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AIM

1. Synthesis and application of bio-based plasticizers as substitutes for 

phthalates in PVC-P

2. Development of a synthesis with high yields and multi-gram quantities

3. Creation of a plasticizer library of HMF-derivatives and study of 

composition-properties-relationships

BACKGROUND

 • Phthalate plasticizers: legislative registrations, increasing environmental 

awareness

 • HMF-derivatives: structural similarity to phthalates and cyclohexanoates 

(Figure 1) 

 • 5-Hydroxymethyl furfural (HMF): one of the most promising bio-based 

platform chemicals, obtainable from fructose, sucrose, glucose and 

cellulose

 • Transformation of HMF into a wide variety of derivatives: furanoates 

and tetrahydrofuranoates (Figure 2)

 • Plasticizer properties defi ned by structure and composition, e.g. 

increasing side chain branching decreases gelling but also migration

 • Plasticizer requirements: gelling at low temperatures, good solvation of 

PVC, high compatibility with PVC, low migration and emission, harmless 

to environment and humans, resistant to chemicals, heat, light and UV-

radiation

MATERIALS & METHODS

 • FDCA derivatives: accessible through catalytic conversion of HMF 

(obtainable from cellulose)

 • Derivatives with side groups similar to commercial phthalates and 

cyclohexanoates

 • Sustainable synthesis: variation in catalysts for esterifi cation, 

etherifi cation and addition reactions

 • Variation of side chains: plasticizer diversity

 • Study of plasticizer properties and applicability: thermal stability, 

gelling and solvation behaviour, migration, mechanical properties of 

PVC fi lms, glass transition temperature

RESULTS (OBTAINED AT FILK)

CONCLUSIONS

 • Highest potential for an application as plasticizer: DINF; properties 

comparable to DINP

 • FDCA-based plasticizers superior in gelling PVC to phthalates

 • High viscosity of FDCA-based plasticizers disadvantageous for 

spread coating

 • Good mechanical properties of PVC fi lms

 • Structural similarity to phthalate plasticizers suggests benefi cial 

properties in FDCA-based derivatives and applicability as plasticizers

OUTLOOK
 • Reduction of plasticizer migration and fogging

 • Infl uence of FDCA-derivatives with amide structures on plasticizer 
properties

 • Investigation of processability in dryblends

 • Application in coated fabrics by extrusion and roll melt coating

 • Improvement of profi le of properties by non-phthalate plasticizer 
mixtures
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Figure 2: Selection of synthesized substances sorted by side chain length in descending order and commercial plasticizers, whose properties and applicability as plasti-
cizers were studied (Table 1).
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Figure 1: Structural similarities of phthalates and cyclohexanoates to the FD-
CA-derivatives (furanoates and tetrahydrofuranoates).

Table 1: Properties of FDCA-based plasticizers, plastisols and PVC fi lms in relation to the commercial plasticizers DINP and DINCH. Film properties: amount of plasticizer 
38 ± 1 %, thickness 328 ± 10 μm.

Figure 3: Top: Thermal stability of plasticizers. Middle: Plastisol viscosity depending 
on the shear rate indicating the processability via spread coating. Bottom: Complex 
viscosity of plastisols depending on the temperature showing the gelling behaviour.


