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Abstract: Cashew nut shell liquid oil (CNSL), a vegetable oil, is a renewable and eco-friendly resource that can replace
a raw materials for preparing petroleum-derived polyols. In this study, difunctional diglycidyl ether from cardanol of
CNSL was modified by ring opening reaction with various second amine compounds in order to prepare multi-functional
CNSL based polyols having 3, 4, and 6 of hydroxyl groups. Regarding environmental issue of organic solvent based con-
ventional polyurethane, waterborne polyurethane (PUD) was synthesized by mixed polyol prepared with various ratios
using CNSL based polyols with ether and/or siloxane based polyols. Chemical structure of the synthesized CNSL based
polyols, PUD and improvement of mechanical and physicochemical thermal properties were confirmed. It might be due
to effect of organic-inorganic hybridization from adding Si-O-Si bond to main chain of PUD and increase of crosslinking
density from increasing hydroxyl groups of the multi-functional CNSL based polyol.

Keywords: waterborne polyurethane, cashew nut shell liquid oil, bio-polyol, organic-inorganic hybridization.
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Figure 1. Scheme and structure of various CNSL based polyols.
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Table 1. Chemical Structure of Raw Materials
Material Structure Remark
o
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PDMS | n
CHj,
HO.
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o OH
/\/\/ on
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\ Chain
o
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—0

3d 8AIZ Junsei ChemicalA}2] dimethyl acetamide(DMAc)
& AM83H A, EulE Aldrich 2] dibutyltin dilaurate
(DBDL)E Al&-3t o™, 342 Junsei ChemicalA}<]
triethyl amine(TEA)E, AF&A4A 2 Kanto ChemicalA}2]
1,4-butandiol(1,4-BD)} SilquestA}2] N(B-amino ethyl)-y-amino
propyl trimethoxy silane(AEAPTMS)E AH8-3}AtH(Table 1).
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Table 2. Reactant Mole Ratio for Synthesis of CNSL Based
Polyol

D
CN-3 1 - 1 1
CN-4 1 1 1 )
CN-6 1 2 . )
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Table 3. Reactant Composition for Waterborne Polyurethane
Dispersion

Content (mol%)

Sample
No. PTMG PDMS CN-oH Chain

extender

PT_PUD 1.0 0.0 0.0 1,4-BD

PT/CN-3_PUD 0.8 0.0 0.2 1,4-BD

PT/CN-4_PUD 0.8 0.0 0.2 1,4-BD

PT/CN-6_PUD 0.8 0.0 0.2 1,4-BD
PD_PUD 0.8 02 0.0 AEAPTMS
PT/PD/CN-3 PUD 0.8 0.1 0.1  AEAPTMS
PT/PD/CN-4 PUD 0.8 0.1 0.1  AEAPTMS
PT/PD/CN-6 PUD 0.8 0.1 0.1  AEAPTMS
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Figure 2. FTIR spectra of synthesized CNSL based polyol.
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Figure 3. '"H NMR spectra of CNSL based polyols.
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Figure 4. FTIR spectra for polymeric compound during PT/CN-
6_PUD synthesis.
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Table 4. Summary of Mechanical Properties of Prepared
Various PUD Thin Film

Scratch  Pencil Solvent Tensile

Sample resistant hardness test strength Nélc\)/?l?zl;)ls
N)  (H) (tme) (MPa)

PT PUD 0.5 3 2 7.0 0.03
PT/CN-3_PUD 2.0 2 25 5.2 0.42
PT/CN-4 PUD 2.0 3 25 7.6 0.61
PT/CN-6_PUD 2.1 4 27 12.2 1.91

PD_PUD 1.9 4 11 17.9 0.11

PT/PD/CN-3 PUD 2.4 4 20 11.8 0.27
PT/PD/CN-6 PUD 3.0 5 50 19.4 1.16
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& X SR A gAMb doju ukgo] o
o Ny 4 it

CNSL 7|5} PUD®| E9H84S A R7] 918t TGA &
28 YA} Figure 52 W 53 71480 80%Y
o] B3 PT PUDOIA 400.1 °Cit}. CNSL 714 22
<7 PTMG®] £d&8&5 AR8-ste] 4% PT/CN_PUD
Age] ke 405~410 °C HE=HATE ©]= CNSL 7t &
& Fx el wiAzel7F gz R 57} o
Folzl Ao Holu, AggAde] Frslittale Adtaly|
oJ@t}. 33, ONSL 7|8t Za] 89 =217 s}t 27}
siegts el 27} S7lshe e HolA] gFof, Fall&

=7t 7hEshs A7) g BAIE BolA e & 9

1PDI PTMG PDMS

85°C,35h

Neutralization, 60 °C, 0.5h

Dispersion, 40 °C, 0.5h

Chain extender
i o] =
H-é-o o-c-H R
T -l i
XX ,1
0 o i R
" | w
o

Scheme 1. Synthetic procedures and plausible structures of waterborne polyurethane.
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