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To explore the distribution of paper strengthening agent polyamideamine 
epichlorohydrin (PAE)/sodium alginate (SA) binary system in 
handsheets, SA was labeled by fluorescein isothiocyanate (FITC) to 
trace the system in paper. 1,6-diaminohexane was used to link SA and 
FITC to prepare fluorescein isothiocyanate sodium alginate (F-SA), and 
the optimal synthesis conditions of SA and 1,6-diaminohexane were 
evaluated. F-SA was identified by ultraviolet (UV) spectral scanning, 
Fourier transform infrared spectroscopy (FTIR), and fluorescence 
microscope. The PAE/F-SA binary system in the paper sheet was 
detected with a fluorescence microscope. The results indicated that FITC 
could successfully label SA marked as F-SA. The fluorescence 
substitution degree was 0.89%. Compared with the PAE/SA binary 
system, the PAE/F-SA binary system produced significant fluorescence 
in the paper, which indicated that the PAE/SA binary system was evenly 
distributed and formed a network structure in the handsheets. 
Furthermore, this method of fluorescence labeling could be employed in 
papermaking. 
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INTRODUCTION 
 

 In a wide variety of applications, fluorescent tags can be used to produce 

sensitive, quantitative detection. FITC is a common fluorescent labeling reagent that 

produces a high fluorescent yield, has a good low temperature coefficient, and is 

photostable (de Haas et al. 2000; He et al. 2013). This product of a natural polymer is 

prepared as a natural fluorescent polymer material, which can also be used for pH sensing 

and button-loading drugs. 

Compared with synthetic polymers, natural polymers are cheaper, more readily 

available, renewable, biocompatible, and biodegradable. Natural polymers contain a large 

number of amino or hydroxyl groups that can be easily modified chemically, which 

broadens the scope of their application (Zhang and Zhang 2010).  

Fluorescent materials based on natural polymers have been widely employed in 

the fields of fluorescence tracing, cell imaging, photoelectric materials, sensing, medicine 

delivery, etc. (Agrawal et al. 2010). These applications overcome the limitations of small 

molecule fluorescent compounds and offer the advantages of easy processing, good 

mechanical performance, easy synthesis, good corrosion resistance, and low cost. 

Currently, polysaccharides are widely used in the fields of medicine, food, cosmetics, and 
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chemistry. As the research and development of polysaccharides continues to advance, 

application of these materials in the field of fluorescent labeling will also progress 

(Kobayashi et al. 1990; Meunier and Wilkinson 2002). With the development of 

fluorescent polymer technology and sustainability requirements, the number of 

applications of natural high molecular fluorescent materials will increase. Natural 

macromolecular fluorescent materials such as SA ((C6H7O6Na)n), cellulose, chitosan, 

protein, and lignin have been extensively studied and applied in the fields of fluorescence 

tracing, cell imaging, drug carrier, sensors, etc. (Abitbol and Gray 2007; Karakawa et al. 

2007a,b; Chang et al. 2009; Iliescu et al. 2014; Wang et al. 2014). 

SA is a widely used natural polysaccharide, but the complexity of the structure 

and composition of polysaccharides has significantly limited research on this material 

(Rees and Welsh 1977; Jang et al. 1995). Prior research has focused on film forming with 

other substances, complexes, cross-linking, etc. (Zheng et al.1998; Braccini et al.1999). 

SA is a linear natural biological macromolecule that is extracted from algae. It 

contains a hydroxyl group and a carboxyl group on the same single sugar ring. SA can be 

used as a food stabilizer, thickener, or emulsifier, and is widely used in industrial 

products, agriculture, medicine, and food processing. SA can also potentially be used as a 

fluorescent material (Fei and Gu 2009). For instance, Liu et al. (2008) prepared SA 

functionalized rare earth ions Tb3+/Eu3+ hybrid, Eu3+, and Tb3+, that exhibited 

photoluminescence. SA aerogels and alcohol gels containing Eu3+ were found to exhibit 

the highest quantum yield. A hybrid alginate aerogel, containing Tb3+/Eu3+, was found to 

exhibit multi-wavelength emission peaks. The choice of the excitation wavelength was 

found to adjust the fluorescence of the material from red to yellow green. Chaudhary et 

al. (2009) coated fluorescent dyes on natural SA to produce a combination that was used 

to detect select substances.  

