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Effect of pMDI as Coupling Agent on The Properties of Microfibrillated
Cellulose-reinforced PBS Nanocomposite'
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npo| a2 B Y AEZ 2 A(MFC) 73} polybutylene succinate (PBS) Ule B3t ® 0] AZof u|x]= MFC A7}
9 AZZYAZA] polymeric methylene diphenyl diisocyanate (pMDI)2] 7} G8S ZARSITH Yl Bal g o] <%t
ZE 9 BAdE&2 MFCY] H7heFo] S7iste] uhat fRg=| itk 3 pMDI 7te) oJsto] QIAE 9 eHA&2 F7t
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ABSTRACT

The effect of microfibrillated cellulose (MFC) content and coupling agent (polymeric methylene diphenyl diisocya-
nate, pMDI) on the properties of MFC-reinforced polybutylene succinate (PBS) nanocomposite. With increasing MFC
content, tensile strength and elastic modulus were increased. More than 1.5 times in tensile strength of
PBS/MFC(70/30) nanocomposite was improved by the addition of pMDI (1 phr), compared to the nanocomposite with-
out pMDI. This trend was being significant in nanocomposite with higher MFC content. Thermal stability of the nano-
composite was increased by the addition of pMDI. These improvements is considered to be due to the improvement
of MFC dispersion and interfacial adhesion between MFC and PBS matrix.
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+ polyvinyl alcohol (PVA) (Liu 5 2013; Lee

5 2011), polylactic acid (PLA) (Nakagaito 5 2009,
Lee9]— Wang 2006), polye-caprolactone (PCL) (Lee
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(Taka 5 1994; Imaizumi 5 1994, 1997; Takahasi
S 1994, Moteki 5 1994; Yasuda®} Takiyama
1995).
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microfibrillated cellulose (MFC)2} cellulose nano-
crystal (CNC)Z 53 4~ Qlth. MFC+= F=2 714
2 Aerelo] ofsto] AzEm, ] FAHE 915t
o] TEMPO AlsKSaito 5 2007), &4 7}<E3)
(Pagkks S 2007), 4 ¥ @EA]2] (Jang 5 2013)
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Belz $galt ATsl A AL O B A
=31 Qtk(Siqueira 5 2010; Eichhorn % 2010; Cho
@} Park 2010; Lavoine 5 2012; Jang 5 2012).
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AR U B RS Alxsilon], wEXA-
A7) AHAA W MFCO] EALS] A 25}o]
PMDIE AZYAR AMgSte] 1 JaFe 2ABIA
th pMDI= ¢F eho] o]iAlohd|o|EV|E gHi-5t
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A2o] 84S FIAE 4 & Ao 7|t

ES
(Lee®} Wang 2006; Rozman 5 2001)

2. Az I g
2.1. SAX=

MEEO A MRl B3 2740] 20 nm, 2
o]7} 9F 2 um¢l MFC (BiNFi-s, Sugino Machine

Limited, Japan)& A3l o, TAAZSIe] Ay
2 o|83lthFig. 1). BEFAY TEAZL PBS
(Bionolle #1020, Showa Highpolymer Co., Ltd,

Japan)S ARE3}Gon, AZHA R pMDI (Millionate

MR-200, Nippon Polyurethane Industry Co., Ltd,
Japan)& ©]8-3}%it}. Fig. 29 PBS Y pMDIS] EXx}
22 vehic
2.2, Al

2.2.1. 283} (Compounding)

235l=  batch-type &% 7](Labo  Plastomill,

4C150, Toyo Seiki Kogyo Co., Ltd, Japan)& ©]-&3]
o] 140C 9| 2XkoflA 50 rpmo] IJHEER AAF
S 43 g w AA7IHEA HAISHSH Fig.
Ayl E27]9) BAES e WA PBSE

Adsto] SHs] SHAX T, SEO| AA HH3
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Fig. 1. Appearance (left)and FE-SEM image (right) of freeze-dried MFC.
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Fig. 2. Molecular structure of polybutylene succiante (left) and polymeric methylene diphenyl diisocyanate

