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ABSTRACT: This paper describes chitin liquefaction in
ethylene glycol (EG) under the catalysis of sulfuric acid for
the first time. Up to 75% of chitin was liquefied at 165 °C
within 90 min by using 8 wt % of acid (refer to the mass of
EG). The major products (30% yield) were identified to be
hydroxyethyl-2-amino-2-deoxyhexopyranoside (HADP) and
hydroxyethyl-2-acetamido-2-deoxyhexopyranoside (HAADP)
by GC-MS and confirmed by NMR. Kinetic studies were
conducted based on which a plausible mechanism for product
formation was proposed. HADP was dominant during the

Liquefied, N-containing
products

reaction, whereas HAADP formed fast at an initial stage and then most of it was hydrolyzed to HADP. Unreacted chitin residues
with different reaction times were characterized by Fourier transform infrared spectroscopy (FTIR), X-ray powder diffraction
(XRD), and solid state NMR. The FTIR results showed that negligible deacetylation reaction occurred, supporting the
assumption that HADP was produced from the hydrolysis of HAADP rather than directly from chitin polymer chains. The XRD
analysis revealed the gradual decrease in crystallinity with the increase in reaction time, indicating the damage of the crystalline
domain by the liquefaction process. The simple, cheap, and efficient liquefaction of chitin opens up a new route to produce

chemicals and materials from waste in the fishing industry.
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B INTRODUCTION

In a time marked by slow but continued fossil fuel depletion, as
well as the rise of ecological consciousness, biomass
utilization'?
represents an alternative sustainable resource for the
manufacture of biofuels and value-added chemicals.’™®
Lignocellulosic materials, comprising cellulose,” ™" hemicellu-
lose,"* and Iigninl4_17 components, attracted the most scientific
attention in the past decades. Among the various trans-

draws remarkable research interests. Biomass

formation strategies for lignocellulosic biomass, liquefaction
process'®'? is a simple and effective method to convert solid
biomass into liquid polyols or aromatics that can be directly
used to produce value-added polymers.”*~** The liquefaction
process is usually conducted under atmospheric pressure at
elevated temperatures by using polyhydric alcohols as the
solvent and acids as the catalyst.”>** Under the catalysis of
acids, the polymer chain is solvolyzed and depolymerized by
the solvent molecules. Liquefaction of cellulose,”” lignin,***’
and even wood> has already been reported using polyethylene
glycol (PEG),>" EG,*” or glycol® as the solvent.>* For acid-
catalyzed liquefaction, the temperature used is usually between
150 and 170 °C with liquefaction efliciency from 60% to 100%
for various lignocellulosic biomass substrates. Sulfuric acid is
the most commonly used acid catalyst. It is reported that
cellulose liquefaction in EG at 150 °C catalyzed by sulfuric acid
afforded mainly EG-glucosides and its decomposed compound
2-hydroxyethyl levulinate as the product. A proposed
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mechanism suggested that EG-glucosides were formed initially
through solvolytic reactions, after which decomposition
reaction occurred to form the major product levulinate esters.””

So far, the liquefaction process is largely limited to land-
based lignocellulosic materials,*>*® whereas the expansion for
processing a wider range of biomass is desirable and beneficial.
Chitin, which is the world’s second most abundant biomass
close to cellulose,®” holds a great but underestimated potential
for biochemical and biomaterial production.*® Chitin is a major
component of the exoskeletons of insects and crustaceans
consisting of N-acetyl-D-glucosamine (NAG) monosaccharide
produced mainly from shellfish wastes in the fishing industry
(Figure 1). Their current application remains limited, such as
wound healing enhancer,” enzyme immobilization,* drug
release control,*" industrial pollutants treatment,* and
formation of films.** The conventional transformation strat-
egies of chitin include chemical modification,** pyrolysis,45 and
hydrolysis.**~** Due to the 7 wt % biologically fixed nitrogen,
chitin offers an overlooked but significant potential for
sustainable production of nitrogen-containing (N-containing)
chemicals or materials. The structure of chitin (Figure 1) is very
similar to cellulose with the only difference on the C2 position
(acetyl amide side chain instead of hydroxyl group). Previously,
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Figure 1. Chemical structure of chitin polymer.

