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(54) Title: METHOD FOR ENHANCED SOLID STATE POLYMERIZATION OF POLYETHYLENE TEREPHTHALATE

0

e\ (57) Abstract: A method for enhancing solid state polymerization of polyethylene terephthalate is disclosed in which at least one
monomeric unit of diacid and/or dimethyl ester comprising at least one pendant chemical side group is copolymerized with a diol
and a diacid or a dimethyl ester. The at least one pendant chemical side group may include groups chosen from tertiary butyl, hexyl,
pentyl, butyl, propyl, ethyl, methyl, nitrosyl (NO,) and sulfonyl (SO,) groups.
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METHOD FOR ENHANCED SOLID STATE POLYMERIZATION
OF POLYETHYLENE TEREPHTHALATE

FIELD OF THE INVENTION

[0001] This invention relates to methods of enhanéing solid state polymerization
of polyethylene terephthalate through the copolymerization of at least one monomeric

unit comprising at least one pendant chemical side group with other precursor materials.

BACKGROUND OF THE INVENTION

[0002] Polyethylene terephthalate (PET) is widely used in many materials and
products, such as fibers, fabrics, molding resins, and soda bottles. These uses often
require a polymer of relatively high molecular weight. Such polymers have been
commercially made by raising, either in melt or solid-state polymerization, the molecular
weight of a prepolymer or oligomer (i.e., raising the molecular weight of a relatively low
molecular weight polymer feedstock). The prepolymer or oligomer is typically prepared
by copolymerizing precursor materials, which are typically monomeric units of at least
one diacid or diester and at least one glycol, such as, for example, terephthalic acid and
ethylene glycol.

[0003] Melt polymerizations to high viscosities typically involve expensive plant
equipment and require relatively high temperatures, which can accelerate polymer
degradation reactions. Typical temperatures for melt polymerizations are between 250
and 310°C. In contrast, solid-state polymerizations are typically run at relatively lower
temperatures, typically between temperatures of 160 and 230°C. In addition, solid state
polymerizations can result in the production of relatively high molecular weight
materials, typically 0.55 dL/g to 1.5 dL/g, compared with melt polymerizations, typically
up to 0.65 dL/g. However, in commercial production, solid-state polymerizations may be
relatively slow, typically 0.015 to 0.025 dL/g per hour. As a result, there exists a need to
enhance the solid state polymerization reactivity to more efficiently produce higher

molecular weight polymers.

CONFIRMATION COPY
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SUMMARY OF THE INVENTION

[0004] In a first aspect, the present invention relates to methods of enhancing
solid state polymerization of copolymers of PET. In this first aspect, at least one diol
and at least one diacid or dimethyl ester are copolymerized with at least one monomeric
unit selected from the group consisting of diacids and dimethyl esters that contain at least
one pendant side group. The at least one pendant chemical side group may include
groups chosen from tertiary butyl, hexyl, pentyl, butyl, propyl, ethyl, methyl, nitrosyl
(NO,), and sulfonyl (SO,) groups. In a second aspect, the present mnvention relates to a
polymer of PET produced by the same methods.

[0005] An example of a monomer having a tertiary butyl side group that may be
used in the invention is tertiary butyl 1sophthalic acid. Examples of monomers having a
nitrosyl side group that may be used in the invention include 5-nitroisophthalic acid and
dimethyl 5-nitroisophthalate. When tertiary butyl isophthalic acid is used in the
invention it may, for example, be present in an amount ranging from about 0.1 to about &
mole percent of the total diacid content of the PET, such as from about 0.1 to about 4
mole percent of the total diacid content of the PET. When 5-nitrosisoisophthalic acid 1s
used 1n the invention it may, for example, be present in an amount ranging from about
0.05 to about 8 mole percent of the total diacid content of the PET, such as from about
0.05 to about 2 mole percent of the total diacid content of the PET.

[0006] The methods of the present invention can result in an increase of intrinsic
viscosity per hour during solid state polymerization that 1s at least five percent greater
than the average intrinsic viscosity rate for solid state polymerization of PET without at
least one monomeric unit having at least one pendant side group, when the solid state
polymerization 1s carried out at temperatures in the range of about 200 to about 230°C.
Under such conditions, the methods of the present invention, can, for example, result in

solid state polymerization of PET where the average intrinsic viscosity rate increase 1s at

least about 0.03 dL/g per hour.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present invention will be described 1n the following detailed
description with reference to the following drawings:

[0008] FIG. 1 is a plot of solid state polymerization reactivity rates for
formulations of Example 1;

[0009] FIG. 2 1s a plot of solid state polymerization reactivity rates for
formulations used to study the impact of the nitro groap on the rheological behavior of
selected polymers;

[0010] FIG. 3 is a plot of solid state polymeriz ation reactivity rates for
formulations of Example 2;

[0011] FIG. 4 is a plot of solid state polymerization reactivity rates for
formulations of Example 3 using the 500g Batch Laboratory SSP Rig;

[0012] FIG. 5 is a plot of solid state polymerization reactivity rates for
formulations of Example 3 using the 40K g Batch Laboratory SSP Rig;

[0013] FIG. 6 is a plot of solid state polymerization reactivity rates for
formulations of Example 4; and

[0014] FIG. 7 is a plot of solid state polymerization reactivity rates for

formulations of Example 3.

