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Abstract 

A method was developed to assess leaching of several poly(vinyl chloride) (PVC) 
plasticizers in aqueous media using gas chromatography (GC), and compared to a gravimetric 
standard test method (ASTM Method D1239). The GC method was a more direct measurement 
of plasticizer concentration in the aqueous phase. The leaching of commercial plasticizers, as 
well as several series of “green” candidate plasticizers, were assessed as a function of their 
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molecular characteristics and compared to the industry standard PVC plasticizer, di-2-ethylhexyl 
phthalate (DEHP). It was found that plasticizers containing longer alkyl chains or non-polar 
branching emanating from polar structural units, increased the hydrophobicity of the molecule 
and reduced its aqueous leaching rate. Several “green” plasticizer candidates were found to 
minimize aqueous leaching to rates ten times below that of DEHP; notably dioctyl succinate 
(DOS), dihexyl maleate (DHM), methyl cyclohexyl diester (MCDE), diethylhexyl succinate 
(DEHS), hexanediol dibenzoate (C6), and the commercially available Hexamoll® DINCH.  
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1. Introduction 

The use of phthalate ester plasticizers for poly(vinyl chloride) (PVC) dates from the 

1930s (Graham, 1973) and, as of 2004, they account for 80% of all plasticizer production 
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(Wypych, 2004). Di-2-ethylhexyl phthalate (DEHP) is responsible for over 50% of worldwide 

phthalate production, and remains the most widely used PVC plasticizer (Carlson, 2010; 

Wypych, 2004). A 2008 market survey predicted a 2% increase in PVC demand per year, with 

production exceeding 40 million tons globally by 2016 (Ceresana, 2008). Added to PVC in 

concentrations of up to 40% by weight (Ono et al., 1975), plasticizers are used to impart 

flexibility and processability to rigid, unplasticized PVC by lowering its glass transition 

temperature (Sears and Darby, 1982). Plasticized PVC containing DEHP is used industrially in 

piping, roofing, flooring, wire insulation, and other building materials (Horn et al., 2004; Shea, 

2003). Plasticized PVC is also used in commercial products such as medical tubing, blood and 

intravenous bags, food packaging, clothing and children’s toys, which has brought phthalate 

esters into direct contact with humans (Shea, 2003).  

DEHP and most other PVC plasticizers are categorized as external plasticizers; they do 

not form chemical bonds with the polymers they are dispersed in, but rather form weaker 

physical interactions in the amorphous regions of the polymer. Therefore, external plasticizers 

leach out of PVC and enter the surrounding environment (Koch et al., 2006). The leachability of 

external plasticizers coupled with the high production and widespread use of PVC has led to the 

occurrence of DEHP in soils, wastewater, air and sewage media (Helm, 2007; Staples et al., 

1997). DEHP has shown recalcitrance to biodegradation once it is in the environment, bonding 

strongly to organic matter in deep soils and in aqueous environments (Aboul-Kassim, 2001). 

Despite the presence of microorganisms capable of biodegrading DEHP in soils and sludge, 

strong bonding to suspended solids makes mineralization of the plasticizer an extremely slow 

process. A study tracing mineralization of DEHP in activated sludge from wastewater treatment 

plants found only 40% mineralization of DEHP after 1 year (Roslev et al., 1998). Wastewater 
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treatment sludge with remaining concentrations of DEHP as high as 120 mg/kg (Madsen et al., 

1999) was recycled as a fertilizer for the agriculture industry, effectively putting large quantities 

of DEHP back into the environment. Furthermore, in the presence of the common soil bacterium 

Rhodococcus rhodochrous the biodegradation of DEHP produces metabolites of 2-ethylhexanol, 

2-ethylhexanal and 2-ethylhexanoic acid; compounds which have been shown to be acutely toxic 

(Cooper et al., 2006). 

The extensive use of DEHP in industrial and commercial products has led to significant 

public interest and scientific research on the toxicity of this plasticizer, with results supporting 

the need for non-toxic DEHP alternatives. Several papers published in the 1980s proposed DEHP 

as a possible carcinogen in rats and mice (Kluwe et al., 1983; Warren et al., 1982), which led to 

the U.S. Environmental Protection Agency labelling of the plasticizer as a dangerous substance 

and possible carcinogen in 1992 (EPA, 1992). Furthermore, it has been shown that the ingestion 

of DEHP produces toxic effects in the organ systems of adult and developing animals; 

particularly, high levels of testicular toxicity and endocrine disruption (Tickner et al., 2001).  