In the paper industry, PAE is an ideal wet strength additive. The addition of PAE 

increases the joint strength between the fibers (Lindström et al. 2005). Improvement in 

the wet strength of paper sheets can be made through the establishment of chemical 

bonds by fiber-fiber contacts in papermaking. The 3-hydroxy-azetidinium group of PAE 

can react with the carboxyl groups of cellulose through hetero-crosslinking (Espy 1995). 

The PAE resin could react with itself and create a network around the fibers (Obokata and 

Isogai 2009). However, PAE is a cationic polymer. When paper suspension contains 

excess PAE, wet strength can deteriorate. It seems that the balance of anionic and cationic 

ions related to zeta potential is a vital factor in the performance of the system 

(Khosravani and Rahmaninia 2013). To produce products with suitable properties, 

researchers have developed a wet strength agent sharing technology (Obokata and Isogai 

2009; Jang et al. 2013; Siqueira et al. 2015). This technology centers on producing paper 

with an improved wet strength by adding one or more wet strength agents (or a wet 

strength agent and its associated additives) (Ahola et al. 2008; Taipale et al. 2010; Su et 

al. 2012; Genest et al. 2013; Yang et al. 2017). To produce sheets with higher wet 

strength, anionic additives, e.g. carboxymethyl cellulose (CMC) or anionic 

polyacrylamide, are coupled with PAE (Xu et al. 1999; Siqueira et al. 2013). 

SA contains anionic carboxyl groups and is similar to CMC (Guiseley 1989). The 

main advantages of CMC or SA when compared to cellulose fibers are its high content of 

carboxyl groups and its water-soluble character. The combined addition of SA and PAE is 

then a way to adsorb more PAE onto the fibers before reaching the neutralization or 

saturation of the fiber surface. Alginate found in seawater is a major component of brown 

seaweed and always exists in its cell wall and matrix as a mixture of the cationic salt 
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forms (Hernández-Carmona et al. 1999). Additionally, the alginate polymers were 

applied in surface sizing to reduce liquid penetration and increase surface strength 

(Richardson et al. 2003). 

Excessive cationic polyelectrolyte in solution forms complexes with subsequently 

added anionic polymer (Hubbe et al. 2003; Hubbe 2007). Through a synergistic effect, 
the PAE/SA could improve the mechanical properties of the paper sheets compared with 

the addition of PAE alone. Development of the binary systems to optimize the amount of 

PAE used in the paper industry shows promise in decreasing the environmental impacts 

of PAE and further increasing paper strength. The basis for this approach is the 

alternation of deposition layers. The PAE/SA system shows better wet strength for the 

sheets, and SEM analysis has shown that the binary system could increase the contact of 

fibers in paper sheets (Wågberg and Hägglund 2001; Bai et al. 2017). The reasons for the 

improvement of mechanical properties by the addition of a PAE/SA system were 

analyzed by scanning electron microscopy (SEM), Fourier transform infrared 

spectroscopy (FTIR), and atomic force microscopy (AFM) (Ferrer et al. 2012; He et al. 

2015; Siqueira et al. 2015). These methods just detected the groups (such as ester bonds, 

CH2OH stretching mode, amide II and I vibrations, and CH-O-CH2 stretching) in the 

sheets and segmental connection between fibers and PAE/SA but could not explain the 

system effect on dispersion and distribution around the sheets. It is hypothesized that the 

biopolymer SA coupled with PAE could create a network around the fibers. 

