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Abstract

Dynamic simultaneous thermal analysis was optimized to screen activity of different catalysts for polycondensation of bis-hydroxy ethylene
terephthalate (BHET) to polyethylene terephthalate. Reactions were performed by heating BHETG@B@dinear heating rate in 30
thermal analysis crucibles under inert gas purging. A sensitive and reproducible screening method was obtained after overcoming of critical
problems such as monomer evaporation, catalytic activity of crucible material, and optimization of gas purging, monomer amount in the
crucible and heating rate. Under the applied conditions mass transport limitations were absent and the reaction was controlled solely by
chemistry. The temperature at which maximum reaction rate occurs was used as an index of catalytic activity. It was obtained from maximum
differential scanning calorimetry signal together with the maximum derivative of thermogravimetry signal. Temperature at which the reaction
starts was also applied as an activity index. It was obtained from the onset of mass loss. The value of these three indices was smaller for more
active catalysts.

The optimized method was applied to study the activity of a new polycondensation heterogeneous catalyst based on hydrotalcite. This new
catalyst was shown to be much more active than the conventional antimony catalyst under the applied conditions.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction main end products are fibers, packaging articles, and films.
PET has one of the fastest growing markets and will continue
Poly(ethylene terephthalate) (PET) is an important poly- this trend in the future boosted by world economic growth
mer as reflected in its annual demand (37 million tons was and continuous development of new application fields. PET
the global demand for 2004}]. It is used as a commodity  is nowadays synthesized mainly by esterification of purified
as well as engineering product for diverse applications. Its terephthalic acid (PTA) with ethylene glycol (EG) followed
by polycondensation of the esterification products, bis-
_— _ _ hydroxy ethylene terephthalate (BHET) and its oligomers.
. Abbreviations: BHET, bis(hydroxyl ethylene terephthalate); DSC, dift- - by 0ondensation rate is controlled by the removal of the by-
erential scanning calorimetry; DTG, first derivative of thermogravimetry; . . .
EG, ethylene glycol; HT, hydrotalcite cataly®;, number average molec- product EG. The polycondensation stage occurs in a special
ular weight (g/mol);My, weight average molecular weight (g/mol); PET,  type of reactor, which generates a large specific surface area.
poly(ethylene terephthalate); Sh, antimony; STA, simultaneous thermal anal- Antimony (Sb) in different forms, mainly oxide and acetate,
ysis; TG, thermogravimetry; TGA, thermogravimetric analy3igax, tem- is utilized to catalyze the polycondensation step in most

per_ature at which maximum signal occufEy; To, onset temperature at of PET plants[2]. However, the presence of Sh as heavy
which mass loss begins)

* Corresponding author. Tel.; +49 30 314 22293; fax: +49 30 314 22261. Metal in food packaging is a subject of increasing scrutiny.
E-mail addressali.t@chem.tu-berlin.de (F.-A. El-Toufaili). This, together with the search for a more active catalyst, is
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behind the ongoing research in many companies to replaceconditions. The STA oven was evacuated and refilled with
Sh. nitrogen at 1 atm pressure before each run to prevent product
In 1978, Wolf et al.[3] applied dynamic differential  oxidation.

thermal analysis to screen catalysts for polycondensation of Pure BHET was heated at 20 K/min to 1ZDwhere they

BHET to PET. Bhatty et al[4] introduced dynamic ther-  were held at constant temperature for 60 min before heating

mogravimetric analysis (TGA) as a catalyst screening aid in them to 280C at the same scanning rate where they were

1986. They used the temperature at which initial mass lossheld for 240 min. Uncovered crucibles made of aluminium,

occurs (onset temperaturg) as an activity index. Zimmerer  platinum and alumina were used as polycondensation reac-

et al.[5] studied the effect of crucible material on the poly- tors. The diameter of these crucibles was 4 mm. Nitrogen was

condensation of pure BHET. They found that aluminium has applied as purging gas at 50 ml/min. Catalystwas notadded in

a strong catalytic effect, which makes it non-favourable as a these experiments. These runs were repeated under the same

polymerization container material. On the other hand, these conditions except for 30 min at 28C instead of 240 min

authors found that alumina has a negligible activity. More- and another time for 240 min at 20Q instead of 280C.

over, their experiments showed severe BHET evaporation, Different amounts of pure BHET were also polymerized in

which was countered by developing a mathematical model uncovered aluminium crucibles isothermally at 208

that accounts for its effect of on thermal data evaluation.