These concerns have led to the banning of DEHP in children’s toys across the European Union. 

As of 2007, a commercial phthalate-free plasticizer, 1,2-cyclohexane dicarboxylic acid 

diisononyl ester (sold under the trade-name Hexamoll® DINCH, BASF), has replaced DEHP as 

the predominant plasticizer in children’s toys (Grob et al., 2008). DINCH has been shown to 

have low environmental persistence and high biodegradability compared to DEHP, as well as no 

acute toxicity after oral or dermal uptake (Wadey, 2003). 

The toxicity of DEHP has led to the search for a “green” alternative that would minimize 

the environmental impact of plasticized PVC production. Many alternatives have been proposed 
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but not all combine the desirable properties required of the plasticizer during use and after 

disposal. Our group has investigated the synthesis and design of alternative PVC plasticizers 

(Erythropel et al., 2012), the biodegradation of alternative plasticizers (Pour et al., 2009),  as well 

as the polymer processing and mechanical properties of alternative plasticizers in PVC (Firlotte 

et al., 2009).  The ideal alternative to DEHP must satisfy many criteria but one crucial criterion is 

to minimize the plasticizer leaching rate from PVC mixtures into the environment. The research 

presented in this paper aims to quantify and compare the leachability of potential “green” 

alternative plasticizers to that of DEHP. The leaching experiments presented in this paper were 

performed in de-ionized water rather than in organic solvents like methanol or hexane (Messori 

et al., 2004; Messadi et al., 1981), since an aqueous medium is more representative of the 

common leaching environments of PVC (i.e. leaching into the human body from medical 

equipment, toys and clothes, from construction materials into storm water, from piping systems 

in water, and from PVC waste disposal sites into groundwater). An essential first step was to 

develop a reliable test method to quantify the leaching of plasticizers from PVC into water. This 

method, which uses gas chromatography (GC) analysis of the aqueous leachate solution, was 

compared to a standard test method (ASTM, 1998) based on the gravimetric analysis of the 

plasticized PVC before and after leaching. The GC analysis method was then used to test the 

leaching of several series of potential “green” plasticizers and to suggest favourable structural 

characteristics of the plasticizer to minimize leaching. The combination of gravimetric analysis 

of PVC and GC analysis of migration product has been previously used in the analysis of 

polyadipate-plasticized PVC in medical tubing (Wang and Storm, 2005), and GC analysis of 

DEHP has been previously used to investigate migration of the plasticizer from child articles into 

saliva (Steiner et. al., 1998). This research differs in that the goal is not only to identify or 
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quantify the leachate compounds from one type of plasticized PVC, but rather to compare the 

leaching of potential alternatives to DEHP in several series of prepared PVC/plasticizer mixtures 

and determine the effect of a plasticizer’s structure on aqueous leaching.  

 

2. Materials and Methods 

2.1. Plasticizers 

DEHP, three other commercially available plasticizers and 18 potential green plasticizers 

were tested for their leachability from PVC into de-ionized water. The chemical structures of the 

commercial plasticizers are presented in Scheme 1. DEHP was used as the reference plasticizer. 

DINCH, marketed as a less-toxic alternative to DEHP, was among the commercially available 

plasticizers tested. The other two were commercial dibenzoate plasticizers; diethylene glycol 

dibenzoate (DEGDB) and dipropylene glycol dibenzoate (DPGDB), which are also marketed as 

“environmentally-friendly” alternatives to DEHP due to their relatively low volatility and low 

toxicity (Suguang, 2009) . 

The potential green alternatives to DEHP tested were synthesized using a method 

previously published (Erythropel et al., 2012). These 18 compounds are organized into four 

classes of potential green plasticizers: dibenzoates, succinates, maleates and fumarates. The 

compounds selected in each class, along with their molecular structures, are presented in Scheme 

2. The dibenzoate series of plasticizers has a varying hydrocarbon chain length as its middle 

group. The succinates, maleates and fumarates have an alkyl chain varying in length as their end 

groups. By comparing the succinate, maleate and fumarate series of plasticizers, the effect of the 

middle functional group on plasticizer leaching rate can be studied in addition to the effect of 
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alkyl chain length on the end groups of these plasticizers. These alternative plasticizers were 

selected for leaching tests based on their ability to lower the glass-transition temperature of PVC, 

as well as for their plasticization, biodegradation and mechanical testing results which have been 

shown to be comparable to that of DEHP (Erythropel et. al, 2012; Firlotte et al., 2009).  

