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IV Control in PET Bottle to Bottle Recycling

Thomas Rieckmann Prof. Dr.-Ing.

Cologne University of Applied Sciences

Susanne Völker Dr.-Ing. Dipl. Chem.

42 Engineering, Chemical Engineering Consulting
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What is “IV”?

! Average Molecular weight can be determined by

- solution viscosity (IV)

- melt viscosity (MFI)

- gel permeation chromatography (GPC or SEC)

! Solution viscosity:

relative change of viscosity of a solvent in which a specified amount

of polymer is dissolved at a predefined temperature

! Intrinsic viscosity (IV) = solution viscosity extrapolated to zero

concentration

! Suitable solvents are for example:

phenol / tetrachloroethane (60/40) at 0.5 g/dL, 30 °C

phenol / 1,2-dichlorobenzene (60/40) at 0.5 g/dL, 25 °C
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IV for different methods as a function of molecular weight
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Correlation of IV with Mn, but...

! IV is not equivalent to molecular weight (accounts for MFI as well...)

! Molecular weight is not equivalent to melt viscosity

! Melt viscosity is not equivalent to mechanical stability against

top load, burst, impact, creep, and ...

! Influence of co-monomer type (IPA, CHDM) and amount on IV data

! Transfer from “IV method 1” to “IV method 2” via the number

average molecular weight Mn, applying solvent specific

Mark-Houwink coefficients Ki and ai

ia

ii MKIV != ( ) 12 a/a

1122 K/IVKIV =
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Melt viscosity as a function of IV
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Molecular Weight Distribution by GPC for PET Polymers with Different IV

IV = 0.64 dl/g

IV = 0.80 dl/g

transesterification of

IV = 0.64 dl/g with

IV = 0.80 dl/g
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Different Products Require Different IV Levels

Still, Non-Carbonated Water

Lower strength, only to

hold water and survive

impact - IV 0.74 - 0.76 dl/g

CSD - Carbonated Soft Drinks

High strength to stand internal

CO2 pressure and to survive

impact - higher IV > 0.80 dl/g
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It’s Scrap

! For recycling feed stock there is no control of material properties

! You have to process what you’ve got

(besides the special German situation “Deutscher Brunnen”)

! IV changes with location and time

! We have to handle long term trends and should be able to cope with

short term variations

! IV changes with the former use and processing conditions being a

temperature / time function

! Degradation by light (UV) and thermal degradation

! The percentage of thin “wall flakes” and thicker “neck flakes”

depends on the bottle volume
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IV control strategy

! Thoroughly blend the raw material (bottles, flakes or chips)

! Check what is going in by MFI

! Monitor the IV changes during the recycling process by MFI

measurement and correlation to IV

! How to monitor? – Run a (semi-) batch process,

you get residence time, instead of space as a process variable –

and for residence time: we can change it!

! Quality control the product

! Thoroughly blend the recycling product
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Why does IV change during the recycling process?

! Solid state processing - temperature 190 ... 230 °C

low reaction rate – small IV changes with time

! Melt phase processing - temperature 270 ... 290 °C

higher reaction rate – higher IV changes with time

! IV can increase by chain growth

! IV can decrease by hydrolysis and thermal degradation

! In case IV is too low – increase the residence time

! In case IV is too high – reduce the drying time, keeping some

moisture, and reduce the residence time at elevated temperatures
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Why is IV control nothing for the “KISS principle people”?

! Speed of reaction rate / IV change with time is affected by

- initial IV of the recycling raw material

- amount and type of co-monomers

- amount and type of catalyst from polycondensation (Sb, Ti, Ge, etc.)

- amount and type of additives (Co, AA scavenger...)

- initial concentration of COOH end-groups

- temperature

- moisture content

! ... and in solid state recycling, the rate of IV change is controlled by

chip size / flake thickness

! In a SSP recycling process, the diffusion of ethylene glycol and water

control the overall rate of IV change
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IV Change in SSP Depending on Time and Temperature
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IV Change in SSP Depending on Time and Temperature, Model vs. Experiment

time / h
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AA Change in SSP Depending on Initial IV and COOH End-Groups
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IV Change in SSP Depending on IV and COOH End-Group Concentration
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! Krones Recycling Process -

thorough control of IV and decontamination progress
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Krones PET Bottle-to-Bottle Recycling Process

! Letter of non-objection from US FDA (test by Fraunhofer)

! Flexible processing

! Process development from laboratory via test rig and pilot plant

to production scale

! Reliable decontamination

! Separation of thin and thick flakes (wall / neck)

! Thorough IV control of the recycling product

! Pure solid state processing, no melt phase processing

! No polymer degradation because of low temperature processing

! Low processing cost even on small scale
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Our Services for the PET Business

! Process model of the whole PET chain

! Know-how transfer by in-house seminars and regular seminars

! Laboratory test facilities

! rate of IV change in melt phase

! rate of IV change in solid state

! Determination of molecular weight distribution by GPC

! Investigation of the effects of catalysts, co-monomers and additives

! Thermal analysis by DSC and TGA

! Process design and process optimization of laboratory scale and pilot

plant scale plants
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Seminar on PET Essentials -
From Monomers to Resin, from Resin to Bottle and Back

September 10 – 14, 2007, Regensburg, Germany

Thomas Rieckmann Part I: From Monomers to Resin and Recycling

Susanne Völker - chemistry and physics of PET

- chips production (melt and SSP)

- quality control

- recycling

Thomas Schröder Part II: From Resin to Bottle

- preform production

- bottle production

Visit www.gftn.de.  or  www.42engineering.de for details
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PET - Professors Entertaining Toy – Our Recent Publications on PET

! Rieckmann, Th.; Marx, F.; Friedlaender, Th.:

Verfahren und Vorrichtung zur Dekontamination von Kunststoffflakes,

Patentapplicatioon DE 10 205 13 701 A1

! Rieckmann, Th: Völker, S.: Speeding-up

The European PET Conference, Barcelona, October 10-12, 2006

! Rieckmann, Th.; Marx, F.; Völker, S.:

A Bench-Mark Method for the Evaluation of Co-Monomer Reactivity during

Polyesterification using DSC with Micro Batch Reactors. ISCRE-18, Potsdam,

September 3-6, 2006

! Rieckmann, Th.; Marx, F.; Völker, S.

Steigerung der Raum-Zeit-Ausbeute bei der Polyveresterung mit Hilfe eines

dynamischen Prozessmodels. Dechema Infotag, Prozessintensivierung in der

Polymerisationstechnik, Frankfurt,  February 21, 2005

! Rieckmann, Th.; Völker, S.: PET Polymerization - Catalysis, Reaction Mechanisms,

Kinetics, Mass Transport and Reactor Design. in: Modern Polyesters: Chemistry

and Technology of Polyesters and Copolymers,  J. Scheirs  and T. E. Long (Ed.),

John Wiley & Sons, 2003
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Conclusion

! IV control is essential for any PET recycling process

! From low IV bottles for non-carbonated mineral water to high IV

bottles for carbonated soft drinks, from milk and ketchup to beer and

wine, PET bottles are used for a wide variety of products

! The IV of the available feedstock for recycling changes depending

on manufacturer, former use, location and time

! The wall thickness, the amount and type of co-monomers, and the

concentration of carboxylic end groups have a major impact on the

speed of reaction, even in solid state processing

! The required residence time is determined by the rate of

decontamination and the rate of IV build-up

! Success in PET recycling means to be capable to control both rates

– at low cost and according to food contact standards