The aim of this work was to optimize fast screening of 2.4. Dynamic polycondensation

polycondensation catalysts by simultaneous gravimetric and

calorimetric thermal analysis (TG/DSC-STA). Application STA 409 PG from Netzsch was applied to perform all

of STA for this aim would give a better panorama of the dynamic runs as this instrument is very efficient for this

ongoing physical (monomer evaporation, crystallization, type of runs. Various Sb—BHET mixtures and HT-BHET

melting, etc.) and chemical (polycondensation) processes.mixtures were condensed by heating to 3G0at 10 K/min

The optimized method was used to study different recipes under 50 ml/min nitrogen purging. All these runs were done

of a new heterogeneous catalyst based on hydrotalcite. Toin aluminium crucibles of 6 mm diameter covered with

judge the new catalyst, its efficiency was compared to that centrally holed lids. The STA oven was evacuated and refilled

of the conventional Sb compounds. with nitrogen at 1 atm before each run. Polycondensation of
200 ppm Sb—BHET and 350 ppm HT-BHET mixtures were
performed by changing the following parameters:

2. Experimental (1) monomer amount,

(2) nitrogen purging rate,
(3) lid/without lid, and
(4) heating rate.

2.1. Chemicals

BHET (>93%) was purchased from TCI, EG (>99%) from
Merck, antimony triacetate from Atofina, hydrotalcite (HT)
catalyst from Sasol GmbH. All the applied chemicals were
used without further purification.

2.5. Molecular weight determination

Molecular weight of resulting polymers was measured by
gel permeation chromatography (GPC) on an Agilent 1100

2.2. Preparation of different polycondensation recipes
system.

Due to technical limitations it was not possible to weigh
an amount of catalyst corresponding to 200 ppm in 10 mg
of BHET (2 x 10-3mg of catalyst). For this reason a larger
amount of HT-BHET mixture was prepared by mixing of
the desired amount of HT and 1 g of BHET at4Das slurry
in 25 ml EG for 3 h. After this homogenization process, EG
was evaporated at 2C under high vacuum overnight. In
order to prepare Shb—BHET mixtures, antimony triacetate was
completely dissolved in EG by heating it at 8D for 1 h and o o
then for another hour at 9. Given amounts of this solution "HO—/_ >_©_/< OH AT
were mixed with BHET at 40C for 3 h before drying under J o—/_ -

high vacuum overnight.

o) 0
2.3. Isothermal polycondensation O>/_Q_<O_/ + n1EG T

All isothermal runs were done on a STA 220 from
Seiko because of its excellent applicability under isothermal Fig. 1. Reaction scheme of BHET polycondensation to PET.

3. Results and discussion

The reaction scheme of BHET polycondensation is shown
in Fig. 1. Since EG is removed as it is formed, the reaction
is considered irreversible. Condensation of 1 mol of BHET
produces 1 mol of EG. For complete conversion of free ester
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Fig. 2. Thermograms of catalyst-BHET mixture heated at 10 K/min show- Time [min]

ing the three activity ordering indice$imax of DSC, Tmax of DTG andT,

of TG. Fig. 3. Mass loss vs. time of BHET polycondensation in aluminium, plat-

inum and alumina pans at 28G for 240 min.