cellulose was liquefied to produce polyols and further
transformed into polyurethanes foams (PUFs)* and other
materials.’>*" It is not unreasonable then to speculate that the
liquefaction process established for cellulose is applicable to
chitin utilization, through which chitin can be transformed into
small molecules with both hydroxyl and amine/amide groups.
These intermediate compounds can be processed into PUFs
and even polyamides. We envisage that the establishment of
chitin liquefaction will contribute to the current scheme of
NAG/chitin utilization,sz_56 providing a bridge to transform
wastes into valuable chemicals/materials.

In this paper, the liquefaction of chitin was conducted by
using EG as the solvent and various acids as the catalyst. Up to
75% of chitin was successfully converted into liquid products at
165 °C after 90 min in the presence of sulfuric acid. Product
identification showed that the major products are HADP and
HAADP with a total yield of about 30%. Kinetic studies and
NMR analysis of the liquefied products have been conducted.
Moreover, recovered chitin solid after the reaction has been
characterized to probe structural changes during reaction.
Finally, a plausible liquefaction mechanism of chitin is proposed
based on kinetic studies and previous reports on cellulose
liquefaction.

B EXPERIMENTAL SECTION

Materials. Chitin (white powder) was purchased from Wako Pure
Chemical Industries. Hexamethyldisilazane (HMDS), trifluoreacetic

acid, pyridine, N-acetyl-p-glucosamine (NAG, 99%), and p-glucos-
amine hydrochloride (Glu, >99%) were obtained from Sigma-Aldrich.
Ethylene glycol (EG, >99%) and phosphoric acid (85%) were
purchased from VWR Singapore company. Sulfuric acid (96.9%) was
purchased from J. T. Baker. Hydrochloric acid (37%) and acetic acid
(99%) were obtained from Merck. These chemicals and all solvents
used in this study were of reagent grade and were used as received.
Characterization. XRD was performed on a Bruker D8 advanced
diffractometer with Cu Ka radiation at 40 kV. The XRD instrument
was calibrated by using standard reference material (SRM). The
equation for the crystalline index (CI) calculation is shown below.>”

L—1
CI (%) = [M] X 100
IllO

where I}, is the maximum intensity of the diffraction for the (110)
plane at approximately 20 = 19.2°, and I,,, is the intensity of the
amorphous diffraction at approximately 260 = 12.7°.

FTIR was conducted on a Bio-Rad FTS-3500 ARX instrument. The
DA was calculated using FTIR spectra.®® Specifically, the DA is
proportional to the ratio of A¢s/As4s0, Where A; is the area of the peak
at wavenumber i. In order to prevent the error from drawing the
baselines, original chitin was used as a reference, which has 99% DA as
demonstrated previously.>> 1D and 2D NMR analysis was performed
on a Bruker ultrashield 400 plus spectrometer. The samples were
prepared using D,O as the solvent. The calibration of the NMR signal
was conducted by using tetramethylsilane (TMS) as a standard. Solid-
state NMR was conducted on a Bruker Avance 400 (DRX400) with
CP/MAS.

HPLC separation was achieved by using an Agilent 1200 series
(Agilent Technologies, Germany) LC system by using an Agilent Hi-
Plex Ca sugar column. The mobile phase was 100% water. The flow
rate was kept at 0.6 mL/min with a run time of 20 min at 80 °C. An
UV—vis detector setting at 210 nm was used to analyze the product.
To isolate the major products, 20 injections (each time 20 uL) were
performed, and each fraction was accumulatively collected.

