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The selection reaction of homogeneous catalyst in soy-epoxide
hydroxylation
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Jayabaya University, JI. Pulomas Selatan Kav 23 Jakarta -13210 Indonesia
flora_elvistia@yahoo.com

Abstract. Hydroxylation reaction of soy-epoxide has resulted soy-polyol; a prepolymeric material for

polyurethane. The conversion and selectivity of soy-epoxide butanol based to hydroxylation was found
higher than soy-ethylene glycol (EG) based. These reactions were performed by sulfur acid which
commonly known as homogeneous catalyst. Conversion and selectivity of homogeneous catalyst
compared to bentonite; a heteregeneous catalyst was lower as in fact the mixtures were more viscous.
The catalysis were significantly effected to cell morphology. Foams were conducted by heterogeneous
catalyst resulted an irregular form of windows while homogeneous catalyst are more ordered.

Keywords— polyurethane, conversion, selectivity, soybean, catalyst

1. Introduction

Increasing concerns about the environment and renewable resources are fueling a growing
worldwide research effort which bringing significantly economic and scientific importance which
impacted to reducing the dependence on fossil fuels which are rapidly being exhausted [1-2].
Vegelable oil-based products are well-known as being environment-friendly, abundant, cheap in cost,
and excellent properties. The products can be developed and utilized for valuable polymeric materials
[3-8.

-.Vegetab]e oils are part of larger family of chemical compounds known as fats or lipids, which
made up predominantly of triesters of glfflerol with fatty acids which can be processed into high value
oleochemicals for various industries [6]. The composition of fatty acids contained in the vegetable oils
determines the further use of oils; the conversion of oil seed crops ifffio bioplastic could compete with
plastics from petroleum chemicals [7-9]. Transformed of fatty acids into polyol through double bonds
epoxidation and oxirane ring opening are used in many industries as an additives for polymers as well
as composites [10], wilich have attracted attention for a multitude of plastic products, including
polyurethanes [11-14]. The oils are characterized by their oxirane number and hydroxyl value.

Polyurethanes produced from vegetable oils; fffybean-oil as well has presented some excellent
properties such as hydrolytic and thermal stability. The preparation of polyols from oils have beeffjthe
subject of many studies but limited attention has been paid to the effect of different alcohols to be used
as the ring opening reagents for soy epoxide oil [15-16]. The hydroxyl groups are located in the
middle of fatty acidfhain resulting a significant steric hindrance to crosslinking. The method of using
either electrophiles or nucleophiles, or catalyzed by either acids or bases. Epoxidation with peracetic
acid is generally catalysed by soluble mineral acids like sulfur [17]. The reactions catalysed by clays
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would be an alternatives which were carried under mild conditions. The separation of the spent
catalyst is achieved by filtration, and the product is recovered by mere evaporation of solvent. Catalyst
used in polyol production for discontinuous batch process for a common practice is sulfur acid [18].
The effectiveness of catalyst in promoting reaction to ethylene glycol (EG) and n-butanol were found
15.6% respectively at same condition [19].

The optimum conversion of epoxide to polyols of using homogeneous catalyst were found at the
previous, by temperature 50C was 150 minutes of reaction, while at 60C was 90 minutes of reaction.
The best oxirane number found at this conditions was 6.7 (%) [20].

This paper report works to find out the reaction conditions that allows the addition of different
alcohols to epoxidized vegetable oils in maximizing selectivity with the used of homogeneous catalyst
as well as heterogeneous in polyurethane synthesis. The reason of using EG and butanol, besides
performing as chain extender it is also performed as source of hydroxyl others than soy-polyol.

2.Materials and Methods
2. IMaterial specifications

Soy-oil based polyols used in this study were been synthesized in our laboratory using hydroxylation
of epoxide methods. Sulfur acid catalysed were carried in the reaction in accordance to a known
procedure to a peracetic acid in siru which generated from peroxide and acetic acid. The sfiybean-oil
was purchased from grocerfis the product of Variatama Jakarta with specifications of acid value
0,024 mgr KOH/ gr sample, lodine value 53,89 gram [od/100 gr sample, and viscosity 443.007 cps.

