Polymer(Korea), Vol. 42, No. 4, pp. 670-681 (2018)
https://doi.org/10.7317/pk.2018.42.4.670

7|sstEl EtAAX o] &2 visto]| [E
BHX|5]| - ZIEH* -
FEo st g st Al B,

(2018 2€ 2¢ HH, 2018 3¥€ 129 4,

ISSN 0379-153X(Print)
ISSN 2234-8077(Online)

24 Z2|PHE LE-SEAIel S
2yz
vea)atel 740 HeluhalE]

2018 39 12¢ A=)

Properties of Waterborne Polyurethane Nanocomposites with
Different Contents of Functionalized Carbon Materials

Ji-Hye Han, Young Taik Hong*, and Hyung-Joong Kim'

Department of Advanced Materials Engineering, Kongju National University, 1223-24 Cheonan way, Cheonan 31080, Korea
*Center for Membrane, Korea Research Institute of Chemical Technology, 141 Gajeong-ro, Yusung-gu, Daejeon 34114, Korea
(Received February 2, 2018; Revised March 12, 2018; Accepted March 12, 2018)

Z5: aglvle| B} g FE S B4 (carbon materials, CM)E 38t 02 4F8lAIZl CM oxide(CMO)S}

ol Wld tHE A

H3A 2 H(BDHA) APAA ol20 2 7|53k CM(BACMO)S A|=313]t). 3t
isophorone diisocyanate(IPDI)2} poly(tetramethylene glycol)(PTMG)S ©]-&

BlaL So)l& A} oFo]A]o] o] Q.

vl

dimethylol propionic acid(DMPA), methylene diethanol amine(MDEA)®] $Ha-& 2d3lo] o] 28717t 289 &

F3l )&l BACMOS

A 2R (WPUYS skl ol& WPUd thd
Azt WPU U] o] 24, &3td cMY ek &
RSt

&3sle] WPU/F-CM W= E3dH =
A3 G4 g gefst Wit

ol we 71714

Abstract: CM oxide (CMO) was prepared by oxidizing carbon material (CM) (graphite, carbon nanotube) using the
Hummers method and the CMO was coupled with benzyl dimethyl hexadecyl ammonium chloride (BDHd) to synthesize
cationically functionalized CM (BdCMO). Also waterborne polyurethane (WPU) was prepared by using isophorone
diisocyanate (IPDI), and poly(tetramethylene glycol) (PTMG) and controlling the contents of dimethylol propionic acid
(DMPA), and methylene diethanol amine (MDEA). Then, waterborne polyurethane/functionalized carbon material
(WPU/F-CM) nanocomposites were made by blending the ionically functionalized carbon fillers into waterborne poly-
urethanes in assigned ratios. Comparing with the pristine WPU the mechanical and thermal properties of the composites
were varied with type of the carbon filler and ionic group as well as the ratio of filler contents.

Keywords: waterborne polyurethane, graphene oxide, carbon nanotube, nanocomposite.
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Figure 1. Reaction procedure of the prepared WPU.

Table 1. Reaction Composition of WPU and WPU/F-CM Nanocomposite

Sample Equivalence (mmol) F-CM contents (wt%)(F-GO:G, F-CNTO:C)
IPDI PTMG DMPA MDEA  BD 0.01 0.05 0.1 0.3 0.5 0.7 1.0 1.5
A-P10D10 60 25 25 25 10 C C C C
G G G G G
A-P11D9 60 27.5 22.5 22.5 10 G G G G G
A-P12D8 60 30 20 20 10 G G G G G
C-P10M10 60 25 25 25 10 C C C C
G G G G G
C-P11M9 60 27.5 22.5 22.5 10 G G G G
C-P12M8 60 30 20 20 10 G G G G G