In this study, SA was labeled by FITC. Fluorescein isothiocyanate sodium 

alginate (F-SA) was coupled with PAE as a binary system to cellulose fiber networks that 

traced how the system combined with fibers to form networks, which became uniformly 

distributed in the paper. Optimum conditions for the synthesis of F-SA were established. 

The structure of F-SA was characterized by several methods to better understand the 

synthetic products. 

  

 
EXPERIMENTAL 
 

Materials 
 The commercial SA powder was obtained from Qingdao Xiangyu Seaweed Co. 

Ltd. (Qingdao, China). The viscosity of SA was 281.5 mPa•s, as determined according to 

the China GB standard methods (GB/T 14704 (2006)). The FITC and Sephdex G-25 were 

provided by Beijing LEYBOLD Cable Technology Co. Ltd. (Beijing, China). 1,6-

diaminohexane (NH2(CH2)6NH2) and NaBH3CN were taken from Shanghai HaoYe 

Chemical Co., LTD. (Shanghai, China). Acetic acid (HAc), sulfuric acid (98 wt%), and 

phenol were purchased from Beijing Chemical Industry Group Co. (Beijing, China). The 

cationic PAE used in this study was a commercial product from Xinquan Paper Additives 

Co. (Taishan, China) in the form of 12.5% water solutions. The mixed waste pulp was 

obtained from Shandong HUATAI Group. All of the above chemicals were analytical 

grade and used without further purification.  

 

Preparation of Fluorescein Isothiocyanate Sodium Alginate (F-SA)  
Four-hundred milligrams of SA were dissolved in 20 mL 0.5 mol/L 

NH2(CH2)6NH2 solution with 10% HAc (w/v); 300 mg of NaBH3CN dissolved in 2 mL 

of distilled water were slowly added to the SA solution. Then, the mixed solution was 

placed in a constant temperature water bath at 37 °C and magnetically stirred for 24 h. 
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After the reaction, the solution was separated by centrifugation at 9,000 RPM for 10 min. 

The supernatant was dialyzed after being centrifuged at 9,000 r/min for 10 min and 

purified further through the Sephadex G25 column (made by our laboratory). The 

outflow fraction (D-SA) was detected with the phenol-sulfuric acid method (Masuko et 

al. 2005) and freeze-dried in a freeze dryer (Shanghai Yu Ming Instrument Co., Ltd, 

Shanghai, China). 

A total of 200 mg of D-SA was weighed and dissolved in 10 mL of distilled 

water, then adjusted to a pH of 8.5 by 0.5 mol/L NaHCO3. FITC was then added to the 

solution at room temperature and left to react overnight. Then, the reactant was added to 

ethanol at 80% final concentration. There was a large amount of bright yellowish-green 

precipitate, and centrifugation was needed to collect the precipitate. The precipitate was 

dissolved into water and precipitated with ethanol three times. After being concentrated 

and purified through the Sephadex G25 column, the corresponding components marked 

as F-SA were collected after being freeze-dried and stored at -50 °C for further use (Su et 

al .2013; Li et al. 2014).  

 
Factors of Fluorescence Labeling 

The linking of NH2(CH2)6NH2 to SA was the critical step to ensure that the 

fluorescent label could be linked to the SA. The main factors that controlled this reaction 

were the reaction time, temperature, dosage of NaBH3CN, the volume of NH2(CH2)6NH2 

with HAc, and the pH of the solution. In order to obtain the optimum conditions for the 

production of D-SA and to verify the effect of each factor on the reaction, the reaction 

conditions were controlled. These conditions included reaction time (6 h, 12 h, 24 h, 36 h, 

and 48 h), temperature (20 °C, 35 °C, 50 °C, 65 °C, and 80 °C), the amount of NaBH3CN 

that is ratio between NaBH3CN to SA (1: 4, 3: 4, 5: 4, 7: 4, and 9: 4), the volume ratio of 

NH2(CH2)6NH2 with 10% HAc  (1: 0.25, 1: 0.5, 1: 1, 1: 1.5, 1: 2 (v/v)), and the pH of the 

solution by HAc , ranging from 7.5 to 9.5 (7.5, 8.0, 8.5, 9.0, and 9.5). 
 

