
1. INTRODUCTION 2. EXPERIMENTS

5. ABOUT

3. RESULTS 4. CONCLUSIONS
The annual worldwide production of polymers has
been continuously increasing for many decades. Poly-
olefins are semi-crystalline thermoplastic materials
which are among the most significant synthetic ma-
terials ever used. Due to their excellent properties they
have replaced many traditional materials such as wood,
steel, and ceramics over the years.

During production of polyolefins the resin manu-
facturers need to monitor key engineering parameters
in real time to allow for optimization of transitions
between different product grades which possess
different chemical structures and physical properties.

The most important one of these attributes is inter-
molecular tacticity distribution, which is measured indi-
rectly through determination of the amorphous PP
fraction, a.k.a. Xylene Soluble (%XS) fraction. Both
homopolymers and random copolymers of PP consist
of a crystalline, an amorphous and an interfacial phase.

The traditional method to determine %XS of PP (ASTM
D-5492) is time-consuming, expensive, prone to errors
and poses environmental and safety hazards because
of the use of toxic solvents at high temperatures.

In plants today %XS is typically measured using NMR
Relaxometry which probes relaxation behavior using
Nuclear Magnetic Resonance. The different polymer
phases give rise to different mobilities and therefore
relaxation rates which can be distinguished by analysis
of free induction decays (FID’s). The IMR method is
simple, cost-efficient and features an extremely good
repeatability.

IMR instruments require calibrations with the use of
reference data from wet chemistry data, ideally
gathered from freshly produced samples.

The present study aims to understand changes in the
morphology of PP over time with the goal to improve
calibration models by accounting for differently aged
materials, as these are typically the only ones available.
We chose random co-polymers, as they display a wide
range of %XS content. In order to mimic freshly
produced samples which were not available to us, we
partially erased the thermal history by heating up old
samples, produced several years ago, to a temperature
close to their melting points. This allowed us to
establish a time zero and perform IMR analysis at fixed
intervals on the order of minutes, hours, days and
weeks.

• Morphology evolutions of polypropylene random copolymer
(RACO) during ambient-condition storage were studied by NMR
relaxometry. Sixteen grades of RACO with a broad range of Xylene
Solubles content (%XS) were studied.

• Heat treatment of aged powders at 120 °C can at least partially
remove the thermal history of RACO, enabling a simulated study
of the ageing behavior of RACO reactor powders without having
access to the actual fresh reactor powders, which are difficult to
consistently obtain. Following the heat treatment, morphology
changes were studied over one month of storage time.

• Fractions of crystalline, intermediate, and amorphous phases can
be reliably separated by curve fitting of FIDs.

• NMR relaxometry is capable of accurately detecting small changes,
at 0.5 – 1 %, in all three phase fractions.

• Over the course of the first month of ambient-condition storage
after the heat treatment, the percentage of the crystalline phase
generally increases by 1 – 2 %, that of the amorphous phase also
decreases by 1 - 2 %, while that of the interfacial component stays
mostly constant.

• Unexpectedly, the T2-relaxation time of the interfacial fraction
consistently decreases during ageing.

• The trends of the changes are consistent across all grades, with
the exception that the decrease of T2-interfacial is more
pronounced for higher %XS grades.

• The study shows that NMR relaxometry can be employed for the
detection of subtle morphological changes in polypropylenes,
which shows that accurate modeling of %XS is feasible.

• The changes in predicted %XS can be quantified and are
logarithmic with respect to sample age.

Sixteen random copolymer (RACO) polypropylene (PP) powder samples with XS
fractions from 5.71 % to 11.02 % were analyzed. In order to mimic the ageing
process of freshly polymerized samples using older samples, a procedure was
developed where polymers were heated up close to melting temperature, then
allowed to cool to be analyzed at five different age intervals. Each sample was
split into 5 aliquots (A, B, C, D, E). Each aliquot was loaded into a 19 mm test
tube and heated to 120 °C. After heating, samples were stored at ambient
conditions (20 °C - 23° C) for a specified resting interval before being analyzed by
the use of 1H-NMR.