DETAILED DESCRIPTION OF T'HE INVENTION

[0015] The present invention relates to methods of enhancing solid state
polymerization (SSP) of PET. In particular, the present invention relates to enhancing
the SSP reactivity of PET by copolymerizing at least one monomer comprising at least
one pendant chemical side group with other precursor materials.

[0016] SSP of PET often occurs at reaction temperatures exceeding 200°C 1 the
flow of an inert gas, such as nitrogen. For a conventional PET resin, the rate of this
reaction is often predominately determined by reactionn temperature and gas flow rate.
However, other factors, such as carboxyl/hydroxyl end group balance, catalyst residues,

and copolymer level (including diethylene glycol), cana also affect SSP reactivity.
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[0017] In the production of higher molecular weight polymers via SSP, there
exists a need to enhance SSP reactivity. By enhancing such reactivity, SSP production
rates may be improved for the same reaction temperature, or reaction temperatures can be
lowered while maintaining existing throughputs. Lower temperature reactions have the
advantage of yielding resins with improved processing characteristics such as lower
injection molding temperatures, reduced levels of degradation products and lower energy
consumption.

[0018] According to the present invention, solid state polymerization of PET may
be enhanced by copolymerizing at least one monomer comprising at least one pendent
chemical side group with other precursor materials. The other precursor materials can
include diacids, dimethyl esters, and diols chosen from, for example: terephthalic acid,
isophthalic acid, dimethyl terephthalate, naphthaiene, napthoic acid, 1,4-dicarboxylic
acid, 2,6-dicarboxylic acid, sebacic acid, decane 1,10-dicarboxylic acid, ethylene glycol,
diethylene glycol, propylene glycol, butane 1,4-diol, polytetramethylene glycol,
polyethylene glycol, polypropylene glycol, and 1,4 hydroxymethyl cyclohexane.

[0019] The monomers comprising at least one pendant chemical side group can
include diacids and dimethyl esters. The at least one pendant chemical side group may
include groups chosen from tertiary butyl, hexyl, pentyl, butyl, propyl, ethyl, methyl,
nitrosyl (NO,), and sulfonyl (SO;) groups. An example of a monomer comprising a
tertiary butyl side group is tertiary butyl 1sophthalic acid. Examples of monomers
comprising a nitrosyl side group include S-nmitroisophthalic acid and dimethyl 5-
nitroisophthalate.

[0020] Examples of methods for making PET, which relate to the present
invention, are summarized below. Methods 1-3 describe methods for preparmg relatively
low molecular weight prepolymer feedstock. Methods 4a, 4b, and 5 describe methods for
SSP of the feedstock produced in methods 1-3, in order to produce a higher molecular

weight polymer.

Method 1 — Preparation of Terephthalic Acid (TA) Based Feedstock

[0021] Ethylene glycol (Dow Chemical Company); terephthalic acid (DuPont
Polyester Europe SA); and 1sophthalic acid (BP Chemicals), 5-tert-butylisophthalic acid
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(Sigma Aldrich, Inc.), or 5-nitroisophthalic acid (Sigma Aldrich, Inc.) are polymerized
under nitrogen in a heated steel vessel which 1s equipped with an agitator, a condenser,
and a high pressure/vacuum facility. The pressure in the autoclave is increased to 3 Barg
over a period of one minute, and the vessel temperature is also increased to heat the batch
contents up to 255°C. Polymerization then proceeds with the removal of water. After
73% of the theoretical amount of water has been removed, the pressure in the vessel 1s
reduced to atmospheric pressure over a period of ten minutes. A solution of phosphoric
acid and phosphorous acid 1n ethylene glycol is added to the vessel. After 5 minutes, a
slurry of antimony trioxide (Sigma Aldrich, Inc.) and cobalt acetate tetrahydrate (Sigma
Aldrich, Inc.) in ethylene glycol is added to the autoclave. The pressure in the autoclave
1s then reduced to less than 1 mBar over a period of 30 minutes. Polymerization then
proceeds with the removal of ethylene glycol. The melt viscosity of the batch is
monitored using agitator power consumption as an indicator. A table correlating power
consumption with intrinsic viscosity (IV) is used to estimate the reaction endpoint
corresponding to an IV of approximately 0.65 dl/g. The vacuum is then reduced to
approximately 50 mBar, and the polymer 1s then cast, quenched in water and cut into

chips.

