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Abstract: In this study, a solvent-free non-isocyanate polyurethane (NIPU) was synthesized by reacting carbonated
castor oil with various amines, and the effects of amine structure on the properties of castor oil-based NIPU were
investigated. The structures of epoxidized and carbonated castor oil, as well as the synthesized NIPU, were analyzed
using Fourier transform infrared (FTIR) and nuclear magnetic resonance (NMR). Tensile strength and thermal resis-
tance were evaluated using universal testing machine (UTM) and thermogravimetric analysis (TGA), respectively,
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while hydrophobic performance was assessed through contact angle measurements.

Keywords: castor oil, carbonated castor oil, non-isocyanate polyurethane, bio-based non-isocyanate polyurethane.

M B

Z2] e 1930 2 EHlolof(Otto Bayer)oll ]l &
A o]F, YA oR Bo] S8EHI e Attt
2 aehe ol wt FAd, W, HEME, A 5o
Holdk B8 7HAL e A} T SRR dibF o o]
2AJORI[ O] E(-NCO)S} E2]&(-0H)°] ihg-e=2 fde 2
o] PP’ F e AFsAt A, A5 B A A
. o5 A T e ZolA $-&E L AT, FURE
ARGEE o]aAloR|o|E AlZA] 32T 717 AREE]AL, o]
Ao E ZA|e] HAS = Q1eh A ¢ vy e
74 A M WIS 7L 2lo] ARGl ARk AL ittt

o3t EAIE s dat7] il olAAloMIo|ES ARESHA] e
Hl-o] Zxol| o] E E2]-9-#| EH(non-isocyanate polyurethane,
NIPU)S §dshe A7 F8= AL Q) o] 7hRu|o| Egt

"To whom correspondence should be addressed.
ksb@kyonggi.ac.kr, ORCID®@0000-0001-6201-4078
©2025 The Polymer Society of Korea. All rights reserved.

444

oMlS WEEAIA ek A%rS sk WHeE, 19574
Dyer2} Scottol] 93l %5 A= B2 A7} o] FoiX|aL
At} NIPUE= 7H2 40| E (carbonate)2} o}F12] HES-S- =3
SeEe A%S FAsk=dl, 7HRYo|Es 2 of|FA] 4]0
COE WHSAIA &8 7HEV|C|ES g ate] NIPU Al zo]
o] &35t Yt 3y FlR Y| o|E Fo| A= 5-membered
cyclic carbonateol] e+ A7} 7174 wo| B EAEH, ol&
Qka] T3l of| ZA] Zk27]0 COSE FAIst] AREE = 7] W
ook megk 2t 243} B4 F skl COE o84l S
RIs7| wizel] 5 fefn|gh Aeleh.” A9 5-membered
cyclic carbonate= CO, 7129} 3d A| tetrabutylammonium
bromide(TBAB)Y5-2] &1l &4 slollA % kAo gz e
2 o} 1.2 9 71 9kg- A7ko] P Qatr] whiel] 3 7hEu]
o|EE tiFF Akeh= Hl Qo] Algke] Ui o]& SHskaL
2} 738l FHR|o|ES dshe At 1= AL Jiek P

Hlol 9. o olol sjulels 1A, th-f, ofulel, Tubdf
So] glom oA, SIS Tgekar glo] ulel 2 2o

o1 AT T2 7)ol FHHYC ES FA3 &, ofvlste]


https://orcid.org/0000-0001-6201-4078
https://orcid.org/0000-0001-6201-4078
https://orcid.org/0000-0001-6201-4078
https://orcid.org/0000-0001-6201-4078

e 79k 7844 NIPU 25 34 2 84 24 445

[e3iKe)
S-S

;H NIPUE st A7F A= o2

Centeno 52 7FRMo|EslE tfFfeb afe] opls whe-
AlA Fete] o7& Zh= NIPU FAE FA8) ol FA]
AR Algste AT Faste] 7]Eel AReeld oﬂi/\l
o] vlsl ¥ E& BEE Zk= slo]EE|= NIPU =¥
I3t Guzman 52 E2 &9 7IHY|o|EslE «4“}
S 7] 1 APS S8l 3] whe 20S A6
T} Pathak &2 IWEARrollM @& AARS: o]85ll NIPUS
T F AR =S HEAE S Hlﬂék— ATFE AP st
2H®] 74 =2} 70.86lbs-inch®] WEAdS ZH= NIPU ¥
el AdFstaTh? vjl-8<l JJU}XHr(castor ol = 412
7HAAL QE vlelQ o=, FE e Aol Bol AR
AL AT Teuy FhE Yo EstE SuiAbRE o] 34‘3}
At 719ke] NIPU 255 ddke A7e BasA 43t

3&: °4¥°ﬂf\1-t— vlupahe]] o FA]8}E Fof] FHEY|o]ES
L5 sk =3,
M2 UE 725 ZR= o191 hexamethylenediamine(HMDA),
isophorone diamine(IPDA), tris(2-aminoethyl)amine(TA)<S
AHEsle olle] ol wWE NIPU ZE9] BEAS A8kl
2k &3t

4

Aok R THE. 2 AFolA ARS-E F]WERNT, HMDA, IPDA,
TA, epichlorohydrin, TBAB= MerckX X 0|31, BF;-
(OEt)= TCIE2 ] AES F7HR1 AAlgle] ARg-siitt.

