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3C NMR Study PP/ROSIN Blends

M. I. B. TAVARES*, L. C. MENDES, R. S. CARDOSO,
N. B. SANCHES and B. S. CHAGAS

Instituto de Macromoléculas Professora Eloisa Mano-IMA, Universidade Federal
do Rio de Janeiro-UFRJ, PO. Box 68525, 21945-970, Rio de Janeiro, RJ, Brazil

(Received 28 February 1999)

The solid state NMR technique was employed to investigated the homogeneity level of
the melting mixtures of polypropylene (PP) and glycerol ester of hydrogenated rosin
(ester gum) prepared at different proportions and under selected conditions. The results
were discussed in terms of the blend domains with distinct mobilities at kilohertz range.
Up to 30% of rosin the blends revealed a slight increase in the proton spin lattice
relaxation time in the rotating frame (T % p) values caused by increasing the mobility
process of PP domains. The presence of one phase at the time scale of that relaxation
parameter suggests sample homogeneity. The T#p value for blend with 50% of rosin
indicated incompatibility.
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INTRODUCTION

The aim of the our group is to study blends of commercial polyolefins
and resins of low molecular weight, natural or synthetic. The mor-
phology, mechanical and thermal behaviour of high density poly-
ethylene (HDPE)/oligo(cyclopentadiene) (HOCP) and PP/HOCP
blends were studied [1 - 3]. Both systems were partially miscible and an
increase of elastic modulus was detected. The action of HOCP on
the morphology of iPP/JHDPE binary blends was also investigated [4].
The morphology, mechanical and rheological properties, thermal and
dynamic-mechanical behaviour of HDPE/ROSIN (ester) blends pre-
pared by melt mixing were shown in previous work [5, 6]. Recently, we
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prepared two papers on the mechanical and rheological properties
and isothermal crystallization of PP/ROSIN blends [7, 8]. Solid state
nuclear magnetic resonance spectroscopy (NMR) is a good source to
obtain a response of blends compatibility. The combining techniques
such as magic angle spinning (MAS) with cross polarisation (CP) are
useful routines to obtain high-resolution solid state NMR. Proton spin-
lattice relaxation time in the rotating frame are related to the nature
and carbon nuclei environment and can provide detailed information
on molecular and segmental motion of the blend components [9—15].
The main purpose of this work was to analyse the behaviour of
PR/ROSIN blends at molecular level employing carbon-13 cross-
polarisation/magic angle spinning and proton spin-lattice relaxation
time in the rotating frame.

EXPERIMENTAL

Materials

Commercial polypropylene (PP) produced by OPP Petroquimica S.A.,
Brazil, density = 0.9 g/cm®, degree of crystallinity = 40% (by DSC),
rockwell hardness = 101 (R scale), melt flow index (MFI)=3,5¢g/
10min.

Commercial glycerol ester of partially hydrogenated rosin (ester
gum) was by Hercules Inc., Brazil; M,, = 1190, M, = 920 (by GPC),
density = 1.1 g/em®, color WG, acid number=8.7, softening point =
101.5°C.

Blend Preparation

The blends were prepared by melt mixing in a Haake Rheocord 9000
at 200°C, 32 rpm for 10 minutes. The following PP/ROSIN w/w ratios
were blended: 100/0, 90/10, 80/20, 70/30, 60/40 and 50/50.

Specimen Preparation

Sheets of 9 x 7 x 0.1cm were compression moulded. The sample was
left for 5 minutes at 220°C without pressure to melt completely. After
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this, 2.5 Mpa of pressure was applied for 5 minutes and then cooled in
air until to 110°C. Finally, the mould was put in another press with
water circulation to reach room temperature.

Solid State NMR Measurements

All NMR solid state spectra were obtained on a VARIAN spectro-
meter INOVA 300 operating at 299.9 MHz and 75.4 MHz for 'H and
13C, respectively. All experiments were done at probe ambient tempera-
ture and performed using gated high power decoupling. Zirconium
oxide rotor of 7mm diameter with Kel-F caps were used to acquire
the NMR spectra at rates of SkHz. Carbon-13 spectra are referenced
to the chemical shift of the methyl group carbons of the hexamethyl
benzene (17.3 ppm). The '*C were carried out in the cross-polarisation
mode with magic-angle spinning (CP/MAS) with 2s of delay and varia-
tion contact time (VCT). A range of contact time was established as
200 to 8,000 pus. Proton Tjp values were determined from the inten-
sity decay of carbon-13 peaks with increasing contact-time.

RESULTS AND DISCUSSION

The carbon-13 CP/MAS NMR spectrum of PP showed three signals
located on 44.2, 27.2 and 22.2 ppm respectively attributed to CH,, CH
and CH; groups. Rosin is natural resin consisting of mixture of
monocarboxylic acids with diterpenic structures which abietic acid is
the main component [16]. The carbon-13 NMR CP/MAS spectrum
of glycerol ester of partially hydrogenated rosin (ester gum) is showed
in Figure 1 and the assignments are listed in Table 1.

The carbon-13 CP/MAS spectrum for PP/Rosin 50/50 is shown in
Figure 2. Only two signals, with very low intensity, belonged to rosin
was detected: one at 37.7 ppm (CH,) and the second located at 176.9
ppm (carbonyl group). The three NMR signals of PP was also detect-
ed, and the intensity proportions were very high. Another point shows
that the chemical shifts for the PP NMR signals in the PP/rosin blend
did not change when compared to PP itself, which is a first indication
that this sample presents phase separation.
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FIGURE 1 Carbon-13 CP/MAS NMR spectrum of Rosin.