Method 2 — Preparation of Dimethyl Terephthalate (DMIT) Based Feedstock

[0022] Dimethyl terephthalate (DuPont Polyester Euirope SA) and ethylene glycol
are polymerized 1n a heated steel vessel which 1s equipped with an agitator, a condenser,
and a high pressure/vacuum facility. The resulting slurry is heated from 150 to 270°C
under nitrogen at atmospheric pressure. The reaction evolves methanol, which is
separated, condensed and collected 1n a receiver system. When 90% of the theoretical
volume of methanol has been collected the remainder is driven off and collected as a
mixed glycol/methanol fraction. A solution of phosphoric acid (Signia Aldrich, Inc.) and
phosphorous acid (Sigma Aldrich, Inc.) in ethylene glycol 1s added to the vessel. After 5
minutes, a slurry of antimony trioxide and cobalt acetate tetrahydrate in ethylene glycol is
added to the autoclave. The pressure in the autoclave is then reduced to less than 1 mBar
over a period of 30 minutes. Polymerization of the monomer then proceeds with the

removal of ethylene glycol. The melt viscosity of the batch i1s monitored using agitator
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power consumption as an indicator. A table correlating power consumption with intrinsic
viscosity (IV) is used to estimate the reaction endpoint corresponding to an IV of

approximately 0.65 dl/g. The vacuum is then reduced to approximately 50 mBar, and the

polymer is then cast, quenched in water and cut into chips.

Method 3 — Preparation of Polymer Feedstock

[0023] Low molecular weight polymer feedstock suitable for use in practicing the
invention can be prepared according to the methods described in any of U.S. Patent Nos.
5,510,454, 5,532,333, 5,830,982, 5,714,262, 5,633,018, 5,744,074, 5,730,913, 5,786,443,
5,670,606, 5,540,868, 5,811,496, 6,180,756, 6,409,491, and 6,451,966..

[0024] For example, U.S. Patent No. 5,510,454 describes the preparation of low
molecular weight PET crystals, which can be used as feedstock in the preparation of
higher molecular weight PET by SSP. These crystals generally have a degree of
polymerization of about 5 to about 35 (degree of polymerization representing the average
number of repeat units in a polymer, which can be determined by Gel Permeation
Chromatography), an average crystallite size of about 9 nm or more, and a melting point
of about 270°C or less. These crystals can be produced by crystallizing PET, for
example, by cooling at a rate sufficient to cool a molten PET in the temperature range oi
from about 210°C to about 120°C or, alternatively, by heating at a rate sufficient to heat a
glassy PET particle in the temperature range of from about 120°C to about 210°C.

[0025] Prepolymers and oligomers intended as feedstock for higher molecular
weight polyester polymers according to the invention can also be converted into particles
and crystallized as described i detail in U.S. Patent No. 5,540,868. In that case,
prepolymer pellets are melted in a pellet former commonly referred to as a pastillator,
and molten polymer droplets are formed by metering the polymer melt through a plurality
of outlets, each typically 0.5 to 5 mm 1n diameter, 1n a rotatable container. The droplets
formed are collected on a solid moving surface. The molten droplets are crystallized by
being placed 1n contact with this solid surface between a minimum and maximum
temperature as defined below, whereby they sustain a rapid change in temperature and
remain between the minimum and maximum temperature long enough for crystallization
to occur. The minimum temperature is defined as Tmin=1g + 10°C, where Ty is the glass

transition temperature of the oligomer. The maximum temperature 1s defined as Ty=T.
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+ 0.5(T-T¢), where Tr, 1s the melting point of the oligomer and T is the calculated
temperature of maximum crystallization rate, Tg + 0.5 (Ti-Ty).

[0026] The crystallized particles can then be introduced to a solid state

polymerization reactor of any suitable design.

Method 4a — Solid Phase Polymerization of Conventional PET using 500g Batch
Laboratory SSP Rig

[0027] The polymer chips produced by, for example, Method 1 are solid phase
polymerized in a heated, jacketed metal column through which heated nitrogen and air
are can be passed. The column 1s able to contain a fully fluidized 500g polymer batch
without loss (hereinafter, this SSP equipment shall be referred to as the 500g Batch
Laboratory SSP Rig). The standard polymerization method involves crystallizing the
resin, while fluidized, at a temperature of 160°C in an air flow of 6 M*/Hr per Kg of
polymer. After 10 minutes, the temperature 1s ramped to 208°C and the gas switched
from air to nitrogen, with a reduced flow of 1.5 M°/Hr per Kg of polymer (see Table 1).

