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Research paper

The influence of adding neem oil on manufacture and

properties of castor oil-based polyurethane composite
Xiang-Hong Xie' Yi-Chun Chen"

[ Abstract] In this study, castor oil and Desmodur N was used as a biobased polyol and an isocyanate
to prepare biobased polyurethane (PU) resin with NCO/OH molar ratio of 1.5 and 2.0. The PU-base
composites were manufactured by hot pressing with the density set to 500 kg/m’. The process use water
as the foaming agent, dibutyltin dilaurate as the catalyst, and China fir (Cunninghamia lanceolata) as the
wood particle. The weight of neem oil was set to 0, 10 and 20 wt% of castor oil. Weight ratios of wood
particles/PU resin were 1.2/1. The basic properties, internal bonding strength, and dimensional stability of
the composites were measured to investigate the effect of neem oil addition on the properties. The results
showed that adding neem oil increases the reaction time of PU resin and helps to manufacture complete
foams and composite materials without using surfactants. The PU-based composites have low moisture
content and good dimensional stability. Increasing neem oil ratio reduced the moisture absorption. Internal
bond strength performed in accordance with CNS 2215 standard. The internal bond strength of the neem
oil-added composite was higher than that of the control group, indicating that it promoted the binding of the

adhesive to the wood particle and improved the properties of the composite material.

[Key words] castor oil; polyurethane; foam; neem oil; composite.
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Table 1. Composition ratio of polyurethane foam adhesives.

Reactant (Parts by weight)

Code
Isocyanate Castor oil Neem oil Catalyst Water

NI1-0 46.9 50.0 0 4 4
NI-1 46.9 50.0 5 4 4
NI1-2 46.9 50.0 10 4 4
N2-0 62.4 50.0 0 4 4
N2-1 62.4 50.0 5 4 4
N2-2 62.4 50.0 10 4 4

3. fERAlEARAS

B SRS RT A H R RS AR RS - Bkl
EHAE3ME - P E
(1) a8

B 7752 F LA 5% (Chen & Tai
2018) » PURBERI/KLFr EHEELRR1.2 > R EE it
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2] B E B LS00 kg/m’ o HFIEORHEL ) >
fRE > (B ZERF A T3 min > LLIZFH 2L
JBERE LIVELE 100°C ~ BEJ]1.5 MPakRERETS mingte
T80 -
OR) B at B I
L

HAART5em x5em x 1.2 em» HIEE ~
R E e ER  GTEHREEE -
2. Py g kzs

HAR5cem x Sem x 1.2 em » [&jR27°C
FIHEHR L 70% 8 > W EA T B EH -
HE A 103 £ 2°CHEFR NNz B IR E » FRlllE
HigsZEa et & - AHEAWT -

Equilibrium moisture content (%)

_ Wa-Wo
(o)

x 100

Wafgil B i » Wolsfiiz B & o
3. R sE

Wit A8 & A R AR Ak
FrooK OB BEKTH R 3 em {7 » 2524 hrig
I 4 R A K 4y Wl 2 R KR E & Kk
JREER - BHEIRIKZR KRR AR (Thickness
swelling) » FHHE AT :

Water absorption (%) = % x 100

T,-T,
A EESM, » RREMIEERT, » RK
BEEBM,  RKREERBT, o
3. PRI
AR5 em x 5 cm x 1.2 ecm » &
DIEME R 3 15 60 SRl Abe » DU e 55 3 B
% (Shimadzu UEH-10) {3 H [ 72 & /7 [ BA2
mm/minZ $7 {65 i EE o I S Al
IF < B K #ER - Widt B RRGEE - A E
T

Thickness swelling (%) =

x 100

Internal bonding strength (MPa)= ﬁ
X
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P FIBERIEIR 2 B KHEE > a x b @ G
[HifH e
(b) #Et o Hr

et o3 1 o I SPSSHKHE 200K (SPSS Inc.,
Chicago, IL, USA) » Ll Turkey% 5 LL#5 53 17 HE
ARHUBI Z TR M - plEF$0.05 » 3R Kl
AR PRI BUE RS R BB AR -

=~ il R B A
(—) AT e b

FEAE B R (B B EC LR A 2 P R AR I %
AR B K E 7 7l £5170.19 mg
KOH/gFz1.58 mg KOH/g » & RS EANCO

X2 PUS RS S -
Table 2. Foaming properties of PU foams.

