GCNPM 2018

9™ Conference
Green Chemistry and Nanotechnologies

in Polymeric Materials

10-12 October 2018
Cracow, Hotel Qubus

Organized by:

Cracow University of Technology
Faculty of Chemical Engineering and Technology

The honorary patronage
Rector of Cracow University of Technology
Professor Jan Kazior PhD, DSc, Eng.




Media patronage
) o @ Klaster
P 0 L I M E RY LifeScience

O .
® Krakow

Sponsors

Politechnika Krakowska

NETZSCH IRS) DT C tikeow QCTT

ROKITA

Scientific Committee

Filomena Barreiro
José Vega Baudrit
Hynek Benes$

Dariusz Bogdat

Ugis Cabulis

Janusz Datta

Arantxa Eceiza

Piotr Krdl

Andrea Lazzeri
Krzysztof Pielichowski
Aleksander Prociak
Joanna Ryszkowska
Tomasz Sterzynski
Leonard Szczepkowski
Tomas Vicek

Polytechnic Institute of Braganga, Portugal

LANOTEC-CeNAT, POLIUNA, Costa Rica

Institute of Macromolecular Chemistry AS CR, Czech Republic
Cracow University of Technology, Poland

Institute of Wood Chemistry, Latvia

Gdansk University of Technology, Poland

University of the Basque Country, Spain

Rzeszow University of Technology, Poland

University of Pisa, Italy

Cracow University of Technology, Poland

Cracow University of Technology, Poland

Warsaw University of Technology, Poland

Poznan University of Technology, Poland

FAMPUR, Poland

TOSEDA Ltd., Research & Development Center, Czech Republic

Organizing Committee

Aleksander Prociak
Maria Kuranska
Stawomir Michatowski
Elzbieta Czaja

Department of Chemistry and Technology of Polymers
Department of Chemistry and Technology of Polymers
Department of Chemistry and Technology of Polymers
Department of Chemistry and Technology of Polymers



P15. P. Kasprzyk, J. Datta: A mathematical model of rheological behavior of partially bio-
based polyurethane prepolymers

P16. B. Krdl, Influence of the type nanofillers on the surface, thermal and mechanical
properties of coatings made from polyurethanes and polyurethane cationomers

P17. K. Skérczewska, K. Lewandowski, M. Kuraniska: Epoxidized vegetable oils as poly(vinyl
chloride) glass transition modifier

P18. R. Lubczak, D. Szczech, D. Broda, A. Szymanska, R. Wojnarowska-Nowak, M. Kus-
Liskiewicz, : Biodegradation of polyurethane foams with carbazole ring

P19. R. Lubczak, D. Szczech, M. Szpityk: Polyurethane foams with starch units

P20. D. Malina, D. Toton, A. Sobczak-Kupiec: Phytotoxicity of silver in ionic and nanometric
form

P21. D. Malina, A. Sobczak-Kupiec, W. Florkiewicz: Plant waste as raw materials in
nanosilver preparation

P22. S. Michatowski, A. Czernecka, M. Kuranska, A. Prociak: Rigid polyurethane foams with
reduced flammability

P23. K. Mizera, J. Ryszkowska, M. Kuranska, A. Prociak: Analysis of the influence of
epoxidized rapeseed oil modified with diethylene glycol and isopropanol on the
structure and properties of polyurethane elastomers

P24. 0. Mysiukiewicz, D. Matykiewicz, M. Barczewski: Biodegradable hybrid composites of
poly(vinyl alcohol) reinforced with natural fibers and ground chestnut shells

P25. J.A. Pinto, M.N. Belgacem, A.E. Rodrigues, M.F. Barreiro: Development of silica-rich
polyols from rice husk biomass

P26. K. Pluta, A. Sobczak-Kupiec, K. Rudnicka: Cytotoxicity assessment of polymer-ceramic
composite of natural origin

P27. K. Pluta, D. Malina, A. Sobczak-Kupiec: Nanogold as drug carrier

P28. S. Reinerte, M. Kirpluks, U. Cabulis: Thermogravimetric analysis of high functionality
tall oil polyol based rigid PU foams

P29. J. Ryszkowska, M. Auguscik, M. Oleksy, R. Oliwa, T. Markowski, L. Szczepkowski, t.
Molter: Sound-absorbing viscoelastic polyurethane foams made from polyols
obtained from PET recycling

P30. K. Satasiriska, M. Celinski, M. Barczewski: The influence of shell on the flammability
and smoke emission of epoxy resin

P31. P. Czub, A. Sienkiewicz, A. Milo: Epoxy-polyurethane materials based on modified
palm oil




