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Abstract

Polyurethane turf adhesive is a two-component system formed by reacting diisocyante and petroleum-based polyether polyol.
This polyol can be replaced by soybean oil as one of the main economical and common oils. In this article, soybean oil was
epoxidized followed by oxirane ring-opening in the presence of methyl alcohol and orthophosphoric acid as a catalyst in order
to create hydroxyl groups in the soybean oil which are responsible for reaction with the diisocyanate molecules. The
epoxidation step was confirmed by ATR-FTIR spectroscopy and iodine value measurements. lodine value was decreased
from 135.6 g/100 g of neat soybean oil to be 5.98 g/100 g of epoxidized soybean oil. In addition, the effect of orthophosphoric
acid contents (0.6%, 0.8%, 1.0%, 1.2%) on the ring-opening steps was investigated, considering the same reaction time, the
same alcohol concentration and constant temperature. Successful oxirane ring-opening was confirmed by oxirane oxygen
content (OOC) values which were decreased from 6.72% to 2.93%, 1.45%, 0.60% & 0.04% respectively. Hydroxyl value of
oil-based polyols (OHV) were increased from 131, 180, 208 & 229 mg KOH/g respectively. Meanwhile, ATR-FTIR showed
disappearance of the oxirane rings and appearance of hydroxyl groups as indication of polyol formation in the four samples.
The four polyol samples were applied as modified natural binders in polyurethane turf adhesive formulations and showed
comparable results against the standard and commercially used product SubFix 411.
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Introduction cross-linking, which are affected by the hydroxyl

Artificial turf is a surface of synthetic fibers made to
look like the natural grass. It should undergo good
abrasion  resistance, uniformity and  lower
maintenance management. It is most often used in
landscape and athletic applications that are normally
played on grass.

Polyurethane has a wide range of products which
satisfy the architectural, building, construction, rigid
foam, flexible foam, coatings, adhesives, sealants
and elastomers industries [ . Turf adhesive is a two-
component solvent-free polyurethane based material
designed to provide superior bonds of synthetic turf
during sports installations. The adhesive must give a
flexible rubbery characteristic in adverse weather
conditions like resistance to water, moisture and
corrosive materials [,

The mechanical and thermal properties of
polyurethanes depend on its chain structure and

value (OHV) of the polyols.

Polyols and diisocyanates are the principal raw
materials used in synthesis of polyurethanes
(chemical equation 1) M. Polyols are polyether or
polyester polyhydroxy compounds that reinforce
special properties for the created polyurethane
products [ Vi,

R-NCO + HO-R_—__, R-NH-CO-O-R’

Isocyanate Polyol Urethane group

The production of polyols from petrochemicals is
costly, requires great energy and also has adverse
effects on the environment, which accordingly is
related to the cost of polyurethane products M,
Meanwhile, the availability of natural vegetable oils
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is  practically  unlimited,
economically significant Vit X1,
Chemical structures of vegetable oils are
characterized by their fatty acid compositions. It
contains two major functional moieties, carbon-
carbon double bonds and ester linkages and do not
contain hydroxyl groups with the exception of castor
and lesquerella oils ™,

Starting from one of these two functional moieties,
almost all synthetic routes for vegetable oil polyols
production include epoxidation followed by oxirane
ring-opening,  hydroformylation  followed by
hydrogenation, ozonolysis, thiol-ene  coupling,
transesterification, or amidation X,

Depending on the number of carbon-carbon double
bonds, epoxidation can be carried out to form oxirane
rings with versatile oxirane oxygen content values
(O0C) i xiil “ The oxirane ring is a favor for
nucleophilic attack XY and hence, the additional
hydroxyl group via ring-opening reaction can be
attached to an aliphatic fatty acid chain using a broad
range of active hydrogen-containing compounds such
as alcohols, inorganic and organic acids, amines,
water, and hydrogen forming the oil polyol D xvil,
Soybean oil has a relatively medium iodine value
(1.V) from 123-139 which is related to the degree of
unsaturation DV It can be modified to form
epoxidized soybean oil (ESBO) then a variety of
chemical modifications are possible through the
reactive oxirane functionality. The reaction of alcohol
with ESBO produces polyols, depending upon the
oxirane contents.

