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DMA Analysis of High-Impact Polystyrene (HIPS)

Executive Summary

Recycling of waste plastic is a key component to a sustainable future. High-impact 

polystyrene (HIPS) is a commonly used plastic and is frequently recycled. As part of the 

recycling process, the material is shredded or ground and then reprocessed into new 

forms. Since polymers such as HIPS can have a variety of formulations depending on 

their original usage, the new materials may have different material properties from 

the recycled material. It is important to characterize the material to determine the 

material properties to prevent product defects or failure.

The NEXTA DMA200 Thermal Analyzer provides a highly sensitive instrument to 

measure the material properties of polymers, such as HIPS. The Dynamic Mechanical 

Analysis (DMA) can detect even faint transitions and provides an excellent quality-

control instrument and research tool. Even trace amounts of polymers, that might be 

missed by other methods, can be detected by DMA. For both quality control and 

research and development, the NEXTA DMA200 provides an excellent tool for 

understanding the properties of your materials. 
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Analytical Solution

The DMA technique enhances sensitivity in measuring glass transition, material stiffness, and the 

impact of frequency on mechanical traits. It gauges the viscoelastic properties of materials. Reliable 

for product engineers in applied research and materials development, DMA analyzers offer precise 

measurements of mechanical properties for simple and complex materials.

The NEXTA DMA200 features an innovative Real View® camera system that offers real-time 

observation during measurements, aiding in understanding unexpected behaviors like sample 

damage or color shifts. It also ensures the verification of data-point reliability, even after the 

measurement process is concluded. With its exceptionally wide measurement range and rapid 

electronic response, our DMA is the perfect tool for assessing both stiff and soft samples, while also 

capturing rapid modulus changes.

Key benefits of using 
NEXTA DMA200
⎼High sensitivity and excellent resolution to detect the smallest thermal 
events

⎼High force (20N) to test even the stiffest samples

⎼Versatile applications with full range of testing fixtures

⎼Multiple cooling systems (LN2, electronic gas chiller, air) both increasing 
throughput and low-temperature testing. 

⎼Optional Real View® sample observation unit will allow you to observe 
samples changes in real time, and to link the images to the temperature 
and time data for easy analysis

⎼Optional immersion measurement system for testing samples in water, 
or other solutions
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Background

High-Impact Polystyrene (HIPS) is used in a variety of areas, from food packaging and utensils to 
electronics casings. HIPS is a recyclable material and can be reused to make new materials. 
Characterization of the recycled material is important to make sure that the material will meet the 
needs of the new usage by getting the correct formulation of the HIPS. The formulation can vary 
depending on the intended usage, but most HIPS materials will include a butadiene rubber 
component to enhance the overall material strength of the final product.

Dynamic Mechanical Analysis (DMA) of HIPS can be a useful tool in characterizing the material. Here 
we look at several forms of HIPS, including a standard material to examine the differences between 
formulations and the effect on the material properties. DMA is a highly sensitive technique for 
measuring the glass transition, which is important for HIPS as there is a small, low-temperature 
transition in the material. The exact location of this transition can vary depending on the exact 
formulation of HIPS sample. Typically, it occurs in between -90°C to -60°C for the polybutadiene 
component. The main transition for the polystyrene component occurs around 100°C , with some 
variation dependent on the exact formulation.

Analysis data

Three different HIPS samples were tested by DMA using a dual cantilever. Samples were a standard 
high-impact polystyrene and two unknown samples. Sample dimensions were 50 mm (L) x 8 mm (W) 
x 3 mm (T), with a test length of 20 mm. Samples were heated from -100°C to 160°C at 2C/min and 
at a frequency of 1Hz.  

In all samples a peak was detected in E” around -78°C followed by a smaller transition around -30°C 
. The main transition occurred around 110°C in all samples as measured by the Tan δ peak. The 
standard high-impact polystyrene sample is shown in Figure 1. The butadiene Tg is detected first in 
E’ followed by a peak in E” and the tan δ. In the E” for all samples a smaller transition is detected 
between the two larger transitions that is associated with a β transition of the polymer. In both the 
standard sample and sample 1, the secondary transition is smaller and occurs around -30°C . In 
sample 2, this transition is slightly larger and occurs at a lower temperature of -40°C . This transition 
is associated with the butadiene content and may represent a reordering the sample as seen by the 
slight increase followed by a decrease in E”. Sample 3 was only tested from room temperature up to 
120°C with all other conditions the same. This sample was taken from a commercially available 
product that had been exposed to a variety of storage and use conditions. The wear of the material 
of sample 3 is indicated by the lower Tg temperature as well as the shoulder in the E” data.
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Figure 1. DMA of high-impact polystyrene standard sample

Figure 2 High-Impact Polystyrene samples: Green – standard sample, Red – Sample 1, Blue – 
Sample 2, Black – Sample 3. Solid line: Tan δ; Dotted line: E”
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Summary

Hitachi’s DMA offers high sensitivity over a wide force range to detect and resolve even very small 

transitions. Each data point has a Lissajous monitor function so that you can be confident in each 

and every datapoint. Our efficient liquid-nitrogen cooling system is available to reach low-

temperature transitions with minimal consumption of LN2, increasing the number of possible tests 

out of a single filled dewar. A variety of fixtures are available to suit your testing needs including an 

optional sample immersion cup. Also available is our Real View® observation unit which can be 

used to view the sample during measurement, perfect for catching small visual changes that would 

otherwise go unnoticed.

Questions?

Contact Hitachi High-Tech America, Inc. at hha.contact@hitachi-hightech.com. You can find more 

information on our website : https://hha.hitachi-hightech.com/en/product-

range/products/thermal-analyzer-series/dynamic-mechanical-analyzer-dma200 
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