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OBJECTIVE EXPERIMENTAL DESIGN

Accelerated aging experiment: Agrol® polyol 100.0 g, ethoxylated
nonylphenol 10.0 g, and water 5.0 or 10.0 g, mixed and then aged at
either ambient or elevated temperature. Acid number was tested over
time to monitor the hydrolytic behavior.

Shelf stability experiment: Agrol® polyol sampled from sealed
container at regular storage conditions, and then acid number was
measured over time to monitor the storage stability of Agrol® polyols.
Acid number measurement: AOCS Cd 3d-63.

RESULTS AND DISCUSSIONS
Comparison of the hydrolytic stability

This study was designed to investigate the hydrolytic stability and
shelf stability of Agrol® polyols at accelerated conditions and under
regular storage conditions.

Hydrolytic stability and shelf stability of polyols should relate to the
system stability of a fully formulated B-side, the durability of
polyurethane articles, and the polyol shelf-life.

Features of Agrol® polyols

Agrol® polyols are commercial products supplied by BioBased
Technologies® LLC. Agrol® polyols use soybean oil as feedstock and
deliver the following biological and environmental friendly features to

the polyurethane industry: /

Fig 1. Acid number increase
of Agrol® 4.3 compared with
that of the soy polyol A at
elevated temperature.
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e Derived from naturally existing, annually renewable resource

e Contain 96% biobased renewable content (ASTM D 6866)

e Remove 4.4 Ib of CO, equivalents from the atmosphere for every
pound of petroleum polyol that is replaced with Agrol® polyol

o

e The soy polyol A has OH
number 170 mg KOH/g and
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Autocatalysis with the acid from the hydrolysis of ester bond
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Table 1. Acid number increase rate of Agrol® polyols at different aging
conditions
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eContain ester groups
eContain secondary OH groups
eContain carbon-carbon double bonds

e Agrol®4.3 shows hydrolytic resistance compared with the aromatic-
containing Soy polyol A.

Commercially Available Agrol® Polyols Agrol ®polyols at accelerated aging conditions

Fig 3. Acid number
increase of Agrol® polyols
at accelerated aging
conditions.

® Agrol 4.3/H,0,80 °C
15 q v Agrol 2.0/H,0, 65 °C
m  Agrol 2.0/H,0, RT

Agrol® 2.0, 3.0, 3.6,4.3,5.6, and 7.0

e Functionality from 2.0t0 7.0

e OH number from 70 to 195 mg KOH/g
e Biobased content (ASTM D6866): 96 %
e Acid number <1 mg KOH/g
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{ : 96% BioBased Polyol
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e Autocatalytic behavior
was observed at
elevated temperature

e \Water content < 0.1 %wt
e Low odor, low VOC
e Light color
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e Acid number almost remained as constant when aging conducted
at ambient temperature.

* Corresponding author

e Atregular shelf condition, the acid number increase rate is one order
of magnitude lower than that contacting an abundance of water.

Further improvement on hydrolytic stability

Fig 5. Effect of stabilizer on
the hydrolytic stability of
Agrol® 4.3 at accelerated
aging condition..

® Agrol 4.3/H,0, w/o stabilizer
15.0 4 v Agrol 4.3/H,0, w/ 0.5 %wt stablizer
m Agrol 4.3/H,0, w/ 1.0 %wt stabilizer

e W/0 using stabilizer, reached

Acid number (mg KOH/g)

1.0 acid number at about 7
. days;
0o 8 : e w/0 0.5 % stabilizer, took

T T T |
0 10 20 30 40

about 18 days; 1.0 %
stabilizer, about 25 days.

Hydrolytic stability of Agrol® polyol was enhanced significantly by the
addition of the stabilizer at reasonably low concentration.

Aging time (day at 80 °C)

Shelf stability of Agrol® polyols

Hydrolytic and Shelf Stability of Agrol® Polyols
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Hydrolytic Kinetics

_ d[Ester]
dt

=k, -[Ester]-[H,O0] ()

k, =k, [RCOOH]+k, -[H,O0] (2)

d[RCOOH ]

y = (k, -[RCOOH |-[H,0]+ k, -[H,OV )-[Ester] ()

o In both cases either K\ << K, and /or water content very
low

— For ethyl acetate* K, =1.1 X 10+ (mol'.s™)
Ky =1.5 X 10-19 (mol'.s™)

[% (k,-[RCOOH 1-[H,0))-[Ester | @ J
e Rate of hydrolysis increased with the increased concentration
of resultant acids, so does the acid number

e K, is temperature dependent

SUMMARY

1. Agrol® polyols showed excellent hydrolytic stability and shelf stability
at both regular storage conditions and accelerated aging conditions
in this study.

2. Temperature is the predominant factor impacting the hydrolytic

stability of Agrol® polyols.

3. Carbodiimide compound can be used to delay the acid-catalyzed
hydrolysis reaction of Agrol® polyol with water at elevated
temperature.
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