggested the benzene ring in the
p-hydroxy benzene sulfonic acid. The adsorption
peaks at 1605 cm™, 1582 cm™, 1532 cm™, 1497
ecm’ and 1462 cm’' were attributed to the
stretching vibration of the skeleton in the triazine
and benzene ring. The adsorptions at 957~667
cm’ were attributed to the bending vibration of
C-H in the benzene ring, which contained the
characteristic adsorption peak at 854 cm™. The
peaks at 1250 cm™ and 1041 cm™ were attributed
to the stretching vibration of C-O-C connecting
triazine and the benzene ring, and the adsorption
peaks at 1191 cm”, 1131 cm™, 1041 cm” and
1012 cm' were attributed to the stretching
vibration of C-S-C.

The chemical grafting of BSPCT on MCC was
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also investigated by FTIR spectroscopy, as shown
in Figure 2. Curves a and b are the spectra of
MCC and modified MCC, respectively. The
characteristic adsorption peaks of cellulose
appeared in both spectra, while more adsorptions
appeared in curve b, which suggested triazine and
the benzene ring. The adsorption peaks at 1618
cm’l, 1541 cm™ and 1405 cm™ were attributed to
the stretching vibration of the skeleton in the
triazine, and the peak at 864 cm™ was attributed
to the bending vibration of C-H of the benzene
ring.

Crystalline structure of cellulose modified with
BSPCT

The variations of the crystalline structure of
MCC modified with BSPCT were tested with
X-ray (XRD) analysis. The XRD patterns of
MCC modified with BSPCT with the dosage of 0,
3.23%, 3.85%, 6.25% and 16.69% are shown in
Figure 3, with the curves marked as a, b, ¢, d and
e, respectively. The diffraction peaks at 20 of
14.8°, 16.4°, 22.5° and 34.5° appeared in the XRD
patterns of all cellulose samples, which represent
the crystalline structure of cellulose I of the
polymorphous cellulose.”** However, there were
several differences among the XRD patterns of
the five kinds of cellulose samples. Starting with
a dosage of BSPCT below 6.25% and along with
its increase, the peak at 20 of 18.5° was enhanced
slightly, and the intensity of the diffraction peaks
of the (021) plane gradually disappeared, while
the (200) plane became weaker and wider.

As can be seen in Figure 3, the proportion of
(110) and (110) planes in the three main crystal
planes in cellulose, which are (110), (110) and
(200), reached the maxima, which was conducive
to the hydrolysis of cellulose, because the
d-spacing values of (110), (110) are much larger
than that of (200). On the other hand, the peaks of
modified cellulose at 34.5° were decreased, which
revealed that the substitution reaction occurred
not only in the amorphous regions, but also on
the edge of the crystalline region. Therefore, the
crystal structure of cellulose was impacted after
modification, and was probably more accessible
to hydronium ion, according to the previous study
by Jiang et al.*®

The crystalline index and the grain size of
MCC modified with BSPCT were calculated to
intuitively characterize the crystalline structure of
the samples, as shown in Figure 4. The crystalline
index of unmodified cellulose was 85.48%, and
the grain size was 9.410 nm. Along with the
increase of BSPCT dosage, the crystalline index
and the grain size of modified cellulose decreased,
and then increased, when the dosage of BSPCT
was over 6.25%. As shown in Figure 4, the
crystalline index and the grain size of modified
cellulose reached the minimum, when the BSPCT
dosage was 6.25%. According to these results, it
is clear that the crystal structure of MCC
modified with BSPCT was impacted and the
crystallinity of the modified MCC was
diminished.
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Figure 2: FT-IR spectra: (a) MCC; (b) BSPCT modified MCC
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Figure 4: Crystalline index and crystalline size of
MCC:s as a function of loading with BSPCT

Therefore, the pretreatment of BSPCT
modification on MCC was meaningful to
promote the conversion of lignocelluloses into
ethanol.

Hydrolysis of cellulose modified with BSPCT
3,5-dinitrosalicylic acid colorimetry (DNS)
was adopted to measure the glucose yield, and the
influence of BSPCT dosage on the yield of
reducing sugar in the hydrolysis of cellulose
modified with BSPCT was investigated, as shown
in Figure 5. According to the relationship
between the yield of reducing sugar and the
consumption of BSPAT, when the dosage of
BSPCT was less than 6.25%, the yield of
reducing sugar rose significantly along with the
increase of BSPCT dosage, owing to the
regularity of the amorphous region of modified
cellulose being reduced, because of the space
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Figure 5: Yield of glucose in hydrolysis as a function

of loading with BSPCT

broadening with the permeation of BSPCT into
the amorphous area. The yield of reducing sugar
reached the maximum (12.42%) when the dosage
of BSPCT was 6.25%. On the other hand,
hydrophilic sulfonic groups of BSPCT were
conducive to the permeation of chemical reagents.
When the dosage of BSPCT was beyond a certain
limit, the gaps were restored with the increase of
BSPCT dosage. That is the reason why the yield
of reducing sugar was reduced when the dosage
of BSPCT was more than 6.25%.

CONCLUSION

A derivative  of
2,4-bis(4-sulfonate
phenoxy)-6-chloro-1,3,5-triazine (BSPCT), has
been synthesized from the reaction between
trichloride triazine and p-hydroxyl benzene
sulfonic acid and applied in the modification of

triazine, namely
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cellulose for achieving a high glucose yield. The
substituent on the C6 position of cellulose
promoted the hydrolysis of lignocellulose, which
was attributed to the impact of BSPAT on the
crystal structure and the decrease in the
crystallinity of lignocelluloses. On the other hand,
the introduction of hydrophilic sulfonic groups
was conductive to the permeation of chemical
reagents. Therefore, the pretreatment was
meaningful to promote the conversion of
lignocelluloses into ethanol. However, the
mechanism of the promotion needs to be further
researched. The study is in progress and will be
presented in future work.
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