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Presenter
Presentation Notes
Good afternoon everyone. Today I’d like to talk to you about Selective Extraction And Analysis of Chemical Migrants from Packaging Material using a Supercritical Fluids (SFE) and consider whether this approach could be used as an alternative to traditional extraction mechanisms such as liquid, microwave and sohxlet
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 Pharmaceutical packaging 
 
– Extractables – Compounds that 

can be extracted from elastomeric, 
plastic components or coatings of 
the container and closure system 
when in the presence of an 
appropriate solvent(s) 
 

– Leachables – Compounds that 
leach from elastomeric, plastic 
components or coatings of the 
container and closure system as a 
result of direct contact with the 
formulation 
 

 Food packaging 
 
– Intentionally added substances 

(IAS)- compounds added to 
produce the final product 
 

– Non-intentionally added 
substances (NIAS)- impurities 
from starting materials, reaction 
and degradation products formed 
during manufacturing process 
 

– Migrants- compounds which 
partition from the packaging into 
the food 

Market Specific terminology 

Presenter
Presentation Notes
Make sure to use right terms when speaking with the customers
In pharma industry, and most likely in cosmetics- the terms extractables and leachables would be used
However, when talking to food contact material people, they talk about migrants and intentionally added substances and non intentionally added substances
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Typical extractables & leachables 

 Chemical additives, plasticizers, antioxidants and contaminants 
present in individual polymers 
 

 Monomers and oligomers from incomplete polymerization 
reactions 
 

 Volatile compounds from the secondary packaging such as inks 
and adhesives 
 

 Residual compounds from the surfaces of the molding 
equipment, antistatics etc 
 
 
 

Presenter
Presentation Notes
These studies have to be done because sometimes the manufacturer doesn’t provide the ingredient list, or the chemicals undergo a change/degradation during the molding process or during storage.
It would equally apply to pharmaceutical as well as food and cosmetics packaging. 
The leachables typically are a subset of the extractables. The extractables are the worst case scenario, obtained under harsh experimental conditions. 



©2015 Waters Corporation  4 

Food packaging and contact 
materials- European 

guidelines list detailed 
experimental conditions 

(simulant, T°, time) based on 
food type 

Pharma- guidelines exist in 
Europe and USA  

Cosmetics- only European 
regulations require testing  

Regulated areas for packaging 

=? 

Presenter
Presentation Notes
As an everyday customer, we use a lot of products which are packaged in some type of packaging. Most packaging or contact materials are made of many different chemicals which can include polymers, polymer additives like antioxidants, slip agents, colorants etc. There is a possibility that these compounds, their impurities and degredants can migrate into the consumer product like food, medicine or  cosmetics.
There are 3 major areas where packaging is being characterized based on regulations - food packaging and contact materials, pharmaceutical packaging or contact closure devices and the latest group is cosmetics packaging.
In food packaging and contact materials, the European regulations spell out the experiments which need to be done in details. How long, how hot, what kind of solvent must be used. 

In pharma, there are just guidelines which have recommendations for controlled extraction study and analytical techniques. The guidelines depend on the type of the product- is it a liquid, solid or inhalation device. Route of administration- is it inhaled, injected, etc.

In cosmetics, the only place which demands packaging testing at this time is Europe. The experiments are not defined. So it is up to the analysts to decide which testing would be appropriate 

 
So one way or another, at some point- the analysts in all these testing labs have a vial which contains an extract … which they have to analyze and find out what is in there. How can that be done??
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Sample Preparation 
Major Source of Laboratory Costs 

 Soxhlet  
Extraction 

Migration cell 

Grinding/Cutting 
SFE 

Microwave 

Presenter
Presentation Notes
These days in the industrial world sample preparation is an increasingly dominant part of the workflow both from a financial and person-hour standpoint

Just as important as the separation technology itself, is how convergence chromatography will impact the overall workflow of your laboratory. 

Sample Preparation is the most often cited area for improvement or is identified as the bottle neck in the entire workflow. 

The reason for this is that most sample preparation techniques result in a final solution that is not compatible with their current separation technique. 