NAG Reaction Procedure. In a Schlenk tube equipped with a
cooling device and a stirrer, chemicals were added in the order of EG
(1 g), sulfuric acid (0.08 g, 8% w/w EG), and NAG (0.15 g, 15% w/w
EG). The reaction mixture was heated to 120 °C and allowed to react
for a desired period of time. After the reaction, it was cooled to 0 °C
and neutralized with aqueous NaOH (10 wt %). The water in the
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Figure 2. Flow diagram of product separation in chitin liquefaction.
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Figure 3. MS spectra of HADP (A) and HAADP (B). Reaction conditions: 1g of EG, 0.08 g of sulfuric acid (8% w/w EG), and 0.15 g of NAG (15%

w/w EG) at 120 °C.

solution was removed by freeze-drying. Next, EtOH (15 mL) was
added to the remaining solid. The salt was removed as an insoluble
precipitate by centrifugation. Finally, the EtOH solvent was removed
over a rotary evaporator to obtain the products.

Chitin Liquefaction Procedure. The chitin liquefaction process is
summarized graphically in Figure 2 and is executed as follows. In a
Schlenk tube equipped with a cooling device and a stirrer, chemicals
were added in the order of EG (2 g), sulfuric acid (0.16 g, 8% w/w
EG), and chitin (0.3 g, 15% w/w EG). The reaction mixture was
heated to 165 °C and allowed to react for a desired period of time.
Chitin is more difficult to convert than NAG, and a higher reaction
temperature was employed. After the reaction, the tube was cooled to
0 °C and neutralized with aqueous NaOH (10 wt %). For product
identification, fractionation procedures were taken. To obtain
unreacted chitin, the solution was centrifuged at 7500 rpm for 4
min. The residual solid (Fraction A) was sequentially washed and
centrifuged with a water (dioxane is also effective) solution (20 mL)
and dried in an oven at 80 °C for 12 h. Meanwhile, the supernatant
was evaporated, and EtOH (20 mL) was added. The salts from
neutralization were removed by centrifugation. Next, the EtOH
solution was removed over a rotary evaporator, and THF was added to
purposely remove the large amount of EG solvent. Upon the addition
of THF, two layers formed with THF as the upper layer and a brown
oil as the lower layer. The upper THF layer was evaporated to obtain a
yellow solution denoted as Fraction B. The brown oil was collected
and denoted as Fraction C. In further analysis, it was proven that the
solvent has been largely concentrated in Fraction B. For the calculation
of chitin conversion, the following equation was used.

Starting chiti — Residual solid
arting chitin (mg) esidual solid (mg) % 100

Conversion =
Starting chitin (mg)

Silylation Procedure for GC-MS Analysis. Products from chitin
liquefaction and NAG reaction were identified with gas chromatog-
raphy—mass spectrometry (GC-MS). GC-MS was performed on an
Agilent 7890A GC system with a 7693 Autosampler, 5975C inert
MSD with triple-axis detector, and an Agilent HP-5 column. To
identify polyols on GC-MS, silylation was used to derivatize the
hydroxyl groups of the products to trimethylsilyl groups to make them
thermally stable.*” A general procedure was as follows. In an analytical
vial (1 mL), the product mixture to be analyzed (40 mg), pyridine
(700 pL), hexamethyldisililazane (700 uL), trifluoreacetic acid (TFA,
60 uL), and a small stirring bar were added. The closed vial was put in
a water bath at 60 °C for 1 h. After silylation, a portion of the reaction
mixture (250 L) and diethyl ether (750 uL) were mixed together and
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analyzed by GC-MS. The GC program is as follows. The initial
temperature was set to 100 °C, with an increase of 20 °C/min to 280
°C with a final hold of 3 min.