The content of hydroxyl groups in polyols is
expressed as hydroxyl value (OHV). Conversion
from oxirane rings to hydroxyl groups may be
partially or completely which decide well the final
hydroxyl value of soybean oil-based polyols.
Soybean oil-based polyols may have different
hydroxyl values according to the reagent and catalyst
used in the ring-opening reaction Xviil,

In this article, we focused on preparation of
polyurethane turf adhesive from soybean oil-based
polyols. We also reported the effect of
orthophosphoric acid, which is a weak acid that
catalyzes, on the ring-opening hydrolysis of ESBO
[xix]

Experimental

Materials:

RBD Soybean oil (Refined, Bleached, Deodorized)
was supplied by Oil Tec Egypt. Glacial Acetic Acid
99.8% from LOBA CHEMIE PVT. LTD., Hydrogen
Peroxide 30% HO, from Diachem Chemicals,
Sulfuric Acid 95-97% from Merck KGaA Germany,
Methanol from local source, Orthophosphoric acid
85% from S D Fine-Chem Limited, calcium
carbonate from Green Egypt Group, EgyDisp 2000

eco-friendly  and
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(polymeric hyperdispersant) and SubFix 411 A&B (it

is a commercial two-components polyurethane turf

adhesive) from Egy Polymers for Chemicals.

Component A consists of petroleum-based polyether

polyol, and component B consists of MDI (a mixture

of 4,4'- diphenyl methane diisocyanate and 2,4'-

diphenyl methane diisocyanate).

Characterization:

= lodine value (1.V) in grams of iodine per 100g
of oil, was determined using the Wij’s method
according to ASTM D 1959-97 Standard Test
Method for lodine Value of Drying Oils and
Fatty Acids.

= Oxirane oxygen content (OOC) was measured by
the direct titration method using hydrobromic
acid solution in glacial acetic acid and calculated
according to ASTM D1652-11.

= Hydroxyl Value of Oil-based polyols (OHVSs)
were determined following ASTM D1957-86.
This test method determines the total amount of
residual hydroxyl groups present in oils and
other fatty acid-containing materials. The
hydroxyl value is expressed as milligrams of
potassium hydroxide equivalent to the hydroxyl
content of 1 g of the oil.

= Viscosity was measured @ 25°C using
The Brookfield Dial Viscometer.

= Density was measured @ 20°C using Stainless
Steel Liquid Pycnometer.

= Attenuated Total Reflection — Fourier Transform
Infrared spectroscopy (ATR-FTIR) was recorded
on JASCO instrument. Samples were scanned at
resolution of 4 cm? over a wavenumber range of
600-4000 cm'2.,

= Isocyanate content (NCO%) was measured
according to ASTM D2572 - 19. This test
method covers the determination of the
isocyanate group (NCO) content of a urethane
intermediate or pre-polymer. The urethane pre-
polymer is allowed to react with an excess of di-
n-butylamine in toluene (Note 1). After the
reaction is complete, the excess of di-n-
butylamine is determined by back titration with
standard hydrochloric acid.

= Seam strength was measured according to peel
(Method 2) BS EN 12228:2013. It describes a
procedure for reinforced butt joints in which a
peel force is applied.