This is because many matrices will respond best, and will be more soluble in, an organic phase. 

The first step in this workflow would be the preparation of extracts. The analysts would cut up the packaging samples depending on the experimental design. One of the considerations would be to have Small enough pieces so that if fits in your sample prep vessel. For  food packaging the extractions are done in migration cells and the surface area ratio to solvent is well defined. . As we mentioned previously, food industry has much more detailed rules for these types of testing.
In pharma packaging tests typically Soxhlet and microwave is used 
However soxhlet uses a lot of solvent which has to be evaporated subsequently, you don’t have as much control over the extraction temperatures.
Microwave has faster extraction cycles than Soxhlet, because you can control the pressure to addition of temperature. But it has slower method development . You can set up only one extraction time for all the vessels in the carousel and usually you must use the same solvent in all of the vessels.

The latest addition to sample preparation in is area would be supercritical fluid extraction. It is applicable for extraction of non-polar compounds by using carbon dioxide. And for moderately polar compounds the carbon dioxide can be combined with polar solvents like methanol or isopropanol, to change the polarity of the extraction phase.

Advantages for supercritical fluid extraction include the Ability to fine tune the extraction- collecting that compound of interest for characterization instead of collecting all of the other compounds as well. Ability to pre-concentrate. Because CO2 evaporates in the collection vessel at room temperature.
And it handles better  temperature sensitive compounds in comparison with other sample preparation techniques.
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Comparison study of 3 different 
extraction techniques  

 
 Microwave 

– Hexane, Isopropanol  

 Soxhlet 
– Hexane , Isopropanol  

 Supercritical Fluid Extraction (SFE) 
– Isopropanol 

 
 Multiple solvents to ensure polar and non-polar analytes 

extracted 

Compare extraction 
profiles of the same 
packaging materials 
by using UPC² (SFC) 

Presenter
Presentation Notes
The study detailed in this presentation was a comparison of 4 different commonly used extraction techniques used to determine migration from packaging materials. Liquid, microwave and soxhlet extraction techniques are all commonly used so we were interested to see if SFE could also be positioned as a solution in this space.

The soxhlet apparatus can be very attractive option due to its relatively inexpensive setup. However, when the price of extraction solvents and their waste disposal is considered , microwave and SFE offer cost saving benefits including reduced solvent consumption and waste disposal as well as valuable reduction in analysis time.

The extraction profiles of these methods would be compared using UPC2 to determine the appropriateness of using SFE as a viable alternative to these already established methodologies used for extracting polymer additives

The choice of the solvent for each technique depends on the packaging components as the extraction solvents must cover a wide range of polarities to ensure that non-polar and polar analytes are extracted from packaging material. For example: water, dichloromethane and isopropanol. 

The aim of the extraction is just that: to extract compounds from the plastic surface, not to destroy the sample.

Typically use LC-UV-MS, direct inject GC-FID-MS and headspace GC-FID-MS. 
ICP-MS or Atomic absorbtion (AA) for metals. Other methods possible like FTIR
The initial investigation, called a controlled extraction study, qualitatively and quantitatively investigates the nature of extractable profiles from packaging. It is performed early in device and packaging development. The testing involves solvent extraction techniques covering a whole range of polarity from non polar like hexane to polar like water. One of the limitations encountered in these studies involves matching the solvent extracts with the appropriate analytical technique. For example, non-polar solvent extracts can be directly injected into a gas chromatography (GC) system, but must be evaporated and reconstituted with a solvent compatible with liquid chromatography (LC) system. Likewise, water extracts must be back-extracted into a non-polar solvent for analysis by GC.
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Samples 

 High Density Polyethylene pill bottle 

(HDPE) 

 Low Density Polyethylene bottle 

(LDPE) 

 

 

 Ethylene Vinyl Acetate plasma bag 

(EVA) 

 Polyvinyl Chloride blister pack (PVC) 
 

 Analytes :  

– Irgafos 168 

– 5-chloro-2-hydroxy-4-methylbenzophenone (5-Cl-2-OH-4-methyl BP) 