3.Result and Discussion
3.1.Preparation of Flexible PU Foam
Hydroxyl groups were introduced by applying two-step methods involving epoxidation of
unsaturated chain followed by epoxide ring opening. Chain extender (ethylene glycol, butanol) were
taking part in the epoxidations and the amount of catalyst to be used is 1% (v/v). Bentonite was used
as the comparative data. Therole of these catalysts to fBlyurethane properties were evaluated.
Polyurethane was prepared usingffformula by fixing molar ratio of epoxide to chain extenders [1:1];
[1:3]; [1:5]; [1:6] and [1:10] then adding TDI (2.4): MDI (4.4") (80:20) into polyols. The mixtures
were vigor@isly mixed to surfactant and distilled water, which then poured into an open glass mould.
The foams removed from the mould and allowed to postcure for one day at room temperature. Oxirane
number indicates the epoxide ring has completely reacted in hydroxylation reaction resulted hydroxyl.
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Figure 1. Time of reaction Optimization
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The reduction of oxirane number of polyol would caused of increasing hydroxyl value. As can be seen
in figure 1. The lowest oxirane number was achieved at concentration of epoxide/ethylene glycol (1:3)
at 1 hour and three hour reaction and also at two hour for ratio of epoxide/butanol. Concentration (1:3)
was used as based formula for proceed reactions. Hydroxyl value of butanol using sulfur and bentonite
are 549.7 mgr KOH/gr and 710 mgr KOH/gr respectively, as compared to EG was 308.5 mgr KOH/gr.
High hydroxyl value would caused high consumes of catalyst if further processed to urethane foams.
One of the apparent differences between butanol and EG, which butanol has secondary hydroxyls
while EG has only primary hydroxyls. Selecting of polyols for foaming it is well understood that
primary hydroxyl are preferred for molded foam process, because the speed up gelling reaction.

3.2.The Catalytic Studies
The effect of polymerization catalyst is illustrated in Figure 1, keeping the weight of sulfur acid at

constant for the whole reactions. The product resulis were compared to as if it is being catalysed by
bentonite.
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Figure 2. Comparative catalysis existence of epoxidation

Results of the epoxidation of fatty acid catalyzed by H,SO, are displayed in figure 2 and figure 3,
with the temperature of 60+0.5C. This figures have clearly explained the conversion and selectivity of
epoxidation using butanol are higher than EG.
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The glycols produced as the result reaction of water to epoxide, its formation were favoured by a
lower crosslinking. Butanol although has high crosslinking will gives poor selectivity due to glycol
formation. The low selectivity were assumed to happened with the decrease of cross-linking.
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Figure 4. Epoxidation of Butanol-based with H,SO4

The viscosity of polyol butanol-based using sulfur acid catalyst were 569.43 cps while viscosity of
polyol EG-based using sulphuric acid were 30.55 [21], logically viscosed mixture will find difficulties
in the reactions, but referred to this founding the viscosity seems is not effected to conversions and
selectivity. For a and B branched alcohols it was possible to improve the selectivity that shown in
figure 4. Less complex alcohols it was possible to obtain 100% selectivity at 100% conversion.

The hydroxyl value of polyol butanol- based using sul phuric acid is 549.65 mgr KOH/gram and as

to compared to hydroxyl value of polyol butanol-based using betonite catalyst is 710.91 mgr
KOH/gram. These differences are met of reactivity and selectivity of the catalyst itself.

3.3 lhamcterization and Property Measurement of Polyurethane (PU) Foam

The obtained PU foams were characterized by using density measurement, the foams wer@cut into
specimens with dimension of 1x1x1 cm. The specimens were accurately weighed using equation,
density = mass/ volume. The density for each foam was ascertained using average value. Many factors
and conditions can influence the foaming process of flexible cellular polyurethanes.