Table 1: Selected Processing Parameters for Method 4a

| Initial Charge Temperature 160°C I
Dwell Time 10 mins |
Temperature 208°C |
Ramp Time 30 mins
Batch Size

Method 4b — Solid Phase Polymerization of Conventional PET using the 40Kg Batch
Laboratory SSP Rig

[0028] The polymer chips produced by, for example, Method 1 are solid phase
polymerized 1n a heated, jacketed metal vessel through which heated nitrogen and air can
be passed. The column 1s able to contain a fluidized 40 Kg polymer batch without loss
(heremnafter, this SSP equipment shall be referred to as the 40 Kg Batch Laboratory SSP
Rig). Polymer feedstock 1s charged to the reactor at a temperature of 40°C and then
ramped to 85°C over a period of 30 minutes. The material is then held at 85°C for two

minutes before increasing the temperature to 115°C over 100 minutes. The final stage of
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crystallization involves raising the temperature to 210°C over 60 minutes and then
holding for two hours prior to sampling and intrinsic viscosity (IV) measurement. The
reaction employs a preheated nitrogen flow of 1.5 M-/Hr per Kg of polymer at 210°C
(see Table 2).

Table 2: Selected Processing Parameters foxr Method 4b

l Initial Charge Temperature 40°C
| Stage 1 Temperature
Stage 1 Ramp Time 30 mins

Stage 1 Dwell Time 2 mins
Stage 2 Temperature 115°C

Stage 2 Ramp Time 100 mins
Stage 2 Dwell Time 2 mins

Stage 3 Temperature 210°C

Stage 3 Ramp Time 60 mins
Stage 3 Dwell Time 120 mins
Batch Size 40 Kg |

Method S - Solid Phase Polymerization of Low Molecular Weight PET using the
500g¢ Laboratory SSP Rig

[0029] The polymer chips made according to Method 3 are solid phase
polymerized by further crystallizing the resin, while fluidized, at a temperature of 190°C
in a nitrogen flow of 6 M°/Hr per Kg of polymer. After 5 minutes, the temperature is
ramped to 230°C and the nitrogen flow reduced to 1.5 M’/Hr per Kg of polymer (see
Table 3).

Table 3: Selected Processing Parameters for Method 5

Initial Charge Temperature | 190°C

Dwell Time 5 mins

Temperature | 230°C
Ramp Time 30 mins
Batch Size ] 500 g

[0030] One or more of a variety of analytical methods may be used to determine
the SSP reactivity of PET polymers made according to the invention. For example, in

one method, the polymer of interest is heated in a vessel through which the flow of an
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nert gas, such as nitrogen, is passed. During this process, melt viscosity measurements
of the polymer are taken against time, with the results plotted on a graph. The slope of
this graph can be used to calculate a melt viscosity increase per unit time, which can be
used as a guide to SSP reactivity as compared to a reference resin. For materials where
molecular interactions are believed to interfere with melt rheology, solution viscosity can
be used to determine the underlying SSP reactivity.

[0031] Analytical methods that were used 1n the examples below include:

Melt Viscosity

[0032] Melt viscosity was measured using a Lloyd Instruments Melt Viscometer
at a temperature of 295°C .- A sample of previously dried PET was introduced under a
nitrogen purge into the barrel of the viscometer unit. The barrel was then fitted with an
interfaced transducer to measure the rate of flow of extrudate through a calibrated die.
The extrudate velocity, after a five minute residence time, was controlled to a speed of
between 0.5 and 1 mm/minute by adjusting the pressure within the barrel with typical
operating pressures of between 5 and 30 Barg. The computer was programmed to
calculate Melt Viscosity values (logl0 viscosity) and equivalent intrinsic viscosities from
a regression equation determined experimentally. A plot of intrinsic viscosity against
time was made by the computer and the degradation rate was calculated. An extrapolation
of the graph to zero time gave the initial itrinsic viscosity and equivalent melt viscosity

in Pascal seconds.

Solution Viscosity

[0033] Solution viscosities were measured using a U tube viscometer at a
temperature of 25°C. The sample was dissolved in O-Chlorophenol (Assay min 98%)
under reflux conditions, cooled and then measured versus a solvent standard. Each

sample was measured four times to ensure that the results were repeatable otherwise, the

viscometer was cleaned and the sample reanalyzed.
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Hydroxyl End Group (HEG) and Diethylene Glycol Determination (DEG)

[0034] HEG and DEG were measured by Nuclear Magnetic Resonance (NMR).
The polymer sample was added to deuterated d2-1,1,2,2, tetrachloroethane (T'CE) and
heated to 120°C to dissolve. If the material was found to be highly cxrystalline, it was hot
pressed and then quenched to form an amorphous film before dissolving in the normal
manner (this method helps reduce thermal degradation of the sample incurred when
dissolution rates are low). The sample was then transterred to a Smm NMR tube and
placed in a Jeol Eclipse 400 or 500 MHz instrument (although, any imstrument with a
field strength greater than 270 MHz may be used). The resonances shhown on the spectra
were integrated, from which the levels of DEG (Mole %) and OH (eradgroups per 100
polymer repeat units) were calculated.

