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Abstract: Chitin, abundant in shrimp and crab shells, can be hydrolyzed to produce glucosamine, a compound widely
used in medicine, agriculture, and material science. Efficient production of chitin monomers and their derivatives on a
large scale can enhance the utilization of marine resources and reduce environmental pressure. However, current
hydrolysis methods face technological and cost-related challenges, limiting them to experimental or small-scale
production. This study explores the hydrolysis of chitin using acids, salts, and activated-carbon-supported transition
metals, focusing on optimizing reaction parameters for improved monomer yield. Among six acids tested, hydrochloric
acid vyielded the highest amount of N-acetyl-D-glucosamine (NAG), while sulfuric acid was most effective for
glucosamine (GIcN) production. Palladium-carbon was the most efficient metal catalyst for NAG vyield, while nickel
powder catalyzed the highest GIcN production. It was observed that increasing chitin quantity, while keeping phosphoric
acid constant, led to a decrease in NAG and GIcN yields. Temperature variations within the range of 100-120<C showed
minimal impact on the hydrolysis results. Additionally, among three salt catalysts, ammonium formate and ammonium
acetate were most effective for NAG and GIcN vyields, respectively. These methods offer potential for preparing chitin
monomers or their derivatives while reducing energy consumption and simplifying hydrolysis conditions.
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1 Introduction

Marine biomass, including seaweed, microalgae and
marine organisms, is rich in resources and has broad pro-
spects for development and utilization [1]. High-value
utilization of marine biomass can reduce dependence on
traditional energy resources [2], help reduce environmen-
tal pollution and ecological damage [3], and meet the re-
quirements of sustainable development [4, 5]. The use of
marine biomass to produce biofuels [6-11], bioplastics
[12], and other products can not only reduce energy costs
[13, 14], but also develop new economic growth points
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and promote sustainable economic development [15-17].
High-value utilization needs to involve research and de-
velopment in many fields, such as biotechnology, materi-
als science, environmental science, etc., to promote tech-
nological progress and innovation [18-20].

Marine resources are abundant [21]. Chitin is an im-
portant component of marine biomass, mainly found in
the shells of crustaceans (e.g. shrimp, crab, lobster) [22].
High-value utilization of chitin has important application
prospects and significance, specifically in the field of bi-
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omedicine [23], agriculture [24], food industry [25], en-
vironmental protection [26], material science [27] and so
on. The multifunctionality and wide application prospects
of chitin make it an important target for high value utili-
zation of marine biomass [28]. Through technological
innovation and industrialization development, the utiliza-
tion of chitin will bring significant social and economic
benefits to the fields of medicine, agriculture, food, envi-
ronmental protection and materials [29, 30].

The monomer NAG of chitin, which is widely found in
shrimp and crab shells and arthropods [31], has a broad
application prospect in chemical industry [32], medicine
[18], agriculture [33], daily necessities, food [34] and en-
vironmental protection [26]. So far, we are still committed
to discovering more efficient catalytic systems and mate-
rials to increase the selectivity of hydrolysis and more

efficiently carry out the hydrolysis of chitin into mono-
mers [35-37], to promote the high-value utilization of
marine chitin.

In this paper, an attempt has been made to study the ef-
fect of reaction parameters such as type of catalyst, sub-
strate concentration, and temperature on the yield of NAG
and GIcN from the hydrolysis reaction of chitin for acid
hydrolysis.

2 Experimental Section

2.1 Experimental Reagents

The names, chemical formulas, specifications, and
manufacturers of the reagents used during the experiment
are listed in Table 1.

Table 1 Experimental reagents

materials formula purity company

chitin (CgH1305N), AR. Sigma Biotechnology Ltd.

N-acetyl-D-glucosamine CgH1sNOg AR. Shanghai Aladdin Biochemicals Co. Ltd

Phosphoric acid H3PO, AR. Tianjin Damao Chemical Reagent Factory

Activated carbon C AR. Shanghai macklin Biochemical Technology Co., Ltd.
Pt/C Shanghai macklin Biochemi-cal Tech-nology Co., Ltd.
Pd/C Shanghai macklin Biochemical Technology Co., Ltd.
Ni Shanghai macklin Biochemical Technology Co., Ltd.
Sulfuric acid H,SO, AR. Guangzhou Chemical Reagent Factory

Ammonium acetate C,H/NO, AR. Guangzhou Chemical Reagent Factory

Formic acid CH,0, AR. SAS Chemical Technology (Shanghai) Ltd.