groups into bound ester groups, 24.4% mass loss as EG by- . _
products is calculated as shown in E): 3.2. Merits and drawbacks of polycondensation in

micro-reactors
total massloss  molarmass of EG

originalmass  molar mass of BHET The micro-scale of the reactors applied in this work has
merits and disadvantages. One important advantage is the
62 g/mol .
= eaa/mol— 0.244 Q) very fast reaction rate compared to laboratory scale- or larger
254g/mo reactors. Another virtue is the investigation of polyconden-

sation solely without complexation from side reactions and

mass transport limitations. Nevertheless, a main draw back
3.1. Screening principle of polycondensation in the micro-reactor is the effect of the

reactor material on the reaction. It cannot be neglected as in

Thermograms obtained from dynamic polycondensation large reactors since the specific contact area is much greater.

of a BHET-catalyst mixture are shown iRig. 2. Two This makes it inevitable to use micro-reactors made of rela-
endothermic peaks were obtained by plotting heat flow tively inert material if reliable data are to be obtained.
difference between sample cell and an empty reference
cell versus temperature. The first peak at about°Cl#as 3.3. Catalytic activity of crucible material
due to BHET melting. The second peak was due to BHET
polycondensation into higher oligomers. Indeed this peak  Alumina has been reported as a polycondensation catalyst
representS the heat of evaporation of EG evolved during [6] On the other hand, Zimmerer et w] found alumina to
polycondensation since BHET polycondensation is almost show little activity in catalyzing polycondensation of BHET
athermic. A Z-shape curve is obtained by plotting mass while aluminium has a very strong activity. They concluded
loss versus temperature. The Z-shape nature is caused byheir results from the molecular weight of polymer produced
thermal acceleration and reactant consumption retardationin aluminium, platinum and alumina crucibles. Molecular
of the polycondensation rate. Mass loss starts at a certainyejght was highest in case of aluminium and lowest for alu-
temperature indicating polycondensation onsej.(Faster ~ mina. They deduced also from the ratio of weight and number
polycondensation ejects detectable amounts of EG at tem-average molecular weight (MandMp) that aluminium cat-
peratures lower than those in the case of slower reactions. Foilyzes also degradation of the formed polymer.
this reasor, occurs earlier in faster reactions and therefore |n order to investigate this contradiction between refer-
can be applied to screen different catalysts according to enceg5] and[6], Zimmerer experiments were repeated. The
their activity in polycondensation. A curve with one peak 8.9mg of pure BHET were condensed in aluminium, plat-
is obtained by plotting the first derivative of mass loss with inum and alumina pans without covers for 240 min at 280
respect to temperature (DTG) versus temperature. This curveThe resulting TG thermograms are shownFiig. 3. In all
represents mass loss rate and therefore the polycondensatiogpplied crucible materials total mass loss was higher than
rate. If reactants are consumed earlier, maximum rate will 24 .4%. Total mass loss was h|ghest for aluminium (53%) In
occur also earlier and consequentiyax of DSC and DTG platinum, mass loss was slightly lower than that in aluminium
will have smaller values. Therefore, these two indices can (48%) while in alumina it was much lower (35%). Total mass
also be applied as activity ordering parameters in catalyst|oss values above 24.4% are due to monomer evaporation
screening. as condensed monomer has been seen inside the STA oven.
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Table 1 Table 3

Number and weight average molecular weights of PET produced in different Number and weight average molecular weights of PET produced in different
pans at 280C for 240 min pans at 280C for 30 min

Sample M, (g/mol) Mw (g/mol) Sample My (g/mol) Mw (g/mol)
Platinum at 280C for 240 min 36000 137000 Platinum at 280C for 30 min 14000 32000
Aluminium at 280°C for 240 min 43000 151000 Aluminium at 280°C for 30 min 9000 21000

Alumina at 280°C for 240 min 30000 105000 Alumina at 280 C for 30 min 20000 74000

