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Abstract: Recently, vegetable oils have been exploited for the production of bio-based polyol due to their biode-
gradability, renewability and reasonable prices in comparison with petroleum-based polyol. Cardanol derived from
cashew nut shell liquid oil (CNSL) is renewable resource having a reactive aliphatic double bond and phenolic compound
that could be used in preparation of the novel functional materials for versatile polymers. Over the years, various deriv-
atives of cardanol have been continuously studied and also cardanol-based polyol has been explored in various application
fields of polyurethane. In this study, biopolyol derived from cardanol was prepared using 1,4-dibromobutane (DB) for
intermediate, followed by chemical modification with diethanolamine (DEA). The molecular structure of cardanol based
polyol was analyzed by 'H NMR, FTIR and GPC. Biopolyurethane (BPU) film was prepared with hexamethylene diiso-
cyanate (HDI) using dibutyltin dilaurate (DBTDL) as a catalyst. BPU film showed antibacterial property against Esch-
erichia coli (E. coli). Cross-linked BPU film exhibits higher tensile strength and thermal stability than BPU film. This
reveals that cardanol-based BPU is a suitable candidate for various applications as an environment-friendly polymeric
material.
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Scheme 1. Synthesis of (a) Br-terminated cardanol derived from cardanol; (b) biopolyol.
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Scheme 2. Synthesis of biopolyurethane and thermal cross-linking
biopolyurethane.

Wakskd H7k= 22F 5 wi% H,SO,, 5 wit% NaOH, 5 wit%
NaCl =890 tsle] 166A17F B 52 A $9 &
9] HslE #Fs

HIO|2 ZE2|R2 B 2E &2 FH. Escherichia coli
(E.coli, ATCC 8739)°ll ts}l>] shaking flask methodES A&
stod Az ZE| e 5] IS AT B

Polymer(Korea), Vol. 42, No. 5, 2018



740 AdE - A

o} #EN-S FH|517] fJal] E.coli AIEE 37°CollA 184]

et ool A wjFatint. WigolE o]8-5td
32 30 mLe] G vl FarL 37 °CollA
21 o] FHA w3l Phosphate buffer
saline(PBS) 102 2 A2 3t & PBS oo A EAAA
mL3 1x107 CFUE A3}, uhEgo} Hli %Et 600 nm
oM FF AFAH] BluE Tl AlZ ] FREE
SAste] FA ek 2 -Ee &9 é}& 2448 37t
sl7] flel], Al dEdel] FE(2 cmx2 cm),% JX]E & 25°C
o|A 2417 FRF EE0] FUoh 2§ 8 A% M)
o] 1x10* CF g4 0.1 mLE $HulA] $loll spreading 1%
t}. Spreading®l SHABIA]= 37°CollA 18A17F &<t w3t
5, AES A 5 Alo] S U Ttks
7Iire] e 9-de BE5 A &2 AHE Al A
Aks °]9} Y8 Mgate] A& F=t 75 MUt 3
782 2 (3)S &3l ALkskiT.

(No—Ny)

Bactericidal property (%)= ~
0

%100 3)

N,: Bacterial CFU of blank
N;: Bacterial CFU of tested sample
a0 H EE

FlCk= 71t H}OI 21 M= & M. Jid= 7
o] vpol @ FEle2 Axsh] flsiM F AR e I
T 3HA “/Pﬁﬂi °ﬂ7l Znjatoll A Thohse] Jﬂiﬂ@r
A€l DB} vE3-E F3l] Thths ““‘/k’ﬂ BEs
13FATHScheme 1(a)).* ©] ¥-go] X< o, 0 ‘l DB

O A HENE S5 9] o 7}%.4 s
ol DB 3 143 M= ] ok DBel o el 7hc)
o] Whahe ko] AAE 5 itk 9o} e Fuke
SIS WS ok dl DBE A0 A1)
2 og T Hodo] AAES A
IL%OH 4?‘; X*xﬂ TLCE ©] &3l @ OJ
HE 7tss AL = F /B9l 22 Flash
chromatography WH S AM83le] E2]t% ). MeOHQ}
CHC]sE 1:309] H]&2 A|lxd Gojoe o]gsto] gty