– 4-hydroxy-2-octyloxybenzophenone (4-OH-2-octyloxy BP) 

– Irganox 245 

– Lowinox 44B25 

– Naugard 445 

– Diphenyl phthalate 

– Tinuvin 328 

– Uvitex OB 
 

Presenter
Presentation Notes
Four different types of packaging materials were extracted including HDPE pill bottle, LDPE pill bottle, EVA plasma bag and PVC blister pack. Following extraction the solutions were screened for 14 common polymer additives UPC2 with PDA and SQD

We chose these as we had them available at the time – common migrants anyway
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Extractions conditions  

2g sample 
1 cm² pieces 
Teflon Vessel 

10 mL Hexane 
+ stirrer and 

heating element   

10 mL IPA 
 + stirrer  

3 hours  
50°C 

3 hours  
50°C 

Microwave extraction  

3 g of PVC  
5 g of HDPE, LDPE, and EVA 

1 cm² pieces 
Whatman 33 mm x 94mm cellulose 

extraction thimble  

175 mL 
Hexane 

8 hours 

175 mL 
IPA 

8 hours 

Dry  
15mL Hexane 

Dry  
15mL IPA  

Soxhlet 

Presenter
Presentation Notes
Microwave extractions:
Samples cut into 1x1cm pieces and extracted in either hexane or isopropanol for 3hrs at 50C

Soxhlet extractions:
Performed by placing 1x1cm pieces into extraction thimble. 175ml of extraction solvent added (hexane or IPA). All samples extracted for 8hrs in boiling solvent mixture
Extraction solvent reduced to dryness and reconstituted in 15ml of hexane or IPA

We have evaluated across the polarity range using water extraction but not a comparable extraction technique to SFE unlike the others
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Why a Supercritical Fluid? 

Why do Supercritical fluids make good mobile phases for 
chromatography? 

Diffusivity describes the rate at 
which one substance can move 
through another 
 
Viscosity is resistance to flow 
 
High diffusivity, and low viscosity 
combine in SFC to give fast, 
efficient chromatography 

Presenter
Presentation Notes
Supercritical fluids make good mobile phases for chromatography

Take a gas and compress it.

Diffusivity – go through solid stuff like a gas

Viscosity – higher flow rates without generating too much back pressure

A supercritical fluid is any substance that is at a temperature and pressure above its critical point, where distinct liquid and gas phases do not exist. Essentially, the substance takes on properties that are intermediate to both a gas and a liquid which result in fast and efficient chromatography.

In convergence chromatography, the separation is achieved by manipulating the density of the mobile phase. Due to the very low viscosity of the technique, a high separation efficiency can be achieved. In addition, the number of stationary phase and mobile phase (solvent) options, there is a very large selectivity space that can be explored.

CO2 mixed with a modifier gives a chromatographic technique with normal phase like selectivity
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What Is Supercritical Fluid Extraction 

 Supercritical Fluid Extraction is the process of separating one or multiple components 
(the extractant) from another (the matrix) using supercritical fluids as the 
extracting solvent 

 
 Extraction is usually from a solid matrix 

 
 SFE can be used as : 

– A sample preparation step for analytical purposes 
– Or on a larger scale to either strip unwanted material from a product  

o (e.g. decaffeination)  
– Or collect a desired product  

o (e.g. essential oils) 
 

 Carbon dioxide (CO2) is the most used supercritical fluid sometimes modified by co-
solvents such as ethanol or methanol  
– > 31°C and 74 bar (1073 psi) 

 
 Based on the principle that solubility in a supercritical fluid increase dramatically with 

increasing density and different solutes have different solubility at the same condition 

Presenter
Presentation Notes
A supercritical fluid extraction is the process of separating one or multiple components (the extracts) from another (the matrix) using supercritical fluids as the extracting solvent

Extraction usually takes place from a solid matrix

SFE can be used as: a sample preparation step for analytical purposes; or on a larger scale to either strip unwanted material from a product (e.g. decaffeination); or to collect a desired product (e.g. essential oils)