FLFERE - ] Bl A FORL B v S 7S A Rl A
#% » Desmodur NZNCO&E &= E20.4%
1. #iE ey
F2EBHPURERS 2 30 > WINEN
T2 A S ELBRAA S I R ~ S SR B i R &
FE A2 MR R F S > BN T ETV AR
WEPU SN » FEFPUSHERF ] » i 5L By
IIEE R~ 2= PUSE I BE HL A AH L3284 (Czlonka
et al. 2018) © NCO/OHEL E Lb #1758 11 2 HI
M - BUEPUMRE A MBI T3 mindE{TiR
G IS IIEN SRS i ED AP USRS B fih 38 1
BFRIH 53 min » VESERFRE S » 5 EFE S
B EmELEE Sk o

Code Cream time (s) End of rise time (s) Tack free time (s)
NI1-0 149.0+5.7° 268.0+£5.7° 326.7421.7"
N1-1 186.7+1.2° 285.7+10.0° 325.7+16.6"
N1-2 185.0+£2.9° 286.7+£12.7" 330.0+7.8%
N2-0 154.0+7.8" 262.0+8.6° 300.3+10.1°
N2-1 171.0%£6.4b° 294.7+9.7° 323.0+13.4°
N2-2 188.7+8.8° 298.0+5.1° 348.0+4.5°
3. PUSRIHEEE AR -
Table 3. Basic properties of PU foams.
Code Density (kg/m’) Height (mm) Volume expansion (%)
N1-0 93.7+52° 453+1.1% 885.4+21.7°
N1-1 1153+3.4° 412+1.8" 743.9+31.7°
N1-2 157.84+3.2° 33.0+3.8° 553.3+63.8"
N2-0 76.9+4.5 53.340.9° 1043.2+18.2°
N2-1 105.3+4.4° 49.4+3.0" 892.6+53.8"
N2-2 140.5+7.6° 32.9+3.7° 550.5+62.5°
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I 15 PU S SR o 2 S IR > RN
TSI 0 % BRI S fif oz 5% 30 i 5L e B SR e
Ao HHET R AN I SR I R S B R A
13 EVSRHEAN I 1 5 1025 20% HI| 41 [t 3R Sk e
A4 HESTE 2 S80iaiine > RUREIOH SRS
WOAERE 528 o VR AN20%% 1A et I v {5 PR 482 5L 1

fil 1. PUS AR -
Figure 1. Appearance of PU foams.
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WA Z A& - i AR F PR 38 S Bt A1
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Il £584°CH1100°C » o] R 2 I8 & S fi 15
AR i AWEFEEE P UGS BVERIF ] £5 18
min (Wechsler et al. 2013) » ASHF 5 0] #ii /5 Z4
JBRIRF ] 5 My e At iR L 4 & M RL 75 BAJBRJRR
25 MPa » R3S IR FIPUR I 28 2 i
JRE ) F53-3.5 MPa o BSR4 LE g BER AN 52
AR B HAR IR AR s SRR -

fi 2 525 #8 S b RSB > 5% 6 R T B O
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HE B EMEL K ZARR BUE @A (HPU K
JEZIEAL - A2 ARR  RER S - EERR L
HTAFFE RS SRAHIE (Chen & Tai 2018) e [& 35/
TGS INEN B AL P A o 0 e R gk » ot
BRI M KA T YO IE M %
Bl - HEMBIEYEHEE 500 kg/m’ > B35
A PRI £5493.4-511.6 kg/m® > £S53HT
NEBGE S 2 EHRMEE - /il AWFSELe

4. EEWMEEEORIFLLE -

NI FEE 5 MR 2 B ot B PR R 1 S MR RS R B 2 R

PU ~ [R5 H EE I 5 18t i S 1 S MR 2 %
& 43 B E%987 kg/m® ~ 720 kg/m’§[1700 kg/m® » §H
AT SRS 2 PURE & 7 v 5d5d 35 B A%
EEIE
2. P E KA e R 2@ 1k

ARG MR LA P8I St e B i e {5 L
AEE KR E K & PR AT & K ) Bl
SRR I E IR o IR B K2R B B AR 1l

o> HY ob

Table 4. Comparison of manufacture conditions for PU composites.

Kinds of adhesive teg;; rl; rtisrzilz"gC) Hot pr(ﬁ;SlSiEl)g time pggﬁf:iiﬁi ) Reference
Polyurethane 100 5 1.5 This study
Polyurethane 84 18 35 Wec(hzséeltr3 ;tt al.
Urea-formaldehyde 152 5 3 Pa(11210e37a)1.
Phenol-formaldehyde 180 5 25 Pira(yzeosilse;t al.