Development of silica-rich polyols from rice husk biomass
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Introduction

Rice (Oryza sativa) is one of the most produced and consumed cereals in the world,
being the main food for more than half of the world population. It contains, by weight, about
25% of husk and 10% of bran, which represent a high volume of residues. In fact, every year
about 30 million tons of solid residues (husk and pulp) are produced, most of them inadequately
disposed. The rice husk (RH) is a poor nutritional material, and is rarely used as animal feed.
Their traditional uses comprise utilization as fertilizer additives, in stock breeding rugs, as cook-
ing fuel, and in landfill or paving applications. Other beneficial applications of RH include their
use in composites and partition boards, biochar production, with only a small amount utilized
for energy generation, and other applications such as silica production. The rice husk ash (RHA)
has proved to be an important source material for manufacturing value-added silicon carbide,
silicon nitride, silicon tetrachloride, magnesium silicide, pure silicon, zeolites, fillers for rub-
bers and plastic composites, corrosion resistant cements, adsorbents and support of heteroge-
neous catalysts [1].

The abundant presence of silica is considered an interesting feature of this lignocellulo-
sic residue, which can be exploited in the production of silica-rich polyols. In this context, the
oxypropylation of RH will enable the direct obtainment of polyols enriched with silica, which
can find application as raw-materials for the synthesis of polyurethanes and other polymeric
materials. The incorporation of silica in polyurethanes leads to an increase of crystallinity and
polymer chain orientation [2]. Also, the incorporation of nanofillers like silica can provide ma-
terials with higher thermal, mechanical, optical properties, and flame retardancy properties. In
fact, silica nanoparticles have received much attention due to their mild synthetic preparative
conditions, large surface area, smooth nanoporous surface, high adsorption capacity and large
pore volume [3]. In this context, and as a preliminary study to the topic, the oxypropylation
process of RH will be presented and discussed.

Experimental

The RH has been characterized in terms of moisture content, ashes, lignocellulosic com-
position and extractables. The lignocellulosic composition was obtained using the procedures
described elsewhere [4]. The ash content was determined based on Tappi 211 om-93 method
and the moisture content was determined according to the ASTM 1413-76 standard (ASTM,
1984). The extractables were quantified using a sequential extraction procedure in a soxhlet
using n-hexane, dichloromethane, methanol and water.

For the oxypropylation process a pressure reactor of 450 mL equipped with a heating
mantle, mechanical stirrer, thermocouple and manometer, was used. Two Biomass/PO ratios
were tested (20/80 and 10/90, w/v, g/ml) using 4 catalyst contents (5, 10, 15 and 20%, w/w,
biomass-based). The polyols were characterized in terms of homopolymer content (HOMO, %
(w/w)) according to the procedure described by Pavier and Gandini [5], viscosity (Pa.s, 20°C),
hydroxyl number (IOH, mg KOH/g) according to the ASTM D4274 standard (ASTM, 2005),



unreacted biomass (UB, w/w, biomass-based) determined gravimetrically after dilution of the
polyol in a suitable solvent, filtering and weighted. The silica content (SC) in the polyols was
also estimated based on the content of silica present in the ashes (80-95%) [6].

Results and discussion

The RH presented ash and moisture contents of 15.7% and 1.7%, respectively. The lig-
nocellulosic composition (79.8%, dry-basis) comprises cellulose, hemicellulose and lignin at
contents of 54.5%, 20.8% and 24.7%, respectively. Moreover, it presents 0.3% of fats (based
on the n-hexane extractables), 0.3% of non-polar substances (based on the dichloromethane
extractables), 1.7% of OH-bearing compounds (based on the methanol extractables) and 2.8%
of more polar substances (based on the water extractables).

