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ABSTRACT: Aromatic-aliphatic polyols were obtained previously from the thiol-ene reactions of propoxylated cardanol
with hydroxyalkyl mercaptans; these aromatic-aliphatic polyols were then utilized in the preparation of
rigid polyurethane foams with excellent properties. The current work describes a variant of cardanol polyol
synthesis by thiol-ene reactions in three steps. The first step is propoxylation of cardanol by reacting cardanol
with propylene oxide; the second step is mercaptanization of propoxylated cardanol by reacting double
bonds with hydrogen sulfide; and the third step involves the addition of the thiol groups of mercaptanized
propoxylated cardanol to the double bonds of allyl alcohol, glycerol-1-allyl ether, and trimethylolpropane allyl
ether. Thus, obtained polyols were characterized by standard analytical methods. Rigid polyurethane foams
prepared from these polyols show promising physical-mechanical properties. The rigid polyurethane foams
can be used for various applications such as thermo-insulation of freezers, storage tanks and pipes for food
and chemical industries, wood substitutes and flotation materials.

KEYWORDS: Cardanol, mercaptanized propoxylated cardanol, photochemical thiol-ene reaction, allyl alcohol,
glycerol-1-allyl ether, trimethylolpropane allyl ether

1 INTRODUCTION

One of the most promising routes to obtaining renew-
able polyols for polyurethanes has been the thiol-
ene reaction [1-4] of hydroxyalkyl mercaptans with
biobased compounds containing double bonds, such
as vegetable oils, limonene and cardanol [5-25].
Following the same protocol, synthesis of biobased
aromatic-aliphatic polyols from thiol-ene reaction of
propoxylated cardanol with 2-mercaptoethanol and
1-thioglycerol has been reported previously [10]. The
present work describes the photochemical reaction of
propoxylated cardanol (PO-Cardanol) with hydro-
gen sulfide, resulting in mercaptanized propoxylated
cardanol (MPO-Cardanol), which can be transformed
into new polyols via photochemical thiol-ene reac-
tion. Three different alkenes containing hydroxyl
groups were chosen for this purpose: glycerol-1-allyl
ether (GAE), trimethylolpropane allyl ether (TMPAE)
and allyl alcohol (AA). The intermediates, resultant
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polyols and rigid polyurethane foams from cardanol-
based polyols were characterized by standard
methods.

Cardanol is a mixture of phenols with a C15 hydro-
carbon chain in the meta position having one, two or
three double bonds. Similar to the composition of
cardanol, propoxylated cardanol (PO-Cardanol) may
also contain the same number of double bonds, i.e.,
2 double bonds/mol on average. Addition of hydro-
gen sulfide to the C=C bonds of PO-Cardanol, initi-
ated by UV light in the presence of photoinitiator,
leads to mercaptanized propoxylated cardanol (MPO-
Cardanol). Photochemical thiol-ene addition of -SH
groups of MPO-Cardanol to the C=C bonds of GAE or
TMPAE generates cardanol-based polyols with higher
functionality. Thus, synthesized cardanol-based poly-
ols were utilized for the preparation of rigid polyure-
thane foams. These rigid polyurethane foams can be
used for various applications in thermo-insulation of
freezers, pipes and storage tanks in food and chemical
industries. They can also be used as wood substitutes
and flotation materials.
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2 EXPERIMENTAL PART

