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ABSTRACT

ORNL worked with Imerys to demonstrate reinforcement of additive manufacturing feedstock
materials using mineral-ground microfibrillated cellulose (MFC). Properly prepared/dried mineral-
ground cellulose microfibrils significantly improved mechanical properties of both ABS and PLA
resins. While tensile strength increases up to ~40% were observed, elastic modulus of the both resins
doubled with the addition of 30% MFC.

1. MINERAL-GROUND MICRO-FIBRILLATED CELLULOSE REINFORCEMENT FOR
POLYMER COMPOUNDS

This phase | technical collaboration project (MDF-TC-2015-067) was begun on December 14,
2015 and was completed on Dec 04, 2016. The collaboration partner Imerys is a large business. By use
of properly processed/dried microfibrillated cellulose (MFC)-mineral composites (fiberlean), up to
40% increase in tensile strength and up to two-fold increase in elastic modulus were achieved
compared to neat AM resins such as ABS and PLA.

1.1 BACKGROUND

Imerys is an industrial minerals company and a leading supplier of pigments for paper and
packaging. Typical minerals produced by Imerys include kaolin, talc, mica, marble, graphite, perlite,
and diatomaceous earth. Imerys also utilizes minerals to fibrillate cellulose to produce composites of
minerals and Micro Fibrillated Cellulose (MFC). MFCs produced by the company are mainly used for
the production of paper, and due to decreasing demand for paper because of digital communications;
new areas for use of the cellulosic materials of the company are needed.

Use of fibrillar materials to improve the mechanical properties of polymer resins is an effective
approach. Many studies on the use of carbon and glass fibers to improve to mechanical properties of
common polymer resins were reported [1-6]. Use of bio-based cellulosic fibers ranging from cellulose
nanocrystals to microfibrillated cellulose were also reported to improve the mechanical properties of
both thermoset and thermoplastic polymers [7]. Therefore, potential use of Imerys’ fiberlean to
reinforce commonly used polymeric materials can open up new window of opportunities for Imerys.
For this specific project, polymer resins suitable for additive manufacturing (AM) were chosen in order
to demonstrate the application of the developed composite systems to large scale AM. Addition of
mineral-MFC systems into the polymer resins are not only expected to improve the mechanical
properties of the resin, but also expected to change the rheological properties, thus, printability of the
material system.

For the successful incorporation of the MFCs products of Imerys into polymer systems and
demonstration of the potential of the material as a reinforcing phase, proper drying/processing of the
material systems were required. The Oak Ridge National Laboratory (ORNL) team has helped in that
respect with their expertise in material and composite development and processing. A minimum
increase in tensile strength (25%) and elastic modulus (50%) were set as the metrics for the success of
the project.

1.2 TECHNICAL RESULTS

While the ultimate goal of this effort is to develop composite systems that are reinforced with
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mineral-ground MFCs, the specific goal of this project is to develop these systems using common AM
polymers to eventually apply to AM. Because of this reason, acrylonitrile-butadiene-stryrene (ABS)
and Polylactic acid (PLA) were chosen as matrix systems. Because the final mineral-MFC mixture
produced by Imerys is wet, the product has to be dried prior to incorporation into polymer matrix.
Because of the rich hydroxyl groups on the surface of the fibrils, fibrils may agglomerate due to strong
hydrogen bonding during drying process, making dispersion of them difficult inside the polymer
matrix. Therefore, proper drying and processing of fibrils and the polymers are required in order to
achieve good dispersion, thus, good mechanical properties.

1.2.1 Freeze-dried mineral-ground MFCs

A calcium carbonate-ground MFC system (50% mineral by wt) was chosen for initial testing
and samples were dried by freeze drying approach by Forest Products Laboratory (FPL). This drying
approach was chosen first as it yields low density final product which is easier to disperse in polymer
matrix. The dried MFCs were compounded with polymer resins ABS and PLA at different
compositions (10-30%) using a high-shear mixer. Next, compounded materials were extruded into slit-
preforms. Afterwards, the slit-preforms were cut at predetermined weights and compression molded
into testing bars. The pressed bars were then cut into ASTM D638 type V tensile testing dog bones
using a router and a template.

The tensile testing specimens were tested following ASTM D638. Tensile strength of both
ABS and PLA resins increased with the increasing amount of MFCs and reached about 40% increase
at 30% (wt) fiberlean (mineral-ground MFC with mineral content in it) content for both resins (see
Fig. 1). A similar trend for the elastic modulus of the composite systems was also observed. The elastic
modulus of both resins increased about 100% at 30% fiberlean content (see Fig. 2). Although for these
initial tests only up to 30% fiberlean loadings were investigated, based on the continuous trend in both
tensile strength and elastic modulus, one can expect further increase at higher loadings.
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Fig. 1. Tensile strength of composites prepared using freeze-dried Fiberlean.
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Fig. 2. Elastic modulus of composites prepared using freeze-dried Fiberlean.
After demonstration of improvements in tensile properties of the AM polymer resins, desktop scale

3D printer filaments with 10% fiberlean content were prepared using PLA as a base resin and
printability of the reinforced composite material was demonstrated at small scale (see Fig. 3).

