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  Abstract 

Fluorescent pigments have the characteristics of high brightness, wide variety, and 

wide application. They are often used in plastics, sols, inks, textiles, etc., and they 

have unique advantages in coloring. Different fluorescent pigments have different 

characteristics in application. Just like fluorescent pigments in plastics, the dispers-

ibility and heat resistance of different color pigments are also different. Only the 

advantages of a fluorescent pigment can be combined with the actual needs to select 

the correct fluorescent pigment type. 
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1. Introduction 

Fluorescent pigments are used in plastic products, which are directly related to the use of plastic products. Dispers-

ibility directly affects the performance of plastic products, while heat resistance affects the actual application effect 

of fluorescent pigments in plastics. Therefore, it is necessary to consider the dispersibility and heat resistance of 

fluorescent pigments in plastics and make comparisons. On the one hand, it is possible to select the correct fluores-

cent pigments, and on the other hand, it is necessary to provide a reference for plastic processing applications. 

However, the study of the dispersibility and heat resistance of fluorescent pigments in plastics is a relatively com-

plicated process. In addition to conducting relevant experiments, qualitative and quantitative analysis is also re-

quired. Researchers need to combine professional knowledge and make relevant experimental settlements to obtain 

results. 

2. Fluorescent Pigments and Their Plastic Applications 

2.1 Fluorescent Pigments 

As a colorant, people have begun to explore and analyze fluorescent pigments since the mid-twentieth century, and 

have gradually explored their commercial value and applied them to various fields, including toys, fashion, plastics, 

inks, textiles, etc. Specifically, in addition to reflecting the light of the pigment's own color, fluorescent pigments 

can also reflect a part of the fluorescence, with a very high brightness, which is an emission light intensity that 

ordinary pigments cannot achieve, and is also more vivid and eye-catching [1]. Fluorescent pigments can be divided 

into inorganic fluorescent pigments and organic fluorescent pigments. Inorganic fluorescent pigments are also called 

luminous pigments. For example, some metal calcium and zinc, after certain treatment, can absorb sunlight or arti-

ficial light energy, store the light energy, and release it again in the dark. In addition to absorbing visible light, 

organic fluorescent pigments can also absorb some ultraviolet rays and convert them into visible light and release 

it. In addition, fluorescent pigments can be divided into thermoplastic, heat-resistant, soluble water-emulsion, etc. 

according to the carrier resin. According to the application of plastics, they can be divided into low-temperature 

type, medium-temperature type and high-temperature type. According to the application of coatings, they can be 

divided into water-based, oil-based and powder-based. 

They can also be divided into formaldehyde-containing and formaldehyde-free pigments according to 
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environmental protection indicators. The performance indicators of fluorescent pigments can be expressed as fol-

lows:  

(1) It has hiding power. In actual application, if fluorescent pigments are applied to a certain object, the pigments 

can cover the base color of the wall of the painted object, so that the base color can no longer be shown through the 

pigments. However, the hiding power of fluorescent pigments depends on the quality of the pigment and the surface 

area of the painted object. 

(2) Heat resistance. The use of fluorescent pigments requires certain processing. Heat resistance means that they 

can achieve the desired purpose at a certain processing temperature without obvious changes in color and tinting 

strength. If the heat resistance cannot meet the processing temperature, the tinting strength and color will change 

accordingly, affecting the final application results. 

(3) Light resistance and weather resistance. Fluorescent pigments change under light and various climates. In the 

industry, fluorescent pigments are generally evaluated for light resistance and weather resistance to determine their 

specific performance and classify them into grades [2]. 

(4) Migration resistance. In specific applications, such as plastics, fluorescent pigments will migrate from the 

inside of the plastic to the surface of the product or solvent, such as frosting, solvent seepage, and plastic contact 

migration. 

(5) In addition to the above, fluorescent pigments also have oil absorption, solvent resistance, softening point, 

demarcation point, and particle size. These properties need to be studied and analyzed when using fluorescent pig-

ments. 

2.2 Application of Fluorescent Pigments in Plastics  

Fluorescent pigments are widely used in the coloring of plastics, color pastes, paints, inks, coatings, chemical fibers, 

etc., and their specific advantages determine their commercial value. Fluorescent pigments were first used in various 

commercial advertisements, such as signs, product packaging, magazine illustrations, etc., and later, with the re-

search on the performance of fluorescent pigments, their application scope has gradually expanded, such as fire 

fighting, rescue facilities, construction sites, traffic signs, etc., and they also occupy a certain position in the field of 

automation, used for optical identification, etc. As for the application of plastic coloring, such as toys, detergent 

tablets, traffic cones, safety equipment, utensils, etc. that can be seen everywhere in life today, more applications 

are to reflect the inherent transparency and light intensity of fluorescent pigments.  