354

5 molecular weight order was also obtained after 30 min of
o L o9 R polycondensation at 28 (Table 3). These results showed
2 25 xxxxXTEX B that alumina boosts quick formation of high molecular weight
@ XX et polymer, and then boosts degradation of the formed bound
ﬁ 21 x 5o ester groups in the rest of the experiment leading to a decrease
é 15 x o : 2t _ in molecular weight. Molecular weight order of the polymers
. B ok :2::::2;:” obtained at 280C for 30 min was similar to that at 20C
el  Rlimina because thermal degradation was not yet severe.
5{ xga Among the material tested aluminiumis the most adequate
0 o a ‘ ‘ } . . . pan to be used in screening experiments. It is relatively inert
0 40 80 120 160 200 240 and has the smallest interfere with activity of the screened
Time [min] catalysts.

Fig. 4. Mass loss vs. time of BHET polycondensation in aluminium, plat-

inum and alumina pans at 20G. 3.4. Monomer evaporation

. : . In this work polycondensation for screening purpose was
BHET is present in the case of slower polycondensation overperformed under dynamic conditions. It would be possible

?ple;lodrlocgertrh?in ;hat Ir? t(l;er(igse EffaSt renatllc t'tonk']r?]'srl(:atdfto condense BHET isothermally and to classify activities
rﬂ ° ?e c Ierl]po ?nrcr)1 rpe OI a n;un Set?ufw y ]? tg '?inola of different catalysts from total mass loss. Total mass loss

ass 10ss. In summary, polycondensation was 1astest In alll-y; 5 therma conditions is higher for catalysts with lower
mina and slowest in aluminium. To verify this result, molec-

ular weight of produced polymers was measured and foundactivity as shown earlier. However, hindering of monomer
) i . evaporation is necessary for quantitative analysis of catalyst
to agree with that obtained by Zimmerer (Table 1) where alu- b ylorg y y

inium had the highest molecul aht foll d by plat activity and reaction kineticg7]. Also, the dynamic mode
minium had the hignest molecuiar weight foflowed by piat- ¢ polycondensation has two main benefits. On one hand, it
inum, and alumina. To interpret the contradictory results of

molecular weiaht and total m | dditional experiment sustains the reaction only for a short period of time at high
olecularweight and total mass 1oss, additional experime Stemperatures, where thermal degradation of the formed ester
were done. Pure BHET was condensed in aluminium, plat-

. . . : . linkages is a serious problem. On the other hand, it reduces
inum and alumina crucibles without covers at 280for just g P

. . . ” monomer evaporation by starting the reaction at lower tem-
32 mlrri]n?ngtatv\zloe(t: fortZSmeln. ']L'fhetalT Oflthnisf gdd:tlgn‘;l n peratures. When high temperatures are reached most of the
experiments was to study the efiect ot polymer degradation ., e js already reacted to higher non-volatile oligomers
on the obtained molecular weight. Degradation reaction of

N ) . (under applied conditions). Moreover, if isothermal runs are
e e et s ey done 3o temperare, polycondersaton s oo i a
tain degree of conversion of BHET (long thermal treatment atthe same tlm_e monomer evaporation Is not overcome. To
at high temperature). Total mass loss order atZD@as the demonstrate this fact, dlffer_ent amounts of pure BHET (1, 3,
same asinthe case c;f 280 (Fig. 4). However, the molecular 5and 10 mg) were heated |sothermally at 208n uncov-
. ) C ' . ered aluminium pan. The resulting thermograms are plotted
weight order of the obtained polymers was opposite to that at

_ e in Fig. 5. Mass loss rate and total mass loss increased with
280°C: PET produced in aluminium has the lowest molecu- ; . : :
. : . . X reasing amount of BHET in crucible, and was highest for
lar weight and in alumina the highest one (Table 2). This new decreasing amount o crucible, and was highest fo

the smallest applied amount. Mass loss during condensation
of 1mg of BHET was about 60%. This indicates that main