A subgroup of the succinate plasticizers (DHMS, DHCHS, MCDE), having increasingly 

hydrophobic branching of the middle group of the plasticizers, was also studied. These structures 

are shown in Scheme 3. 

  

2.2. Preparation of test samples 

 

The samples used for the leaching tests were PVC disks containing plasticizer, which 

were prepared at a concentration of 40 parts per hundred resin (PHR) (approximately 28.5 wt. 

%), measuring 25 mm in diameter by 1 mm in thickness and weighing 0.7g. This concentration 

was achieved in two steps. (1) Blends with a 20 PHR concentration were obtained by mixing 

2.41g of PVC pellets (Solvay Benvic, France, Catalogue #1H014GH045AA) with 0.48g of a 

plasticizer, 0.10g of stearic acid and 0.10g of epoxidized soybean oil in a co-rotating twin-screw 

extruder (Thermo Scientific Haake Minilab, U.S.A.) operated at 140°C and 100 RPM. The PVC 

pellets provided by Solvay Benvic contained a calcium-zinc heat stabilizer and an unspecified 

colorant in small quantities. (2) The resulting disks were concentrated to 40 PHR concentration 

obtained by mixing 2.58g of the extrudate from (1) with 0.42g of a plasticizer, in the extruder 

operated at 120°C and 100 RPM. Stearic acid was added as a heat stabilizer to prevent 

degradation of the PVC and plasticizer while epoxidized soybean oil served as a secondary 

plasticizer and co-stabilizer. After each mixing step, the extrudate was passed back through the 
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extruder to ensure uniform mixing. Once the desired concentration was achieved, the extrudate 

pellets were placed in a mold in a hydraulic hot-press (Carver Hydraulic Press 3925, USA) at 

170°C and 7000 psi for 50 minutes, then quickly cooled down to room temperature. Disks were 

then left in a desiccator for 3 days to ensure no plasticizer was volatilized prior to the leaching 

experiments. The disks were then weighed prior to setting up the leaching experiments. Since the 

boiling points of the plasticizers are well above the processing temperatures of the extruder and 

hot-press, it is unlikely that significant amounts of plasticizer were lost due to evaporation. Small 

losses of plasticizer were expected in the extruder. However, the leaching results are intended to 

be comparative so as to contrast the leaching of each plasticizer against DEHP and plasticizers of 

slightly altered functional groups. The extrusion and processing steps were reproduced carefully 

in the preparation of each sample to ensure that any small source of error due to loss of 

plasticizer could be considered consistent across all samples.  

 

2.3. ASTM Leaching Test 

 

The American Society for Testing and Materials (ASTM) Method D1239, “Resistance of 

Plastic Films to Extraction by Chemicals” was used as the basis for a gravimetric analysis 

method to measure plasticizer leaching (ASTM, 1998). This ASTM method measures the weight 

loss due to chemical extraction from the immersion of plastic into a solvent. The method can be 

applied to a range of solvents (oils, alcohols, soap solutions, water) (ASTM, 1998), but for this 

paper only leaching into de-ionized water will be studied. The method has been slightly adapted 

here for these leaching experiments to ensure the collection of reliable data: it was necessary to 

extend the time frame of the leaching experiments from the recommended time of 24h to times 
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of 1 and 3 weeks, because of the slower leaching rates observed for many of the plasticizers. 

While in some cases 3 weeks may not be long enough for plasticizer leaching to reach steady 

state, this leaching time frame proved to be long enough to allow for an adequate amount of 

plasticizer to be detected in the leachate solution using gas chromatography, and allowed for an 

adequate of amount of leached plasticizer to compare the leaching rates of different plasticizers 

with certainty.   

The modified method is as follows.  For each sample, two PVC disks of known weight, 

containing plasticizer at a concentration of 40 PHR, were suspended in a 500mL Erlenmeyer 

flask containing 200mL of de-ionized water with a piece of stainless steel wire. The flask was 

then covered in aluminum foil to prevent photo-transformation of any leachate compounds, and 

set in a shaker at 100 RPM at room temperature. For each plasticizer studied, triplicate 

experiments were run with leaching times of 1 week and 3 weeks. At the end of the time period, 

the disks were removed from the flasks, rinsed with 70% ethanol and left in a desiccator for 3 

days before being weighed. Weight gain in the disks was measured as the percent deviation from 

the dry weight of the disks, which was measured prior to leaching. Aqueous leachate samples 

were retained in a fridge at -5°C for further analysis using gas chromatography, in order to 

compare against the gravimetric data obtained from the ASTM leaching test.  