[0035] Instrument conditions for DEG and OH determinationn were as follows:

Nucleus Observed: 1H
Frequency of Observation: 400/500MHz
Solvent: TCE
Spectral Width: 10ppm
Acqusition Time: 1.3 seconds
Pulse Length: 6.35 microseconds
Pulse Delay: 1 second
Number of Scans: 400
Chemical Shift Reference: 6.0 ppm
Offset: 125.8KHz
Decoupler Mode: None
Temperature Control: 100°C

Carboxyl End Group (CEG) Determination

[0036] The CEG concentration (ppm) of the copolymers was determined by
titration using a Metrohm 716 Titrino. 2g of the polymer was dissolved 1n 50 ml of o-
cresol/chloroform mixture (67:20 v/v) by heating to not more than 100°C on a stirrer hot
plate. 5.0ml of 0.05M ethanolic NaOH (1M NaOH in methylated spirit 5:95 v/v) was
then added to the solution. The titration was performed against ethanolic hydrochloric

acid (1M HCI in methylated spirit 5:95 v/v).

10
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Differential Scanning Calorimetry (DSC)

[0037] The thermal behavior of the polyesters was examined by differential
scanning calorimetry (DSC) using a Perkin Elmer 7 and calibrated using an indium
standard. A 10mg sample was used, with heating and cooling rates set at 20°C/min and

10°C/min respectively under nitrogen.

XRF (Sb/Co/P)

[0038] Analysis of PET for antimony (Sb), cobalt (Co), and phosphorous (P) was
performed using a Spectro (UK Ltd) XRF

EXAMPLES

[0039] The following examples further illustrate the present invention.

Example 1

[0040] PET copolymers were prepared by esterification, polycondensation, and
solid state polymerization according to Methods 1 and 4. The following formulations,
summarized in Table 4, were used to examine the effect of 5-nitroisophthalic acid (NIPA)

and 1sophthalic acid (IPA) on solid state polymerization (SSP) performance.

Table 4: Formulations of Example 1%

Mole% | Mole% H3POq4 H3POs Sb, O3 CoAc
IPA NIPA
ppm ppm ppm ppm

160 280 | 220

160 | 2 280 | 220

15 05 160 30 280 220

1 1 | 160 30 | 280 220
0 2 160 30 280 220

*All levels are as added.

11



CA 02543362 2006-04-19

WO 2005/044895

PCT/IB2004/003572

[0041] All samples were prepared on the 500g Batch Laboratory SSP Rig,

according to method 4a, and reactivity data was measured by melt viscometery. The

results are summarized in FIG. 1 and Table 5.

Table 5: Analytical Results for Formulations of Example 1

EG | HEG

HEG:C{ DEG

Mole% | Mole% | SSP | Cobalt P
[PA | NIPA | Rate
IV/Hr | ppm | ppm
46 37
1.9 50 58

Sb C
ppnl

2 | 0 0017
-

15 . 52 | 38
1 49 | 46
() - -

ppm |per 100 ppm

184 | 25
199 | 23
187 | 29
195 | 23

Conclusions from Example 1

0.9

46.88

1.88

Mole%

2.7

3.08

[0042] All copolymers featuring levels of NIPA between 0.1 and 2 Mole%

demonstrated higher SSP rates as compared to the 2% IPA reference copolymer. All

measured parameters were within the accepted range for polyester copolymers produced

in this manner.

[0043] It 1s believed that part of this apparently large increase in SSP reactivity

may have been the result of the nitro group impacting on the rheological behavior of the

polymer. To establish whether this effect was significant, a 2% dimethyl 5-

nitoisophthalate (DMNI) material (see Table 6 below) was prepared according to

Methods 2 and 4. The copolymer was then studied on the 500g Batch Laboratory SSP

Rig, according to method 4a, and reactivity data was gathered using melt and solution

viscometry. This data is illustrated graphically in FIG. 2

12
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Table 6: Formulations for Studying the Impact of the Nitro Group on the
Rheological Behavior of Selected Polymers*

Mole% H3P04 H3PO3 Sb203 CoAc
S o o
PPl PPl PPl ppin
0
O

160§ 30 | 280 220

2 | 160 | 30 3 280 220
*All levels are as added.

[0044] As can be seen from FIG. 2, there was a considerable difference between
the SSP rates measured by melt and solution viscosity suggesting that the nitro group was

indeed impacting the melt rheology of this copolymer. However, there was still a

significant difference between the dimethyl terephthalate (DMT) MV control and the 2%

DMNI, measured by solution viscometry, indicating that the actual SSP reactivity had

indeed been improved.

Example 2

[0045] PET copolymers were prepared by esterification, polycondensation, and
solid state polymerization according to Methods 2 and 4. The following formulations,
summarized in Table 7, were used to examine the effect of DMNI on solid state

polymerization (SSP) performance relative to a homopolymer.

Table 7: Formulations of Example 2*

1 160

280

220

Mole% H3PO4 H3PO3 Sb203 CoAc
DMNI
PPIN ppm PPIIl PPl
0
30

| 160 280 220
1 160 30 | 280 220
0.5 160 30 280 220

*All levels are as added.