Acetic acid C,H,0, AR. Guangzhou Chemical Reagent Factory

Citric acid CgHgO7 AR. Shanghai Aladdin Biochemicals Co. Ltd
Hydrochloric acid HCI AR. Guangzhou Chemical Reagent Factory

Ammonium formate CHsNO, AR. Shanghai Boer Chemical Reagent Co. Ltd.
Dipotassium chloride KCI AR. Shanghai Boer Chemical Reagent Co. Ltd.

2.2 Hydrolysis Procedure

The expected amount of water and acid were added to a
35 mL glassware; the chitin was aged in the glassware for
24 h, so that the chitin was dissolved, and then the glass-
ware was put into an oil bath and the rotational speed of
the magnetic stirrer was adjusted to 500 r/min for the re-
action for 24 h. The structure of chitin and acid-dissolved
chitin were characterized by infrared spectroscopy, and
the structural effects of the chitin type and the acid on the
chitin were determined, and then the hydrolysis solution
(containing dissolved chitin oligomers) was obtained us-
ing different reaction conditions, and the products were

http://www.sciandeng.com

detected by liquid chromatography (HPLC) and data pro-
cessing. Then, different reaction conditions were used to
obtain the hydrolysate (containing dissolved chitin oligo-
mers), and the products were detected by liquid chroma-
tography (HPLC) and data processing, and the contents of
chitin monomers NAG and GIcN were determined more
accurately.

In order to further investigate the effect of reaction pa-
rameters on the yield, the time, temperature, substrate
concentration, salt concentration and other parameters of
the hydrolysis of chitin reaction were optimized, and the
catalyst was unified with ammonium formate, the mass of
chitin was aged according to the multiplicity treatment
(1-fold, 2-fold, 4-fold, 6-fold, 8-fold, 10-fold) for 24 h,
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and then the reaction was carried out in a con-
stant-temperature oil bath with the rotational speed of the
magnetic stirrer adjusted to 500 r/min for 24 h. The reac-
tion was carried out according to the above method, and
the reaction was carried out according to the above meth-
od. The reaction was carried out for 24 h. The structural
characterization analysis was completed and the yield was
determined according to the qualitative and quantitative
methods mentioned above, and the change rule of the
yield was observed.

2.3 HPLC Analysis

Liquid chromatography conditions: Agilent 1260
chromatography system was used. The Agilent 1260
HPLC mainly includes a quaternary pump, an au-
tosampler, a column temperature chamber, a VWD, a
RID, and a chemical workstation, with a detection
wavelength of 254 nanometers; a column temperature of
40 degrees Celsius; a flow rate of 0.6 milliliters per mi-
nute; a mobile phase: solvent 100% H,O; and an injec-
tion volume of 5 microliters. When using the Agilent
1260 HPLC, replace the mobile phase with a clean one
and clean the filter in time to improve the operational
performance of the pump.

Sample characterization and quantification: 1 ml of the
experimentally obtained hydrolysate was aspirated with a
1 ml syringe and filtered through a 22 pm nylon mi-
croporous membrane to ensure that the sample was free of
solid particulate matter before placing it in a vial ready for
injection. The product was characterized by comparing
the peak times of NAG and GIcN standards, and quanti-
fied by the standard curve prepared. The oligomeric
package peaks appeared in the spectra due to the fact that
complex mixtures of depolymerization products with dif-
ferent numbers of repeating units are generated during the
hydrolysis of chitin to monomeric NAG.