Lab'ebz Sweidh ecular weichis of PET oroduced in i mass loss was due to monomer evaporation and not due to EG
p:r:'; §r§§ecvvfi'?zigvrﬁ{fge molecularweights of PET producedin different o,y \tion over the course of polycondensation. This conclu-

sion agrees with the dependence of measured mass loss rate
Sample My (g/mol) Mw (g/mol)

on specific surface area of BHET in the crucible (ratio of sur-
i:at"T“m at %%%%fgrfz“g‘{g'” , 430000 iggg face exposed to purge gas to whole volume), which increases
uminium ai or min . . .
Alumina at 200G for 240 min o 5400 with decreasing amount_of monomer. To overcome this se-
vere monomer evaporation, polycondensation was done at
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70- Table 5
ik Effect of nitrogen purging rate ofimax and total mass loss during conden-
60+ i has KK &R a & A . sation of 200 ppm Sh—BHET mixture at 10 K/min in covered pans
o ©
o 504 e 600 00©?® ) Purging rate (ml/min) Tmax of DTG (°C) Total mass loss (%)
25 A o R B
2 0. g 1 .- 30 285.4 17.62
[¢] . + +
k] 0% - Lett?t 40 286.4 17.74
@ 30 4 02 o L g kT 50 284.5 17.73
= & 5 +* im 60 285.7 17.43
20{ o w s
& e g™ o3 mg 80 284.2 17.81
10 o+ =3 mg
4 Q¥ Tt +10mg
Dal : : . : : ‘ On the other hand, volatilization of EG was not hindered
0 40 80 120 160 2000 240 by the lid even in the case of highest rate of EG production
Time [min] (350 ppm HT). This is shown by the independencd @«

(maximum reaction rate) as well as total mass loss on purg-
ing rate (Table 6). Higher purging rate did not lead to faster
removal of EG, which is reflected in the constancyTgfx

and total mass loss. Therefore, the introduction of the holed
dynamic conditions and the crgcibles were covered by lids |ig yielded complete suppression of the monomer evapora-
with a central hole. In our experiments, Sb showed lower ac- tjon in catalyst presence with no impact on the reaction rate.
tivity than HT. If monomer evaporation still occurs after lid  hterpretation of this lies in the conversion of BHET to higher

introduction, its effect should be largest in the case of the gjigomers before reaching a temperature at which evapora-
smallest applied Sb concentration (200 ppm). The 10mg of (o takes place. These oligomers have much lower vapor
200 ppm Sb-BHET mixture was heated from room temper- yressyre than that of BHET.

ature to 300C at 10 K/min in aluminium crucible one time
covered with holed lid and another time uncovered. Nitrogen
purging rate was 50 ml/min. Total mass loss at final tempera-

04 | -
ture of 300.0(.: was 17'.73 and 26'12./0 in covered anq uncov In order to study the optimal heating rate for screening,
ered aluminium crucibles, respectively. To check if the lid mg of different Sb—BHET as well as HT-BHET mixtures
suppresses completely monomer e\_/aporatlon_, and i it Oloeswere heated in aluminium crucibles covered with centrally
not affect the rate of EG removal (which otherwise affects the holed lids at 1. 2. 3. 4. 5 6. 10 and 20K/min under
reaction.rate) addi';ional experi_mer_1ts were done. Monomer ¢’ o nitrog’en’pu’rgir’]g. ’In ’the case of small heating
am_ount in the c_ru0|ble was varied In arange qround 10mg, rates, solidification of the melt was observed during heating
which was applied as standard starting material amount (5

; : 'due to fast increase in molecular weight especially when
10 and 20 mg). To see if the lid affects the rate of EG remova'll high concentrations of catalyst were applied. This behaviour

th_e gas purging rate was changed between 30 and 80 ml/ MNyesulted ina strong retardation of mass loss (diffusion of EG
Higher purging rate should lead to faster removal of EG if through solid reaction mass), which shiffs,ay to higher

the lid is hindering EG. If EG hindering occurs, its effect is value. When high heating r,ate was applied, maximum
strongest in case of highest reaction rate, i.e. highest catalys}eaCtiOn rate did not appear at moderate lcemperature,

