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Abstract: Cellulose nanofiber (CNF) is a hydrophilic and biodegradable natural polymer with mechanical properties
comparable to those of steel or Kevlar, whereas polypropylene is a hydrophobic polymer with excellent wear and heat
resistance. The CNF surface was hydrophobically modified via grafting with vinyltriethoxysilane (VTES), and the modified
CNF was compounded with ultra-high molecular weight polypropylene (UHMWPP) to produce a composite with
improved properties compared to the neat polymer. The CNF surface modification was confirmed by Fourier transform
infrared spectroscopy (FTIR) and X-ray photoelectron spectroscopy (XPS) analyses. To improve the dispersibility and
uniformity of silane-modified cellulose nanofibers (Si-CNF) in UHMWPP, two drying methods spray drying and oven
drying were compared. After spray drying, the Si-CNF powder was compounded with UHMWPP. Spray-dried Si-CNF
was confirmed to have a particle size of 4~5 um by field emission scanning electron microscopy (FE-SEM). The mechan-
ical properties of the Si-CNF/UHMWPP composites improved with increasing Si-CNF content, as measured by a uni-
versal testing machine (UTM). The Si-CNF content was maintained below 5 phr to prevent yellowing of CNF and
thermal deformation during the extrusion process.

Keywords: polymer, polypropylene, ultra-high molecular weight polypropylene, vinyltriethoxysilane, modified cellulose,
spay drying, compounding.
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Scheme 1. Silane coupling and hydrolysis reaction of vinyltriethoxysilane in ethanol solution.
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Figure 1. Evaluation based on molar ratio of CNF and VTES: (a)
water dispersibility; (b) water contact angle; (c) particle size analyzer.

NAE Si-CNFE 471 13l ek 8- A A o]
gL A GAR Y AA, 24 A7 Si-CNFS
T oflghEe] BAAZ|A ]t AFE FaEl AFEIT &
A, Si-CNFZ OBk =890 (50 wi%)ol] F-AMA7]5L 74t o
#= F3)] AFsA rH TR | Si-CNFE SR &
ARAZ1AL ZHSE AHE Bl AlASATE 919 oAl AlF
HGe Bl BE b Aok §AlE eE] AlAS] A
# Si-CNFE 93ith
HMEZQA LIENF A= 9 228 71 o3 & 3o
SuiE AAS AL EH A
AZ F 71K W2 APt B AFE 10wt% &
%9 27} SHEel #AkE Si-CNFY = ATt P+

,d
Ru)
2
R
)

Zzjzzgde] B3k 327

-OH peak 3450cm™!

s Si-CNF 1H
= Si-CNF 2H
e Si-CNF 3H
= Si-CNF 4H
———Si-CNF 5H
s Si-CNF 6H

3800 3600 3400 3200
Wavenumber (cm-1)

Transmittance (%)

Figure 2. FTIR spectra of -OH terminated Si-CNF during synthesis.
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Figure 3. Powderization of modified Si-CNF through: (a) spary
drying; (b) oven drying-blade.
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Figure 4. FTIR spectra of (a) O-H peak; (b) Si-O peak difference
between Si-CNF and CNF.
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Figure 5. XPS spectra of (a) carbon; (b) oxygen; (c) silane differ-
ence between CNF and Si-CNF.
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Table 1. Tensile Strength According to Composition Ratio of
Si-CNF

Blend Tensi(lli:/I Is)tar;sngth A(\i/e&’aa%e

UHMWPP #1 37.38

UHMWPP #2 37.20 37.29
UHMWPP/Si-CNF 99/1 #1 41.17
UHMWPP/Si-CNF 99/1 #2 39.36 4027
UHMWPP/Si-CNF 97/3 #1 .11
UHMWPP/Si-CNF 97/3 #2 42.65 4238
UHMWPP/Si-CNF 95/5 #1 4373
UHMWPP/Si-CNF 95/5 #2 46.18 496
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