 

2.4. Gas Chromatography Analysis 

 

The 200mL of leachate solution from each sample was added to a 250mL separatory 

flask from the leaching flask. The flask was then rinsed with 20mL of chloroform containing an 

internal standard of pentadecane at a concentration of 2 g/L. This chloroform solution was then 
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added to the sample in the separatory flask. The organic phase was separated, diluted 10-fold 

with chloroform containing the internal standard at 2 g/L, and placed in a 1 mL vial to be 

analyzed using the gas chromatograph (Thermo Scientific TRACE GC Ultra, Montreal, QC, 

Canada). This dilution was necessary so as not to overload the GC column. The resulting peaks 

outputted from the gas chromatograph provided an area ratio of plasticizer to the internal 

standard of known concentration. These area ratios were converted to plasticizer concentration 

from calibration curves, which were constructed using standard samples of each plasticizer. 

Results are presented in the following section as the percent of plasticizer leached from the disks, 

based on the amount of plasticizer extruded into the disks prior to leaching to achieve a 

concentration of 40PHR. 

 

3. Results 

Data collected from the ASTM gravimetric analysis of the PVC/plasticizer disks 

following the leaching experiments showed weight gains in the disks in over half of the 

experiments run. Figure 1 shows DEHP disks exhibiting a weight loss after leaching, while 

DINCH disks exhibit a weight gain. It was hypothesized that this weight gain was due to water 

absorption. PVC disks containing DINCH plasticizer were then subjected to an experiment to 

determine whether the disks were capable of absorbing water into the plastic matrix, which 

would remain even after 3 days of desiccation. Dry disks were left suspended in de-ionized water 

for a week, desiccated for 3 days and weighed, then left in an oven at 80°C for 1 week and 

weighed once more. This cycle was then repeated, and the results are presented in Figure 2, with 
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initial point at time ‘0’ representing the weight of the dry disk. The oven temperature of 80°C 

was used so as not to melt the PVC disks or evaporate the plasticizer.  

The problem of weight gain during the standard gravimetric analysis thus was avoided by 

measuring plasticizer concentration in the leachate solution using a gas chromatograph method 

following leaching experiments. The results for the commercial series of plasticizers are shown 

in Figure 3. The change in plasticizer concentration is measured as the percent of plasticizer 

leached out of the disks, based on the amount of plasticizer extruded into the 40 PHR disks prior 

to leaching experiments. The GC analysis technique was then used to analyze the leaching of 

dibenzoate plasticizers from PVC in order to study the effect of varying hydrocarbon chain 

lengths of the plasticizer’s middle group (corresponding to the diol) (Figure 4).  

Figure 5 shows the GC analysis results for succinate, maleate and fumarate plasticizers. 

Unlike the dibenzoate series of plasticizers, these series have hydrocarbon chains of varying 

lengths emanating from their end groups instead of their middle group. The results are presented 

in terms of plasticizer leaching as an effect of the length of the longest chain in the plasticizer 

molecule. The chain as defined here spans from the end of one hydrocarbon chain, through the 

middle group, to the end of the second hydrocarbon chain. These series of plasticizers allow the 

study of the effect of chain length, via the end groups, as well as the effect of polarity of the 

middle group, on leaching. 

To further investigate the effect of polarity of the middle group on plasticizer leaching in 

the maleate/succinate/fumarate series, the GC analysis technique was used to measure the 

leaching of succinate plasticizers with increasingly hydrophobic branching in the middle groups 
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(DHS, DHMS, DHCHS and MCDE). The results are presented in Figure 6 while GC analysis 

data for the leaching of all the plasticizers tested are compiled in Table 1. 

 

4. Discussion 

     Initial leaching experiments run using the ASTM gravimetric analysis on DEHP and 

DINCH plasticized disks revealed a problem with extending this procedure for use in aqueous 

media, as shown in Figure 1. The disks containing DEHP lost weight in the first week of 

leaching and a bit more after three weeks. However, in other experiments, such as the data for 

disks containing DINCH, there were weight gains. The ASTM gravimetric analysis presumes 

that disks should only change weight due to plasticizer leaching but it is not this straightforward 

with the aqueous tests. 