Quantification of Major Products. Because the major products
HADP and HAADP were not commercially available, the
quantification was conducted on an Agilent 7890A GC with a flame
ionization detector (FID) and Agilent HP-S column by employing n-
dodecane as the internal standard. The yield was calculated by using
the effective carbon numbers.*

B RESULTS AND DISCUSSION

Preliminary Work on NAG Model Compound. NAG is
the monosaccharide of chitin polymer; an initial attempt by
using NAG as the starting material simplifies the identification
of products and the establishment of reaction protocols. The
liquefaction of NAG was conducted at 120 °C. As the products
are mainly at high boiling point thermally unstable polyols,
direct analysis by GC-MS is not possible. Prior to analysis, the
silylation method was employed to transform these polyols to
stable silylated chemicals that could be analyzed on GC-MS.

On the GC-MS spectra, several solvent peaks were identified
as EG, EG dimer, trimer, and tetramer and were further
confirmed by a blank experiment (Figure S1, Supporting
Information). The side products were formed by the
intermolecular condensation of EG in the presence of acid.
There are several major peaks arising in the middle range (7—
10.5 min) of the GC spectrum (Figure 7), which could not be
recognized by the MS database. Nevertheless, their MS spectra
(Figure 3) were carefully examined, and two compounds, EG-
derived NAG (HAADP) and glucosamine (HADP), can be
assigned satisfactorily. In the MS spectra, the peaks labeled in
red indicate the fragments bearing silica, whereas the peaks
labeled in black represent fragments without silica. The
formation pathways of these peaks are shown in Figures 4
and S, which are in agreement with those of the silylated
carbohydrates reported previously.”’ For HAADP, the peak at
m/z 553.3 is the molecular peak. By losing one of the methyl
groups, the M-1S peak appeared at m/z 538.3 (Figure 4A). The
peaks at m/z 420.2 and 404.2 resulted from the loss of silylated
EG moiety. By further losing the trimethylsilanol group, the
peaks at m/z 330.2 and 314.1 were generated (Figure 4A,B). A
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Figure 4. Proposed fragmentation pathways for product HAADP.

third fragmentation pathway (Figure 4C) lead to m/z peaks at
349.2 and 204.1. A strong peak at m/z 173.1 may be ascribed to
the silylated acetamido moiety, despite that the fragmentation
pathway is not clear (Figure 4D). In a similar way (Figure S),
all major peaks in Figure 3B can be rationalized as fragments
from HADP. As a result, the compounds at 8.4, 9.1, and 9.3
min were assigned to HADP, and compounds at 10.2 and 10.3
min were assigned to HAADP. The multi-peaks are caused by
the formation of isomers during silylation, which is not
uncommon in the silylation of sugars.62

To further substantiate the structure of the products,
especially the position of the EG group, preparative HPLC
was used to purify the product (NAG as starting material, S min
reaction time), followed by NMR analysis. Two major fractions
(1 and 2) were collected. The '*C NMR spectrum of Fraction 1
is shown in Figure 6, which unambiguously confirmed the
structure to be HAADP (a-anomer). Compared with the NAG
standard sample (a-anomer, Figure S2, Supporting Informa-
tion), two new peaks arise at 60.66 and 60.61 ppm, which
indicated the formation of an EG-derived compound. The C1

_ 3 78
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Figure 6. *C NMR spectrum of HAADP (a-anomer) after HPLC
purification of the raw product. Reaction conditions: 1g of EG, 0.08 g
of sulfuric acid (8% w/w EG), and 0.15 g of NAG (15% w/w EG) at
120 °C for 5 min. Chemical shift from left to right: 6 174.5, 97.2, 71.9,
71.2, 70.0, 68.9, 60.7, 60.6, 53.6, 21.9. The inserted magnified figure
shows two adjacent peaks around 60 ppm.

signal exhibited a downfield shift from 91.0 ppm in NAG (a-
anomer) to 97.2 ppm in the product, suggesting the EG moiety
is connected with CI. Fraction 2 contains a mixture of a-
anomer and p-anomer from *C NMR spectrum analysis
(Figure S4, Supporting Information). As such, the NMR study
is in fully agreement with GC-MS identification. *C NMR
analysis of the NAG standard and Fraction 2, as well as 'H
NMR spectra of both Fraction 1 and 2, are provided in Figures
S2—S84 of the Supporting Information.