Preparation of the Paper Sheets  
The pulp fibers (1.57 wt%) were beaten from to 40 °SR. An aqueous pulp 

suspension was obtained in a pulp disintegrator. The concentration of the pulp slurry was 

16 g/L. Standard handsheets (80 g/m2) were prepared in accordance with the China GB 

standard methods (GB/T 451.2 (2002)). With a dry pulp mass of 2.512 g, 0.8% PAE was 

added into the pulp suspension to stir at 500 rpm for 5 min, then 0.5% SA or F-SA 

solution was added to stir for 10 min. The handsheets were pressed at 430 kPa for 4 min 

and then air dried under restrain at 105 °C for 3 min. The dried paper sheets were 

conditioned at 23 °C and 50% RH for at least 24 h before being tested. 

 

Measurements and Analyses of Paper Sheets 
The wet tensile index of the hand sheet strength was tested following the TAPPI T 

220 method. It is defined as the quotient of the tensile strength (N/m) and the basis 

weight (g/m2) of the paper and thus its unit is N·m/g.   

 

Characterization  
The concentration of polysaccharide 

The concentration of polysaccharide in the solutions was determined using the 

phenol-sulfuric acid method (Russell et al. 1998). A regression equation was used to 

determine the concentration of polysaccharide of F-SA. The stock solution of glucose 
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solution (0.04 mg/mL) was then prepared. A standard solutions series with concentrations 

ranging from 0.32 to 0.64 μg/mL was prepared by diluting the stock solution. 1.0 mL of 6 

wt% phenol and 5.0 mL of 98 wt% sulfuric acid were added in 2.0 mL standard solution, 

then the solution was shaken and cooled for 20 min. The absorbance was measured at 490 

nm by UV-2401PC (Bruker, Karlsruhe, Germany) and a standard curve was made. Then 

2.0 mL for 1 wt% SA solution was evaluated; the absorbance was read three times, as 

was done for glucose solutions. The polysaccharide content was calculated using the 

regression equation. 

 

Determination of fluorescent substitution 

To determine the marked efficiency of SA with FITC, a regression equation was 

made. The FITC solutions were prepared at concentrations of 0.01, 0.02, 0.03, 0.04, and 

0.05 μg/mL. The process was carried out in the absence of light. The fluorescence 

intensity of each tube was measured using a fluorescence spectrophotometer (Ex = 495 

nm; Em= 495 nm) (Spectra Max M5, Molecular Devices, California, USA), with distilled 

water set as a blank control. The standard curve was drawn, with FITC concentration as 

the horizontal coordinate, while fluorescence intensity absorbance was the ordinate. 

The sample solution was made using the F-SA (5 μg/mL) solutions. The 

fluorescence intensity of F-SA was measured, and the substitution degree was calculated 

using the regression equation (Su et al. 2013). 
 

Ultraviolet (UV) spectral scanning 

SA, D-SA and F-SA were separately dissolved in a phosphate buffer at 1 mg/mL. 

All solutions were scanned from 200 nm to 800 nm by UV-2401PC (Bruker). 
 

Fourier transform infrared spectroscopy  

Fourier transform infrared (FT-IR) spectrums of the SA, D-SA and F-SA samples 

were obtained using a Thermo Scientific NicoletN10 FT-IR spectrometer (Madison, WI, 

USA). Two-hundred milligrams SA, D-SA, and F-SA were separately mixed with 200 

mg of dried KBr powder, ground, and then pressed into 1 mm pellets for FT-IR 

measurement in a frequency range of 4000 cm−1 to 400 cm−1. 
 

Fluorescence microscopy 

The fluorescence microscope images of the paper sheets were obtained on a 

DM2500 (Leica, Wetzlar, Germany) fluorescence microscope. 