2.1 Materials

Cardanol (Cardolite NX-2023), supplied from
Cardolite Corporation, is a light yellow-brown color
liquid (Gardner Color 5), with an iodine value of
220 g 1,/100 g. 1,1,3,3-Tetramethylguanidine (TMG),
99.0%, and propylene oxide (PO), 99.8%, were pur-
chased from Acros Organics. Mercaptanized propox-
ylated cardanol (MPO-Cardanol) was synthesized
by Chevron Phillips Chemical Company from pho-
tochemical addition of H,S to the double bonds of
propoxylated cardanol (Cardanol-PO). Jeffol SG-360
(sucrose-glycerol ~ polyether polyol), containing
hydroxyl number OH#=360 mg KOH /g, was obtained
from Huntsman Corporation. Allyl alcohol (AA), 98%,
glycerol-1-allyl ether (GAE), 98%, and trimethylol-
propane allyl ether (TMPAE) were purchased from
Alpha Aesar, Acros Organics and Aldrich, respec-
tively. 2-Hydroxy-2-methylpropiophenone, 96% (pho-
toinitiator), was obtained from TCI America. Silicone
surfactant Tegostab B 8404 and Niax™ A-1 catalyst
bis(2-dimethylaminoethyl) ether were obtained from
Evonik Industries Inc. and Momentive Performance
Materials Inc., respectively. Dabco T-12 (dibutyl-
tin dilaurate) was purchased from Air Products and
Chemicals, Inc. Rubinate M, a polymeric MDI having
31% NCO groups and functionality 2.7 (EW=135), was
obtained from Huntsman Corporation.

2.2 Analytical Methods

Size-exclusion chromatography (SEC) was used to
determine number average molecular weight (M),
weight average molecular weight (M, ) and polydis-
persity index (M /M) of polyols. The SEC consists of
a pump (Waters 515 pump from Waters Corporation,
Milford, MA) and a set of five columns (Phenogel™
from Phenomenex). Tetrahydrofuran was used as
an eluent. The SEC can be used to determine com-
pounds with molecular weight ranges from 100 up
to 5 x 10°.

Viscosity was recorded using an AR2000 EX rhe-
ometer (TA Instruments) at 25 °C. Hydroxyl numbers
were analyzed using the p-toluenesulfonyl isocyanate
method (ASTM 1899), and the acid values were mea-
sured using the titration method (ASTM D4662).

A Fourier transform infrared (FTIR) spectrometer
(IRAffinity-1 from Shimadzu) was utilized to analyze
the functional group of the polyols. NMR experiments
were performed on a 300 MHz Bruker Avance DPX-
300 spectrometer using a 5 mm broadband probe.
Samples were prepared by using deuterated chloro-
form as a solvent.
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Compression strength of the foams was determined
by QTest-2 (MTS®). Closed-cell content of the foams
was determined by HumiPyc™ Volumetric and RH
analyzer (InstruQuest Inc.). Glass transition tempera-
tures were measured using a differential scanning
calorimeter (model Q100 from TA Instruments, New
Castle, DE, USA) in nitrogen (50 mL/min flow), at a
heating rate of 10 °C/min from -80 °C to 200 °C.

Cellular structure and morphology of the foams
were observed via scanning electron microscopy
(SEM), Phenom G2 Pro SEM (Netherlands). Samples
were gold-coated in a 108 Sputter Coater (Kurt J.
Lesker Co.) prior to testing.

2.3 Synthesis of Polyols

2.3.1 Synthesis of Propoxylated Cardanol
(PO-Cardanol)

Cardanol (300 g) and tetramethyl guanidine (TMG,
0.4 g) catalyst were mixed in a 450 mL metallic Parr
reactor. The reactor was purged with nitrogen and
heated up to 100-105 °C, maintaining ~10 psi pres-
sure. Propylene oxide (60-65 g) was added slowly to
the reaction mixture at a pressure 30—40 psi. The addi-
tion of propylene oxide (PO) was complete within
1.5 hours. Then the reaction mixture was stirred con-
tinuously for ~1.5 at 100-105 °C for consumption of
PO. At the end, traces of unreacted PO were removed
by vacuum distillation (60-65 mmHg) at 100-105 °C.

2.3.2 Synthesis of Mercaptanized
Propoxylated Cardanol
(MPO-Cardanol)

PO-Cardanol was reacted with an excess amount of
hydrogen sulfide (molar ratio H,S/double bond =
21/1) in the presence of UV light. The photochemical
thiol-ene reaction was performed by Chevron Phillips
using their in-house procedure [26, 27]. The resultant
MPO-Cardanol was obtained as a low-viscosity liquid.