After successful identification of the liquefied products,
reactions with durations from S to 100 min were carried out by
using NAG as the substrate at 120 °C. The results (Figure 7)
show that HAADP was formed very quickly within 5 min. At 10
min, the peaks of HAADP were significantly reduced, and the
peaks of HADP increased. With a further increase in time, the
signals of HADP keep climbing gradually. This observation
suggested that HAADP was produced initially by solvolysis, and
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Figure S. Proposed fragmentation pathways for product HADP.
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Figure 7. GC-MS spectra of NAG reaction with different reaction times. Peaks are labeled and assigned to HAADP and HADP accordingly. Reaction
conditions: 1 g of EG, 0.08 g of sulfuric acid (8% w/w EG), and 0.15 g of NAG (15% w/w EG) at 120 °C.

then the acetyl amide side chain hydrolyzed to form HADP.
These preliminary tests using NAG provide valuable
information on product identification and the reaction pathway
for chitin liquefaction.

Chitin Liquefaction. Chitin liquefaction was conducted in
the next step. Different acid catalysts were evaluated, including
sulfuric acid, hydrochloric acid, phosphoric acid, and acetic acid
at 165 °C. The reaction temperature is higher than NAG
conversion because chitin is more complex and inert. Table S1
of the Supporting Information shows the chitin conversion into
liquefied products with different acids. Sulfuric acid was most
effective—enabling a chitin conversion of 63.5%—whereas all
other acids resulted in 10—30% conversion. This observation is
consistent with previous reports®® that concentrated sulfuric
acid exhibits the highest catalytic ability in lignocellulosic
biomass liquefaction. It is expected that sulfuric and hydro-
chloric acids are more effective than phosphoric and acetic acids
because of their stronger acidity. The relatively lower efficiency
of hydrochloric acid is ascribed to the high water content,
which may have a negative effect on chitin swelling and
liquefaction. The optimal acid loading is 8 wt %, which
maintains satisfactory liquefaction efficiency and avoids
detrimental side reactions due to high loading of acid.

Due to the complexity of chitin liquefaction products,
fractionation procedures were employed for post-treatment.
Centrifugation was the first step to use, through which
unreacted chitin material can be recovered as a solid, denoted
as Fraction A. After neutralization of the solution and removing
the salt, the products are further fractionated into two portions
by THEF, i.e., a light yellow liquid fraction that is THF soluble,
denoted as Fraction B, and a brown viscous liquid fraction that
is THF insoluble, denoted as Fraction C. Under standard
conditions (8 wt % sulfuric acid, 165 °C, 1 h), the weight ratio
among Fractions A, B, and C, roughly, is 1:13:2.5. The total
mass of the three fractions is much larger than the feeding
chitin due to the facts that (1) Fraction B mostly comprises EG
and EG oligomers and (2) EG is chemically bonded to
fragments from chitin (vide infra).

2085

Fraction A. Recovered solid (Fraction A) was characterized
by XRD, FTIR, and solid state NMR analysis, and it was
identified as unreacted chitin. Figure 8 shows the XRD pattern
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\p’ P
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Figure 8. XRD spectra of chitin residues with different liquefaction
time. Reaction conditions: 2 g of EG, 0.16 g of sulfuric acid (8% w/w
EG), and 0.3 g of chitin (15% w/w EG) at 165 °C.