= Open time is referring to the curing time of turf
adhesive after mixing the two components. The
greater the open time value, the better the
adhesive property. This value can be influenced
by the ambient conditions. Using of a plastic
cup, the prepared component A was mixed with
the commercial product SubFix 411B at (w/w)
ratio of 7:1 and compared to the commercial
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product SubFix 411 A & B. At almost NCO% =
0, the time was recorded for all polyurethane
prepared samples.
= Green strength, handling strength or initial tack
time is referring the time that the processed
adhesive takes to build up its initial tack at 25
N/100mm relative to the cohesive strength in the
wet state which is usually considerably lower
than the final ultimate adhesive bond strength.
= Full cure time or full strength time is referring to
the time that the adhesive takes to build up its
full and final bond strength at seam strength
more than 125 N/100mm.
Methods:
Epoxidation of soybean oil and its ring-opening
reaction:
The reaction system consists of a 2-L four-neck
reaction flask equipped with a mechanical stirrer, a
thermometer, a water cooled condenser and a
dropping funnel. A heating mantle and cooling
system was introduced to keep the reaction between
68 — 70°C during the epoxidation reaction.
Briefly, Soybean oil was charged into the flask
followed by heating at 60°C, then a mixture of acetic
acid (as an oxygen carrier on epoxidation reaction),
hydrogen peroxide and concentrated sulfuric acid was
added dropwise into the flask over a period of 90
min. The acetic acid : hydrogen peroxide : carbon-
carbon double bonds molar ratio was equal to 0.5 :
1.5 : 1 X After addition was completed and at a
slow rate of mechanical stirring, the temperature of
the reaction was kept at 70°C for 3 hours. At the end
of the reaction, the mixture was subjected to
successive washings using distilled water around 7-8
times by using a separating funnel till acid value was
< 0.5, followed by heating the solution at 100°C for
30 minutes under vacuum till water content < 0.1%.
The formed ESBO was charged into 500-ml three-
neck flask then methanol was added at ESBO :
methanol weight ratio 1:1.5. Different polyols were
prepared by using orthophosphoric acid at different
concentrations keeping the reaction temperature at

60°C for 3 hours under continuous stirring. The OOC
of the sample was periodically tested during the
reaction. The product was purified to remove the
excess methanol and the unreacted acid by
condensation followed by vacuum then washing with
distilled water using a separating funnel, followed by
drying.

A series of reactions with varying amounts of
orthophosphoric acid were investigated, whereas the
ratios were 0.6%, 0.8%, 1.0% and 1.2% (w/w) as
shown in table 1.

Table 1 Concentrations of
during ring-opening

orthophosphoric  acid

. Orthophosphoric

Experiment acid coﬁc. (vF\)//w) %
Polyol (1) 0.60%
Polyol (2) 0.80%
Polyol (3) 1.00%
Polyol (4) 1.20%

Preparation of polyurethane turf adhesive:

The commercial polyurethane turf adhesive (SubFix
411) is a two-component system (A&B). In this
research, the component A (polyether polyol) of
SubFix 411 was replaced by the modified soybean
oil-based polyol prepared samples of different OOC
values. Component A was formulated by mixing the
modified soybean oil-based polyol samples with
calcium carbonate and a polymeric dispersant
(EgyDisp 2000). The mixtures were vigorously
mixed at 1200 rpm using high speed mixer for 30
minutes. Component B consists of MDI-50 (a
mixture of 4,4'- diphenyl methane diisocyanate and
2,4'- diphenyl methane diisocyanate). The final
product was obtained by mixing A & B at weight
ratio w/w 7:1.

Table 2 shows the formulations of the prepared
polyols used for preparation of component A against
the standard product to investigate the effect of the
formed soybean oil-based polyols on the properties of
the polyurethane turf adhesive.

Table 2 Formulation of component A of polyurethane turf adhesive

Items Component Al Component A2 Component A3 Component A4

Calcium

Carbonate 76 76 76 76
EgyDisp 2000 1 1 1 1

Polyol 1 23 - - -

Polyol 2 - 23 - -

Polyol 3 - - 23 -

Polyol 4 - - - 23

SUM 100 100 100 100

The prepared component A samples were tested against component B of the standard.

Egypt. J. Chem. 64, No. 2 (2021)
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Results and Discussion

Soybean oil (figure 1) contains more than four double
bonds per molecule (4.6 double bonds per molecule)
bl 1t showed iodine value of 135.6 g iodine /100 g
of oil which can be modified partially or completely
to form oxirane rings then followed by partially or
completely ring-opening reaction to introduce
hydroxyl groups.

After the conversion of carbon-carbon double bonds
to oxirane rings, the iodine value of the modified
soybean oil reached to 5.98 g iodine/100 g of oil. It

showed more than 95% conversion and accordingly
showed OOC of 6.72% which was stable with no
significant change even after the ring-opening step as
indicated in Table 3.

The values of viscosities and densities of soybean oil,
ESBO and polyols were increased after each
modification. By increasing of orthophosphoric acid
ratios, viscosities and densities were increased which
ensures the modification of soybean oil in each step.