< vehliE 7itksst S8 2] Aol sle Titkse] &

1117]- 7Fsitt. 'H NMR, FTIR ¥ GPC Ak &3 #4972
I, BeE 7 2 Aol AlolE I 4 jI7] el
o]F- AdoM = F7Hl AAE AsA oL ARSI
o Hpol e EEle2 Ui HE JlthsE DEAS K,COs9t
‘g7o] Zull TBAB slellxe] wkg-5 F3ll T/dsIith(Scheme
1(b)).** DEA9L] W= Fuk-g-5 A&} %fﬂ% ek 2
& 7hhs div] 3w o] de] E4E Hrtste] RS X18)st

ol
38

e n}m

O

rsL tlo 2
= 4z

(¥ oo flo NH N rlr oo [T
32 tlo
i)

Zan, A)4278 A)55, 20183

- zPE

(a) ANAAANA
cvﬂ@“\ PN N

Unsaturated

l Ahydrocarbon
N

Alkyl chain
e \/ \/
(b) ‘ ¥ H 3

A l A JU) UL _‘

‘kb" | n JH. ﬁJJFJLU LJL“*

© \
Hydrogen| b
bondmg
_| b
ppm 70 60 40 30 20 10

Figure 1. '"H NMR spectra of (a) cardanol; (b) Br-terminated car-
danol; (c) biopolyol.
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Figure 2. FTIR spectra of overall ranging from 500 to 4000 cm™
about cardanol and products derived from cardanol.
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Table 1. Basic Properties from Cardanol to Biopolyol
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Figure 3. GPC curves of cardanol and products derived from car-
danol.
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A He71E Eal YO, o]&2% hydroxyl valueg -

o) 2~
g 4 9l

56.1x 1000
Equivalent Weight

56.1x 1000 x functionality
Molecular Weight

Hydroxyl value = “

Hydroxyl value = ®))

Hlo] @ ET| 0] FAFS AEE LIS o, 460 of
mole|H, o]& vEe R AKIE W o]&% hydroxyl value
= 243 mg KOH/gelth. A3 A4S Fall 42 a2 tA=
190-210 mg KOH/g H$] W€] hydroxyl value 3to2 4%
AT} o] AL vpo] @ FElZol] G EIE Fukg EE o
1ol g hydroxyl value #to] o] RT AJUjx oz A
st A0 2 FAETH(Table 1).

7iCk= 718te| Hlo|2 EE2|RE M= ¥ 4. ¢4
NCO/OH®] Hl&2 112 8lo] Hlo| e E2&5 83 nle]

Theoretical hydroxyl value

Experimental hydroxyl value

Product (mg KOH/g) (mg KOH/g) mol wt Appearance
Cardanol 190 200 300 Reddish brown
Br-terminated cardanol - - 435 Dark red
Biopolyol 243 190-210 460 Pale brown
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Table 2. Formulations of PU Films with Various NCO/OH

AP

Feed
Sample Polyol HDI NCO/OH State of film
(& (2
BPU-1 10.0 3.15 1.1 Viscous film
BPU-2 10.0 3.44 1.2 Semi-flexible film
BPU-3 10.0 4.01 14 Free-standing film

:\3 N-C=0 stretching vibration —=
@
o
c
]
=}
[ 3324 cm”
g N-H stretching vibration
©
£ /
C=C-H
S 4 ,
HDI 1702 em” 1540 cm*
———BPU film C=0 stretching vibration N-H bending
T T T T T T T T T M
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm")

Figure 4. FTIR spectra of HDI and BPU film.

© Zelgee B2 AxSLA AU free-standing 2
22 X Rt ol ol e Felge] BAjaro] A

o2 27| wie ZEE EAE st Bkl
AA % JEHE EAste Aoz A At mEbA
allophanate %= biuret®] Wi S-#l&k A7) 7HlE 2
al7] flall D& AxA] o]Alo|o]|EL BIES FTHAIA
o} ofe] o] RS F3] NCO/OHS| o] 1.40014 Al
A U= free-standing Z2|F-H & S A& F AT
(Table 2). AxE 59| Z29der 2= FTIR #4& &
3 SISk, 2238 el ST 5 e ol
E N-C=0 Z%<] stretching ¥F+= nlo] L Z2]
oA gkd3] ARl AS 3l Hlole EEedw EE Al
Z Al AREEE o] 2AoMolEE B WREE 218 o 5= 9l
o} &3 vl @ ZEgoA EA15A 3324 cm™2] sharpdt
N-H stretching 3= 2 1540 cmoll A 2] N-H ZA o] 2|8k
bending ¥|=ZE Hlo] 2 Fe] e BEoIME I
T}H(Figure 4).