Carbon dioxide is the most used supercritical fluid sometimes modified by solvents such as ethanol or methanol

Based on the principal that solubility in a supercritical fluid increase dramatically with increasing density and different solutes have different solubility at the same condition.
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Increasing Polarity 
Non-
polars 

Alkanes 

Ethers 
Esters 

Alcohols 
Amides 

Acids 
Amines Highly polar organics Inorganic 

ions 

Neat CO2 SFE 
CO2 + modifier 

CO2 + modifier + ternary additives 

CO2 + modifier + ternary additives + water 

Liquid – based extraction methods 

Small molecules Peptides Large proteins 

Increasing Molecular Weight 

Extractability Based on Polarity 

One of the largest advantages of SFE: Selectivity 

Presenter
Presentation Notes
One of the largest advantages of SFE is the selectivity which is inherent in supercritical fluids. If we consider a range of polarities and associated molecular weights we can actually access this entire range just by adjusting the modifier that we use. Most commonly we would add methanol with a very small of water being able to be added as well to help us access the highly polar compounds and inorganics.

Examples of ternary additives – acids, bases, salts (formates, acetates)

Modifier is usually IPA or methanol
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 An extraction technique complementary/alternative to Soxhlet or 
liquid/liquid extraction  
– CO2 in combination with an organic solvent, most commonly alcohols, is used as 

the extraction solvent 

 
 
 

 
Instrumentation 

Presenter
Presentation Notes
MV10 ASFE- Accelerated SFE system with 10 extraction vessels

A supercritical-fluid extractor consists of a 
tank of the mobile phase, usually CO2, 
a pump to pressurize the gas, 
an oven containing the extraction vessel, 
a restrictor to maintain a high pressure in the extraction line, 
and a trapping vessel. 

Analytes are trapped by letting the solute-containing supercritical fluid decompress into an empty vial, through a solvent, or onto a solid sorbent material. 
One of the elements in the mixture dissolves better in the critical fluid and leaves the residue enriched in the other components. 
The loaded solvent is then transferred to a recovery chamber, where earlier component is recovered by lowering the solvent's density. 
This density can be achieved by raising the temperature at constant pressure but more often it is achieve by reducing the pressure at constant temperature.
Properties of a supercritical fluid can be altered by varying the pressure and temperature, allowing for selective extraction.
Solvation power can be tuned by addition of polar co-solvents

For complex mixture such as natural product extract, selective extraction can simplify downstream purification process
Lipids can be extracted from a plant using 100% CO2 at high pressures
Phospholipids can be removed by adding ethanol as the co-solvent
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Extraction Modes 

 Extractions are done in dynamic, static, or combination modes.  
 

 In a dynamic extraction the supercritical fluid continuously flows through 
the sample in the extraction vessel and out the restrictor to the trapping vessel. 
 

 In static mode the supercritical fluid is held in the extraction vessel for 
some period of time before being released through the restrictor to the trapping 
vessel. 
 

 In combination mode, a static extraction is performed for some period of 
time, followed by a dynamic extraction.  
 

Presenter
Presentation Notes
Dynamic – (e.g. coffee maker) continuous supply of fresh fluid passes over/through the matrix/analyte
Fluid contamination builds up at the trap
Volatiles may be blown from the trap

Static – (e.g. tea cup) fixed amount of fluid is exposed to the matrix/analyte – mixing by diffusion/re-circulation
Extraction may not be exhaustive

Static / Dynamic Combination (Most Popular)
Pressurize analyte/matrix with fresh fluid for period of time followed by continuous flow of fresh fluid over analyte/matrix.
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SFE conditions  