Epoxidized Castor Oil(ECO) &4M. J]vial 232 ¢S &
e 1714 500 mL 37 k=10l H7Fstal BF; (OEt),S
ol wHkel 3 epichlorohydring 7}13le] 80 CollA 244
7k S WESAIFAT Hhgo] Byt § 50 TR 28|50 50%
NaOH 895 H7Fslo] SAIZF St watgict, 3] JdEs
AAS7] Sl s AH=E H Y & =5 AA sk ECOE
P35k

Carbonated Castor Oil(CCO) &. 38 ECOE 500 mL

37 5 uig Zgk~3ol Y3 TBAB 1 g2 F7Iste] wwt
3t} °o]F COZE 0.1 L/mineE Z8FH 110 CollA 304

7+ 3 MEHES 38k 3 7lRMo|EE AT

L|OXLE 718 228 NIPU ZE g, CCoell olvle
HFo g Frisie] NIPU 52 93tk 349 Al CCo:
HMDAS} CCO: IPDAE 22} 122 % CCO TAE 34 T
go 2 Hrlale] 110 CTol|A] 3x 7+ WHA T o] &
150 C 2=0llA] 72A17F B3 s 174 E—E—% S 3kt
ARE 52 AR ofHle] FR/ell uhg} HMDA-NIPU,
TA-NIPU, IPDA-NIPUZ %5}

24, 71ZE4S $I8] Fourier transform infrared(FTIR)=}

nuclear magnetic resonance(NMR)<S AF-&3}3] T} FTIR-S

Bruker/\}«] Platinum-ATRS- AF&-5Fd 4000400 cm™ ¥ 9ol A
21353tk 'H NMRZF °C NMR-& BRUKERAFS] 400’54
Ascend* olgal 7% EAI3INM 1, )= DMSO-d2} CDCLy
= ARSI} EE2AS Perkin Elmert}2] TGA4000~ o]-g-3td
40-700 C2] 2= H9olM 10 Cming] S5 = 2ol 29}
o eke S35 HE2 542 S-EOAR] phoenix 3002
o] &3I3Tt. 1A% A= GFEINEZAL] vFAIEZ(UTM)S:
o]-g-35lo] ASTM-D4129)| we} 4313t
24 ¥ EE
EIDPIH%’ 708k 22N NIPUS| M. 28 Jjririret
243l £421 CO, 7H=E ARl X134 291 NIPU
—’JE 2 U“* } \:} -JJU}XHroﬂ epichlorohydring- 1:3 SH|Z
A7t 5 3 upae] Ao o FA] 21g-
71E &9 16}0# COE‘ st ECOol| 71HU|o|E 2hg-
715 94171719080 COZ 110 C ARtoIA WkgA1AH CCOZ
ok 70%2] &= ST
vlol e LA IA, 3718)S ARS-3F NIPUS] 77
DMF, DMSO 59| 54 §1& AR3l ke 497 o
Ftolntr ey i Addde] Fuirbe] Akl Tha
HolEE =% 749 Figure 13} 7Fo] 7hEM|o|E 2R8-7]7}
ARE Qe YRlete] AkEe] FAdE Eol7] W*Oﬂ |ujE
AHE-EHA] 253 NIPUS 4 5 2t ofwl2 HMDAS}
IPDAS] 79 7}HUo]E: olql=1:2 FF TAS] 7% 7}EM]
O|E: ojf1=3:4 FF H|&E 7}t X‘Mokﬁ 5SS st
I|OfXke 7|8 ECO, CCO29| #= £4. 3d3st NIPUL]
TZ+= FTIRY NMRS ARE-8te] 45180t} Figure 2= ¥
ulzeF ECO 2 CCO9) FTIRS YER! e Zo|t}. ujn}

o] OH

O/"O\/\/\/\/“\\/\TD/H\/\/\
Eo)é\/\/\/\/\/\éﬁ\/\/\
OWW

4

)
O)J\/\/\/W\/\/\/\
o9
1O, s <ECO>
A
o) o
- o)
0
( o %

g <CCOo>

hi
o

Figure 1. Synthetic route of ECO and CCO.
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Figure 2. FTIR spectra of ECO and CCO.

(a)

HMDA-NIPL

TA-NIPU

IPDA-NIPU

T T T . T - .
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Transmitance (%)
Transmitance (%)
=

DMSO
Castor oil “‘ ‘
I i L1 I
==
ﬁ Epoxy DM50
=
&2
[= "
= ECO ‘ {
codl,
Carbonate
Carbonate
CCO |
ol (RS- L, RIS | | (0N e ¢ | W .
T T T T

200 180 160 140 120 100 80 60 40 20 O
Ppm
Figure 3. *C NMR spectra: (a) castor oil; (b) ECO; (c) CCO.
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Figure 5. Additional reactions of a HMDA-NIPU film.
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Table 1. Thermal Properties of NIPU Films

AP

Table 2. Contact Angle of NIPU Films
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Figure 8. Mechanical properties of HMDA-NIPU, IPDA-NIPU,
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