Natural oils polyols are significantly different from petroleum-derived polyols, the hydroxyls
located in the center of polyol chains. Compared to mostly petroleum-derived polyols, which have
either primary hydroxyls and secondary hydroxyls with only one covalent bond removed from the
chain ends while for natural oil converted from single oil molecule are most likely to be 5-8 covalent
bonds removed from the chain ends, this stated as disadvantages for natural polyol with respect to
gelling reaction.
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Figure 5. The density of different type of PU Foam

However the theoretical review can be voided to the finding of bentonite as displayed in figure 5.
According to Chan-tu there are relationships between foams density and hydroxyl value, foams are
made from vegetable oil-based polyols with hydroxyl value below 100 mgr KOH/gram, or polyol
mixture having OH,, lower than 292 usually shrank within days of storage [22].

We have tried to analyse the data using outlier test, the possibility of existence density data of
soy/EG using sulfur at 0.09 and 0.179, and for soy/EG using bentonite at 0.12 are not in the range
distribution to the rest data by using Grubbs’s (G) equation [23]. (Xsspee) values are considered to be
at the extremes of the data, ¥ ; mean of the data, and s standard deviation.

G — (1)

For soy/EG sulfur the Xqspeq was 0.09 with Gaspeer 0.7156 and Xagpeer 0.179 with Gauspeer 1.44 and  for
soy/EG bentonite the Xgpeq Was 0.12 with Gggpe 0.1142. G value then compared to tables of critical
for Gat a = 0.05,1f G g > G quica then the suspect can be rejected. From this investigation all of the
Giugpeet < Geriticar- [t means that all previously X, data are in the range of foam density.

The density of using heterogencous is seem to be much promising. It works in the surface acidity
which promotes to an optimum hydroxylation reaction. Although surface area of catalyst are very

critical to determine the catalytic site, but it was suitable for the soy-polyol synthesis.

3.4. Cell Morphology

SEM micrograph using of cured solid polyurethane were examined and the average cell diameter
are shown in figure 5 a,b and figure 6 a,b. The foam occurred by homogeneous (sulfur) calatlyst at
previous hydroxylation has large average cell size with widen cell size distribution. However the cell
was in ordered form. Using heterogeneous (bentonite) catalyst in the synthesis has resulted an
irregular form.

The hydroxyl value are related to gelling reaction, using heterogeneous is found to be higher than
homogeneous. In exireme case the slow gelling reaction could cause foam to collapse during curing.
The selectivity obtained using bentonite is poor, value below 40% is implied to incompletion of
soybean-oil conversions. The foaming process evidently did not change, however the final
morphology unveiled by the characterization study.
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Figure 6 a,b Images of Po]ethane foam using bentonite cat]yst

Conclusions

It is found the type of catalyst in polyol synthesis are effected to density, cell morphology, and to
other properties of polyurethane as well. The aim of using alcohols in the polyol synthesis are
synergize to the optimum existence of catalysis. Catalyst performance in natural oil can void the doubt
of using soy-based for future polyurethane manufacture, which can replace petro-based polyol.

Acknowledgement

The authors gratefully acknowledge the support of the Indonesia Department of higher education
(Dikti- Kementerian Pendidikan dan Kebudayaan Republik Indonesia) as funding the research.

References
[1] Sperling L.H., Manson J.A. (1983) Interpenetrating polymer networks from triglyceride oils

containing special functional groups- a brief review. J Am Oil Chem Soc 60:1887-1892.

[2] Guidoti et. al., (2003), Heteregeneous catalytic epoxidation of fatty acid and methyl esters on
titanium grafted silicas, Green Chem, 5, pp, 421-424.