Fig. 3. Earbud case that was 3D-printed using 10% freeze-dried fiberlean and PLA.
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1.2.2 New drying approach

Although significant improvement in both tensile strength and elastic modulus were achieved
using freeze-dried mineral-MFC systems, due to cost and scalability limitations, an alternative,
industrially viable drying approach has been investigated. With this approach, mineral-MFC systems
are planned to be incorporated into polymer resins in large quantities and at low cost. Since this
approach is being developed by Imerys, details are not shared in this report. Initial trials with the new
drying approach were conducted with three different mineral compositions using PLA resin. In
addition to the same 50%CaCO3-MFC composition as the freeze-dried fiberlean, 50% talc-MFC
composition and a composition with more than 90% MFC were investigated. Up to 40% fiberlean
loadings were tested. The increase in tensile strength that was observed with the use of freeze-dried
fiberlean was not observed with the new approach (see Fig. 4). However, significant increase in elastic
modulus of the composite systems compared to the neat PLA was observed (see Fig. 5). This suggests
the need for further improvement in drying and compounding of cellulose microfibrils at large scale.
The work on the development of new, scalable drying approach is continuing and we expect improved
results soon. Once the strength is also improved, scalable high volume drying approach will be a great
step towards commercialization.
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Fig. 4. Tensile strength of composites prepared using Fiberlean dried with new approach.
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Fig. 5. Elastic modulus of composites prepared using Fiberlean dried with new approach.
1.3 IMPACTS

Additive Manufacturing (AM) is quickly becoming a mainstream, energy efficient manufacturing
technique for complex and custom components. ORNL has taken polymer AM into the next level with
Big Area Additive Manufacturing (BAAM). However, we need to develop the strength of AM
materials (specifically polymers) to satisfy the mechanical requirements of structural parts. Also, it is
crucial that the developed process can easily be scaled up to have a significant impact in the
manufacturing industry of US. Furthermore, renewable, bio-derived AM materials are desirable from a
sustainability perspective.

This project showed the potential of low cost mineral-ground micro-fibrillated cellulose systems
that are derived from biomass to improve the mechanical properties of polymer AM components by
creating composite material systems. Imerys’ new technology employs minerals as fine grinding
agents, resulting in low cost MFC with mineral additives. This process not only can provide low cost
MFCs for large scale composite applications such as BAAM, but also can stimulate new products and
revenue sources for the US forest products and mineral industries. Micro-fibrillated cellulose is a
wood-based renewable resource; and from the perspective of national competitiveness and security,
micro/nano-cellulose and bio-resins are likely to be domestically sourced, creating US jobs especially
in rural areas. Furthermore, feedstock from renewable and biocompatible resources will minimize
America’s dependency on petroleum products.

To illustrate, Imerys is in the commissioning phase of a new FiberLean facility on a large paper
mill site in the eastern US. Six full-time staff members with competitive wages, benefits, and health
insurance will be hired to operate the plant. Also, during the year of design and construction, seven full
time engineers and 38 full time construction workers will be employed. Furthermore, the local
economy will benefit additional revenues in the areas of industrial equipment purchases, bulk
transportation (trucks, tankers), local food and hospitality, car rental, airport and continued
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maintenance of the plant.
1.4 CONCLUSIONS

The results of the project showed that the fiberlean product (mineral-ground microfibrillated
cellulose) has the potential to improve the mechanical properties of common AM polymer resins, ABS
and PLA, significantly provided that the right drying and processing approaches are employed. Using
freeze-dried fiberlean product, the tensile strengths of neat AM polymers were increased about 40%,
while their elastic modulus increased about 100%. Therefore, the project metrics were successfully
met. Printability of one of the compositions was demonstrated at desktop scale.

After demonstration of the reinforcing potential of the partner’s product, now there is a search for
developing a scalable, faster drying and compounding process that can yield fibrils with similar low
density morphology to those dried via freeze-drying process. Once the large scale drying process is
completed, formulation will be optimized for both the mechanical properties and the suitability for AM
in large scale.
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2. PARTNER BACKGROUND

Imerys is an Industrial Minerals company and a leading supplier of pigments for paper and pack-
aging. Typical minerals produced by Imerys include kaolin, talc, mica, marble, graphite, perlite, and
diatomaceous earth. Imerys also produces composites of minerals and Micro Fibrillated Cellulose
(nanocellulose).