The application of fluorescent pigments in plastics mainly includes injection molding, extrusion, blow molding, 

kneading, etc., which is to allow fluorescent pigments to melt and decompose in plastic products at high tempera-

tures. The use of fluorescent pigments in plastics is mainly used in polyolefins and vinyl plastic sols, and may also 

be used in polystyrene, polyacrylic acid, and ABS [3]. Specifically, fluorescent pigments in plastics are dyes dis-

persed in a specific polymer resin, making them non-volatile and non-migrating. However, in actual use, it is im-

portant to pay attention to the fluorescent pigment's own dispersibility and heat resistance, as well as the practical 

operation process and stability. Failure to pay attention can easily lead to errors, such as pigment blackening, in-

complete coloring, and migration. 

3. Introduction to the Experiment on Heat Resistance and Dispersion of Fluorescent Pigments 

in Plastics 

The heat resistance and dispersibility of different fluorescent pigments in plastics are different to a certain extent, 

and heat resistance and dispersibility are directly related to the performance of plastics and the role of pigments. For 

the study of heat resistance of pigments, the heat resistance of the pigment itself and its content in plastics are 

measured separately. For example, the heat resistance of the pigment itself can be measured by a thermogravimetric 

analyzer, and the heat resistance of the pigment in the plastic can be judged by observing the temperature at which 

the pigment changes color. For dispersibility, it can also be observed. For example, the higher the dispersibility, the 

brighter the color of the resin and the better the fluorescent effect. Generally, the dispersion uniformity can be 

observed under a microscope to determine its dispersion. 

In the specific study of heat resistance and dispersibility, specific experiments are needed to prove it. This exper-

iment is based on the relevant experiments on the dispersibility and heat resistance of fluorescent pigments in plas-

tics by Xu Ying, Qiao Hui, Wu Lifeng and others [4], and combined with our own experience of Changhui Labor-

atory, referring to the regulatory testing requirements of industry standards, and designing relevant experiments to 

carry out research. The experimental design is as follows: Step 1: Select three series of fluorescent pigments: lemon 
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yellow, orange, and green. Subsequent experimental data analysis will also include comparative analysis of different 

color pigments using different types of fluorescent pigments. It is important to note the specific source company 

when selecting pigments. For low-density polyethylene and polypropylene, their sources should also be clearly 

labeled to facilitate subsequent analysis of different production locations. Step 2: Prepare the experimental equip-

ment used, including a twin-roller mixer, injection molding machine, single-screw extruder, microscope, thermo-

gravimetric analyzer, and spectrophotometer, determining the model of each instrument. Step 3: Prepare plastic 

samples. The production of these samples can be divided into two steps: First, heat the twin-roller mixer, pour a 

predetermined amount of low-density polyethylene into the mixer for a predetermined time, add a predetermined 

amount of fluorescent pigment, extrude and mix, and cut the sample for later use. Then, add the sample to the resin 

to ensure the correct concentration of fluorescent pigment in the mixture. The mixture is then fed into the injection 

molding machine to form the sample. 

Several key points should be noted during the experiment: When selecting fluorescent raw materials, consider 

their manufacturer; when selecting equipment and instruments, pay attention to their model and manufacturer; dur-

ing the experiment, accurately control the temperature, pressure, and quality, and conduct the experiment in strict 

accordance with relevant standards. 

4. Comparison of Heat Resistance and Dispersibility of Different Fluorescent Pigments in Plas-

tics 

4.1 Selection of Different Fluorescent Pigments 

For this experiment, K-series fluorescent pigments, as well as AX and FH-series fluorescent pigments, were selected. 
K-series fluorescent pigments are formaldehyde-free, environmentally friendly pigments with high tinting strength 
and vividness. They are widely used in industries such as extrusion, injection molding, and blow molding, producing 
toys, packaging materials, shopping bags, and other products. They are specialized pigments in the plastics industry. 
K-series fluorescent pigments have a softening point between 80°C and 90°C and can be well dispersed at a pro-
cessing temperature of 135°C. Heat resistance varies depending on processing temperature, pressure, and additive 
concentration. AX-series fluorescent pigments offer the brightest and strongest fluorescent colorants, with very fine 
particles and a very uniform color. It is used in injection molding of various plastics, with a heat resistance of up to 
195°C and a decomposition temperature greater than 200°C [5]. FH fluorescent pigments are also environmentally 
friendly pigments with fine particle size, low viscosity, strong fluorescence and good dispersibility. 