[3] Narine S.S., Kong X, Bouzidi L, Sporns (2007) Physical Properties of Polyurethanes produced
from Polyols from seed oils: [. Elastomers. J.Am.Oil Chem Soc 84:55-63

[4] Narine S.S., Kong X., Bouzidi L., Sporns (2007), Physical Properties of Polyurethanes produced
from Polyols from seed oils: II. Elastomers. J.Am.Oil Chem Soc 84: 65-72

[5] LinB., Yang L., Dai H., Yi A. (2008), Kinetic Studies on oxirane cleavage of epoxidized soybean
0il by methanol and characterization of polyols, J. Am Oil Chem Soc 85:113-117

[6] Pryde EH, Princern LH. Mukherjee K.D. (eds) (1981), New sources of fats and oils (American
0il Chemists Society Monograph no. 9). American Oil Chemists Society, Champaign, IL.

[7] Hong Hu Y., Gao Y., Wang D.N., Hu C.P., Zu S., Vanoverloop L. and Randall D. (2005),
Journal of Applied Polymer Science, 84, p. 591




ScieTech 2014 IOP Publishing
Journal of Physics: Conference Series 495 (2014) 012013 doi:10.1088/1742-6596/495/1/012013

[8] Badri K.H, Ahmad S.H and Zakaria S. (2001), Journal of Applied Polymer Science, 81, p.384

[9] Zlatanic A, Lava C, Zhang W. and Petrovic Z (2004), Journal of Polymer Science, Part B:
Polymer Physics, 42, p.9

[10] Nayak P.L. (2000) natural oil based polymers: opportunities and challenges. ] Macromol Sci Rev

Macromol Chem Phys C 40:1-21

[11] Khoe T.H., Otey F.H., Frankel EN. (1972) Rigid urethane foams from hydroxymethylated
linseed oil and polyol esters.] Am Oil Chem Soc 49: 615-618

[12] Hu Y.H., Gao Y., Wang D.N., Hu C.P., Zu S., Vanorverloop L., Randall D.(2002) Rigid
polyurethane foam prepared from a rapeseed oil based polyol, J Appl Polym Sci 84: 591-597

[13] Dwan ‘Isa L.J.P., Mohanty A.K, Misra M., Drzal L.T, Kazemizadeh M. (2003) Novel biobased
polyurethanes synthesized from soybean phosphate ester polyols thermomechanical properties
evaluations, J polym Environ 11, 161-168

[14] Guo A., Demydov D., Zhang W., Petrovic Z.S. (2002) Polyols and polyurethanes from
hydroformylation of soybean oil. J Polym Environ 10: 49-52

[15] Goud V.V., Patwardhan A.V., Pradhan N.C. (2006), Studies on the epoxidation of Mahua oil
(Madhumica Indica) by hydrogen peroxide, Bioresource Technology 97: 1364-1371

[16] Honghai D., Liting Y. Bo L., Chengsuang W. and Guag S. (2009), Synthesis and
characterization of the different soy-based polyols by ring opening of propanediol, ] Am Oil
Chem Soc, 86: 261-267

[17] Trahanovsky N.S(1978) : Oxidation in Organic Chemistry, 5, Part C, Chapter 3, Academic Press,
New York, pp. 211-294

[18] Inui K., Kurabayashi T, Sato S, Ichikawa N (2006), J. Mol Catal. A, 216; 147

[19] Lubguban A.A (2009); Synthesis and Testing of Soy-based polyols: Phospate and Glycerolysis
Oligomers; Dissertation

[20] Flora Firdaus, E., (2011), Optimization of soy epoxide hydroxylation to properties of prepol ymer
polyurethane, World Academy of science engineering and technology, p.81

[21] Flora Firdaus, E., (2012), The type of catalyst to physical properties of soy-based polyurethane, J
Chem. Chem. Eng. 6

[22] Chan Tu-Y.(2008), Polyurethane Foams from Novel based Polyols, Dissertation Univ. Of
Missouri

[23] Brynn Hibbert D. and Justin Gooding J. (2006), Data Analysis for Chemistry: An Introductory
Guide for Students and Laboratory Scientist, Oxford University Press, p.80




the selection

ORIGINALITY REPORT

1T 126 106«

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)

11%
* www.waset.org

Internet Source

Exclude quotes On Exclude matches <4%

Exclude bibliography On