TABLE I Assignments of Rosin structure by carbon-13 CP/MAS NMR spectrum

&(ppm) Carbon-13 group
177.7 C=0eter)
146.9 Cc—C=C
137.8 C=C—CHj;
126.8 C=C—H
65.0 CH,—O
483 CH,

37.6 CH;

258 CH,

218 CH;

19.4 CH;

8.8 CHS(branching)

Proton Typ values for rosin are listed in Table I1. It was observed
high values of THp, which is an indication that it is mainly constituted
by a large domain with high mobility. The distribution form of the
decay intensities of carbon-13 in the array of contact-time corrobo-
rates this observation.

The T p values of blends measured from variable contact-time
experiment are listed in Table III. The values are referred to as-
signments of methylene, methyne and methyl groups of PP since the
polyolefin dominates the relaxation process. Up to 30% of rosin, the
blends present a slight increase in T¥p values caused an increase in
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FIGURE 2 Carbon-13 CP/MAS NMR spectrum of 50/50 PP/Rosin blend.

TABLE II TFp values for Rosin

8(ppm) THp (us)
1777 417
137.8 21.6
126.6 247
483 13.1
37.6 20.0
25.8 18.5
218 19.6

TABLE III T/ p values for PP/Rosin blends

PP|Rosin THp (us)
blend
Methylene Methyne Methyl

100/0 9.2 12.6 15.2
90/10 10.2 13.5 17.0
80/20 12.7 17.0 18.9
70/30 - - 26.9
50/50 10.7 12.2 14.2

the mobility process of PP domains that can be attributed to rosin
amount effect. These results show some interaction between both
blend components and one phase at the time scale of this parameter is
a consequence of sample homogeneity. For 50/50 PP/Rosin blend the
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values of T#p becomes very similar to that PP alone which can be
attributed to the blend incompatibility. These results corroborate the
isothermal crystallization data where above 30% of rosin the sphe-
rulite radial growth rate increased showing that the demixing was in-
duced at large rosin content [8].

CONCLUSION

The study of carbon-13 NMR solid state of PP/Rosin mixture indi-
cated phase separation. The data of relaxation time of blends showed
that the polyolefin and rosin have some interaction. Up to 30% of
rosin the blends revealed a slight increase in T p values caused by
increasing the mobility process of PP domains. The presence of one
phase at the time scale of that relaxation parameter suggests sample
homogeneity. The T p value for blend with 50% of rosin indicated
incompatibility. The '*C NMR results corroborated the isothermal
crystallization data, where above 30% of rosin the spherulite radial
growth rate increased showing that the demixing was induced at large
rosin content.

Acknowledgements

The authors thank to Coordenagao de Aperfeigoamento de Pessoal de
Nivel Superior (CAPES, Brazil), Conselho Nacional de Desenvolvi-
mento Cientifico e Tecnoldgico (CNPq, Brazil) for support this
research, and PETROBRAS/CENPES/ DIQUIM for the use of the
NMR spectrometer.

References

[1] Mendes, L. C., Tavares, M. 1. B. and Mano, E. B. (1996). Polymer Testing, 15, 53.

[2] Cimmino, 8., DiPace, E., Martuscelli, E., Mendes, L. C. and Silvestre, C. (1994). J.
Polym. Sci. Part B Polym. Phys., 32, 2025.

(31 Cimmino, S., DiPace, E., Martuscelli, E., Silvestre, C., Mendes, L. C. and Bonfanti,
G. (1995). J. Polym. Sci. Part B Polym. Phys., 33, 1723.

{4] Mendes, L. C., Mano, E. B., Martuscelli, E. and Cimmino, S. (1995). Polymer
Bulletin, 35, 237.

[5]1 Cardoso, R. S., Simdes, A. L. C., DiezFilho, M. A. and Mendes, L. C. (1998).
Polymer Bulletin, 40, 779.



10:52 19 January 2011

Downl oaded At:

(6]
(7
(8]
9]
{10]
{1
(12]
(13]
(14]

[15]
{16]

PP/ROSIN BLENDS 799

Cardoso, R. S., Simoes, A. L. C., Mendes, L. C., Teixeira, S. C. S. and Ferreira, A. A.
(1998). Polymer Bulletin, 40, 787.

Cardoso, R. S., Chagas, B. S., Oliveira, M. L. C., Moraes, G. F. and Mendes, L. C.
(1998). submitted to International Journal of Polymeric Materials.

Cardoso, R. S., Chagas, B. S., Moraes, G. F. and Mendes, L. C. (1999). submitted
to International Journal of Polymeric Materials.

Bovey, F. A. and Mirau, P. A. (1996). NMR of Polymers, Academic Press, New
York.

Stejskal, E. O. and Memory, J. D. (1994). High Resolution NMR in the Solid State,
Oxford Press, New York.

Amorim, M. C. V., Oliveira, C. M. F. and Tavares, M. L. B. (1996). J. Appl. Polym.
Sci., 61, 2245,

Tavares, M. L. B, Castro, W. P. and Costa, D. A. (1995). J. Appl. Polym. Sci., 55,
1165.

Silva, N. M. and Tavares, M. L. B. (1996). J. Appl. Polym. Sci., 60, 663.
Monteiro, E. E. C. (1995). Polymer Testing, 15, 273.

Silva, E. P. and Tavares, M. I. B. (1998). J. Appl. Polym. Sci., 67, 449.
Stonecipher, W. D. and Turner, R. W. (1977). Rosin and rosin derivatives, In:
Mark, H. F., Gaylord, N. G. and Bikales, N. M., Encyclopedia of Polymer Science
and Technology, 12, John Wiley, New York, 139.