4.2 Dispersibility Analysis and Comparison 

For the comparison of the dispersibility of fluorescent pigments in plastics, for the fluorescent pigments themselves, 
the better the dispersibility, the brighter the color and the better the fluorescent effect. Therefore, the dispersibility 
of the pigment is directly related to its color. The most critical factor affecting dispersibility is temperature. Under 
the same resin and pigment conditions, the dispersibility is proportional to the temperature change. The method for 
analyzing the dispersibility of the above three different fluorescent pigments is: observe the low-density polyeth-
ylene containing different series of pigments under a microscope at a certain temperature. 

Under microscopic observation, it can be found that most of the pigments selected this time are dispersed rela-
tively evenly in low-density polyethylene. Although there are no obvious pigment particles and pigment concentra-
tion areas, there are still slight differences. Among them, the K series fluorescent pigments have the best dispersion 
effect, followed by the FH fluorescent pigments, and finally the AX series fluorescent pigments. Microscopic ob-
servation of low-density polyethylene samples containing different AX series fluorescent pigments at different tem-
peratures revealed that increasing temperature significantly altered the dispersion of the pigments within the plastic. 
Temperature facilitated the dispersion of the pigment within the plastic, with the green pigment exhibiting the best 
dispersion. 

Experimental results: Different types of fluorescent pigments exhibit varying dispersibility within plastics, and 
this dispersibility is also affected by temperature: higher temperatures result in higher dispersibility. Furthermore, 
different colors within the same series also exhibit varying dispersibility, resulting in varying temperature require-
ments. Therefore, in actual use, it is necessary to adjust processing temperature and time based on actual conditions 
to achieve optimal dispersion. 

4.3 Fluorescent Pigment Heat Resistance Analysis 

The heat resistance of fluorescent pigments was analyzed using a thermogravimetric analyzer, which measures the 

mass change over time and temperature under programmed temperature control. The method involves selecting a 
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well-dispersed fluorescent pigment, weighing a certain mass of pigment in an aluminum sample dish, and measuring 

the mass change over time in an air atmosphere. The experimental temperature was raised uniformly from 30°C to 

600°C, and a graph of the mass change over time and temperature was generated. 

The experimental results show that the three different fluorescent pigments all begin to decompose at around 

200°C, resulting in similar decomposition temperatures. However, the temperatures required to achieve a certain 

decomposition state vary. The temperatures required for the three pigments to decompose to 50% and 60% in resin 

were observed. The K series fluorescent pigments required the highest temperature, followed by the FH series, and 

the AX series the lowest. In terms of heat resistance, the K series fluorescent pigments performed best, followed by 

the FH series, and finally the AX series. This comparison only represents the heat resistance of the fluorescent 

pigments themselves and cannot be used to determine their heat resistance in plastics. 

4.4 Analysis of the Heat Resistance of Fluorescent Pigments in Plastics 

After determining the heat resistance of the fluorescent pigment itself, it's important to analyze its heat resistance in 

plastics. The temperature changes of various pigments in low-density polyethylene (LDPE) indicate that their 

brightness and hue change with increasing temperature. This analysis employs a specific formula to calculate the 

color difference: Color difference = square of brightness difference + square of red/green difference + square of 

yellow/blue difference. Rising temperature increases the color difference. For lemon yellow pigments, the AX series 

has a color difference greater than 3 at 160°C, indicating a color change. The FH series has a color difference greater 

than 3 at 180°C, indicating a color change. The K series requires a temperature of 200°C. For green fluorescent 

pigments, as the processing temperature increases, the hue shifts redder and the lightness decreases, while the blue-

yellow value remains unchanged. At 180°C, the color difference is greater than 3. For orange pigments, the lightness, 

red/green, and blue-yellow values remain unchanged with increasing temperature. At 180°C, both FH and K fluo-

rescent pigments have a color difference greater than 3. The AX series of fluorescent pigments, on the other hand, 

far exceeds this color difference. The heat resistance of the orange-yellow AX pigment is unstable, making it diffi-

cult to determine its operating temperature. 

The three fluorescent pigments also differ in their application in polypropylene. For example, the green pigment 

shifts blue as the processing temperature increases, while the lightness and red-green values do not change signifi-

cantly. The K and AX pigments have a color difference greater than 3 at 220°C, while the FH pigment requires 

240°C, demonstrating better heat resistance than the first two. 

5. Conclusion 

Currently, research on the dispersibility and heat resistance of fluorescent pigments in plastics is relatively limited, 

and existing academic conclusions are limited. This requires researchers to build on existing research, combining 

practical work experience and knowledge to continuously deepen their research, enrich their content, and optimize 

their findings. This article, building on this existing research, conducted relevant experiments and summarized the 

heat resistance and dispersibility of several common fluorescent pigments in plastics, hoping to provide a reference 

basis for subsequent research. 
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