Data in Figure 2 is typical of that from another series of tests that involved cycles of first 

soaking the disks in water followed by heating the disks to remove the moisture.  The data shown 

is for disks containing a DINCH concentration identical to that of the disks in Figure 1.  These 

experiments show that the problem with adapting the ASTM test was that the disks absorbed 

water while the plasticizer was also being leached out from the disks into the water. Further 

leaching tests using the ASTM method with other plasticizers also exhibited similar inconsistent 

data. In the cases such as for DEHP shown in Figure 1, the loss of plasticizer was large enough 

that the effect due to uptake of water was not apparent.  However, it was clear that the data did 

not reflect the total loss of plasticizer. To overcome the problem of the original tests, the rest of 

the measurements were done with a method that specifically measured the concentration of a 

plasticizer leached into the water by GC.  In this way, the problem of the weight of the water 

uptake became irrelevant since the plasticizer concentration in the water is measured directly, 
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and the leaching of extrusion additives or impurities from the PVC does not bias the data.  An 

added benefit was that this approach avoided any other possible weight loss due to the leaching 

of minor components in the PVC/plasticizer formulation.  

The accuracy of the direct measurement approach is shown in Figure 3.  The data for all 

four of these plasticizers are reproducible and the standard deviations (based on at least three 

different measurements for each) are all smaller than the differences being observed.  As 

expected, the amount of leaching increases from the first week to the third week.  The initial 

rates appear to be higher and then decrease, suggesting the weight loss was non-linear.  The 

results also show that this is an effective way to compare plasticizer leaching as there are 

significant differences among the four compounds.  The least likely compound to migrate from 

the PVC into water is the DINCH.  This compound has a very low water solubility, estimated at 

less than 0.020 mg/L at room temperature (Babich, 2010). However, to look at the effects of 

structure on the rates of leaching, it is necessary to consider series of closely related compounds. 

       The distribution of polarity in the chemical structures of the polymer and plasticizer 

molecules is of great importance in determining their compatibility and the degree of flexibility 

imparted to the polymer (Wypych, 2004). For a plasticizer to be compatible with a relatively 

polar polymer such as PVC, and provide the desired flexibility, it requires both polar and non-

polar parts. The plasticizer molecules must have a polar part to effectively dissolve the 

plasticizer into the PVC. The non-polar part of the plasticizer serves to attenuate the attractive 

forces between PVC chains, thus increasing the free volume and imparting flexibility to the 

polymer (Wypych, 2004). For plasticizer leaching to occur, there must first be movement of the 

plasticizer molecules to the interface of the plastic and the medium, and then there must be 
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adsorption of the plasticizer into the medium. Thus, the polarities of the medium and plasticizer 

molecules are of great importance in determining the rates of leaching.  

When surrounded by an aqueous medium, the highly hydrophobic nature of the 

plasticizers leads to surface-controlled leaching rates, whereas PVC/plasticizer diffusivity-

controlled leaching rates have been observed for more non-polar media (Wilkes et al., 2005). 

Therefore, the higher the hydrophobicity of the plasticizer, the slower the leaching rate into an 

aqueous medium. For example, the middle group of the DINCH plasticizer is polar enough to be 

miscible in PVC (Nexant, 2009), but the nonyl chains on the end groups are so hydrophobic that 

no leaching was observed within the three week experimental time frame (Figure 3). In contrast, 

the relatively high leaching rate of DEHP can be attributed to the saturated ring system 

increasing the polarity of the molecule, while the shorter hydrocarbon chains reduce 

hydrophobicity compared to the DINCH/PVC system. The differences in hydrophobicity and 

leaching rates of these two plasticizers are reflected in their solubilities in water at room 

temperature; 0.285 mg/L for DEHP compared to 0.020 mg/L for DINCH (Babich, 2010).  