2.3.3 Synthesis of Polyols by Thiol-Ene
Reaction of Mercaptanized
Propoxylated Cardanol with GAE,
TMPAE and AA

MPO-Cardanol, synthesized by Chevron Phillips
Chemical Company LP, was reacted with double
bonds of GAE, TMPAE or AA in the presence of a
photoinitiator  (2-hydroxy-2-methylpropiophenone).
A ratio of SH/double bond = 1.1/1 was used for the
reaction. The photochemical thiol-ene reaction was
carried out using a 365 nm wavelength UV lamp at
room temperature for 6 hours. Thus, prepared polyols

© 2018 Tech Science Press 631



DOI: 10.7569/JRM.2018.634106

Maha L. Shrestha et al.: Biobased Aromatic-Aliphatic Polyols by Thiol-Ene Reactions

based on MPO-Cardanol were characterized using the
analytical methods described in Section 2.2.

2.4 Preparation of Rigid Polyurethane
Foams

Polyol component A was prepared by mixing poly-
ols, silicone surfactant (Silicone B 8404), amine cata-
lyst (Niax A-1), tin catalyst (Dabco T-12) and water
in a plastic cup, using a stirrer rate of 3000 rot/min.
Rubinate M (isocyanate), also referred to as component
B, was added to component A and mixed vigorously
for 10 seconds. Foaming process was characterized
by recording cream time, rise time and tack-free time.
Thus, prepared foams were left at room temperature
for a week. After maturation, properties of rigid pol-
yurethane foams were determined by using standard
procedures (see Section 2.2 — Analytical Methods).

3 RESULTS AND DISCUSSION

Mercaptanized propoxylated cardanol (MPO-Cardanol)-
based polyols were synthesized by alkoxylation of
cardanol followed by thiol-ene reactions with hydro-
gen sulfide and then with C=C bonds of hydroxyalkyl
allyl ethers (GAE, TMPAE and AA). However, the poly-
ols obtained from three-step synthesis were a complex
mixture, which could be due to various species already
present in cardanol, the initial biobased compound.
Propoxylation of cardanol (Scheme 1) provided a
low-viscosity liquid (58.3 mPa) with hydroxyl number
155-165 mg KOH/g and iodine value 144 g 1,/100 g.

Mercaptanized propoxylated cardanol (MPO-
Cardanol) synthesized by thiol-ene addition of H,S to
the double bonds of PO-Cardanol (Scheme 2) is also
a low-viscosity liquid with 10.1 wt% mercapto sulfur
content. The thiol equivalent weight of MPO-Cardanol
determined by Chevron Phillips is 318 g.

Figure 1 shows the SEC overlay of cardanol, pro-
poxylated cardanol (PO-Cardanol) and mercaptanized
propoxylated cardanol (MPO-Cardanol). The SEC
curve of PO-Cardanol suggests the disappearance of
the starting material, cardanol. Similarly, SEC of MPO-
Cardanol shows PO-Cardanol completely reacted,
suggesting thiol-ene addition of H,S to the double
bonds of PO-Cardanol.

The FTIR spectrum of MPO-Cardanol also sup-
ports the evidence that addition of H.S to the C=C
occurred successfully (Figure 2). A strong absorbance
at 3010 cm™ corresponding to the C=C bond of C15
chain is observed in both cardanol and Cardanol-PO
spectra, while this peak is absent in MPO-Cardanol.
A strong absorbance for hydroxyl group at 3400 cm™
and absorbance for -CH, and ~CH, groups of a C15
chain in the range of 1450 cm™ and 2920 cm-' are also
observed.

