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1. P- STABILIZER

Commonly used P-stabilizer , examples

→ H3PO4   and P-V- salts – example of stabilizer malfunction, precipitation of Sb(PO4) 3 (turbidity, haze, filtration 
problems

→ PO4-Ester PO(OR) 3                                                                               Tris-triethylenglycolphosphate (TEGPAT)

→ H3PO3 and P-III- salt

→ PO3-Ester P(OR)3

→Phosphonic acids HPO(OH)2 and phosphonates, 
RPO(OH)2triethyl phosphonoacetate (TEPAC)

→Phosphinic acid (H2PO(OH) and phosphinates
R2PO(OH)
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2. Functions of P-stabilizer in the PET-process

# Historical in DMT process: Blocking of transesterification catalysts Mg, Zn,Ca, Li or Ti as insoluble metal-P-
salt or metal-P-complex   (Me + PO4 → MePO4) 

# Introduction of P in the PET process based on PTA

# In the PTA-process blocking/masking of heavy metals like Fe, Co, Ni, Cr which are coming from PTA

# Reducing the oxygen impact by radical scavenging 

# Application know how important

3. Quality improvements 

# color improvements of the polymer

# reduction of side products like AA

# protection against discoloration during SSP

# reduction of thermal degradation during processing
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4. The stabilization by triethyl phosphonoacetate (TEPAC)

By taking the example of TEPAC the chemistry and function of P-stabilizer (P-Ester and phosphonates) 
are explained more in detail in the following.

Producer example: SOLVAY (previously RHODIA) Brand: ALBRITECT PM-1
http://www.rhodia.com/en/markets_and_products/product_finder/product_details.tcm?productCod
e=90050726&amp;productName=ALBRITECT+PM-1

~ advantages of TEPAC – Comparison to H3PO4 and TMP
 # DMT-process
 # PTA-process

~ Some Chemistry

~ Feeding Technology

~ TEPAC in recent publications
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The advantages of TEPAC – Comparison to H3PO4 and TMP

DMT-process: 

→Reduced catalyst precipitation, improved spin ability

→Improved filterability

→Less interaction with TiO2

→Improved  clarity for bottle applications

→Low b value

→Low or no acidity, reduced DEG formation 

PTA-process

→Less interaction with TiO2 and other additives

→Improved  clarity for bottle and film applications

→improved filterability

→slightly improved SSP conditions for bottle grade applications

→Low b value, L value

→Low or no acidity, reduced DEG formation
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Triethyl phosphonoacetate (TEPAC)     CAS: 867-13-0 EINECS 212-757-6 
   

Formula

Some Chemistry

# Reaction of TEPAC in the PET process depends on conversion rate, content of free EG and kind / concentration of 
metal

# First reaction step is intermediate trans-esterification, in presence of metals the metal-glycolates are also 
undergoing „trans-esterification“ under creation of insoluble or electronically stable complexes

# Preferred reactions are those where one reaction partner is removed from the equilibrium (insoluble salts for 
instance) 
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Some Chemistry

# The phosphonoacetate group is able to undergo trans-esterification too

→ effect is coupling of the phosphonate to the OH-end-group of polyester chain molecule

→less tendency to create insoluble Me-P-salts 

# In absence of Me++ like in the PTA process TEPAC has the potential of a chain branching agent, for this 
purpose an early addition to the process is necessary to achieve as much as possible trans-esterification with
EG like:

Finally TEPAC becomes partially part  of the polyester macromolecules.

+ 3 EG  → [HO-(CH2) 2-O-] 2PO-CH2-CO-O(CH2)-2OH + 3 ET-OH

[HO-(CH2) 2-O-] 2PO-CH2-CO-O(CH2) 2-OH + 3 HOOC-PET → long chain branched PET
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Some Chemistry

# Theoretically the stoichiometric relation between Me++ : P is 1 : 1
in the DMT process

+ Me(OH) 2 → MeO2PO-CH2-CO-O(CH2)2 -OH + 2 C2H5OH

# The feeding amount depends on losses and kind of trans-esterification 
catalyst,  for instance Zn, might need more TEPAC than Ca, Mn, Mg or Co because Zn is a more aggressive metal 
in regard to thermal destruction and its P-complexes are more reactive

# The minimum feeding amount should be not less than Me++ : P = 0,5 :1, the Me-phosphonate-complex is than 
like   Me[H5C2O-OPO-CH2-CO-O(CH2)2-OH]2

# Feeding amount of TEPAC is very much dependent on plant design and applied technology – there is no clear 
prediction possible – each user/applicant has to be studied carefully
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Some Chemistry

# During recent years for high bottle PET-quality one is looking besides low acetaldehyde content in the PET 
resin also for low formaldehyde in the bottle wall

# Formaldehyde occurs preferred when oxygen is attacking the PET during melt
phase polycondensation or solid state polycondensation

# Prevention against such kind of oxidation reaction could be done by the addition of substances with anti-
oxidative  character

# P+3 and lower oxidation state provides reductive power to attack oxygen traces
which are present during treatment in melt and solid phase 

# TEPAC is providing such reductive power and is consequently able to prevent FA generation during PET 
production

Feeding Technology

# Diluted in EG about 2 – 5 %, higher dilution provides better mixing in general
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# DMT process: after esterification is finished, process temperature about 220 – 250°C, addition early → 
incomplete esterification possible, addition late → high losses of TEPAC and lower stabilization effect

# Preferred addition in DMT process before distillation of EG and before pulling vacuum

# PTA process: addition

→ separated from other additives like catalyst, TiO2

→ sequences like catalyst to the paste and stabilizer to ES2 or vice versa,

→ feeding dependent on available feeding points and know how

→special  feeding devices like cooled lances are of advantage – target no additive splashes to the reactor wall 
and immediate mixing with the reaction melt
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TEPAC in recent publications

1. Recent US patents claiming the application of TEPAC during PET production
 as stabilizer, catalyst composite and dispersing agent for TiO2

  6,342,579; 6,437,088; 6,458,915; 6,479,619; 6,489,433; 6,506,853; 6,541,598
 (Patents are attached to the CD)

2. The abbreviation TEPA is mainly used in the public literature  for the substance 
tetraethylpentamine 

              To avoid confusion the abbreviation TEPAC is used in this paper.

3. Recent publication in China:
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of  General Electric

(not FDA approved)

5. Antioxydantien - some examples
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(FDA approved)
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CIBA

( FDA approved)
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