Ic;onct:ﬁ'ntratlon oft:]he mo;t aCt'Ye catal;;]st (in gurhglals§ HP' especially when low catalyst concentrations were used. As
or this reason, the purging rate was changed while healing, result, Tmax did not emerge below 28@, above which

10t_mg oft350bppm T-._BHET mlx_ture g{h|gr'\1/|est polyconden- chain degradation reaction cannot be neglected any more. At
?a lon raﬁ 0 d ser(\j/e n olutr (Txp?tnmg rt] S()j' :?nomfirr]evr?r)lo:ja-lo K/min no solidification has occurred even for the fastest
lon was hindered completely alter introduction ot the NO1ed gy, e g polycondensation (350 ppm HT). At the same time

lid since different starting amounts of BHET result in the ; -
. Tmax Of studied samples appeared below 280even with
same total mass loss (Table 4). Further evidence of monomer,, " pies app

evaporation absence is provided by the independence of totafhe slowest applied run (200 ppm Sb).
mass loss on purging rate (Table 5).

Fig. 5. Mass loss during condensation of different amounts of BHET in open
aluminium crucibles isothermally at 208.

3.5. Optimal heating rate

Table 6
Table 4 Effect of nitrogen purging rate ofinax and total mass loss during polycon-
Effect of sample weight ofimax and total mass loss during condensation of ~ densation of 350 ppm HT-BHET mixture at 10 K/min in covered pans
200 ppm Sb—BHET mixture at 10 K/min under 50 ml/min nitrogen purging

: Purging rate (ml/min) Tmax 0f DTG (°C) Total mass loss (%)
in covered pans
30 233.1 21.83
Sample mass (mg) Tmax 0f DTG (°C) Total mass loss (%) 40 2328 21.72
5 285.7 17.82 50 234.2 21.66
10 284.5 17.73 60 233.8 22.16

20 286.1 17.91 80 232.2 21.72
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Fig. 7. Different activity ordering indice§fax0f DSC and DTGT, of TG)

in screening of BHET polycondensation with different HT concentration at
10 K/min.

Fig. 6. Dependence of initial polycondensation rate on catalyst concentra-
tion during heating at 10 K/min in aluminium crucibles.

3.6. Absence of mass transport limitations Table 8

Effect of catalyst concentration on difference betwdgpny of DTG and
On industrial scale, it is known that polycondensation of Tmax0f DSC in Sb-catalyzed polycondensation of BHET

PET is limited by mass transport limitations. The first im- Sample Sb concentration Trmax Of Tmax  of
portant issue to be fulfilled in catalyst screening is to run the Mass (mg) (ppm) bSc (©) DTG (°©)
experiments under conditions at which the rate-determining 10 200 280.7 284.5
step is chemistry and not mass transport. In our experiments 10 2000 261 262
20000 231 229.8

polycondensation rate increased linearly with catalyst !
concentration under applied dynamic conditions (Fig. 6).
This indicates that the reaction was controlled by chemistry. was no longer distinguishable from the base line due to the
Furthermore, mass transport limitations of EG inside the melt small changes in the system as most of the ester end groups
were absent as changing the starting amounts of BHET didhave already reacted to form the oligomers itself. Also, in
not alter the reaction rate, and subsequemiyx and total  the case of oligomers as starting matefialax of DSC was

mass loss (Table 7) As mentioned before, limitation on the Superimposed with physica| Changes such as me|ting and
gas side of melt-gas interface was also excluded, as differentcrystallization of the oligomers.

gas purging rate did not affect the polycondensation rate
(Table 6).