Hio|2 E2|P2E BE FY. 2= HAA Ao
A= flavonoid 53 -2 A4 s e FtaHE
kst 28-S she AoE AT o] & "o E ¥
= 3= e Ththse a5l Ae B AT

7F Y= ATk 2ev heksel] E3HE o]FATS o83l

=

2= 0]
pos

_‘

i i=Ye]

=1
=

Zan, A)4278 A)55, 20183

- zPE

Figure 5. Photographic showing the antibacterial tests of blank and
BPU film.
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Tass IRIT F Uve TS e ok ojd &
To} E AFA ARESE vlol e EE]E& #AF FRE IEE
RS W, Fhrksell E3HE G AkEo] S YR A
o a3t S 3t oz AHTh F, SHE FARE
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o] S HFA, F2A Q1 HellA BElgole] Al EH-E
s te] Wegols A JEE Fcke ZoE W
%%q_.36,58,60
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A&l tste] FTIR SFEHS Faf #2513ATh. Figure 6
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= 7] IE57E 1A We] 7R E 2 st gl
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Figure 6. FTIR spectra for the curing time of BPU with 3 wt%
cobalt naphthenate at 150 °C in air.
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Figure 7. TGA curves of cardanol and products derived from car-
danol.

Tsoos NN E 366.67 °CE Hfo] Q. Z2]-2o Hl3] Z43HA
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73she vlol e FE-Elee] A5, A3k Qs M= A
7+ Agto] AyAGe] wel €4 Ao HukH o=z Frtet
AL HojFEt), vpo] 9 Z)g-getel| vls| 27| $-alet &l
TZke] 257t Skl RS I e ol #AF
7¢ 7k At Lol el o3l Wil MEA A= T
A%t Sol 7|E e EAbete] FAATS FATOEA
g4 S TV AHE AT Fitks EAEe
W37 2 o]l WAskE AS ERIE = Uk AERE 2
dozA AT} vlo]Q Fg, vlo)Q ke BF
F7180]7] ol T4l 700 °ColA] w-¢- e 7k
chars FAst o, 738} viel e F2]9-e2 16.89% ©
2Fo] chars FABIALE ol ZARES] BALE Alele] 74sk
SHAEe] 7t A FeHzE FPE o= FF Aol
A PgE o= AEc)

Hio|2 Z2|RE 7|HH M. A3} A nlole Ze]$d)
e 2o oy er Aoz g v §4% 22 §
S YeRdTHFigure 8). Hlo] Q. Z2]9-alet 52 Table 401
Uehd vk} o] 17wl Ax8-8 742} 2.013+0.06 MPa

Table 3. Thermal Properties of Cardanol, Biopolyol, BPU Film and Cross-linking BPU Film

Sample Ty (°C) 0" (°C) Tyi (°C) Residual at 700 °C(%)
Cardanol 259.07 277.17 321.17 0.16
Biopolyol 303.33 318.5 363.67 2.52
BPU film 284.00 303.50 366.67 0.9

Cross-linking BPU film 312.67 336.33 461.17 16.89

“Recorded when the weight loss was 5 wt% in TGA. "Recorded when the weight loss was 10 wt % in TGA. ‘Recorded when the weight loss was

50 wt% in TGA.
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Figure 8. Stress-strain curves of BPU film and cross-linking BPU

film.
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Table 4. Mechanical Properties, Bulk Properties of BPU Film and Cross-linking BPU Film

Samole Tensile strength Elongation at Young’s Gel content 5 wt% Swt%  Swt%

P (MPa) break (%) modulus (MPa) (%) H,SO, NaOH NaCl
BPU film 2.013+0.06 135.92+4.75 14.96+1.47 65.93+0.48 I 1 I
Cross-linking BPU film 6.787+0.63 5.01+0.47 127.09+14.84 86.93+0.88 I 1 I

I: Completely damaged film, II: Loss of gloss, III: Unaffected film.
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