Table 3 Physico-chemical properties of soybean oil, epoxidized soybean oil and the prepared soybean oil-based polyol

samples
lodine value L .
- OHV# Viscosity Density
Sample name g iodine 0O0C % J o
/100 g of oil mg KOH/g cP @ 25°C g/ml @ 20°C
Soybean oil 135.6 — — 80 0.917
ESBO 5.98 6.72 —_ 325 0.988
Polyol 1 9.22 2.93 131 760 0.993
Polyol 2 941 145 180 1,440 0.999
Polyol 3 9.75 0.60 208 2,070 1.003
Polyol 4 9.88 0.04 229 2,630 1.006
— — —
o
O o
o I _
ety =
-
Figure 1  Chemical structure of soybean oil containing unsaturated fatty acids connected to a glycerol center

Scheme 1 Epoxidation of soybean oil and ring-opening
reaction to form soybean oil-based polyol
o
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Effect of orthophosphoric acid ratio on oxirane
ring-opening reaction:

Orthophosphoric acid (OPA) is used as an acidic
catalyst for the ring-opening reaction of epoxy resins.
In this study, the effect of Orthophosphoric acid on
the oxirane oxygen content (OOC) and oxirane ring
conversion % was investigated. As shown in Table 4,
it is clear that OOC and oxirane conversion were
greatly affected by increasing OPA concentration in
the reaction medium. The ratios of orthophosphoric
acid showed a significant effect on OOC which had
an effect on the characteristics of the final product.
The highest concentration of orthophosphoric acid in
polyol 4 led to complete ring-opening with OOC of
0.04% under the same reaction time, alcohol
concentration and temperature 60°C.

The commercial product SubFix 411 A showed OHV
of 162 mg KOH/g. OHV of the prepared polyol
samples were shown in Table 3. Polyol 4 had the
highest hydroxyl value (229 mg KOH/g) and lowest
O0C% (0.04%). As OOC values decrease, the
hydroxyl values increase which increases the
reactivity of polyurethane reaction.

Effect of the prepared polyols on polyurethane
properties:

To study the effect of the prepared polyols on the turf
polyurethane adhesive, different soybean polyols
were used for preparation of component A which
mixed with SubFix 411B with the (w/w) ratio of 7:1
and compared to the standard product SubFix 411 A
& B.

Table 4 Effect of orthophophoric acid ratios on the OOC values and oxirane ring conversion:

Polyol Orthophosphorlg/oamd conc. (w/w) OOC(O/:)/)aIues Oxirane rings conversion%
Polyol 1 0.60% 2.93 56.40%
Polyol 2 0.80% 1.45 78.42%
Polyol 3 1.00% 0.60 91.07%
Polyol 4 1.20% 0.04 99.40%

Table 5 The properties of polyurethane turf adhesive products against the standard one

Polyurethane Turf adhesive Open time Green strength Full Cure time
Component A Component B (Minutes) time (hours) (hours)
SubFix 411A SubFix 411B 80 2 75
Polyol 1 SubFix 411B 190 7 17
Polyol 2 SubFix 411B 140 6 13
Polyol 3 SubFix 411B 100 4 10
Polyol 4 SubFix 411B 85 2.5 8
Epoxidized Soybean il
e’ M
g§24 C=C
Soybean Oil
/[\
c=C
721

Wave number [cm-1]

Figure 2 ATR-FTIR spectra of soybean oil and ESBO

It was noted that by decreasing OOC values and
consequently increasing hydroxyl values affected
positively the polyurethane turf adhesive properties
that showed higher initial and final cure time and
relatively higher bond strength and shorter open time.

Egypt. J. Chem. 64, No. 2 (2021)