3.7. Characterization of screening indices

To of TG, Trax 0f DSC andlmaxof DTG showed the same
trend (Fig. 7). Measured at same heating rate, their value was
dependent on catalyst concentration. Lower catalyst concen-
tration yielded higher values of the three indices.

A delay was found between thermogravimetric and calori-

As mentioned before, three signals can be used to screemmetric results (fhax 0f DSC occurs beforémax of DTG) and
polycondensation catalysts: maximum DSC peak, maximum had a maximum value of about 4t the applied condition.
DTG peak and TG onset. The DTG peak was easier to This delay occurred as EG vapour spent some time to reach
recognize than the DSC polycondensation peak due to themelt—gas interface. Smaller melt thickness (shorter path) and
higher sensitivity of the thermobalance compared to the higher catalyst concentration (higher concentration gradient)
DSC head. The DSC signal was relatively weak and becameyielded delay of less than one degree (Tables 8 and 9).
undetectable when oligomers were used instead of BHET The reproducibility of the three aforementioned screening
as starting material. For example, in the case of pentamerparameters was tested by repeating the polycondensation five

the amount of evolved EG is only one-fifth that evolved in
the case of the monomer BHET. In this cagg.x of DSC

Table 7

Effect of sample weight ofimax and total mass loss during condensation of
350 ppm Sb—BHET mixture at 10 K/min under 50 ml/min nitrogen purging
in covered pans

times. Standard deviation fdfimax of DTG and DSC was
0.5% and was 1.5% for, of TG.

Table 9
Effect of catalyst monomer amount on difference betwBggy of DTG and
Tmax Of DSC in Sb-catalyzed polycondensation of BHET

Sample Sb concentration Tpax0f DSC (C) Tmax0f DTG (°C)
Sample mass (mg) Tmax 0f DSC €C) Total mass loss (%) mass (mg) (ppm)
5 234.5 22.13 5 2000 261.1 261.3
10 233.9 21.66 10 2000 261 262
20 234.1 21.92 20 2000 261.3 263.7
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295- monomer evaporation and application of crucible mate-
rial with negligible catalytic activity resulted in a reliable
and efficient tool for catalyst fast screening in milligram
—&—Sb scale. Three parameters can be used to order the activ-
== ity of different catalysts:Tmax Of DTG, Tmax of DSC,
and T, of TG. These parameters test the practical effi-
ciency of polycondensation catalystin boosting chain growth.
They are independent of initial mass and gas purging rate
but rely strongly on catalyst nature, catalyst concentration
and heating rate. Molecular weight measurements of pro-
. . . : duced polymer showed that these parameters are smaller
0 R 000! 1500 2000 for more active catalysts. They are reproducible with less
Concentration [ppm] than 1.5% standard deviatiofyax of DTG is more eas-
Fig. 8. Activity of Sb and HT in polycondensation of BHET as a function ily detected than, that of DSC especially when oligomers
of concentration presented Bgax of DTG in dynamic polycondensationat ~ are used as starting material instead of BHET due to over-
10 K/min. lapping of reaction signal with heating induced physical
processes.
The optimized method was applied to study the activity
i , . of a new heterogeneous catalyst based on hydrotalcite in
Solving  of the. aforemept|on§q cr|t|caI. problems comparison to the conventional homogenous antimony
(monomer evaporation, catalytic activity, etc.) yielded a sen- .. av5¢ HT is much more active than Sb even at much lesser
sitive and reproducible method for qualitative fast screening .o ~antration. Moreover, HT as environmentally friendly

of polyc%n%ensatg?n catalysts. Moreover, thel optlm]izehd and cheap material may substitute Sb as polyester synthesis
STA method enables precise quantitative analysis of t ecatalystinthe near future.

polycondensation kinetics in a solely chemistry-controlled

regime[7]. Optimal screening is performed in aluminium

crucibles covered with a holed lid. A nitrogen purging rate

of 50 ml/min is sufficient to carry away EG as it formed Acknowledgements
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