 

 

RESULTS AND DISCUSSION 
 

Preparation of F-SA 
The synthesis process and chemical structures are illustrated in Fig. 1. SA did not 

react with FITC directly through reductive amination, because it does not contain an 

amino group. Therefore, NH2(CH2)6NH2 was used as a suitable linker (Li et al. 2014). 
The aldehyde of the reducing end of the SA reacted with NH2(CH2)6NH2, producing the 

SA derivative D- SA. The purified D-SA reacted with FITC at weak alkaline conditions, 

yielding F- SA.  

 

The Concentration of Polysaccharide 
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A regression equation was obtained for glucose content based on the absorbance 

value of the solution using a UV-Vis spectrophotometer. The regression equation used to 

calculate the glucose concentration was y = 0.9988x-0.203 (R2 = 0.9950) (Fig. 2) with 

glucose content as the horizontal coordinate, while fluorescence intensity was the 

ordinate. The resulting increase in FITC fluorescence is proportional to the concentration 

of glucose (Russell et al. 1998; Cuesta et al. 2003). Therefore, the concentration of 

polysaccharide was found to be 65.47%. 
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Fig. 1. The fluorescence labeling process of F-SA and its chemical structure 

 

Factors of F-SA Labeling 
In the study of the fluorescent labeling of SA, the attachment of NH2(CH2)6NH2 

to SA was the critical step in ensuring that the fluorescent label could be attached to the 

SA. Several experiment factors (Rees and Welsh 1977; Chang et al. 2009) were studied, 

including the reaction time, NaBH3CN dosage (Iliescu et al. 2014), temperature, HAc, 

and pH. Set reaction conditions were the following: temperature (35 °C), reaction time 

(24 h), the ratio between NaBH3CN and SA (3: 4 w/w), the ratio between 1,6 

hexanediamine and HAc (1: 0.5 v/v), and pH=8.0. This study used the control variable 

method and the following sections discuss these factors in detail. Figure 3 shows the 

products obtained by different factors, which were the horizontal coordinate and the 

absorbance was the ordinate. 
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Fig. 2. The standard curve of glucose 

 

Effect of reaction time  

As the reaction time increased, the absorbance of the resulting dissolved product 

at 320 nm increased (Fig. 3(a)). This indicated that longer reaction time resulted in more 

products. The reason for that may be that the increased frequency of contact between SA 

and the NH2(CH2)6NH2 was beneficial to obtain the desired product. Moreover, the 

solution’s viscosity became noticeably higher as the reaction time increased. Sufficient 

reaction time is needed for the NH2(CH2)6NH2 to fully react with the SA, thereby 

facilitating the completion of the synthesis reaction. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 3. Factors of SA fluorescent labeling: (a) reaction time; (b) NaBH3CN; (c) temperature; (d) 
HAc; (e) pH 
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Effect of NaBH3CN  

NaBH3CN was used as a mild reducing agent to catalyze synthesis (Iliescu et al. 

2014). As shown in Fig. 3(b), the absorbance of the reaction solution increased as the 

quantity of NaBH3CN was increased. This showed that the content of NaBH3CN in 

solution had a positive effect on reaction efficiency. However, the dosage of NaBH3CN 

had little effect on the reaction compared with others. Therefore, it appeared that the 

NaBH3CN was a reaction catalyst, but, if present in higher concentrations, the absorbance 

did not increase much. Therefore, the ratio of NaBH3CN and SA was maintained at 1:4 

(w/w) to achieve comparative economy (the consumption of SA in this experiment was 

400 mg). 
 

Effect of temperature 

Figure 3(c) shows the effect of the reaction temperature on yield. Both spectral 

responses and protolytic constants were found to depend on temperature (Sjöback et al. 

1995). As the temperature was raised, the absorbance was higher. Temperature raised was 

facilitated the contact between the reactants. It can reach the highest absorbance at 50 °C. 

