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Observation of nucleated polyoxymethylene crystallization by 
means of in-situ polarized-light microscopy and in-situ scanning 
electron microscopy 
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    Polyoxymethylene (POM) is a synthetic polymer, which ranges among engineering thermoplastic 
materials [1]. It is frequently used for production of precise components requiring high stiffness, low 
friction and dimensional stability. Due to POM semicrystalline character, its final performance can be 
fine-tuned by adding various nucleating agents or nucleants. These are substances facilitating 
formation of the polymer crystal nuclei, shortening the crystallization process, decreasing the average 
size of spherulitic crystals (spherulites), and influencing physical properties of the material [2,3]. 
    Although POM is produced in mass-scale (kilotons per year, ref. [1]), there are just a few reports 
dealing with nucleation of POM crystallization [3-6]. In this work, we employed our recently-developed 
sandwich method [7,8] and prepared POM sandwich composites (Figure 1). The prepared samples 
included polymer without nucleant (sandwich denoted as POM/0), sandwich with a layer of vacuum-
sputtered gold nanoparticles (POM/Au), polymer with a layer of sorbitol derivative (sandwich 
POM/DBS), and polymer with a layer of talc microparticles (POM/Talc). The impact of nucleants on the 
crystallization of POM was evaluated both after the crystallization was finished (Figure 1; “static” 
sandwich method, described in our previous studies [7-9]) and during the crystallization process 
(Figure 2, “dynamic” or in-situ sandwich method; described in this contribution). 
    In a typical experiment, the sandwich composite was cut perpendicularly to the nucleant layer. The 
resulting sandwich cross-section, similar to that from static sandwich method (Figure 1; [7,8]), was 
observed in a polarized-light microscope (PLM; Nikon Eclipse 80i) equipped with a heating stage 
(Linkam THMS 600/TMS 9). The sample was molten (heated at 20 °C/min, held at 180 °C for 5 min) 
and isothermally crystallized (cooled at 80 °C/min, held at 154 °C till the end of crystallization). 
Samples with no nucleant (Figures 3a-e) showed random growth of spherulites. Samples with a 
nucleant layer exhibited intensive crystallization starting at the central layer, which was either quite 
sharp (Figures 3f-j) or smeared due to melt flow (Figures 3k-o, more frequent). The increase in overall 
intensity of polarized light with time (Figure 3; [9]), was proportional to the increase in crystallinity and 
could be interpreted in terms of Avrami theory (Figure 4; [10]). The overall rate of crystallization 
increased in the row: POM/0 = POM/Au < POM/DBS < POM/Talc (Figure 4a). The Avrami parameters 
(t1/2,n,k; [9-11]) were obtained by fitting the experimental data with Avrami equation (Figure 4b) and 
their changes corresponded to computer simulations (Figure 4c). The results were verified by 
differential scanning calorimetry and in-situ SEM (not shown). 
    In conclusion, we demonstrated that the sandwich method can be used for in-situ observation of 
nucleated polymer crystallization. As the sandwich samples are quite small, the evaluation of 
crystallization kinetics is based on microscopy. The microscopic approach brings the following 
advantages: (i) direct observation of crystallization process and (ii) low consumption of polymers and 
nucleating agents, which makes it possible to prepare more samples and average the results. 
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Figure 1. Static sandwich method: (a) sandwich preparation, (b) polarized-light micrograph of empty sandwich, 

POM/0, and (c) polarized-light micrograph of sandwich with talc layer POM/Talc. The micrograph (b) documents 
random growth of spherulites, while the micrograph (c) displays preferential growth of spherulites from the central 
talc layer (transcrystallization, refs. [7,8]), indicating strong nucleation effect. 

 

 
 

Figure 2. Dynamic sandwich method: polarized-light micrographs showing isothermal polymer crystallization in 

sandwich composites (a-e) without nucleant, (f-j) with sharp layer of talc, and (k-o) with molten layer of talc; real 
width of all images is 655 um. 

 

 
 

Figure 3. Kinetics of crystallization; overall crystallization as observed on PLM micrographs as a function of time: 

(a) raw data, (b) averaged data and (c) simplified model data. According (a) and (b), the strongest nucleation 
effect was observed in POM/Talc sandwich. Avrami coefficients from experiment (b) and from preliminary, 
simplified model (c) exhibited the same trend (decrease in n and increase in k) in the presence of a nucleating 
agent layer; more precise computer modelling is in progress. 
 
 
 
 
 

 


