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1. INTRODUCTION

Alginates are naturally occurring polysaccharide copolymers consisting of B-D-
mannuronic acid (M-block) and a-L-guluronic acid (G-block) residues joined together by
glycosidic linkages. [1] These blocks occur in different proportions and in different locations
along the chain. Possible deployments are MM, GG, GM. [2]

Alginates from seaweed stems are usually characterized by a higher content of guluron
blocks, while alginates from seaweed leaves are characterized by a higher content of
mannuronic blocks. [3,4] In case of guluron blocks, the stereochemical structure of two
repeating structural units allows to create space and close the divalent metal ions, e.g. calcium,
to form an "egg-box" structure. In this structure, it is difficult to exchange calcium ions for
sodium ions and it is possible to retain water. Gels that are formed from alginate with a higher
content of guluronic acid blocks are defined as hard gels. [S] However gels made of alginate
with a predominance of manurone blocks are soft gels. This structure allows to absorb water
between the polymer chains and simplifies the exchange of ions.

Alginate fibers can be divided into many types, due to the type of their material: alginic
acid, zinc alginate, copper alginate, sodium alginate, calcium alginate, ammonium alginate. [6]
However, calcium alginate or sodium-calcium alginate is the most commonly used to produce
alginate fibers. Typically, they are spun by the wet method, from aqueous solutions at a
concentration of 4 to 8%. [7] Then in the coagulation bath, sodium ions are exchanged for
calcium ions. The composition of this bath depends on whether the fiber produced contains
alginic acid, calcium alginate or other alginate derivatives.

2. MATERIALS AND METHODS
2.1. Preparation of ammonium alginate

Ammonium alginate was made by modifying alginic acid with vapor ammonia. Various
exposure times were applied (1h, 2h, 3h, 4h, 5h, 24h, 96h).

2.2. Fourier-transform spectroscopy
In order to confirm the modification, FTIR analysis was carried out.
2.3. Preparation of polymer solutions

The ammonium alginate solution was made by dissolving powdered ammonium alginate in
distilled water. The solution was stirred for the first 4 hours using a mechanical stirrer -
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Heidolph RZR-1 Control, after which the solution was left for 24 hours at room temperature to
allow self-venting.

2.4. Investigations of apparent viscosity of polymer solutions

Measurements of apparent viscosity were carried out on a Anton PaarRheolabQC viscometer
at 20 ° C. From the obtained test results, the graphs of the apparent viscosity dependence as a
function of the shear rate on a double logarithmic scale were created.

3. RESULTS

3.1. Fourier-transform spectroscopy

After the modification process, the disappearance of the carboxyl groups is visible at a

maximum at 1725 cm™ (fig. 1). After modification, a peak appears at 1580 cm™, which proofs
the -COONH4 group appeariance.
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Figure 1. FTIR-ATR spectra of alginic acid and ammonium alginate.
3.2. Apparent viscosity of polymer solutions

The apparent viscosity of the spinning solution should be less than 90 mPa-s to allow the fibers
to be detached. Table 1 shows the results of the measurement carried out at 20 ° C for a
commonly used 8% solution of sodium alginate and a 12% solution of ammonium alginate.

Table 1. Apparent viscosity of solutions

Solution Apparent visocosity (mPa-s)
8 % sodium alginate 28,187
12 % ammonium alginate 86,203

The analysis of the results of measuring apparent viscosity presented in the table shows that
increasing the ammonium alginate concentration to 12% results in a solution with a viscosity
below 90 mPa-s. The use of this alginate derivative in the fiber formation process can result in
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almost double efficiency of the process compared to the classical derivative of sodium alginate,
while maintaining the consistency of the process.

4. CONCLUSION

Modification of alginic acid to obtain ammonium alginate is easy to perform, the effect is visible
already after 2 hours of exposure to ammonia. The use of ammonium alginate in the spinning
solution instead of the classically used sodium alginate allow to double the spinning process
efficiency.
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