The working curves between mass concentration and
peak area of the standards were established as shown in
Figures 3 and 4. From the peak times of the standards
(3.5-4.5 min for GIcN and 5.1-5.85 min for NAG), the
peak positions of the products were compared in the result
plots from the RID detector and the VWD detector in or-
der to confirm the corresponding output fractions, and the
peak areas of the products were obtained by the manual
integration operation, and then according to the peak ar-
ea-mass concentration regression of The mass concentra-
tions of the components GIcN (Figure 1) and NAG (Fig-
ure 2) for this experiment were calculated from the re-

gression equations Y=1322.3570x and Y=990.5859x,
which in turn gave the yields of these two products.
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Figure 1 Standard curve of GIcN
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Figure 2 Standard curve of NAG

3 Results and Discussion

3.1 Metal Catalyst

Generally, the catalytic reaction will take place at the
atoms located on the surface, so the carrier metal catalyst
with good dispersion of the active metal on the carrier
surface will have better activity, selectivity and stability,
and it will have a stronger level of resistance to carbon
buildup and resistance to metal sintering. The high disper-
sion of the metal also enables the efficient utilization of
the metal, reducing the amount of metal used and the ex-
pense of the catalyst in production. The multiphase metal
catalysts used in this paper are palladium carbon catalysts,
platinum carbon catalysts, and nickel powder, in which Pt
and Pd loaded on the active carbon are highly dispersed
with a large active surface and combined with the differ-
ent properties of the two materials, they have a strong
resistance to acids and alkalis and high porosity.

As shown in Figure 3, observing the effect of met-
al-catalyzed reaction activity, through the analysis of the
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hydrolysis of chitin phosphate to produce GIcN at a spe-
cific temperature, it can be concluded that: three metal
catalysts (platinum carbon, palladium carbon and nickel
powder), nitrogen-doped activated carbon and activated
carbon catalysts compared to the catalysts are able to
increase the yield, and the catalytic hydrolysis of the
catalysts, the effect of the catalysts are in the following
order: nickel powder>nitrogen-doped activated car-
bon>platinum carbon catalyst > palladium carbon cata-
lyst > activated carbon; in comparing the yield of NAG,
the catalytic effect of metal catalysts was ranked as pal-
ladium carbon catalyst > nickel powder > activated car-
bon > platinum carbon catalyst and nitrogen-doped acti-
vated carbon.
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Figure 3 Comparison of catalysts after phosphoric acid aging

3.2 Acid Catalytic Method

The acid hydrolysis of chitin to monomers by chemical
methods requires high temperatures (higher than 120 de-
grees Celsius), in the present work an attempt was made
to hydrolyze chitin at a low temperature of 80 degrees
Celsius with various organic and inorganic acids. The ef-
fect of different acids on the yield of the hydrolysis reac-
tion was observed as shown in Figure 4. From the yield of
monomer GIcN, the catalytic effect was ranked as, sulfu-
ric acid > formic acid > hydrochloric acid > phosphoric
acid > citric acid; while the effect of selective hydrolysis
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of chitin to monomer NAG was ranked as hydrochloric
acid > acetic acid > formic acid > phosphoric acid > citric
acid and sulfuric acid, as shown in Figure 4.
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Figure 4 Effect of different acid hydrolysis on yields of GIcN and
NAG at low temperature

3.3 Salt-catalyzed Method

In recent years, much attention has been paid to the
research and development of adding metal ions as
co-catalysts in acid hydrolysis. With relevant research,
scientists have observed that in addition to C, H, O, there
are also small amounts of inorganic salt elements, such
as potassium, sodium, calcium, iron, copper and magne-
sium, in the biomass feedstock. These elements, alt-
hough in very small amounts, show important catalytic
roles in the chemical conversion of biomass, thus re-
ceiving more and more attention. In the experimental
hydrolysis of chitin to monomeric NAG with potassium
chloride catalyzed by phosphoric acid, the acid-induced
K" cations and CI™ anions strongly interact with the chi-
tin chain by coordination with O atoms on C=0, NH, or
by formation of hydrogen bonds with hydroxyl groups,
respectively, which leads to the selective generation of
NAG by the further rupture of glycosidic bonds. In the
present experiments, NAG was selectively generated by
further breaking of the glycosidic bonds with the hy-
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drolysis of chitin with phosphoric acid only, it was veri-
fied that the use of the metal salt KCI catalyst did act
positively on the conversion process. In addition, in
combination with the fact that all ammonium salt cata-
lysts react with cellulose at elevated temperatures to
generate organic amine salts for catalytic purposes, the
use of ammonium salts as catalysts catalyzed the hy-
drolysis of chitin to monomer reaction. The catalytic
effect of the three salt catalysts used in the experiment,
in terms of the yield of monomer GIcN, was ranked as,
ammonium acetate > potassium chloride > ammonium
formate; while the effect on the selective hydrolysis of
chitin to monomer NAG was ranked as ammonium for-
mate > potassium chloride > ammonium acetate, as
shown in Figure 5.
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Figure 5 Effect of different salts on yields of GIcN and NAG