MPO-Cardanol is a mixture of mercaptans, there-
fore the products obtained from thiol-ene reactions
with GAE, TMPAE and AA were also obtained as a
complex mixture of polyols. The starting materials
(AA, GAE and TMPAE) containing C=C bond can be
observed in the SEC of all three polyols, suggesting
incomplete thiol-ene reactions. The calculated molecu-
lar weight of MPO-Cardanol is 403 g, while the thiol
equivalent weight determined by Chevron Phillips is
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Scheme 1 Propoxylation of cardanol (showing major species present in cardanol).
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Scheme 2 Synthesis of MPO-Cardanol (showing the reaction with one and two double bonds respectively).
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Figure 1 SEC overlay of cardanol, propoxylated cardanol
(Cardanol-PO) and mercaptanized propoxylated cardanol
(MPO-Cardanol).

318 g. Therefore, functionality of mercaptanized pro-
poxylated cardanol available for thiol-ene reaction
is 1.26 thiol groups/mol (functionality = 408 g/318
g). Considering the value of thiol functionality, the
photochemical thiol-ene reactions provided approxi-
mately 65-67% conversion. The SEC results also show
that the polyols obtained from thiol-ene reactions by
using GAE or TMPAE contained 12-13% unreacted
allyl ether derivatives (Figure 3). The presence of these
unreacted allyl derivatives, however, is not detrimen-
tal, since GAE and TMPAE can act as chain extenders in
rigid polyurethane foams. The polyol containing allyl
alcohol was distilled using vacuum; therefore, only a
trace of allyl alcohol remained in MPO-Cardanol-AA.

The structure with three double bonds may react in
a different way. The terminal double bond, which is
much more reactive compared to the internal double

J. Renew. Mater., Vol. 6, No. 6, October 2018
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Figure 2 Overlay of FTIR spectra of Cardanol, PO-Cardanol
and MPO-Cardanol.
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Figure 3 SEC overlay of MPO-Cardanol and polyols
thereafter.
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Scheme 3 Intramolecular thiol-ene reaction of MPO-Cardanol.

bonds, reacts first. Due to high mobility, intramolecular
addition of the terminal thiol group to the neighboring
double bonds is possible, forming cyclic thio-ethers
containing 5- and 6-membered rings (Scheme 3). Thus,
the intramolecular thiol-ene reaction may have been
the reason for lower functionality of mercaptanized
propoxylated cardanol (i.e., 1.26 thiol groups/mol
instead of 2.1 thiol groups/mol).

As mentioned previously, the resulting polyols
obtained from the reaction of MPO-Cardanol and allyl
compounds (GAE, TMPAE and AA) are complex mix-
tures. The possible major products from the thiol-ene
reaction with GAE are presented in Scheme 4 (com-
pounds a, b, c and d). Nevertheless, the polyol with

634 ]. Renew. Mater., Vol. 6, No. 6, October 2018

5 OH groups/mol (compound b) would be the best
polyol for preparation of rigid polyurethane foams
due to its crosslink density.

In principle, a thiol group reacts with a C=C bond of
GAE to form 2 hydroxyl groups. Considering 1.26 thiol
groups/mol, the mercaptanized propoxylated carda-
nol must result in 2.52 hydroxyl groups after thiol-ene
reaction with GAE. Therefore, average functionality
of the polyol is calculated as 2.52 + 1 = 3.52 hydroxyl
groups/mol, which also includes the hydroxypropyl
group of the polyols.

In a similar fashion, TMPAE also reacts with MPO-
Cardanol. Despite the fact that these polyols have
medium-range functionality, we expected to obtain

© 2018 Tech Science Press
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Scheme 4 Possible major polyols prepared from MPO-Cardanol and GAE.
Table 1 Characteristics of polyols from mercaptanized propoxylated cardanol.
OH#, Viscosity Acid value
MPO-cardanol polyols (mg KOH/g) @ 25 oC (Pa.s) (mg KOH/g) Mn Mw Mw/Mn
MPO-cardanol-AA 299.9 0.77 2.21 343 583 1.69
MPO-cardanol-GAE 389.1 1.66 13.47 335 723 2.15
MPO-cardanol-TMPAE 4134 2.10 0.79 355 671 1.88

rigid polyurethane foams with good physical-mechan-
ical properties due to their structure containing aro-
matic rings (calculated 11-15% aromatic ring content).
Furthermore, allyl alcohol, with only one hydroxyl
group/mol leads to polyols with even lower function-
ality, i.e., 2.26 hydroxyl groups/mol, which need to be
mixed with higher-functionality polyols based on sor-
bitol or sucrose to obtain rigid PU foams with proper-
ties useful in the polyurethanes” applications.