*G: Graphene, C: CNT.
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Figure 4. FTIR spectra of (a) polyol, IPDI and NCO-terminated
prepolymer; (b) prepolymers, A-WPU and C-WPU.
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Figure 6. Tan delta vs temperature of A-WPU/F-CM nanocomposites.
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Figure 7. Tan delta vs temperature of C-WPU/F-CM nanocomposites.
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Table 2. Glass Transition Temperature of WPU/F-CM Nanocmposites
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Figure 8. Stress-strain curves of pristine WPUs with different ion-
omer contents.
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o] BAMZ A5 pristine WPURT} tensile strength, strain
at break 28] 1 initial modulus’} =% =7 YElty £3]
F-CMC.2 BdGOS H3}3 4 542 ¥&olA initial
modulusi= pristine®l] H13l] ] 600% ©’de] S7H LERA
O} ONTS] 7% a2 277} 10-20% A== W
Ho|At}. T3 tensile strengthi= 170~250%, strain at break
= 140~170%2] =715 B3 9A] CNT= 10% Ao =
k. ol¥ A C-WPU/GO2| 790l vl S v
ERATE 28y 758l @2 CME B AR IFE A
§- CMe] &g o2 sl WPUe #UskAl #Aaks|A] ¢hof
tensile strength®} strain at break7} S<AsHA WA eSS
sRelsksitt. 22]al WPUZF 7R3 Sl o] 23 32 o]
o7 7153t ¥ F-CMS £33 75 WPUF F-CM7} Wi
e ol dEAg o= Qs Hibdo] Holx 1o wet
71AA d-eol 23] AsE ATt 1714 WPU W e] o]
d 28709} v s = o202 7)EskE F-CM 53313
75 7 =Ho] o] 24 A5 Aol 714 initial modulus,
tensile strength, strain at break =5 S718199.2H o= WPU

ZE ), A42H A4%, 20183

0 200 400 600 800 1000 1200
Strain(%)
——— owts |C-P10M10-CNTO
0.1wt%
€0 - 0.3w1%
0.5wt%
CNTO contnets
40 4 O 0Awt%
pristine 0.3Wt%
0.5wt% /
/
20 4 /
/
7/
-
O T T T T T
0 200 400 600 800 1000 1200
Strain(%)
o] o] 23} F-CM9| 7|53He 287150 M= ol A%

< & e Wio]S 7HE o ARl kAL F-CMO]
A ZA e g3 228 & 5 AUTh

39, A2 wEE WPU F-CMS 28318 o) WPUS)
ol 28719} F-CM9] #5717t A48 Frolx +3<
olF 7§ ol Adszge] gyt Hul= YepaL o] o
7} =2 initial modulus, tensile strength, strain at breakS-
B AR S5 73kl gol/de] A-WPUd|
o] #4712 717 BdGOZS 0.7 wt% &3 A-P10D10-
BdGO®} %ol C-WPUY| &ol2 #8715 7H GOE
0.3 wt% #2F &3+t C-P10M10-GO Y=E-3Ho] 714 =
2 7AE HAEE JepiA AR, 2 o]4Fe] F-CM &
22 Hrhste] BAAI71A =19 initial moduluss 5 715HA]

Tt tensile strength, strain at break T#|3] Hojz|= L2l

[e]
B} o] 2& ko] F-CME WPU WollA ©h=3d] duk =4
A BEER ZEEo] 238 EAdd Y Jaks 7 AA
He Ao Az



70

60
50 4 A-P10D10-BdGO
g
s 40 A
2
o 30 1
] A-P10D10-BdCNTO
20
10 4
A-P12D8-BdGO  A-P11D9-BdGO
0
1200
1000
IS
£
[
& 800
A-P10D10-BdCNTO
600 A-P12D8-BdGO A-P11D9-BdGO
300
& 250
o A-P10D10-BdGO
73
2 200 A-P11D9-BdGO
el
g 150 A-P12D8-BdGO
S 400 A-P10D10-BdCNTO
[
50
01+ : . T . .

0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6
F-CMcontent(%)

Figure 12. Mechanical property of A-WPU/F-CM nanocomposites.
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Figure 13. Mechanical property of C-WPU/F-CM nanocomposites.
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