However, the absorbance at 65 °C was no longer increased and decreased slightly at 

80 °C. Therefore, it can reach the highest absorbance at 50 °C under the most economical 

conditions. Increasing the temperature increases the energy consumption. So it was 

judged that the optimum solution temperature was 50 °C. 
 

Effect of HAc dosage  

In the reaction between SA and NH2(CH2)6NH2, HAc was used to accelerate the 

dissolution of SA and adjust the pH. Figure 3(d) shows that when the ratio was 1:0.5, the 

value reached a peak that was conducive to the reaction. But by continued addition of 

HAc, the absorbance decreased. The likely reason is that the complete dissolution of the 

SA requires sufficient HAc, and when the ratio was 1:0.5 (v/v), the pH of the solution 

was 8.5, the dosage of HAc was sufficient to dissolve the SA. However, the amount of 

HAc continued to increase, the pH decreased, the amino group in the 1, 6-hexanediamine 

exists in the form of -NH3
+, which is unfavorable for the reaction. Therefore, the ratio 

should be controlled at 1:0.5 (v/v), to produce the best reaction conditions. 
 

Effect of pH  

The two NH2 groups in NH2(CH2)6NH2 are able to react with the reductive 

terminal aldehyde group in the SA in an alkaline environment. The UV-vis absorption 

spectrum of FITC is strongly affected by pH (Sjöback et al. 1995). Therefore, the 

concentration of amino groups (-NH2) in solution determined the reaction efficiency. As 

the pH was increased, the concentration of 2-NH2 in the solution and the reaction rate 

increased, which favored the fluorescence reaction.  

Figure 3(e) shows that when the pH was 8.5, the reaction had the best result. 

When the pH was lower than 7, the amino acids in the solution were mainly in the form 

of -NH3+, which was not conducive to the desired reaction. With the increase of solution 

pH, the concentration of -NH2 in solution increased, and the absorbance increased. When 

the pH value was 8.5, the reaction had best performance. When the pH value was more 

than 8.5, the absorbance decreased, meaning that the optimal pH is 8.5. 
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Characterization of F-SA 
Determination of degree of fluorescence substitution 

The fluorescence substitution degree of the solution was related to the solvent, 

solution temperature, and pH, and also related to the absorption intensity of the solution 

and the fluorescence efficiency of the fluorescent product. As shown in Fig. 4, the 

regression equation y = 12106x - 2.14 (R2 = 0.9905) was calculated to reflect the 

relationship between the two parameters. The standard curve was drawn, with FITC 

concentration as the horizontal coordinate, while fluorescence intensity was the ordinate. 

The fluorescence intensity was calculated to be 0.89% using this equation (Su et al. 

2013). 

 
Fig. 4. The standard curve of FITC 

 

As shown in Fig. 5, the fluorescence intensity of the samples varied.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5. The label fluorescence efficiency of synthetic products (a) time; (b)NaBH3CN; (c) 
temperature, (d) 10% HAc; (e) pH 
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More effective fluorescence labeling of the SA resulted in higher fluorescence 

readings. According to the standard curve, the products obtained by different factors were 

as the horizontal coordinate, while fluorescence intensity was the ordinate. The highest 

fluorescence intensity of the samples, as well as the absorbance of the D-SA, was found 

at 320 nm. The best reaction conditions reflected by the fluorescence intensity were the 

same as those obtained in the single factor investigation of the D-SA synthesis reaction. 

This indicated that the relative reaction between SA and NH2(CH2)6NH2 significantly 

affected the efficiency of the labeling of the SA. The bonding of NH2(CH2)6NH2 to the 

SA was critical to the success of this experiment. 

