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Route to Stronger and Lighter Composites
« Nanofiller : low density, high surface area, superior mechanical properties

* Lower Glass fiber (GF) content — Nanofiller + GF

» Nanocellulose (NC) as potential nanofiller
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« Derived from cellulose » Type depends on extraction process:

cellulose nanocrystal (CNC) or
» Cellulose: most abundant natural cellulose nanofiber (CNF)

olymer reinforcing plants
POy IP . CNC - rod shaped; CNF — fibril shaped
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of cellulose
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Region (Crystalline Region)

CNC: 3-20 CNF: 4-100
nm diameter, nm diameter,
50-500 nm 500-2000 nm
length length

Moon, R.J. et al. Chemical Society Reviews 2011. ' 2



: Fib Tensil Densit

Nanocellulose Properties i Modulus (GP2) | (gom?)
« 1.6g/cm3, Modulus:110-250 GPa, Aspect Glass 70 2.5
ratio: 10-100 Carbon Fiber | 150-500 1.8
Kevlar 60-130 1.4

Nanocellulose in UPR

- Reinforce UPR matrix /\/ \

. I
* Improve GF/UPR interface / V

Nanocellulose on GF

« Commercial sizing enhance GF-UPR compatibility

* Nanocellulose as sizing — increase GF-UPR
interfacial adhesion
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Previous Studies

* Incorporation of NC in Epoxy —
enhancement of mechanical properties

» Limited studies on NC-UPR system

* GF-polymer adhesion increased with
carbon nanotube and colloidal silica
sizing

 GF/NC/Epoxy SMC

* NC enhanced GF/Epoxy
mechanical property

» Lightweighting of GF/Epoxy SMC

Modulus (GPa)
[~ n F % o o

on QF" 0\‘? é?
o o » <
e & F

£
A A S

Peng et al. Fibers and Polymers 2014, Gao et al. Composites: Part A 2015, Asadi et al Composite Structures 2017



GF/NC/UPR composite for stronger lightweight SMC applications_

Developing GF/NC/UPR high strength composite

« Composite properties controlled by interface
« Explore role of NC on GF-UPR interface

Polymer
Matrix

Nanocellulose

Glass
fiber

Exploring role of NC

 NC as GF coating/sizing vs NC dispersed in UPR

* Cellulose nanofibril (CNF) vs cellulose nanocrystal (CNC)
 Surface functionality of NC
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Interfacial interaction dominates macroscale properties

Characterization techniques for interaction
» Spectroscopy —Raman, FTIR peak shifts, XRD crystallinity
 DMA — moduli, damping, glass transition
« Micromechanical technigues
» Single fiber fragmentation

. @obonding

 Microindentation

Microbonding
* Quantitative measure of adhesion
« Direct measure of debonding force
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« Debonding of polymer microdroplet from fiber surface
» Applicable for any fiber/matrix
« Direct measure of force at debonding

Load ceIIT 054 . Debonding
Fo  Shear blades 04l S/
L — Load ,,
3 K l (N) T ;-‘)J
: 0.2 / S -
L Resin S —
microdrop o1+ Frictional
e slidin
d 0.0+ : g >
I oo0 004 008 0.12 0.16 020 (o4
Displacement
(mm)

T = interfacial shear strength (MPa)
F,= pull out force (N)
d = glass fiber diameter (um)
L = embedded droplet length (um)
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Applied to determine fiber-polymer interfacial adhesion

« Variation of polymer functionality
 Fiber surface coating

Drawbacks

« Susceptible to fiber fracture with increasing embedded length

« Meniscus largely affects interfacial stress

« Stress vary with drop size and location of shear grips

» Variation due to chemical composition and surface texture along fiber

Cech et al J Adhesion Sci Tech 2003, Perrot et al Appl Compos Mater 2007, Gao et al J Comp Mater 2008



Glass fiber (GF)

« ME1510, 10 um diameter, commercial sizing provided by Owens Corning

Resin mixture

* UPR (Reichhold)
* Methyl Ethyl Ketone Peroxide (MEKP) (Sigma Aldrich)
« Cobalt Naphthenate (CoNAP) (Alfa Aesar)