The characteristics of polyols prepared by thiol-ene
reaction of MPO-Cardanol with GAE, TMPAE and

J. Renew. Mater., Vol. 6, No. 6, October 2018

AA are presented in Table 1. These low-viscosity poly-
ols have hydroxyl numbers in the range from 299-413
mg KOH/g.

The FTIR spectra of the polyols show a very weak
absorbance at 2220 cm™, which could be due to the
presence of some unreacted thiol groups (Figure 4).
An absorbance at 3010 cm™ corresponding to C=C
bonds is absent. These results suggest that the addi-
tion of thiol groups to the double bonds has occurred.
A strong absorbance of hydroxyl groups at 3400 cm™
and absorbance for C15 hydrocarbon chains (-CH, and

© 2018 Tech Science Press 635
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—-CH, groups) in the range of 1450 cm™ and 2920 cm™
are also observed.

Figure 5 shows the '"H NMR spectra of the starting
material cardanol, PO-Cardanol and MPO-Cardanol,

MPO-Cardanol-TMPAE

MPO-Cardanol-GAE

MPO-Cardanol-AA

T Y T Y T Y T Y T Y T
4000 3500 3000 2500 2000 1500

Wave number cm™

Figure 4 Overlay of FTIR spectra of polyols prepared from
MPO-Cardanol.

MPO-Cardanol

M

PO-Cardanol

Cardanol

respectively. As analyzed previously, cardanol is a
complex mixture, which may contain one double bond,
two double bonds, or three double bonds [10, 19-21].
A multiplet that is centered at 5.84 ppm and peaks at
the range of 4.96-5.10 ppm correspond to terminal
C=C bonds. Peaks centered at around 5.35 ppm sug-
gest the presence of internal vinyl protons. "H NMR of
PO-cardanol shows methine and methylene protons
at 4.19 ppm and 3.83-3.94 ppm, respectively. Absence
of the vinyl peaks in the 'H NMR of mercaptanized
propoxylated cardanol (MPO-Cardanol) suggests
a successful thiol-ene reaction between C=C bonds
of PO-Cardanol and hydrogen sulfide. However, a
very weak peak at around 5.35 ppm is still observed,
which may be due to traces of internal vinyl peaks.
Furthermore, a methine proton at 2.77 and a triplet
at around 1.45 ppm also suggest the presence of -SH
group. A triplet centered at 2.57 ppm is assigned for
methylene protons next to the aromatic ring, which
can be observed in the "H NMR spectra of the starting
materials cardanol and PO-cardanol. The peak may
also be assigned for methylene protons associated
with 5- or 6-membered cyclic thio-ethers (Scheme 3).
Unfortunately, due to a possible overlap of methylene
peaks possessing similar chemical shifts, we were not
able to assign the peak clearly. However, the formation

A

75 7.0 6.5 6.0 55 5.0 4.5

T T T T T T

4.0 35 3.0 25 20 15 1.0

f1 (ppm)

Figure 5 'H NMR spectra overlay of cardanol, Cardanol-PO and MPO-Cardanol.
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of these cyclic thio-ethers better explains why the sul-
fur content of MPO-Cardanol of 1.26 thiol groups/mol
is lower than the theoretical value of 2.1 groups/mol.