The prepared polyurethane sample using polyol 1
showed Open time of 190 minutes, green strength
time of 7 hours and full cure time of 17 hours, which
may be attributed to low OHV. From the other hand,
oxirane rings that was indicated by OOC of 2.93%,
do not contribute in the polyurethane reaction. It
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might have a plasticizing effect on the prepared
sample Dxil,
The prepared polyurethane samples using polyol 2
and polyol 3 showed lower open time, green strength
time and full cure time values for the same reason.
The prepared polyurethane sample using polyol 4
showed comparable results as noted from its physico-
mechanical properties compared to the commercial
product SubFix 411 A/B.
Attenuated total reflection - Fourier transform
infrared spectroscopy (ATR-FTIR):
Figure 2 shows the FT-IR spectra of soybean oil
(SBO) and epoxidized soybean oil (ESBO). It is clear
that SBO has a peak at 721 cm™ corresponding to
carbon-carbon double bonds (C=C) meanwhile after
epoxidation the peak was still present but its intensity
was decreased which was confirmed by iodine value
measurements. The iodine value of SBO was 135.6 ¢
iodine / 100 g of oil, confirming the consumption of
the double bonds and the formation of the ESBO.
Here, it was interesting to note the appearance of the
epoxide group peak at 824 cm™ which confirm the
results of OOC measurement at 6.72%.
Figure 3 outlines a comparison between the prepared
soybean oil-based polyols using different ratios of
orthophosphoric acid starting from 0.6%, 0.8%, 1.0%
to 1.2% respectively. It was noted that the formation
of hydroxyl groups in all prepared samples was
almost appeared at 3450 cm™. Meanwhile, the peak
of epoxide group of ESBO prepared at 824 cm™ was
gradually diminished upon the formation of polyol 1
to polyol 4, confirming the consumption of oxirane
ring by the ring-opening reaction.

Epoxidized Soybean Oil

Polyol 2

OH 7 A
3445

c=C

Polyol 3 e

OH 7 A

3427

723

Polyol 4
OH 7 A
3424 c=C
724

4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600
‘Wave number [cm-11

FT-IR spectra of ESBO and its polyol-based
derivatives

These FT-IR results are consistent with OOC value

measurements (Table 3). On the other hand, the

intensity of OH group increased starting from polyol

1 to polyol 4 confirming the increase of hydroxyl

number upon increasing OPA catalyst concentration

Figure 3

Egypt. J. Chem. 64, No. 2 (2021)

in the reaction medium. The intensities OH group
peaks increase from polyol 1 to polyol 4.

Conclusion

Soybean oil-based polyol as a natural vegetable
material from epoxidized soybean oil followed by
ring opening with methanol in presence of
orthophosphoric acid was successfully synthesized. It
can replace petroleum-based polyols in polyurethane
turf-adhesive application upon evaluating physico-
mechnical and chemical properties. Higher contents
of orthophosphoric acid showed complete ring-
opening under the same reaction ambient conditions.
Viscosities and densities of soybean oil-based polyols
were increased by decreasing the OOC values. As
OOC values of ESBO were decreased and hydroxyl
values were increased, the polyurethane samples
showed shorter full strength time and open time. This
research incites the bio-based resources for the
synthesis of polyols to replace the petroleum-based
polyols in polyurethane turf-adhesive applications.

Acknowledgements

The authors gratefully acknowledge the support of
Egy polymers for Chemicals Co. for funding the
research.



SOYBEAN OIL-BASED POLYOL AS A MODIFIED NATURAL BINDER FOR.... 1099

Reference

1 Reghunadhan A., Thomas S. Polyurethanes:
Structure, Properties, Synthesis, Characterization,
and Applications. In Polyurethane Polymers:
Blends and Interpenetrating Polymer Networks,
Ed. Thomas S., Datta J, Haponiuk J,
Reghunadhan A, Elsevier Ltd. 2017;1%Edn:1-16.

Uil petrovic Z. Polyurethanes. In Handbook of
polymer synthesis, Ed. Kricheldorf H. R., Nuyken
O. and Swift G. Marcel Dekker, New York.
2005;2"Edn:511-547.

liil - Epnesajjad S. Polyurethane Adhesives. In
Handbook of adhesives and surface preparation:
Technology, Applications and Manufacturing, Ed.
Ebnesajjad S. Elsevier Ltd. 2011;1%Edn:167-168.

M Sgenz-Pérez M., Lizundia E., Laza J. M., Garcia-
Barrasa J., Vilas J. L., Leon L. M. Methylene
diphenyl diisocyanate (MDI) and toluene
diisocyanate (TDI) based polyurethanes: thermal,
shape-memory and mechanical behavior. RSC
Advances, 2016;6(73):69094-69102.