2g 
sample 

10 mL 
Hexane 

 
10 mL 

IPA 
  

2g 
sample 

20 mL 
Water  

3 hours  
50°C 

3 hours  
50°C 

72 hours  
50°C 

Microwave  
extraction  

Water  
extraction  

3 g of PVC  
5 g of HDPE, 

LDPE, and EVA 

175 mL 
Hexane 

8 hours 

175 
mL IPA 

8 hours 

Dry  
15mL 

Hexane 

Dry  
15mL 
IPA  

Soxhlet 

2 g of PVC  
3 g of HDPE, LDPE, and EVA 

1 cm² pieces 

CO2:IPA 98:2 
4.9 mL/min CO2 
0.1 mL/min IPA 

CO2:IPA 80:20 
4 mL/min CO2  

1.0 mL/min IPA 

50°C & 300 Bars 
        30 min Dynamic  

    20 min Static  
        10 min Dynamic 

Supercritical Fluid Extraction 

2 X 

Dry  
10 mL IPA for PVC,  

9 mL IPA for HDPE, LDPE, and EVA 

Presenter
Presentation Notes
SFE:
Performed using MV-10 ASFE. For each experiment 1x1cm pieces loaded into 10ml extraction vessels. 
Two distinct extractions performed on each material. First used 5ml/min CO2 and 0.1ml/min IPA. Second used 4ml/min CO2 and 1.0ml/min IPA.
All extractions performed at 50C and using 300 bar back pressure using 30min dynamic, 20min static, 10 min dynamic program repeated twice.
IPA used as make-up solvent at 0.25ml/min 
For high IPA concentrations following extraction the collected solvent reduced to near dryness and reconstituted in IPA.
For low IPA concentrations collected solvent brought up to volume accordingly.
Total extraction time per sample was 2 hrs.

We have evaluated across the polarity range using water extraction but not a comparable extraction technique to SFE unlike the others

Make sure you are talking about the times here!!!
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Advantages of SFE  

 Increased selectivity and specificity 
• Fine tune the extraction with changes in co-solvents (Method Dev) 
 

 Decreased cost per sample 
• Minimal procurement or disposal cost of CO2 in comparison to organic solvents 
• Improves extraction efficiency and reduces extraction time vs. other sample 

preparation techniques 
 

 Minimize exposure to organic solvents 
• Lack of residual organic solvents 
• Is environmentally friendly 
 

 Accelerate the extraction process  
• Extract analytes faster than comparative techniques 
• Eliminate cumbersome traditional solid/liquid extraction (ie. Sohxlet or solvent soak) 
 

 Ability to handle thermally labile compounds 
• Operates at lower temperatures than PSE, MAE and soxhlet 
 
 

Presenter
Presentation Notes
One of the largest advantages of SFE: Selectivity
Solvent power can be varied by control of pressure and temperature, and also by varying the % of co-solvent and the its nature

Low viscosity aids rapid extraction

Tunable solvent strength (P & T)
 More selective
 No thermal degradation
 No oxidative degradation
 Faster extraction
 Reduced solvent consumption & waste disposal
 For screening or targeted extraction

Disadvantage
Higher capital investment
 More expertise required  
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Broad Applicability of SFC Analysis  

Courtesy of A. Grand-Guillaume Perrenoud, D. Guillarme, Pr J-L. Veuthey, University of Geneva 

Presenter
Presentation Notes
This is where SFC fits – covers from normal phase almost along to Hilic
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The ACQUITY UPC2 

Inject  
valve 

Auxiliary 
Inject valve 

Column Manager 

PDA detector 

Back Pressure Regulator 
(Dynamic and Static) 

Waste Modifier CO2  
Supply CO2  

Pump 
Modifier  

Pump 

mixer 
Thermo-electric  
heat exchanger 

Make-up 
Pump 

Mass Spec 

Splitter 

Presenter
Presentation Notes
Here is a flow path of the ACQUITY UPC2 system. First we start out with the pumping system. This is a binary mixing,  high pressure system which means the gradient is formed by manipulating the flow rate on the two individual pumps to deliver the desired mobile phase conditions. There is a single pump designed to manage the supercritical CO2 that fully integrates the compression, chilling and flow delivery of the supercritical fluid. There are also specific pumping algorithms designed to manage the supercritical fluid. This is used in combination with a modifier pump which delivers the desired organic solvent or additive to control mobile phase density and elution times.