Oxypropylation occurred at moderate conditions of temperature, pressure and time giv-
ing rise to liquid polyols (Fig. 1) with the exception of the 20/80 series with catalyst contents
of 5 and 10%, which resulted in a solid residue at the end of the reaction, i.e. minor biomass
oxypropylation occurred being impossible to remove the product from the reactor for charac-
terization. For the tested series, the homopolymer content ranged between 14-57%, the hy-
droxyl number between 225-357 mg KOH/g. Comparatively with the series 20/80, the series
10/90 presented lower viscosities; viscosities were over 300 Pa.s for the series 20/80, and be-
tween 1.7-64.0 Pa.s, for the series 10/90. In a general way, viscosity tend to increase with the
increase of the RH/PO ratio, i.e. with RH increase. For the series 10/90, the maximum in ho-
mopolymer content was achieved for the polyol 10/90/5 (57%). For the series 20/80 a decrease
of the homopolymer content was observed comparatively with the series 10/90. For the series
20/80, the IOH reached the maximum value for a catalyst content of 15% (357.1 mgKOH/g),
and the polyol 10/90/5 (306.2 mg KOH/g) presented a IOH higher than the polyol 10/90/10
(225.8 mg KOH/g). The SC content in the polyol was estimated for the series 20/80 and 10/90
based on the values reported for the SC content in the ashes (95%), corresponding to a content
of 14.6% in the RH. Thus, the theoretical values of silica in polyols were estimated as 4.38,
2.92 % (w/w) for the 20/80 and 10/90 polyols, respectively. According to literature several
loads of silica were used in the synthesis of polyurethane foams. Namely, the presence of 5%
(w/w) in rigid PU foams resulted in an increase in cell density, cell size reduction, but a decrease
in compressive strength [7].

g PO+KOH
T/Pressure =

-

Fig. 1. Schematic representation of all the process of oxypropylation of rice husk.

The UB varied between 22.5 and 45.0% of the originally used biomass. The series
10/90 was the one that presented the higher amount of unreacted RH (26.0-45.0 %) inde-
pendently of the used catalyst amount.



Conclusions

To the best of our knowledge no other works concerning RH oxypropylation are avail-
able in the literature. In a general way, and comparatively with other oxypropylation studies
dealing with other biomass substrates (e.g. almond shell and Brazilian pine fruit shell), the ob-
tained polyols are characterized by higher viscosities, possibly associated to the high ash con-
tent of the RH (material rich in silica). However, further studies and other RH/PO ratios will be
tested in the future. The presence of silica in the produced polyols was considered an interesting
feature for the polyurethane industry since silica is often added to formulations to enhance
properties, namely mechanical and thermal resistance [8]. The effect of silica content on the
produced polyols will be further investigated in final applications (e.g. rigid polyurethane
foams).

Acknowledgements

POCI-01-0145-FEDER-006984 (LA LSRE-LCM), funded by FEDER, through POCI-
COMPETE2020 and FCT; UID/AGR/00690/2013 (CIMO), financed by FEDER, through
POCI-COMPETE2020; Project NORTE-01-0145-FEDER-000006, funded by NORTE2020
under PT2020, through ERDF. To the CECILIO Group for the supply of the rice husk.

References

1. R. Pode, ‘Potential applications of rice husk ash waste from rice husk biomass power
plant’, Renew. Sustain. Energy Rev., vol. 53, pp. 1468-1485, 2016.

2. J. W. Cho and S. H. Lee, ‘Influence of silica on shape memory effect and mechanical
properties of polyurethane-silica hybrids’, Eur. Polym. J., vol. 40, no. 7, pp. 13431348,
2004.

3. K. M. Seeni Meera, R. Murali Sankar, J. Paul, S. N. Jaisankar, and A. B. Mandal, ‘The
influence of applied silica nanoparticles on a bio-renewable castor oil based
polyurethane nanocomposite and its physicochemical properties’, Phys. Chem. Chem.
Phys., vol. 16, no. 20, pp. 9276-9288, 2014.

4. A.Ma’Ruf, B. Pramudono, and N. Aryanti, ‘Lignin isolation process from rice husk by
alkaline hydrogen peroxide: Lignin and silica extracted’, AIP Conf. Proc., vol. 1823,
pp- 2-7,2017.

5. C. Pavier and A. Gandini, ‘Oxypropylation of sugar beet pulp. 2. Separation of the
grafted pulp from the propylene oxide homopolymer’, Carbohydr. Polym., vol. 42, no.
1, pp. 13—17, 2000.

6. F.Maraschi, A. Speltini, M. Sturini, L. Consoli, A. Porta, and A. Profumo, ‘Evaluation
of Rice Husk for SPE of Fluoroquinolones from Environmental Waters Followed by
UHPLC-HESI-MS/MS’, Chromatographia, vol. 80, no. 4, pp. 577-583, 2017.

7. S. Chuayjuljit, A. Maungchareon, and O. Saravari, ‘Preparation and properties of palm
oil-based rigid polyurethane nanocomposite foams’, J. Reinf. Plast. Compos., vol. 29,
no. 2, pp. 218-225, 2010.

8. M. W.Kim, S. H. Kwon, H. Park, and B. K. Kim, ‘Glass fiber and silica reinforced rigid
polyurethane foams’, Express Polym. Lett., vol. 11, no. 5, pp. 374-382, 2017.