At the end of the resting period, samples were loaded into 
a LexMar Global MagStation II which internally conditioned 
them at 80 °C for 25 minutes prior to analysis. After the 
conditioning period the samples were subjected to an NMR 
relaxometry experiment (ν (1H) = 20.05 MHz).

The experiment consisted of a 90° RF pulse (4.2 μs), then the acquisition of the
Free Induction Decay signal (FID) after an 11 μs dead time. The FID was
digitized into 4096 points acquired at 0.2 μs/point [819.2 μs window.] The ac-
quisition consisted of 4 dummy scans followed by 64 accumulated scans at a
1.5 s/scan recycle delay. The signals were then truncated to 400 μs to avoid
overweighing the amorphous fraction.
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Fig. 3: 400 μs GEE curve fit model for Polymer 2A. 

• Aliquot A – 20 minutes 
• Aliquot B – 4 hours
• Aliquot C – 1 day
• Aliquot D – 1 week
• Aliquot E – 1 month

For the following plots, the color-bar on the left correlates plot color with XS
fraction value. The first plot shows the change of a given parameter over
time. The second plot shows the difference between the 1-month results and
the 20-min. results for that parameter.

Prediction of %XS
167 different ratio-based transformations of the six curve fit parameters (aa, ag, ae, Ta, Tg
and Te) were generated. A linear regression vs. %XS was generated for each of these
transformations and correlation coefficient was calculated for each regression. The highest
correlated transformation was chosen as the predictor of %XS. A linear calibration was
generated from the 20-minute aged samples utilizing this transformation. The linear
calibration from the 20-minute aged samples was applied to all other ages. A logarithmic
relationship between sample age and change in predicted XS due to age was observed and
quantified.

As one of the largest academic centers for polymer research in the world,
University of Massachusetts Amherst seeks to expand the useful application
of polymers to human needs, creating an institution that is committed to ex-
cellence. The academic focus of UMA’s Polymer Science & Engineering (PSE)
department spans all aspects of the evolving polymer field, from synthesis
to engineering and physics. Cross-discipline research is integral to our
program and most often involves departments such as Physics, Chemistry,
Biology, and Chemical Engineering. PSE students and faculty participate
extensively in collaborative research programs with other universities and at
national laboratories.

LexMar Global Inc, a globally operating manufacturer of scientific instru-
mentation, provides on-line and laboratory Industrial Magnetic Resonance
(IMR) instruments for NMR relaxometry as well as electrostatic measuring
equipment to quality laboratories and manufacturing plants. These tech-
niques have been proven effective in several industries including petro-
chemicals, specifically polyolefins, and minerals. The world’s leading poly-
mer manufacturers utilize our products every day to improve process effi-
ciency and increase profits.

Fig. 1: Sample in 
the MagStation II 
carousel

Fig. 2: Normalized FIDs 
for three examples of the 
sixteen PP random 
copolymer samples 

A Gaussian function was chosen to represent the crystalline fraction of the
polymer, while exponential functions were chosen to represent the
amorphous and interfacial regions. From this “GEE” model, each FID was
reduced to six fitting components:
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Fig. 4: An overall increase of 1 - 2 %
crystallinity over the one-month period
was observed for most samples.

Fig. 6: A negligible change ranging from -1.5 % to
1.5 %, of the interfacial fraction over the one-
month period, was observed for most samples.

Fig. 8: The mobile fraction amplitude decreased
between 0.5 – 3 %. Here, error bar values are
similar to the interfacial component error bars
on the order of ± 0.1 - 0.2 % amplitude.

Crystalline Relaxation Rate

Fig. 5: The relaxation rates decreased slightly on
average for the crystalline phase; however, the
change of relaxation rates for the crystalline
phase is negligible relative to the error of fitting.

Interfacial Relaxation Rate

Fig. 7: The interfacial domain shows a gradual
decrease in T2 over the one-month period; close
to 1.5 μs on average. The highest T2 difference is
close to a 4 % change. Generally, a higher %XS
value corresponds with a higher interfacial T2.

Amorphous Relaxation Rate

Fig. 9: The mobile relaxation rate increased slight-
ly on average with the most pronounced change
occurring between the 1-week and 1-month
interval with an average change of 6 μs.
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Fig. 10: The %XS 
prediction based on 
20-minute model 
applied to all other 
ages.
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