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Sample Preparation of Mixed Oils and Polymers in a Single Batch

Abstract

Heavy oils, such as bunker oil and polymers like polyethylene 
terephthalate (PET) present difficulties for microwave sample 
preparation for metals analysis. It is the viscosity of the bunker 
oil, and the density of the thermoplastics such as PET, that 
make these materials a challenge. Previously, only very small 
sample sizes of 100 mg or less could be digested successfully, 
which made it difficult for lower detection limits. In addition, they 
had to be run individually to provide a complete digestion.

CEM has pioneered a major advancement in vessel technology. 
Using patented dual-seal technology, the iPrep® vessel can 
run at higher temperatures and pressures, which are required 
for the digestion of extremely difficult samples. The MARS 6™ 
system, with precise iWave® temperature control of every vessel, 
and iPrep vessels will be used to prepare a variety of heavy fuel 
oils and dense polymer materials in a single batch.

Introduction

Bunker oil is generally considered as a fuel oil number 6. It is 
literally the bottom of the barrel of refined crude, which makes 
it the cheapest fuel available, and is used primarily by cruise 
ships. Being the lowest fraction, it is also the highest in heavy 
metals such as Fe, Mg and Ni, among others.

Polyethylene terephthalate (PET) is a member of the polyester 
family. The presence of a large aromatic ring and repeating 
units give it significant strength and stability. It has numerous 
applications from plastic soda bottles and food containers, to 
carpet and furniture.

The use of heavy metals, particularly Sb in the synthesis of PET, 
require metals testing, as it relates to public health.

Materials and Methods

A total of eight samples were digested in a single batch in a 
MARS 6 microwave digestion system using iPrep vessels and 
iWave contactless in-situ temperature measurement. iWave is 
a novel technology advancement that utilizes Light Emitting 
Technology to measure the temperature of the actual sample 
solution inside the vessel, and does not require an internal probe.

The patented dual-seal design, as shown in Figure 1 (page 2) 
provides higher temperatures and fine control of the vent and 
reseal process necessary for these sample types. iPrep is an 
easy-to-use three piece design, which is assembled with a hand 
torque device at only 21 inch-pounds.

Approximately 0.25 grams of the four sample types were 
weighed into an iPrep vessel liner and 10 mL of concentrated 
nitric acid was added to each. The vessels were capped and 
assembled and then placed in the MARS 6 for digestion. The 
One Touch method for Bunker Oil was used. The One Touch 
Technology® automatically counts the number of vessels and 
recognizes the vessel type. It then optimizes the conditions 
for the acid digestion. The samples included Bunker Oil (Fuel 
Oil Number 6), PET Pellet, HDPE Pellet, and Residual Fuel Oil 
(these were run together in a single digestion run). The acid 
used was 10 mL concentrated Nitric.
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Results and Discussion

The MARS 6 with iPrep vessels and iWave simultaneously 
processed the four different oil and plastic samples. Each sample 
was run in duplicate for a total of eight samples. As illustrated 
in Figure 2 (page 3), the system automatically adjusts the power 
instantly to compensate for the varied sample types. iWave also 
ensures that all samples heat evenly, as shown in the bar graph 
of the individual samples in Figure 3 (page 3). All samples were 
completey digested producing clear, colorless solutions. Figure 4 
(page 3) shows an example of the bunker oil and PET before and 
after digestion.

Conclusion

The MARS 6 with iWave temperature sensing technology and iPrep 
vessels is an ideal solution for preparing plastics and polymers for 
heavy metal analysis. Advantages of this system include the ability 
to digest a variety of samples in a single batch and complete 
digestion of polymer samples without the need for sulfuric acid, 
leading to a cleaner and easier digestion. Furthermore, the simple-
to-assemble iPrep vessel offers capacities of 12 or 16 places, to 
meet the demands of any laboratory.

Figure 1. iPrep Vessel Diagram
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Dual-Seal Design

The high temperature and pressure conditions afforded by this seal and vessel design 
provide for the complete digestion of difficult organics, such as PET, bunker oil, organic 
dyes, toner, thermoplastics, and many other difficult to digest materials.

2X Capacity

The iPrep vessel’s 110 mL volume allows for larger sample sizes, as compared to other 
high performance vessels.

Elemental Integrity

The dual-seal function provides for unmatched control of the byproducts from digestions 
such as CO2 and NOX fumes. These are precisely vented outside the vessel, while 
maintaining the full integrity of all elements. Even volatile analytes such as As, Se, and Hg.

iWave Light Emitting Technology

iWave utilizes the emission of light from the sample (solution) to rapidly and accurately 
measure temperature. It reads the temperature of the solution itself, instead of reading 
the temperature of the vessel. This makes iWave the most accurate temperature sensor.
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Figure 2. Precise Power Application Provides Superior 
Temperature Control

Figure 4. All samples were completey digested producing clear, colorless solutions. (A) Bunker oil (max size 0.25 g) before digestion. 
(B) Bunker oil after digestion (sample diluted to 50 mL), showing clear results. (C) PET (pellet max size 0.25 g) before digestion. (D) PET 
after digestion (sample diluted to 50 mL), showing clear results.

Figure 3. Even Heating of Individual Samples Using iWave 
Temperature Control

A B C D

http://www.cem.com