M Cognard P. Chemistry of Polyurethane Adhesives
and Sealants. In Adhesives and Sealants, Basic
Concepts and High Tech Bonding, Ed. Cognard P.
Elsevier Ltd. 2005;1%Edn:101-162.

M1 Jonescu M. Polyols. In Chemistry and technology
of polyols for polyurethanes, Ed. lonescu M.
Rapra Technology Limited, United Kingdom.
2005;1%Edn:1-12.

Mil Mark H. F. Polyurethanes. In Encyclopedia of
Polymer Science and Technology, Ed. Mark H. F.
Wiley, Untied States. 2014;4"Edn:26-72.

Vil Dhaliwal G. S., Anandan S., Chandrashekhara K.,
Lees J., Nam P. Development and characterization
of polyurethane foams with substitution of
polyether polyol with soy-based polyol. European
Polymer Journal, 2018;107:105-117.

X Jonescu M. Polyols from Renewable Resources -

Oleochemical Polyols. In  Chemistry and

technology of polyols for polyurethanes, Ed.

lonescu M. Rapra Technology Limited, United

Kingdom. 2005;1% Edn:435-475.

Mubofu E. B. Castor oil as a potential renewable

resource for the production of functional

materials.  Sustainable Chemical Processes,

2016;4:11.

X1 Li Y. Polyols and Polyurethanes from Vegetable
Oils and Their Derivatives. In Bio-based Polyols
and Polyurethanes, Ed. Li Y, Luo X, Hu S.
Springer Cham  Heidelberg, New  York.
2015;1stEdn:15-43.

il Casson Moreno, V., Russo, V., Tesser, R., Di
Serio, M., & Salzano,. Thermal risk in semi-batch
reactors: The epoxidation of soybean oil. Process
Safety and Environmental Protection.
2017;109:529-537.

[X

Egypt. J. Chem. 64, No. 2 (2021)

il \/janello, C., Salzano, E., & Maschio, G. Thermal
behavior of Peracetic Acid for the epoxidation of
vegetable oils in the presence of catalyst. Process
Safety and Environmental Protection.
2018;116:718-726..

V] Singh, 1., Samal, S. K., Mohanty, S., & Nayak, S.
K. (2019). Recent Advancement in Plant- oil
Derived Polyol Based Polyurethane Foam for
Future Perspective: A Review. European Journal
of Lipid Science and Technology, 1900225.

DM Nuyken, O., Pask, S. Ring-opening — An
Introductory Review. Polymers, 2013:5(2);361—
403.

bvil - Buchmeiser M. R., Ring-opening Metathesis
Polymerization. In Handbook of Ring- Opening
Polymerization, Ed. Dubois P., Coulembier O.,
Raquez, J. WILEY-VCH Verlag GmbH & Co.,
Belgien. 2009;1%Edn:197-226.

bvill Guo A. and Petrovic Z. Vegetable Oils-Based
Polyols. In Industrial Uses of Vegetable Oils, Ed.
Erhan S. Z. AOCS Press, USA. 2005;
18Edn:Chapter 6.

bviill peyrton, J., Chambaretaud, C., & Avérous, L.
(2019). New Insight on the Study of the Kinetic of
Biobased Polyurethanes Synthesis Based on Oleo-
Chemistry. Molecules, 24(23), 4332.

XXl Gilmour R. Polyphosphoric Acid. In Phosphoric
Acid Purification, Uses, Technology, and
Economics, Ed. Gilmour R. Taylor & Francis
Group, London. 2014;1stEdn:183-202.

bd piccolo D. A. Epoxidation of Soybean Qil by
Conventional and Non-Conventional Methods.
University of Padua. 2016;1-114.

bxil Xy, H., Fan, T., Ye, N., Wu, W., Huang, D.,
Wang, D, ... Zhang, L. (2020). Plasticization
Effect of Bio-Based Plasticizers from Soybean Qil
for Tire Tread Rubber. Polymers, 12(3), 623.

bl Xy, H., Fan, T., Ye, N., Wu, W., Huang, D.,
Wang, D, ... Zhang, L. (2020). Plasticization
Effect of Bio-Based Plasticizers from Soybean Qil
for Tire Tread Rubber. Polymers, 12(3), 623.