The following "H NMR spectra were obtained from
polyols prepared by photochemical thiol-ene reac-
tions of MPO-Cardanol with AA, GAE and TMPAE
(Figure 6). A characteristic -SH peak is absent in all the
spectra, suggesting that the thiol-ene reaction occurred
successfully. However, some unreacted starting mate-
rials containing C=C bonds (AA, GAE and TMPAE)
were still found in these spectra, which are consistent
with SEC results. The chemical shifts at 5.25 ppm and
6.0 ppm correspond to the protons linked to allyl dou-
ble bonds of the starting materials.

Thus, the synthesized polyols were utilized in the
preparation of two different groups of rigid polyure-
thane foams. The first group is based on a mixture of
25% MPO-Cardanol polyols and 75% sucrose-glycerol
based polyol Jeffol SG-360 (Formulation 1). The sec-
ond group was prepared from 100% MPO-Cardanol
polyols (Formulation 2). The formulations used for
preparation of foams are as follows:

MPO-Cardanol-TMPAE

b

MPO-Cardanol-GAE

e

MPO-Cardanol-AA

Formulation 1:

1. Cardanol polyol 5.0

2. Jeffol SG-360 15.0

3. Silicon B 8404 04

4. Amine Niax A-1 0.12

5. Tin catalyst T-12 0.04

6. Water 0.8
Total A 214

7. Rubinate M (index 105)

Formulation 2:

1. Cardanol polyol 20.0

2. Silicon B 8404 0.4

3. Amine Niax A-1 0.12

4. Tin catalyst T-12 0.04

5. Water 0.8
Total A 21.4

6. Rubinate M (index 105)

Rubinate M, a polymeric MDI (methylene diphenyl
isocyanate), with functionality 2.7 isocyanate groups/
mol, was selected to increase crosslink density of rigid
polyurethanes. The amount of isocyanate for each

f1 (ppm)

Figure 6 'H NMR spectra overlay of MPO-Cardanol-AA, MPO-Cardanol-GAE and MPO-Cardanol-TMPAE.
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formulation was calculated as a function of hydroxyl
number of polyols and water used.

Cream time, rise time and tack-free time of the rigid
polyurethane foams were 8-10 s, 42-90 s and 44-92 s
respectively. Cream time is in the normal range; how-
ever, the rise time of the foams prepared from 100%
MPO-Cardanol polyols was higher, i.e.,, 90 s, which
may probably be due to the presence of unreacted
thiol group. Thiol group is acidic in nature, which may
block tertiary amine used as a catalyst in foam prepa-
ration, resulting in longer rise time.

Foaming process begins with a reaction between
isocyanate and water, which generates carbon diox-
ide, resulting in cellular structure. Gas-liquid foam is
formed initially, which is stabilized by silicone sur-
factant. It is then transformed into gas-solid foam as a
result of crosslinking between isocyanate and polyols;
hence, the cellular structure is conserved. Thus, pre-
pared foams were characterized after maturation for
a week. Images of rigid polyurethane foams based on
MPO-Cardanol polyols show the normal appearance
of conventional rigid polyurethane foams (Figure 7).

MPO-Cardanol-TMPAE-2

MPO-Cardanol-TMPAE-1

MPO-Cardanol-GAE-2

MPO-Cardanol-GAE-1

MPO-Cardanol-AA

Figure 7 Images of rigid polyurethane foams based on MPO-Cardanol polyols.

Table 2 Properties of rigid PU foams prepared with MPO-Cardanol polyols.

Compression strength, Stress@10 %,
PU foam sample Density, Kg/m?® | Closed cell content, % kPa T, (°C)
PU-MPO-Cardanol-TMPAE-1* 43.0 93 215 58.87
PU-MPO-Cardanol-TMPAE-2** 32.0 92 138 66.84
PU-MPO-Cardanol-GAE-1* 37.0 81 193 41.71
PU-MPO-Cardanol-GAE-2** 31.0 80 112 54.00
PU-MPO-Cardanol-AA** 32.0 91 119 61.40

*PU foam based exclusively on MPO-Cardanol polyol.