BUILD

After the solvents combine in the mixing chamber, the mobile phase moves to the injection system. Unique to the ACQUITY UPC2 system is a dual inject valve design which consists of the primary inject valve and the auxiliary inject valve. This combination allows this system to provide quantitative results for partial loop injections possible by maintaining the physical state of the CO2 in the fluidic stream.

BUILD

This leads to the low dispersion column selection device…

BUILD

…and then into the thermally controlled optical detector designed specifically to minimize baseline noise by accommodating the differences in refractive indices between supercritical fluids and organic modifiers.

BUILD

After the optical detector, the ACQUITY UPC2 system can than interface with a mass spectrometer, sometimes requiring a make-up pump to promote ionization.

BUILD

…or the flow will go to the back pressure regulator which uniquely contains both a dynamic and static backpressure regulation to ensure precise and accurate control of mobile phase density.
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UPC2: Compatibility with all MS 
Technologies 

For ultimate CC-MS performance,  
ACQUITY UPC2 System coupled with:  
 
ACQUITY QDa  
- Single quadrupole detector for robust and routine 

performance 
 
Xevo TQ-XS  
- Ultimate sensitivity 

 
Xevo G2-XS Qtof and Synapt G2-Si 
- Qualitative and quantitative results from a single 

platform  

Presenter
Presentation Notes
UPC2 is compatible with the Xevo TQD and the high sensitivity Xevo TQ-XS tandem quads, as well as with the high resolution Xevo G2-S Qtof and Synapt G2-S mass spectrometers. 
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Workflow Benefit of ACQUITY UPC2 for 
the Analysis of Polymer Extracts 

Non-Polar Solvent 
Extraction 

Polar Solvent 
Extraction 

Inject direct 
on GC 

Evaporate and reconstitute 
in a more polar solvent for 

LC injection  

Inject direct 
on LC 

Back-extract with a non-
polar solvent for GC injection 

Polar or Non-Polar 
Extraction 

Inject direct 
On UPC2  

Presenter
Presentation Notes
The wide chemical diversity we need to consider when developing methodologies for extractables from polymers means that it is often necessary to investigate several extraction solvents and typically both GC and LC separations are used. The typical workflow during the controlled extraction studies involves polar solvent extracts being analyzed by LC and non polar solvent extracts analyzed by GC.

To make polar solvent extract compatible with GC analysis, it has to be back extracted by a non-polar solvent which in turn can be injected onto GC. In the other case- non polar solvent extracts have to be dried down and reconstituted in a solvent compatible with the reversed phase LC.  Both these approaches are time-consuming and can lead to loss of extracted components due to solubility differences.

The use of ACQUITY UPC2 is well suited to this workflow because it is compatible with both polar and non-polar organic solvents which can be injected directly. The ability of UPC2 to deliver efficient, rapid separations of additives and oligomers at low temperature using a relatively inexpensive CO2 based mobile phase further justifies its use since LC and GC amenable compounds can be run in a single analysis
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Chromatographic separations 

 4 min separation by UPC2 vs. 9.5 min by 
UPLC 
 

 Orthogonality of techniques demonstrated 
by change in elution order 
 

 Either of extraction solvents directly 
injected into UPC2 

 

 

Presenter
Presentation Notes
Here is the separation of standards by UPC2 and UPLC . We note that the runtime by UPC2 is 2x shorter than for UPLC.  Also the orthogonality of UPC2 against UPLC is demonstrated as the elution order and selectivity of the separation is different between the two techniques. 
A much more significant benefit however is the fact that any of the extraction solvents, water, IPA or hexane (and this would hold true for even THF, and dichoromethane) can be injected directly onto the UPC2 system.  This greatly simplifies the analytical workflow enabling different solvent based extracts to be analysed on a single chromatographic system without the need for samples solvent exchange.
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LDPE, all IPA extracts 

Low IPA SFE 

High IPA SFE 

Soxhlet 

Microwave 

Column Name: 2-EP SampleName: LDPE high IPA SFE Date Acquired: 9/6/2012 9:28:52 PM EDT Instrument Method Id: 1953 Injection Id: 2310 

