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Abstract : For the evaluation of brominated flame retardants included in polymeric electronic devices, we
investigated the extraction methods and solvent systems for four different types of polymers of PC
(polycarbonate), PP (polyropylene), PET (poly (ethylene terephthalate)) and PBT (poly (butylene terephthalate))
using different solvent systems of hexane/acetone, THF, toluene, and THF/toluene. In order to compare the
extraction efficiency of different methods and solvent systems, the deca—BDE (decabromo diphenyl
ether) flame retardant was included in PC, PP, PET and PBT systems and subsequently extracted by
soxhlet, ultrasonic, accelerated solvent, microwave and supercritical fluid extraction methods. The amount
of the extracted flame retardant was monitored to evaluate the extraction efficiency. The ultrasonic
extraction method was found not to be acceptable as an extraction method for the polymer systems mainly
due to a low salvation efficiendy of the organic solvents. Soxhlet, accelerated solvent and microwave extraction
methods exhibited over 80% of extraction efficiency for toluene. The supercritical fluid extraction method,
which has been used as an extraction method for flame retardants in polymers, showed the extraction
efficiencies of ca. 100% for PC and PP in the optimal extraction conditions of 60 C and 120 bar.

Keywords : flame retarded polymers, soxhlet extraction, microwave extraction, supercritical fluid
extraction, extraction efficiency.
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Figure 1. GC/MS Chromatogram (a) and mass spectrum (b) of the deca—BDE standard.
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Table 1. Extraction Efficiencies of Bromine Obtained by Using Various ExtrAction Methods

Extraction efficiency of bromine (%)

Sample Solvent Soxhlet Ultrasonic Accelerated Microwave Superecritical
extraction extraction solvent extraction extraction fluid extraction’

Toluene 95 80 100 100
Tolune+THF(1 : 1) 65 60 70 71

e THF 14 50 10 50 100
Hexane + Acetone (1 : 1) 7 14 7 17
Toluene 96 80 97 86
Tolune+THF(1 : 1) 72 36 78 64

P THF 14 63 11 50 100
Hexane + Acetone (1 : 1) 11 17 6 17
Toluene 97 40 86 86
Tolune+THF(1 : 1) 71 50 57 85

PET THF 19 57 11 54 i
Hexane + Acetone (1 : 1) 9 19 5 27
Toluene 97 50 100 84
Tolune+THF(1 : 1) 74 55 67 94

PBT THF 17 57 11 50 i
Hexane + Acetone (1 : 1) 2 21 4 20

“60 C, 120 bar.

Sample

0 10 20 30 40 50 60 70 80 90 100
Extraction efficiency (%)

(I KA 72722 THF TTHF

7]

Figure 2. Extraction efficiencies obtained for various solvents
measured by the soxhlet extraction method.
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Figure 3. Extraction efficiencies obtained for various solvents
measured by ultrasonic extraction method.
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Figure 4. Extraction efficiencies obtained for various solvents
measured by accelerated solvent extraction method.
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Figure 5. Extraction efficiencies obtained for various solvents
measured by microwave extraction method.
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Figure 6. Extraction efficiencies obtained for various solvents
measured by supercritical fluid extraction method.
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