[0046] All samples were prepared on the 500g Batch Laboratory SSP Rig,
according to Method 4a and reactivity data was measured by melt viscometry. The

results are sumimarized in FIG. 3 and Table 8.
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Table 8: Analytical Results for Formulations of Example 2

Mole% | SSP | Cobalt P Sb CEG | HEG | HEG |HEG:C| DEG
DMNI | Rate EG
Ratio
IV/Hr | ppm | ppm | ppm | ppm |}per 100} ppm Mole%
20 | 49 . - | 122
44 50

0 ]0.0203 188 | 20 | - ] 1.22
2 ]0.0793 214 | 283 | 1.7 | 88.54 | 3.13 | 1.33
1
5

e g
b —

B | 0.061 | 46 52 | 197 | 24.2 - - - 1.33

5 100329 45 | 53 [ 200 [ 229 ] - [ - [ - | 127 |

Conclusions from Example 2

[0047] All DMNI copolymers demonstrated significantly higher SSP rates versus
the homopolymer standard formulation when measured by melt viscometry. All
measured parameters were within the accepted range for polyester copolymers produced

11 this manner.

[0048] Based on the above data, it is believed that the nitro group impacts on melt
rheology, and therefore melt viscosity measurements. Although all reactivity data
gathered in this set of experiments was measured using melt viscometry, it 1s believed
that the rate enhancements cannot be explained by this phenomenon alone, and that the

presence of the nitro group has impacted positively on SSP reactivity.

Example 3

[0049] A series of PET copolymers were prepared by direct esterification,
polycondensation, and solid state polymerization according to Methods 1 and 4. The
following formulations, summarized in Table 9, were used to highlight the differences

between the solid state polymerization (SSP) performance of IPA relative to S-tertiary
butyl 1sophthalic acid (tBIPA).

14
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Table 9: Formulations of Example 3*
Mole% Mole% H3PO4 H;POxs CoAc
o8 e Bl e Bl el
ppm ppil ppnl
0 ] 0 | 200 250 165
_ _l - ______0_ 200 30 250 | 165
1.67 0 200 __30 250 | 165
2 0 | 200 30 250 165
3 0 200 30 250 165
4 0 200 30 250 165
0 1 200 30 250 165
0 1.67 200 30 250 165
0 2 200 ~ 30 250 165
0 3 200 30 250 165
0 4 200 30 165
*All levels are as added.

[0050] The SSP performance of the resins was studied on the 500g Batch
Laboratory SSP Rig and the 40K.g Batch Laboratory SSP Rig. The methods used are
detailed in Methods 4a and 4b respectively. All rates were assessed by melt viscometry
unless otherwise stated. The results for the 40K g Laboratory SSP Rig are summarized in
FIG. 4. The results for the 500g Laboratory SSP Rig are summarized in FIG. 5 and Table
10.

[0051] Consistently higher SSP rates for tBIPA copolymers 1mn 0.1 to 2 IMole %
range were observed when compared with equivalent level IPA copolymers.

[0052] Consistently higher SSP rates for tBIPA copolymers in 0.1 to 4 Mole %

range were observed when compared with equivalent level IPA copolymers.
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Table 10: Analytical Results for Formulations of Example 3 Using the 500g Batch

Laboratory SSP Rig
Mole% | Mole% | SSP | Cobalt CEG HEG |HEG:C| DEG
tBIPA | IPA Rate
IV/Hr ppm |per 100 ppm

0 0 [0.0237 258 | 2635 | 0.91 1.80 | 2.02

1 0 ]0.0199 59 183 [38.04 | 0.81 | 42.19 [ 1.11 | 1.98

- 1.67 0 [0.0256 47 | 212 [ 2047 [ 093 | 48.44 | 237 | 2.01
2 | 0 [0.0239 - 53 | 158 | 31.94 | 0.68 | 3542 | 1.11 | 1.93
3 0 ]0.0283 53 20.81 | 0.94 | 48.96 | 2.35 | 2.12
4 0 ]0.0314 ___39 51 172 | 35.04 | 0.62 | 3229 | 092 | 1.8

0 | 1 [0.0133] 43 57 | 184 | 61.83 | 0.37 | 1927 | 031 | 1.88

0 | 1.67 [0.0205] 41 | 50 173 | 31.07 | 0.83 | 43.23 1.93

0 2 |0.0218| 42 | 45 | 174 | 30.6 | 0.84 | 43.75 | 1.43 | 181

0 | 3 [0.0239] 39 58 | 232 | 2642 | 091 | 4740 | 1.79 | 1.93

0 | 4 100289 40 | 61 | 215 | 41.7 | 0.64 | 33.33 | 0.80 | 1.97

Conclusions from Example 3

|0053] Copolymers featuring tBIPA demonstrated consistently higher SSP rates
versus equivalent level IPA copolymers using both the 500 g Batch Laboratory SSP Rig
and the 40 Kg Batch Laboratory SSP Rig. All measured parameters were within the

accepted range for polyester copolymers produced in this manner.