Ammonium Ammonium
acetate formate

Based on the ammonium formate-catalyzed hydrolysis
of chitin by phosphoric acid, the hydrolysis experiments
were carried out by reducing the mass of the reactant chi-
tin by multiplicative treatments (1%, 2x, 4x, 6x, 8x, and
10x), and the mass of water and phosphoric acid of each
multiplicative-treated experiment was reduced to one-fifth
of the original mass and the hydrolysis experiments were
carried out, and the changes in the yields of both GIcN
and NAG could be observed, as shown in Figure 6. Be-
cause the mass of phosphoric acid was controlled to re-
main constant, the ability of phosphoric acid to age chitin
remained constant, and as the mass of chitin increased, so

the yields of the products GIcN and NAG both became
smaller and smaller.
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Figure 6 Effect of different substrate concentrations on yields of
GIcN and NAG

On the basis of ammonium formate-catalyzed hydrolysis
of chitin by phosphoric acid, the effect of temperature
change on the hydrolysis reaction of chitin was investigated,
as shown in Figure 7. It was found that the experimental
results did not change significantly after the temperature
was operated in the interval of 100-120<C for warming.
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Figure 7 Effect of temperature on yields of GIcN and NAG
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Conclusion

(1) To compare the order of the effect of different
metal catalysts on the hydrolysis reaction, the
yield of NAG was highest with palladium-carbon
catalysts, followed by nickel powder and plati-
num-carbon catalysts, while the yield of GIcN was
highest with nickel powder, followed by plati-
num-carbon catalysts and palladium-carbon cata-
lysts.

(2) Comparison of the order of effect of different acid
treatments on the hydrolysis reaction. Hydrochloric
acid treatment had the greatest effect on the yield of
NAG, followed by acetic acid, formic acid, phos-
phoric acid, citric acid and sulfuric acid; while sul-
furic acid had the greatest effect on the yield of
GlIcN, followed by formic acid, hydrochloric acid,
phosphoric acid and citric acid.

(3) Compare the order of effect of different substrate
mass concentrations on the hydrolysis reaction. At a
constant mass of phosphoric acid, the yields of both
NAG and GIcN become smaller and smaller as the
mass of chitin increases.

(4) A comparison of the effects of different temperature
conditions on the yield of the hydrolysis reaction
revealed that variations in experimental results
were minimal, and the selectivity of the hydrolysis
reaction was not significantly impacted when the
temperature was increased within the range of
100-120<C.

(5) Comparison of the effect of using salt as catalyst on
the hydrolysis reaction. For the three salt catalysts
used in the experiment, the yield of NAG was
highest under ammonium formate catalyst, fol-
lowed by potassium chloride and ammonium ace-
tate; while the yield of GIcN was highest under
ammonium acetate catalyst, followed by potassium
chloride and ammonium formate.

(6) Future catalyst designs should focus on improving
the catalyst's efficiency, selectivity, reusability, and
ability to operate under mild reaction conditions.
Currently, fewer chemicals have been derived from
chitin biomass compared to those produced from
cellulose. Therefore, it is necessary to develop addi-
tional reaction pathways for chitin biomass. The ap-
plications of the chemicals identified so far are lim-
ited and mostly remain at the laboratory research
stage. Considerable effort is required to explore the
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potential uses of these chemicals in advancing shell
biorefinery.
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