2. PURE S PPRLMEE - 1R (72) FIflE ()

Figure 2. Front and side views of PU composites.
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Figure 3. Densities of PU composites.
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Table 5. Comparison properties of composites with various resins
Densit Thickness Water Internal bond
Kinds of adhesive (ke n/srils); swelling absorption strength Reference
s (%) (%) (N/mm’)
This study
Polyurethane 506 1.2 3.9 0.34 (N2-0)
Polyurethane This study
(10% neem oil) 506 1.7 5.0 0.43 (N2-1)
Wechsler et al.
Polyurethane 987 2.7 10.5 1.33 (2013)
Urea- formaldehyde 720 43.9 86.2 1.20 Pan ct al.
y : : : (2007)
Phenol- formaldehyde 700 19.4 69.0 0.61 Pirayesh et al.

(2015)
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KA s REMBLEARENE > & K3 R RkiE
PERS AR E MR T 2258 Ve AR B 55 1
& (Gerhards 1982) » [&] &/ 8lH 2 PUKL il
B KA AR R2.75% » BEENBEH R 0 EL 515 0
PUKL M & /K ZEW8 15 R % » NCO/OH L 3
BOKA IR R > IS INEVRRH o] R (A R
BN o T ANFSEE 23 CRITH SR 65% IR
Birp BRFEHEEAIR S PSR LSRR E G
WREZ M & 7K A 53 R 557.65%F17.97% (Mo et
al. 2003) » AR 8LE 2 G R AP
BIKER o

IRk Z RUST 2 58 1 AT W K 2R e J2 B
HRASSEAT 0 A7 - 18]S B [ 6 F PURE & M BHZ Ik
KA J R R AR AR - G R R K AR 153.9-
5.6% » ARFART AR FE LIPU ~ FR3E H IS R RS
1R B A MR Z K 2 » NCO/OHER FE 1%
LS Z A ML » AN E B L 858 & 2
KSR 75 5 s NCO/OHZRE2 » M IEI B
T LR K AR T o [ 78 18 & 0 RHE
BRRAR51.2-2.5% » B 2 PUB A EHETT &
B FRAEHECNS 22 15K &1 )5 FE IR 2K 2 12%
ZAEHE > HRSHURET AMFEZPU ~ Bpls g
FIPR 35 HR 1 168 i S 1 &5 M L 2 TR R AR 2R
S RE2.7% ~ 43.9F0119.4% » fifi S EERH A 5%
B 2 PUSHIE rT 808 & R T ZE k2 @ &t
K} o
3. RO AR

A 2 ST AT 4 8 5 2 e IR B
FrEBGsaE - E 85 RHPUME & A EHA 8
> PNEGEEF50.27-0.43 N/mm® - FT 84 2 i
MEERFECNS 221538 H/A bR 7 138U K 8
2.0.2 N/mm’ N ER58 A HE « NCO/OHE H L5
b 2 AR SRR E 1.5 - ARG
CNS 22155 /A bl A 18%,2.0.3 N/mm* &
# o R SINCO/OHE H LU SR BHZ Bk i
FER R o N2-1 G i@ 2 W > BR10%

FIVRR S D 2 A e 2 MRS > EITBRH A
PRI SR BRI > RS SR B S BT TS
FAHIA (Liao et al. 2021) » EIFHIAT{E R R AR
B IR IEE o 565 REUR AT A5
ZPU ~ Fpltet B MR 35 FHEE i 3OS & 6
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W ERSEEEGHE s HEABRZ
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FrE RIS Z EE MR SR
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AR 6 A B 5 AR B 5% s - B
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Fe2 08 PURAE » A K SR OB HIEN T
20% E[VSR T AT 55 B B 4 5L 1 14 7 P U %3
B MR PURHE 2 Bt KRB G S » 2
R R TH LR ZE A2 ARE G RORE o BRI
JITEL AR 1 {66 P UGS i Wit 3 B 43 98 v s ] - B
BRBETEERRH » HEGEPUBHIEE &M ELZ
W PERRAR > FENRHR I £510% » BiRfE
ZEBBREE 5 HTHINCO/OH &L E L Al 4@ i A 2%
SRR o R b WHIIENBEH DS E SRR ]
IR R R AR B R S HRGEE R
STRGEVEYIFT & CNS 2215184E » EL{E 4 FE g
NEEMEREEFE L] -

2t

AT A SRR AT 2 (109-2813-C-005-
074-BF{1110-2313-B-005 -029 -) FlI[E4 v/ H il k;
EL g B E R P PR (1101011B-02) ##
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Figure 4. Equilibrium moisture contents of PU composites.
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Figure 5. Water absorption of PU composites.
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Figure 6. Thickness swelling of PU composites.
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Figure 7. Internal bond strength of PU composites.
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