(pMDI) (right) (Tokiwa et al. 2007; Greenberg 1998).
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Fig. 3. Schematic diagram of manufacturing process on nanocomposite (A) and sheet (B).
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Al A Eo)A dog-bone FE(S x
mm)o] VYT 4 AR ALtk IS
e Boha WE W AE QRZE SHYHUIS
K7127)9] ©]A3}o] Shimadzu autograph (AG-1, 5kN
load cell, Shimadzu Ltd, Japan)2 Z%3}%t). oluj,

Cross-head &£ £= 5 mm/min®. 2 A3k & o
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Fig. 4. Effect of MFC content and pMDI addition on the torque during kneading process.
A4 WM TGAY OF F% wAas Y W ol meiHu], 53] MFCS PBSS| lwagel g
(ASTM D2288)0] ©]#3&}o] thermogravity analyzer TEIEL fEZYA £X]9 Hyjato]e] AREALS
(Pyris1 TGA, Perkin-Elmer, Japan)Z o]|-8-3}o] HA FIA7IE dEo] 7]t
shth A Z917120 me/min)stollA S-S
10 Cminog Agsto] 50~600C 2wHe W 32, LI-=SHHE AEQ| QINEN
NS B Foes ZATIAL
Fig. 59| MFC #7}%F 9 pMDI d7} %71 Y=
224, =EHRO| mE B B3R QAHE W e gl nAE AR 1
AR 9 MPCE] WAl JES BASP] BRIt MPC Bvlol S71a4s g W o
ojstel, BaHE AES AR id] FUT a4 FUEIoN, AR F7) Bg F
AA 1 nm FAZ A5 FYst AAYAE = shoict. PBSw= AdE=EHo]oddlat w3t oF 25
AP} | 7 (S-4800, Hitachi Co., Ltd, Japan)& o] MPa9] QIAF=e}l 500 MPao] &2 7FAAL ¢l
£35}o] HabshgITh. = 1 EX}o]t(Ohkita?} Lee 2005). pMDI v 37} &
TR AL, 5% MFCH7LIAE 2 AAE
3 Za w pE 0] G Wola 94 oLt 10% B 30%
Fhgpol Z7EshEA 37 MPazkA] F7keHE 2 4 9)

3.1. E&5t 2HoIMQ| torquetHst

Fig. 4= 538} 34 & torque W3t T =5
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Rom, pMDIZ} H7Hel 9= vd7ke] AeHo
torque”} =715t AL & 4 Uk ole ZL tor-
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S84 =9] F7Iet pMDI 7ol whE 7t
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it Lee?} Wang (2006)7} Ohkita®} Lee (2005)+=
AEEA 2E Zo|A"H 2¢] PBSQ} polylactic
acid (PLA)9} tiuhi A 2 A9 HakA=of 3l
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Fig. 5. Effect of MFC contents and MDI addition on
the tensile strength (A) and elastic modulus (B) of
MEFC-reinforced PBS nanocomposite.

ek PBS/HUHTEA R HRo] @B =l QlolA=
2%9] LDIE F7tsto] PBSO| QI =S 148 &
7R 4 Qlokal Barskal Qlom(Lee?t Wang
2006), Calabia 5(2013)-2 PBS/ZE/-G Hlo| 2 B35}
Azl AFASHAZ A7ksto] oF 12619 QU7
T 27 a9E B9y Rustn 9tk MDIS X
el olaAlopilo|EAe) AZHA: Sl At
& WAshe Salele] wheAlo] $agt Aom o
HA Qom(Lee2} Wang 2006; Wang 5 2001), ©]
013t PBSQ} D9l MFCZH] AHA &4 gFAtol
A JAs AR Ao aEErt

(Mo

3.3. Eordy

Fig. 62 E32)=22] TGA thermogram< LERHA
t}. PBSE: semi crystalline TEXZ A Y GAlo| H]
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Fig. 6. Effect of MFC contents and pMDI addition
on the thermal stability of MFC-reinforced PBS
nanocomposite.

ofl A FLoA FHHATE AlEFSE] 410T oA ¢
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Fig. 7. Fractured surfaces of MFC-reinforced PBS nanocomposite.
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