A
U

-0.005

0.000

0.005

0.010

0.015

Column Name: 2-EP SampleName: LDPE low  IPA SFE Date Acquired: 9/6/2012 8:41:45 PM EDT Instrument Method Id: 1953 Injection Id: 2266 

A
U

-0.006

-0.004

-0.002

0.000

0.002

0.004

0.006

Column Name: 2-EP SampleName: LDPE IPA sox Date Acquired: 9/6/2012 6:38:07 PM EDT Instrument Method Id: 1953 Injection Id: 2151 
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-0.005

0.000

0.005

0.010

0.015
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Column Name: 2-EP SampleName: LDPE IPA mw  Date Acquired: 9/6/2012 5:50:59 PM EDT Instrument Method Id: 1953 Injection Id: 2107 
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0.000

0.005

0.010

Minutes
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 4.20 4.40 4.60 4.80 5.00

Presenter
Presentation Notes
Microwave and Soxhlet provide ~ the same intensity peaks. Low IPA has lower concentration peaks at ~3.4-3.8 min, than high concentration IPA. Still the profiles are very similar for all techniques. 
Comparing the duration of the extraction processes, Soxhlet was done one sample at the time for 8 hours. 
Microwave could accommodate up to 16 samples simultaneously for a 3 hour extraction. 
SFE process took 2 hours per sample and up to 10 samples were loaded onto the sample tray. 
Even if more Soxhlet apparatus were used simultaneously, the final total extraction time would still be significantly longer than microwave or SFE extraction times. 
 
In terms of solvent used, Soxhlet required up to 175 mL of solvent which was followed up with evaporation to reduce sample volume. Microwave used 10 mL of solvent, which could be dried down if improvements in sensitivity are needed. SFE offered the greatest flexibility in sample pre-concentration. Under low IPA extraction conditions, the final volume collected was about 5 mL, which was brought up to volume, to have the concentration of the sample comparable to microwave samples and Soxhlet samples. Under high IPA extraction conditions, total volume collected was ~ 30 mL which had to be evaporated to obtain the final concentration.

IPA showed the highest number of peaks and therefore the most robust comparison across all techniques
Each technique gave similar profile so good to keep in mind the extraction times for the techniques (2hrs for SFE)
Can also tune IPA to selectively increase response for left most analyte – irganox 10-10
Much Less solvents. Once Co2 getrs released to atmospheric pressure it evaporates so preconcentrate step done for you easily.
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Presenter
Presentation Notes
In this extract of low density polyethylene obtained from an SFE extraction we were able to identify three compounds present in our target list.  The extraction also shows the presence of a number of other, unidentified species all well separated within 5 minutes.  The development of a larger target compound library would probably enable identification of more of the components in this extract and for those that were not in the library, we could use the power of high resolution mass spectrometry and our Xevo Qtof product to elucidate the structure of these unknowns. This could be a very useful solution for the determination of NIAS since they may well not exist within a target compound library, at least not initially!
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Presenter
Presentation Notes
For this study, the ACQUITY UPC2 used both UV and MS detection.  The MS detector used was the ACQUITY SQD2, a single quadrupole detector which can readily be used to confirm the identity of detected peaks by comparison of the spectra with those from reference compound standards.  Here we see the example of Irganox 1076, an antioxidant, found in LDPE.
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Conclusion 

All extraction techniques provided similar extractable 
profiles but… 

 
 SFE consumes much less solvent and is quicker than 

Soxhlet extraction 
 

 The MV-10 SFE System has automated method 
development and extractions on 10 samples to 
simplify the process 

  
 UPC2 gives a fast, high resolution separation and has 

wide sample diluent compatibility 

 
 

Presenter
Presentation Notes
Similar profiles for the different techniques
SFE saves in solvent, waste disposal and preconcentration step





Advantage of microwave over SFE?? SFE is much more flexible for method development as for microwave have to use same solvents and same extraction profiles.
For MV10 you have 10 vessels and can set up different extraction conditions for each of the vessels – flexibility for method development
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Thank You! 
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