 

Ultraviolet (UV) spectral scanning 

Figure 6 compares the UV-Vis spectra of SA, D-SA, and F-SA. SA did not show 

any absorption peaks at 320 nm and 490 nm, and the UV absorption peak of D-SA 

occurred at 320 nm. There was a significant difference between D-SA and the physical 

mixture of SA. The spectrum of F-SA showed absorption maxima of the dianionic (490 

nm) form of FITC (Sjöback 1995; Dong and Roman 2007). It can be inferred that FITC 

had been successfully connected to SA.  
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Fig. 6. UV-Vis spectra of SA (black), D-SA (red) and F-SA (blue) 
 

Fourier transform infrared spectroscopy  

Because the fluorescence labeling efficiency of F-SA was only 0.89%, the labeling 

reagent linked to the reducing end of SA did not affect its backbone structure. Therefore, 

the related NH2(CH2)6NH2 and FITC signals were weak in the FT-IR spectrum. As shown 

in Fig. 7, the peak of the νN-H of D-SA and F-SA was covered by a broad strong peak of 

νO-H of SA at around 3431 cm-1. There was a variation at about 3431 cm-1 that did not 

appear in the spectrum of D-SA and F-SA.  Because the ring was broken, the νO-H of D-

SA and F-SA may produce hydrogen bonding and forming multiplet peaks between 3000 

and 2500 cm-1. And the strong carboxylate ion band (1637 cm−1) also covered the weak 

absorbance of δνN-H in NH2(CH2)6NH2 and in the skeletal vibrations of aromatic ring in 

FITC. These findings indicated that the main skeletons of SA, D-SA, and F-SA were 

almost the same (Li et al. 2014). 
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Fig. 7. FT-IR spectra of SA (black), D-SA (red) and F-SA (blue) 

 

Fluorescence Microscope Scan 
The distribution of the PAE/F-SA binary wet strength system in handsheets was 

studied using a fluorescence microscope (Fig. 8). SA was coupled with PAE relating to 

zeta potential, SA was coupled with PAE relating to zeta potential. A PAE/SA binary 

system can significantly improve the mechanical properties of paper sheets (Bai et al. 

2017). And the wet tensile strength of paper with PAE/F-SA binary system was 22.3 

N·m/g, while the PAE alone and control were 14.0 N·m/g and 1.5 N·m/g, respectively. It 

seems that the balance of anionic and cationic ions related to zeta potential is a vital 

factor in the performance of system (Khosravani and Rahmaninia 2013; Rahmaninia et 

al. 2018). Methods such as FTIR, AFM, and SEM are used to analyze paper composition 

(Ferrer et al. 2012; He et al. 2015; Siqueira et al. 2015), but these methods cannot 

analyze the distribution of additives in paper. As shown in Fig. 8, F-SA provided 

significant fluorescence in paper because of the use of FITC and implied homogeneous 

distribution. Because the PAE linked to F-SA, it can be inferred that the PAE/SA binary 

system was distributed homogeneously in the sheets. It is possible that SA coupled with 

PAE could create a network structure around the fibers. Overall, it is possible to improve 

the mechanical properties of the paper sheets. 
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Fig. 8. Paper sheets imaging by fluorescence microscope 
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CONCLUSIONS 
 

1. The SA was successfully labeled by fluorescein isothiocyanate (FITC) to produce 

fluorescein isothiocyanate sodium alginate (F-SA). The synthesis of F-SA exhibited 

good synthetic efficiency under the following reaction conditions: the pH in solution 

was 8.5, the temperature 50 °C, the mass of NaBH3CN was 25% SA, and the reaction 

time was 48 h. Based on the results of UV-Vis and FTIR, the reaction with SA could 

produce F-SA. The results indicated that FITC could label SA, and the fluorescence 

substitution degree was 0.89%.  

2. Fluorescence microscopy showed that the binary system with polyamideamine 

epichlorohydrin (PAE) and F-SA binary system could become evenly distributed in 

the paper. It is possible that SA coupled with PAE could create a network structure 

around the fibers. Hence, it is possible that fluorescence labeling system could be 

employed in papermaking to improve the mechanical properties of the handsheets,  
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