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Analysis

Solids	in	heavy	solu/on	
Insoluble	plas/c	or	mineral	par/cles	can	be	separated	based	on	their	sedimenta/on	behaviour	with	the	
help	of	an	adjustable	density	solu/on.	
	

																																																										Separa/on	of	aluminium	and	copper	using	the	float-and-sink	analysis	method.		
																																																						Photo: Tungsten Compounds

Sodium polytungstate (SPT) is an inorganic salt that dissolves well in water (650 g of 
solids can dissolve in 100 mL of water). This makes it possible to produce low-viscosity 
aqueous solutions with densities of 1.1 g·cm–3 to 3.1 g·cm–3, which are suitable for float-
and-sink analyses, for example to separate aluminium and copper (photo). Unlike the 
organic – and usually toxic – alternatives frequently used earlier, such as bromoform, 
tetrabromomethane (TBE) or diiodomethane, SPT does not pose any danger to humans, 
animals or the environment when used properly.

Areas of application for float-and-sink analyses range from geology and mineralogy to 
polymer chemistry to virology and biochemistry. In geology and mineralogy the aim is to 
separate rock samples; in mining float-and-sink analyses facilitate quality control of 
ores and coal. In polymer chemistry plastics are separated; in virology DNA and cells 
are separated and the particles are examined to determine their sedimentation 
behaviour. Biochemistry uses SPT as a material for binary and ternary density gradient 
centrifugation, while it is used in industry for quality assurance for glass and for 
recycling processes.
SPT is reusable in many applications. 

Par/cles	from	wide	range	of	plas/cs:	Microplas/cs

Water and sediment samples contain organic and mineral elements along with 
microplastics. To examine microplastics the samples must be prepared and cleaned. 
Density separation makes sense in these applications. The first step of the process 
involves drying the sediment samples. Then the sample is placed into a virtually 
colourless, transparent SPT solution with a density of 1.9 g·cm–3. 

Heavy mineral particles sink, making it possible to separate them from floating 
elements such as microplastic.
In later steps SPT solutions with varying densities are used to fractionate the floating 
elements. 
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The density of SPT solutions increases with the addition of SPT solid substance or 
evaporation in a rotary evaporator (figure); dilution with deionised water decreases its 
density. Varying the density of the SPT solution makes it possible to separate and 
determine different plastics such as PE, PC, PMMA, PVC or fluoropolymers like PTFE 
or PFA. Separators such as the microplastic sediment separator (made by Hydrobios 
Apparatebau, Kiel) are now available that can prepare larger sediment samples.
The isolated plastic components are then frequently treated with H2O2 or other enzymes 
prior to characterisation with Raman or FTIR spectroscopy to decompose adherent 
biofilms or organic residue.

For very small particles or low variations in density it is advisable to remove biofilms 
prior to separation using enzymes.
Depending on the application and degree of contamination, the SPT solutions used can 
be combined, filtered and reprocessed, for example by steaming or concentrating in the 
drying oven and adjusting the pH value. 

                                            Dense aqueous sodium polytungstate solutions.

Organic	and	mineral	ma;er	in	soil	samples

The composition of soil samples offers insight into biochemical processes that influence 
ecological cycles, plant activity and water quality.  
Soil samples should be prepared prior to spectroscopic examinations. SPT solutions are 
suitable for separating a soil sample into multiple fractions: 
• into fine particulate organic matter (fPOM)
• into occluded particulate organic matter (oPOM) and
• and mineral residue. 

To do this an unground soil sample is first manually separated from moss and similar 
elements. Then a corresponding amount of SPT solution with a density of 1.8 g·cm–3 is 
carefully added to the sample and left to rest for several hours (see photo above). The 
fine particulate organic matter (fPOM) that now floats to the top is suctioned up and 
collected.  This procedure is repeated multiple times as necessary.  In the next step the 
sample is shaken together with the SPT solution and exposed to ultrasound to disperse 
agglomerates. Then centrifuging is used to achieve separation again using the float-
and-sink process. Now the oPOM floats to the top and is separated. The mineral 
residue remains as a sediment, which is also fractionated.
All of the fractions are washed with water and can be analysed after drying.
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In some cases, SPT solutions can also be reused here. Manufacturers collect highly 
contaminated solutions and larger volumes and clean them themselves. If it is not 
possible to prepare the solution, then the solution is returned to the raw material cycle. 

                                          Separa/on	of	a	sediment	sample	in	sodium	polytungstate	solu/on.	

                                                           Photo:	Carola	Luthardt,	Sarah	Schlaf,	Johannes	Bätz

Par/cles	with	higher	densi/es	

Although the density of a homogeneous, Newtonian SPT solution is a maximum of 3.1 
g·cm–3, it is possible to increase the density and thus the field of application as well: 
Adding fine tungsten carbide particles (particle size 1 μm) to an SPT solution with a density of 
3.0 g·cm–3 results in a suspension with a density of 4.6 g·cm–3. The sedimentation in this 
suspension is so slow that it can be worked with for over two to three hours without 
significantly impacting the separation process.
Mineralogists and gemmologists can use the suspension made of tungsten carbide 
particles in SPT solutions to separate and distinguish between gemstones such as 
diamonds with a density of 3.5 g·cm–3 from zirconia with a density of 5.8 g·cm–3.
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INFOBOX

>>	 Sodiumpolytungstate (SPT) makes it 
possible to produce aqueous solutions 
with densities of 1.1 g·cm–3 to 3.1 
g·cm–3, which are suitable for float-and-
sink analyses. 

>>	 	 These analyses can help separate 
sediment samples into fractions and 
determine particles, e.g. made of 
plastic, based on their density.

>>	Suspensions made of an SPT solution 
and tungsten carbide are suitable for 
distinguishing between heavier 
particles, as they can reach densities 
of up to 4.6 g·cm–3. 
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