Nanocellulose
CNCS

CNCM
CNFM
CNCMF
CNCSF

Extraction
Sulfuric acid hydrolyzed CNC

Maleic acid hydrolyzed CNC
Maleic acid hydrolyzed CNF
Maleic acid hydrolyzed CNC
Sulfuric acid hydrolyzed CNC

Form Source

Dispersion (aq) University of Maine
Dispersion (aq) Forest Product Laboratories
Dispersion (aq) Forest Product Laboratories
Freeze dried powder Forest Product Laboratories

Freeze dried powder University of Maine
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Sample GF coating Resin microdroplet
UPR GF UPR

GFa 0.5wt% CNFM (aq) coated GF UPR

GFb 1wt% CNCM (aq) coated GF UPR

GFc 5wt% CNCS (aq) coated GF UPR

UPRa GF 1wt% CNCMF in UPR
UPRD GF 1wt% CNCSF in UPR
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Resin mixture (1wt% CNC, 97.3 wt% UPR, 1.5 wt% MEKP and 0.2 wt%)

CNC
freeze

n
>

Ultrasonicat
jon in ice
bath, 90%
amplitude i
for 30 min CoNAP,
. MEKP

_ 71 Microdroplets stirred for
Curing cycle: / deposited on 3min

2hrs at 54°C, - @ single glass
1hr at 82 °C, > fibers

1hr at 120 °C, <

Lhrat 150 °C by 300 micron
copper wire

Overhead
stirring at
600 rpm,
45 min
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UPR1wt%CNCSF under optical microscopy

Cross polarized
stirring sonication (0, 90°)

Suspended aggregates of CNCSF in UPR.
No improvement with sonication as observed under optical microscope

Scale bar 100um
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UPR1wt%CNCMF under optical microscopy (no sonication applied)

_ - t i & :
After stirring Cross polarized (0, 90°)

Suspended planar shaped aggregates of CNCMF in UPR.

Scale bar 100um
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Microdroplet
UPRIWtCNCMFE

Cross polarized

090°) "y

.7

Microdroplet

Cross
polarized

(L) Microdroplet
UPRIWtCNCSF

Cross polarized

(0,900) ;5\

E o

Microdroplet CNCSF-UPR and CNCMF-UPR showed
suspended aggregates under cross polarized microscopy
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N ——/
Dip coating in
nanocellulose
dispersion
Scale bar
80mm

GFa — single fibers coated in 0.5wWt%CNFM aqueous dispersion for 5 min
GFb — single fibers coated in 1wt%CNCM aqueous dispersion for 1 min

GFc - single fibers coated in 5wWt%CNCS aqueous dispersion for 1 min
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Cross
polarized

Cross
polarized

5Wt%C , Cross
NCS ¢+ polarized

Cross
polarized

Cross
polarized

Cross
polarized

Non-uniform thin film
coating along fiber

Thick film patches
observed for
1wt%CNCM

Microdroplet on film
coating

Scale bar 100 um
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Debonding experiment: Single

droplet
Instron 33R4466 d;%%r?ding
load cell 500 N
cross head speed 1Imm/min
2 4 6

Extension, mm
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D Parentheses

= 0.00 indicate number of
UPR GFa GFb(8) GFc UPRa UPRb  samples

(11) (18) (18) (18) (14)

Higher average interfacial shear strength (IFSS) than control
» GFa GF coated with 0.5wt% CNFM

« UPRa (UPR 1wt% CNCM)

« UPRD (UPR 1wt% CNCSF)

CREATING THE NEXT 18



« Thinner film coating with 0.5Wt%CNFM promoted better adhesion than
thicker coatings (SWt%CNCS, 1wt%CNCM)

« Average IFSS for 0.5wt% CNFM coating,1wt%CNCSF and
1wt%CNCMF in UPR show better adhesion than UPR

« Statistical significant (P<0.01) only for 1wt%CNCM dispersed in UPR
« Optimize coating process and NC concentration
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