Example 4

[0054] Four PET copolymers were prepared by direct esterification,
polycondensation, and solid state polymerization according to Methods 1 and 4a. The
following formulations, summarized in Table 11, were used to verify the differences

between the solid state polymerization (SSP) performance of IPA relative to tBIPA. The

results are summarized in FIG. 6 and Table 12.
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Table 11: Formulations of Example 4

Mole% Mole% H;POy H3PO; Sb,03 CoAc
{BIPA IPA
ppm ppm ppm ppm
B 0 160 30 280
0

160 | 30 280

B 2 160 30 | 280 220
0 3 160 30 280 220

*A1l levels are as added.

OGO

Table 12: Analytical Results for Formulations of Example 4

Mole% | Mole% | SSP | Cobalt P Sb CEG | HEG | HEG |HEG:C| DEG
tBIPA | IPA Rate EG
Ratio
IVHr | ppm | ppm | ppm | ppm |per 100] ppm

2 0.036 B 188 | 27 1 | 5208 | 193 | 34
8 0.0292 | 27 36 190 | 23 0.9 | 46.88 | 2.04 | 2.4
0 0.017 | 46 37 | 184 | 25 | 0.9 |[46.83 | 1.88 | 2.7
0 8 ]0.0255| 24 47 183 | 24 | 1 [5208) 217 | 29

Conclusions from Example 4

[0055] Both tBIPA copolymers demonstrated higher SSP rates versus the
equivalent level IPA copolymers. All measured parameters were within the accepted

range for polyester copolymers produced in this manner although the higher DEG 1n the
2% tBIPA formulation may have further increased the SSP rate ditferences for the

purposes of this comparison.

Example 5

[0056] Two PET copolymers were prepared by direct esterification,
polycondensation, and solid state polymerization according to Methods 3 and 5. The two
formulations used were standard formulations with levels of 1.42 Mole% tBIPA annd 2.33

Mole% IPA respectively. The results are summarized in FIG. 7 and Table 13.
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Table 13: Analytical Results for Formulations of Example S

Mole% | Mole% | Cobalt P Sb CEG | HEG | HEG |HEG:C
tBIPA | IPA EG
Ratio
ppm | pp ppm | ppm [per 100| ppm
0 | 17 | 6

111
1.42 7 | 281 | 83 | 35 [182.29| 220 | 1.45
0 | 233 | 1.5 0 | 241 | 176 | 3.5 [182.29| 1.04 | 1.44

DEG

Mole%

Conclusions from Example 5

[0057] The 1.42 Mole% tBIPA copolymer demonstrated a significantly higher
SSP rate when compared with the 2.33 Mole% IPA copolymer at a temperature of 230°C.
This rate enhancement may allow a reduction in SSP temperature, while maintaining

reactor throughput, with potential benefits in processing characteristics.
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AMENDED CLAIMS
[received by the International Bureau on 14™ April 2005 (14.04.2005);
original claims 1-18 replaced by new claims 1-16 (3 pages)]

We ¢laim;

1. A method for increasing the rate of solid state polyrnerization of polyethylene
terephthalate (PET), comprising:

(1) copolymerizing at least one diol with at least one diacid or dimethyl
ester and at least one monomeric unit selected from the group
consisting of diacids and dimethyl esters that contain at Jeast one
pendant side group, wherein said at least one pendant side group is
selected from the group consisting of tertiary butyl, hexyl, pentyl,
butyl, propyl, ethyl, methyl, nitrosyl (NO2) and sulfonyl (SO2) groups
to tmake a polymer feedstock; and

(ii)  subjecting the polymer feedstock to solid state polymerization.

2. The method of claim 1, wherein said at least one pendant side group is
selected from tertiary butyl groups.

3. The method of claim 1, wherein said at Ieast one pendant side group is

selected from nitrosyl (NOz) groups.

4. The method of ¢laim 2, wherein said at least one monomeric unit comprises

tertiary butyl isophthalic acid in an amount from about 0.1 to about 8 mole
percent of the total diacid content of the PET.

5. The method of claim 3, wherein said at least one monomeric unit comptises S-
mitrosisoisophthalic acid in an amount from about 0.035 to about 8 mole
percent of the total diacid content of the PET.,

6. The method of claim 3, wherein said at least one monomeric unit comprises

dimethyl S-mitroisophthalate.

AMENDED SHEET (ARTICLE 19)
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10.

11.

12.

The method of claim 1, wherein the solid state polymetization is carried out at
a temperature in the range of about 200 to about and 230°C and the intrinsic
viscosity is increased at an average rate that 1s at least five percent greater than
the average intrinsic viscosity rate for solid state polymertization of PET

without at least one monomeric unit that comprises at least one pendant side

group.