of residual chitin with different reaction times, which clearly
demonstrates the evolution of the chitin crystal structure. With
an increase in reaction time, the major peak at 26 = 19°, which
represents the (110) plane of crystalline chitin, decreased
dramatically. Table 1 shows the calculated CI values of
recovered solids. Pure chitin has a CI value of 90.3%. After
10 min of reaction, the CI value of chitin was 92.4%, essentially
the same as the starting material, indicating that the crystallinity
of chitin did not decrease within such a short period of time. As
the reaction proceeded, an obvious decrease in the CI values
was observed. Apparently, the crystallinity of chitin dropped

dx.doi.org/10.1021/5¢500334b | ACS Sustainable Chem. Eng. 2014, 2, 2081—-2089
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Table 1. Calculated CI Values of Chitin Residues with
Different Liquefaction Times”

time (min) 0 10 20 60 90 150
CI (%) 903 924 835 850 790 655

“Reaction conditions: 2 g of EG, 0.16 g of sulfuric acid (8% w/w EG),
and 0.3 g of chitin (15% w/w EG) at 165 °C.

significantly after long-time reactions. The chitin crystalline
domain is very difficult to access due to the strong hydrogen
bond network. The XRD analysis suggested that our
liquefaction process is highly effective in breaking down the
crystalline region in chitin.

FTIR analysis (Figure S5, Supporting Information) was used
to characterize the residual solids collected after different
reaction times. The bands at about 3492 and 3262 cm™
represent OH and NH stretching, and the bands at about
2890 to 2965 cm™' are assigned to CH, CH; symmetric
stretching, and CH, asymmetric stretching, respectively. The
peaks at 1629 and 1661 cm™" are assigned to Amide I band,
while Amide II and III bands appear at 1558 and 1312 cm™,
respectively. Besides, the asymmetric bridge oxygen and C—O
stretching bands show up from 1024 to 1163 cm™~.*% On the
basis of the analysis, the recovered chitin maintained the
chemical backbone of chitin. The calculated DA values for
recovered solids with different reaction times are shown in
Table S2 of the Supporting Information. Note that some of the
results are higher than 100%, which is also observed in the
literature.>® However, the errors were all within 5%, and it is
not unreasonable to conclude that negligible deacetylation
occurred during the liquefaction. This indicates that the
hydrolysis of the acetyl amide group happened after
depolymerization. Possibly, the liquefaction happened from
chitin depolymerization and released EG-derived NAG
monomer or oligomers. Afterward, the side chain hydrolyzed
to form EG-derived glucosamine.

3C Solid-state NMR measurements on fresh chitin and the
recovered solid sample were conducted to corroborate FTIR
and XRD analysis (Figure S6, Supporting Information). The
position and relative intensity of the peaks are identical
between the two samples, indicating no appreciable change in
the chemical structure in the remaining chitin. On the other
hand, the peaks become shaper and more intensified in the
recovered chitin after reaction, which indirectly reflects that the
degree of polymerization has decreased after the liquefaction.

Fraction B and C. Fraction B and C were analyzed by GC-
MS, and the major products were identified in a similar way as
described in the NAG reaction. As shown in the GC-MS
spectra (Figure S7, Supporting Information), Fraction B
contains mainly the solvent EG, EG oligomers, and 2-
hydroxyethyl acetate, which resulted from the hydrolysis and
liquefaction of the acetyl amide group and also a minor amount
of HADP and HAADDP. Fraction C contains mainly HADP and
HAADP products. Both HADP and HAADP exhibited a few
peaks in the spectra, which are due to the formation of different
isomers after silylation as mentioned above.

In order to obtain the kinetic profile, both samples of
Fractions B and C with different reaction times were analyzed
by GC-FID. Figure 9 shows the chitin conversion, yields of
HADP and HAADP with different reaction times. An amount
of 25% of chitin was liquefied within the first 10 min (Figure 9).
Afterward, the rate became slower, and the conversion reached
a maximum of 75% within 90 min. Further prolonging the
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Figure 9. Chitin conversion and HADP and HAADP yields with
different reaction times. Reaction conditions: 2 g of EG, 0.16 g of
sulfuric acid (8% w/w EG), and 0.3 g of chitin (15% w/w EG) at 165
°C.

reaction time beyond 90 min did not result in any improvement
of conversion, despite the fact that the chitin crystallinity kept
decreasing. In the literature, liquefaction of woody biomass is
often featured by a rapid rate within the first 30 min and then a
much slower rate®®®” because an amorphous region of biomass
converts much faster, which leads to a high initial liquefaction
rate. In chitin liquefaction, the situation is more complicated.
The kinetics show that HADP was the major product with a
maximum yield of 23.8% after 60 min. Note HADP contains
one amine group that readily reacts with sulfuric acid. As such,
the catalytic system deactivates as HADP accumulates with
time.

1D and 2D NMR analyses were conducted on Fraction C by
using samples after 60 and 90 min reactions. 'H and *C NMR
spectra are shown in Figure S8 of the Supporting Information.
The most prominent peaks in the 'H and *C NMR spectra
were assigned to EG, the solvent of liquefaction, which was not
completely removed in the fractionation procedure. EtOH and
THE peaks were also observed. In addition to these, a number
of peaks appeared between 50 and 80 ppm in the *C NMR
spectra. Correspondingly, a series of peaks between 3 and 4.2
ppm in "H NMR spectrum were observed. These peaks were
ascribed to the liquefied products HADP and HAADP. The
CH—OH groups from the pyranose structure usually showed
similar signals in this range.””*> 2D Heteronuclear multiple-
quantum correlation spectroscopy (HMQC) NMR was
conducted in an attempt to obtain more information, but the
peaks from EG and its oligomers complicate the assignment
(Figure S9, Supporting Information).

Proposed Mechanism for Chitin Liquefaction. The
mechanism of cellulose liquefaction has been proposed
previously.”'>'>% It was assumed that EG-derived glucose
units were formed initially, and then decomposition happened,
affording levulinate ester. The first step in chitin liquefaction is
the depolymerization of a chitin polymer chain by EG to
produce EG-derived NAG units (HAADP), which is
comparable to the behavior of cellulose. However, decom-
position of HAADP was not observed. Instead, the acetyl amide
group hydrolyzed to form HADP. Such a two-step reaction
scheme, i.e., formation of HAADP via solvolysis followed by
sequential hydrolysis, was supported by FTIR analysis.
Negligible deacetylation occurred on the polymer chain in
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Figure 10. Proposed reaction pathways for chitin liquefaction: initial solvolysis (A) and sequential deacetylation (B).

the FTIR spectra of recovered chitin, demonstrating that the
hydrolysis of acetyl amide takes place after the formation of
HAADP. On the basis of the product identification and kinetic
study, a reasonable pathway was proposed for chitin
liquefaction (Figure 10). The cleavage of the glycosidic bond
is achieved by the formation of an oxonium intermediate in the
presence of acid increasing the electrophilicity on the Cl
position. Then, a nucleophilic attack from the hydroxyl group
of EG takes place to break up the C—O bond and form
HAADP. Afterward, the side chain could easily be solvolyzed
after activation of the amide by the acid to afford HADP and 2-
hydroxyethyl acetate.® Other products such as the oligomers
and a trace amount of glucosamine are likely to form in the
hydrolysis reaction of chitin.

B CONCLUSION

The liquefaction of chitin in EG has been demonstrated for the
first time. Up to 75% of chitin was converted under the catalysis
of sulfuric acid in EG solvent at 165 °C within 90 min. A
fractionation procedure was employed for product separation
and identification. By using the silylation reaction coupled with
GC-MS analysis, the major products were identified as HADP
and HAADP, both of which are derivatives of chitin
monosugar, with a total yield of more than 30%. HPLC
purification combined with NMR analysis further confirmed the
structure of HAADP. A kinetic study and FTIR analysis
suggested that chitin underwent solvolysis to form HAADP,
followed by the deacetylation reaction to afford HADP.
Interestingly, the structural evolution of chitin residues by
XRD analysis showed that the crystallinity of chitin decreased
significantly after liquefaction. The simple, cheap, and efficient
liquefaction of chitin opens up a new route to produce N-
containing chemicals and materials from waste in the fishing
industry.
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