Figure 4 provides a dramatic demonstration of the importance of the structural features of 

a series of dibenzoate-based plasticizers.  There was a significant decrease in leaching rate as the 

length of the central chain increased from C3 to C6.  This decrease in leaching is not due to 

entanglement effects brought on by an increase in molecular size, as it has been shown that 

plasticizer molecules containing longer hydrocarbon chains actually lead to increased diffusion 

due to an increase in free volume within the polymer matrix (Wypych, 2004). Rather, this 

reduction in leaching is due to the increasingly hydrophobic nature of the compounds as the 

length of the alkyl chain is increased.  For all but the shortest member of this series, the amount 
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of plasticizer lost was markedly less than that of DEHP. Therefore, the dibenzoates with longer 

hydrocarbon chain middle groups were superior to the commercial plasticizers for the leaching 

criterion, with the exception of DINCH. C6 is of particular interest as a potential “green” 

plasticizer not only due to its slow leaching rate, but also since it has been shown to biodegrade 

quickly without leaving persistent metabolites in the environment (Pour et al., 2009).  

Figure 5 demonstrates another way to vary the hydrophobicity of a series of plasticizers 

for three different types of compounds.  In these cases, the central group was kept constant – it 

was one of the succinate, maleate or fumarate diesters.   Because the part of the compound being 

varied is the alcohol that reacts with the diacids from the anhydride, the data are plotted against 

the total number of atoms in the longest chain of the molecule from one end to the other.  For all 

three series of compounds, the trend is the same. As the number of carbon atoms was increased, 

the rate of leaching decreased. The reduction in the rate of leaching can be attributed to the 

increase of hydrophobicity brought on by the increase in alkyl chain length of the capping 

groups. Again, the graphs contain lines indicating the leaching rate of DEHP for comparison. For 

most of these compounds, the persistence of the plasticizer inside the PVC matrix was much 

better than that observed for DEHP. DOS, DHM and DEHS all showed no leaching within the 

three week time frame. 

The final set of compounds was not a series of plasticizers with increasing length in some 

aspect of the structure, but with a change in polarity by varying structural aspects of the central 

part of the molecule. The four compounds in Figure 6 are DHS and three similar compounds 

with modifications to the central structure.  One modified plasticizer adds methyl branching to 

DHS, another adds a cyclohexyl branch, and the final modified succinate has a methyl 
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cyclohexyl group as the middle group (Scheme 3). Each of these modifications increases the 

hydrophobicity of the middle group of the succinate plasticizer, while the hydrocarbon chain 

lengths of the end groups are kept at a constant length. While the addition of a methyl branch 

(DHMS) did not show an observable change in leaching rate compared to DHS, the addition of a 

cyclohexyl structure (DHCHS, MCDE) reduced the leaching rate to less than a third of DHS. 

MCDE was so hydrophobic that no leaching was observed after three weeks. These results 

suggest the same effect as the tests involving an increasing alkyl chain length: as the plasticizer’s 

structure becomes more non-polar, the plasticizer is less likely to leach out into a polar solvent. 

Since leaching of a plasticizer into an aqueous environment is surface-controlled, and  less 

controlled by diffusivity of the plasticizer inside the PVC matrix, it makes sense that the leaching 

rate decreases as a plasticizer becomes more hydrophobic through the addition of non-polar 

groups. The results in Figures 3 through 6 show that this reduction of leaching through the 

addition of non-polar groups is not site-specific in the plasticizer’s structure. The trend was seen 

in the increase of length of alkyl chains, on end groups and middle groups of the plasticizer 

molecules, as well as through the addition of non-polar branching from the polar segments of the 

plasticizer molecules. 

 

5. Conclusion 

It is important that a “green” plasticizer imparts flexibility and processability comparable 

to that of DEHP, that the plasticizer is non-toxic and does not biodegrade into toxic by-products.  

Further, the PVC/plasticizer mixture must maintain its mechanical properties during the working 

life of the material. However, reduced leachability from PVC is the most desirable criterion of a 
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“green” plasticizer for one important reason: the problems of high plasticizer toxicity, slow 

biodegradation and reduced mechanical properties due to plasticizer loss are all contingent on the 

plasticizer leaving the polymer matrix. The method developed and the trends presented in this 

paper can be used as a tool in designing a “green” plasticizer with favourable leaching properties. 

Not only did plasticizers containing a longer hydrophobic hydrocarbon chain or containing a less 

polar functional group show a drastically reduced leaching rate compared to DEHP, but the 

DINCH, DOS, DHM, DEHS and MCDE plasticizers showed no leaching at all within the three 

week time frame of the leaching experiments. In terms of the criterion of reduced leachability, 

these are ideal candidates for a “green” PVC plasticizer.  The C6 plasticizer also exhibited a very 

slow leaching rate, and the fast degradation of its metabolites in the environment show 

previously, makes it also worthy of consideration as a replacement to DEHP.  
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