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Cl ≤ 3 ppm 2

(assumed valid for Br)

Br

Br

Br



Gas

Oil

Solid

Investigate the bromine distribution 

across pyrolysis products

Objectives

05. June 2025 Razan Alsharqawi – Chemical recycling of flame-retarded plastics4

Br

Br

Br

Evaluate the potential of sorbents to 

reduce bromine content in the oil

Gas

Oil

Solid

Br

Br

+ sorbent Br-free



Model samples
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PP DBDPE Br

PP 100 – –

DBDPE – 100 81.3 *

Composition in mass-%

PP-DBDPE blend 79 21 17.4 **

* Calculated for C14H4Br10

** Quantified via combustion ion chromatography (C-IC)

PolyPropylene (PP)

DecaBromoDiPhenyl

Ethane (DBDPE)
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Decomposition behavior
Is bromine released as HBr? 
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TG-FTIR
Sample mass: 10 mg

Heating rate:   10 K/min

N2 atmosphere 

FTIR gas cell

TG

TG-FTIR Thermogravimetric-Fourier Transform Infrared Spectroscopy

PP

DBDPE

PP-DBDPE

10 mg | 10 K/min
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Decomposition behavior
Is bromine released as HBr? 

05. June 2025 Razan Alsharqawi – Chemical recycling of flame-retarded plastics7

TG-FTIR
Sample mass: 10 mg

Heating rate:   10 K/min

N2 atmosphere 

FTIR gas cell

TG

TG-FTIR Thermogravimetric-Fourier Transform Infrared Spectroscopy

PP

DBDPE

PP-DBDPE

10 mg | 10 K/min

➢ DBDPE: ≤ 9 mass-% of Br is released as HBr

➢ PP-DBDPE: ≤ 5 mass-% of Br is released as HBr



Decomposition behavior
In which chemical form is bromine released? 

05. June 2025 Razan Alsharqawi – Chemical recycling of flame-retarded plastics8

µ-Pyrolyzer

Sample mass: 50 µg

Treactor, set point:   500°C
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In which chemical form is bromine released? 
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Effect of Ca-based sorbents
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Use of Ca-based sorbents:

• Ca(OH)2

• CaO

• CaCO3

Reducing Br in the oils
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Effect of Ca-based sorbents
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➢ Ca-based sorbents reduce the peaks areas of

detected brominated hydrocarbons (Br-HC) in 

the pyrolysis vapors
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➢ Ca-based sorbents reduce the peaks areas of

detected brominated hydrocarbons (Br-HC) in 

the pyrolysis vapors
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Throughput: 1 kg/h

Plastic:sand: 1:4 mass ratio

Ca(OH)2:  20 mass-% (on plastic basis) 

Treactor, set point: 500°C

𝜏Solids:  30 min

kg-scale: STYX screw reactor

Effect of Ca-based sorbents
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 Separation of product fractions 

 Analysis of products 

 Mass balancing 

 Bromine balancing 
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Pyrolysis behavior with Ca-based sorbents 
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➢ PP-DBDPE primarily decomposes 

into oil and gas 

Bromine content in the oil in mass-% Br

PP-DBDPE + Ca(OH)2

35.3 16.5 
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Pyrolysis behavior with Ca-based sorbents 
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➢ + Ca(OH)2: Br content in the oil 

drops due to a shift from the oil to 

other product fractions 

Bromine content in the oil in mass-% Br

PP-DBDPE + Ca(OH)2

35.3 16.5 

+ Ca(OH)2

➢ + Ca(OH)2: PP-DBDPE primarily 

decomposes into oil and gas 



PP-DBDPE + sorbents: 

• Reduced detectable condensable 

brominated hydrocarbons 

• Decreased bromine content in the oil 

• Shifted bromine-loading from the oil to 

other product fractions 

Need for further investigation:

• Optimization of technical pyrolysis for 

sorbent application to enhance bromine 

reduction potential 

Summary and conclusion
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PP-DBDPE: 

• Br is primarily bonded to condensable 

hydrocarbons 

PP-DBDPE + sorbents: 

• Reduced detectable condensable 

brominated hydrocarbons 

• Decreased bromine content in the oil 

• Shifted bromine-loading from the oil to 

other product fractions 
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