**PU foam based on 25% MPO-Cardanol polyol and 75% sucrose polyol Jeffol SG-360.

638 J. Renew. Mater., Vol. 6, No. 6, October 2018
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The characteristics of rigid PU foams based on
MPO-Cardanol polyols are presented in Table 2.
Compression strengths of the foams based exclu-
sively on MPO-Cardanol polyols are higher than
that of mixture of MPO-Cardanol polyols (25%) and
sucrose-glycerol polyol Jeffol SG-360 (75%). This
effect is probably due to the aromatic content of MPO-
Cardanol polyols, since the presence of aromatic
rings in polyols leads to rigid PU foams with superior
physical-mechanical properties [18]. Generally, com-
pression strength higher than 120 kPa is acceptable

120

for rigid polyurethane foams with densities of 30-45
Kg/m?. PU-MPO-Cardanol-TMPAE-1 and PU-MPO-
Cardanol-GAE-1 comprise much higher compression
strengths, 215 kPa and 193 kPa respectively. Closed-
cell contents of the rigid PU foams based on MPO-
Cardanol polyols are also slightly higher (Table 2).
Figure 8 presents TGA curves of the selected rigid
polyurethane foams; a) PU-MPO-Cardanol-AA (based
on 25% cardanol polyol and 75% sucrose polyol
Jeffol SG-360), b) PU-MPO-Cardanol-GAE-1 and
¢) PU-MPO-Cardanol-TMPAE-1 (based exclusively

100 ]
80

60 1

Weight (%)

40 -

20

0 100 200

300 400 500 600

Temperature (°C)

Figure 8 TGA curves of rigid PU foams: (a) PU-MPO-Cardanol-AA, (b) PU-MPO-Cardanol-GAE-1 and

(c¢) PU-MPO-Cardanol-TMPAE-1.

(d)

)
e

Figure 9 Images of rigid polyurethane foams prepared from MPO-Cardanol-based polyols: (a) PU-MPO-Cardanol-TMPAE-1
(average cell diameter: 253 pm); (b) PU-MPO-Cardanol-TMPAE-2 (average cell diameter: 245 pm); (¢) PU-MPO-Cardanol-GAE-1
(average cell diameter: 483 pm); (d) PU-MPO-Cardanol-GAE-2 (average cell diameter: 225 pm); (e) PU-MPO-Cardanol-AA

(average cell diameter: 257 pm).
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on MPO-Cardanol polyols). As observed in the fig-
ure, thermal degradation of rigid polyurethane foams
based on the mentioned MPO-Cardanol polyols starts
at 220-250 °C, suggesting good thermal stability.

Figure 9 presents X-ray images of the rigid polyure-
thane foams prepared from MPO-Cardanol polyols.
Average dimensions of cells are in the range of 225-
257 pm, which is usual for conventional rigid polyure-
thane foams.

4 CONCLUSIONS

Successful preparation of biobased aromatic-aliphatic
polyols by thermal or photochemical thiol-ene addition
of hydroxyalkyl mercaptans to alkoxylated cardanol
were described previously [10]. The present work was
focused on a variant of synthesis of cardanol-based
polyols by using photochemical thiol-ene reactions, in
three steps. The first step consists of alkoxylation of the
phenolic group of cardanol with propylene oxide. The
second step is the addition of hydrogen sulfide to C=C
bonds of propoxylated cardanol by UV-initiated photo-
chemical thiol-ene reaction. The final step is the thiol-ene
addition of thiol groups of mercaptanized propoxylated
cardanol to the C=C bonds of glycerol-1-allyl ether, tri-
methylolpropane allyl ether, and allyl alcohol. The func-
tionality of the resultant polyols are not very high (.e.
2.26 to 3.52 OH groups/mol), possibly due to reaction
of SH groups with internal double bond forming 5 or
6-membered cyclic sulfides. However, due to aromatic
content (11-15%), the rigid polyurethane foams prepared
from these polyols provided good physical and mechan-
ical properties. The rigid polyurethane foams are use-
ful for thermo-insulation (of freezers, storage tanks and
pipes), wood substitutes and flotation materials.
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