The method of ¢laim 7, wherein the average mtnnsic viscosity rate increase is
at least about 0.03 dL/g per hour.

In a method of solid state polymerization of polyethylene terephthalate,
wherein at least one diol is copolymerized with at least one diacid or dimethyl
ester to make a polymer feedstock, followed by solid state polymerization of
the polymer feedstock, characterized by:

in making the polymer feedstock the at least one diol and at least one diacid or
dimethyl ester are additionally copolymerized with at least one diacid or
dimethyl ester comprising at Jeast one pendant side group selected from the
group consisting of tertiary butyl, hexyl, pentyl, butyl, propyl, ethyl, methyl,
nitrosyl (NO) and sulfonyl (SOz) groups.

The method of claim 9, wherein said at least one pendant side group is
selected from tertiary butyl groups.

The method of c¢laim 9, wherein said at least one pendant side group is
selected from nitrosyl (NO;) groups.

The method of claim 10, wherein said at least one monomeric unit comprises
tertiary buty] isophthalic a¢id in an amount from about 0.1 to about § mole
percent of the total diacid content of the PET.

AMENDED SHEET (ARTICLE 19)
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13,

14.

13.

16.

The method of claim 11, wherein said at least one monomefic unit comprises
3-nitrosisoisophthalic acid in an amount from about 0.05 to about 8 mole
petcent of the total diacid content of the PET.

The method of claim 11, wherein said at least one monomeric unit Comprises
dimethyl S-nitroisophthalate.

The method of claim 9, wherein the solid state polymerization is carried out at
a temperature in the range of about 200 to about and 230°C and the intrinsic
viscosity is ihcireased at an average rate that is at least five percent greater than
the average intrinsic viscosity rate for solid state polymerization of PET

without at Jeast one monomeric unit that comprises at least one pendant side

group.

The method of claim 15, wherein the average intrinsic viscosity rate increase

is at least about 0.03 dL/g per hour.

AMENDED SHEET (ARTICLE 19)

24



CA 02543362 2006-04-19

PCT/IB2004/003572

WO 2005/044895

10

60 0

800

L0 0

} OId

INOH/AT Al

200

GO0

1400,

c00 <¢00 100 0

VdIN %0/Vdl %C

VdIN %L 0/Vdl %6}

| vdIN o %e

VdIN %L/vVdl %l

VdIN %Z/Vdl %0

1/7



CA 02543362 2006-04-19

PCT/IB2004/003572

WO 2005/044895

¢ Oid

AIISO0SIA I8N jou0D TNG ¢
As0osip uoinjog JawAjodo) INWA %2 v AIS0osIA Yol JewAjodo) INNG %2

(sinoH) 8wl 4SS
4 0l 9 9 Z
8166 0=zd L V
/665 0+X/ L0 0=A Vo o T
~ =
B
GLL1'0=zY —

€286 0+XL0E0 0=A

1986 0=z
6/6G 0+XyGG0 0=A

lswAjodo) INNGA %2

90
L0
80

60

L'l

¢l

AN

2/7



CA 02543362 2006-04-19

WO 2005/044895 PCT/IB2004/003572
L0
N
4 N
L
D
Z
=
-
S
D
O
=
O <
LO
Y &
S IS I E— ® -
®Pp] 0O N O L AN D o\ ~ -
S © 9o © © o © 9 o©
- - - - - -] - - -’
ANOH/WIT Al

3/7



CA 02543362 2006-04-19

WO 2005/044895 PCT/IB2004/003572
L0
A
HERS, N
\ N
L)
—
G
c
| 5 |«
- al
o —
| = o0
o
3 ]
| - < E
o
=
{
LO
-
— o
o
N <~
% S O o e
S S & o @3
- S S

ANOHATT Al

4/7



CA 02543362 2006-04-19

PCT/IB2004/003572

WO 2005/044895

G Old

vdisho Vdl o

(|leonaloay]) Jsawouowo) % 90N

€ ¢ _\ 0

~

_
0 _
_

(1O

;

O

]

i _

>

1

O
GO0 O
100
G100
¢00
Gc00
€00
Geo0

ANOH/AM Al

5/7



CA 02543362 2006-04-19

WO 2005/044895 PCT/1IB2004/003572
-
T
z
| I:] Q QQ
l
' —
©
| O
i -
O
o ©
| i -
— n
| < (D
N —
| .= W
D
| O
=
] O N
|
l——r—-—m—”mw—r‘*—" O

0.04
0.035
0.03
0.025
0.02
0.01
0.005

Yo
-
O
o
N\

ANOH/AT Al

6/7



CA 02543362 2006-04-19

PCT/IB2004/003572

WO 2005/044895

Z Old

G200

¢00

dNOH d3d 4SV4HONI A
5100 100 50070 (0

Vdld! %cr'l O0¢C

vdid} %cv'l O49cC

vdig %cv | O08C

PIS V dl %EE€ ¢ O0EC

7/7



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings

