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ABSTRACT

This technical report investigates the scanning electron microscopic studies of the spray coated micro-fibrillated
cellulose on the base sheet to increase its barrier properties and mechanical properties. The surface morphology and
topography of the cellulose fibrils on the spray coated base sheet is investigated through the micrographs of the spray
coated paper. The performance of spray coating of micro-fibrillated cellulose on the base sheet is assessed.
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INTRODUCTION

The scanning electron microscopy is the most important tool for
morphological and topographical analysis of the material surface
at a suitable magnification. In my research work, it is used to
evaluate the surface morphology and topography of the spray
coated micro-fibrillated cellulose on the base sheet through the
investigation of different size of fibres and particles of cellulose
on the base sheet. The digital images acquired in SEM, by the
secondary electron mode-I and mode-II have suitable quality and
resolution for further image processing and analysis to investigate
the surface pores of the coated paper and size of the cellulose
fibrils in the coated surface on the base sheet. The present
investigation exemplifies how scanning electron microscopy does
useful in assessing the performance of spray coating of micro-
fibrillated cellulose and coating coverage on the base sheet and a
coating layer/film on the base sheet [1].

Past decade, coating is an alternative and novel process to
increase the barrier properties and mechanical properties of the
paper. Recent studies confirmed that the coating of micro-
fibrillated cellulose on the base sheet enhance its barrier and
mechanical properties of the base sheet. Micro fibrillated
cellulose is a bio-renewable and biodegradable material and the
dimension of the diameter of 560 nm and several micrometres
in length. The development of spray coating of micro-fibrillated
cellulose on the base sheet is a part of my Ph.D. work. The spray
deposition of nano-cellulose on the base sheet is assessed by
coating coverage on the surface of the base sheet. The coating

material coverage on the base sheet is evaluated by scanning
electron microscopy investigation of the surface of the coated
and uncoated base sheet.

The micrographs of the surface of the spray coated paper are
collected in the secondary electron mode (low mode-I and high
resolution mode-II) in FEI nova SEM. The micrographs are used
to study the micro/nanofibers orientation, cellulose particles
and surface porosity of the coated paper. This report investigates
the scanning electron microscopic of the micro-fibrillated spray
coated paper. Moreover, the image analysis of the micrographs
using Image ] software is performed. Using the image analysis of
the micrographs, the fibre diameter is evaluated [2].

MATERIALS AND METHODS

MFC (Micro-Fibrillated Cellulose) suspension as a coating
formulation used for spray deposition on the base sheet. Among
many coating techniques, the spray coating is a novel technique
and has many advantages such as the production of even coating
surface in the base sheet and contactless coating with the
substrate. This work investigates a lab scale spray coating of
Micro Fibrillated Cellulose (MFC) which is a bio-based nano-
material and diameter of fibre from 5 nm-60 nm and length of
several micrometres on paper substrates and evaluated its barrier
properties and mechanical properties. A laboratory scale spray
coating of MFC suspension used from 0.25 to 1.5 wt.% on the
paper and assessed the coating

substrates is developed
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performance on the base sheet by scanning electron microscopy

(3].

Scanning electron microscopy of the coated papers

Sample preparation: The spray coated paper (4 mm x 4 mm) is
fixed on the stab using carbon tape and blowed with nitrogen to
remove the any dust or any loose material on the sample and
then coated with iridium with a maximum thickness of 10 um.
Moreover, the iridium coated samples are blowed off with
nitrogen to remove any dust and loose materials on the sample

before loading into the FELNOVA Nano SEM 450.

Parameters for scanning electron microscopy: Nanocellulose is
a biodegradable and delicate material in nature and highly
susceptible to high accelerating voltage. Therefore, the
parameters for collecting micrograph is optimized. The surface
morphology and topography of the spray coated paper was
characterized using FEL-NOVA Nano SEM 450.

Mode 1: This mode is used for collecting the low resolution
micrograph at 100 um and this micrograph is ideal for
investigating the survey of the surface of the nanocellulose
coated sheet and the roughness of the coated surface. The
optimized parameters for high voltage and spot size are 3 KV
and 2.00 respectively. The working distance and aperture size

are 5 mm and 6 (30 mm) [4].

Mode 2: This mode is used for collecting the micrograph at 1
pum and 10 pm (high resolution (UHR) imaging) and this
micrograph is ideal for investigating the fibre orientation and
size of the fibres and pores in the surface of the spray coated
surface. The optimized parameters for high voltage and spot size
are 3 KV and 2.00 respectively. The working distance and
aperture size are 5 mm and 6 (30 mm).

RESULTS AND DISCUSSION

Figure 1 shows the secondary electron image at low
magnification of the uncoated paper and shows the network
structure of cellulose fibres on the surface of the paper at low
magnification. The micrograph of uncoated paper shows the
presence of various size of surface pores. Figure 1 A shows
clearly visible of network structure of the cellulose fibrils and
surface pores in the uncoated paper. Figure 1 B shows the fillers
occupied the space between two fibres in the surface of the
paper. Figure 1 C shows the complete network structure of the
cellulose fibres in the surface of the paper. Figure 1 D confirms
the fillers occupies the space between fibres in the paper. The
cellulose fibres in the uncoated paper is 13.68 pm + 3.27 pm.
The mean size of the pores in the surface of the uncoated sheet is

8.36 pm + 1.44 pm [5].
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Plain Brown Paper

Plain brown Paper

Figure 1: The plain brown paper magnification at 100 pm.

The Figure 2 shows the surface morphology of the paper spray
coated with different concentration of micro-fibrillated cellulose
on the base sheet. The surface of the spray coated paper with
0.25 wt.% of micro-fibrillated cellulose. It shows the large clumps
of the cellulose fibres on the base sheet. Microfibrillated
cellulose contains particle and different size of the fibres. Figure
3 shows the spray coated with 0.5 wt.% paper and the deposited
micro fibrillated cellulose on the base sheet forms homogenous
film with different size fibres and particles. The cellulose film on
the spray coated paper has many surface pores. Figure 4 shows
the spray coated with 0.75 wt.% paper and the homogeneous
films are formed by the deposited MFC on the base sheet, the
films contains different size of fibres and particles with surface
pores. Figure 5 shows the spray coated with 1.00 wt.% paper and
the homogeneous films with a cellulose fibrils network on the
spray coated paper is formed.

In Figure 2, the size of the micro fibres in the 0.25 wt.% coated
at high magnification varies from 1.23 pum to 0.094 pm in the
diameter. The average size of the surface pores is 0.17 pm. In
Figure 3, the average diameter of the micro fibre is 0.21 pm. The
size of the surface pores ranged from 1.149 pm to 0.34 pm [6].

Figure 2: 0.25 wt.% MFC coated.
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Figure 3: 0.5 wt.% MFC coated.

Figure 4: 0.75 wt.% MFC coated.

Figure 5: 1.00 wt.% MFC coated.

The Figure 6 shows the micrograph of uncoated paper collected
at high magnification in SE Mode II. The micrograph confirms
the complete network of cellulose fibrils in the surface of the
paper. The paper surface contains fillers such as calcium
carbonate to increase its opacity. In the second figure shows the
particles of fillers on the paper surface. These fillers interacted
with fibre void space [7].
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Plain Paper at High Magnification

5 um 10 pm

Figure 6: Micrographs of the plain paper (uncoated paper) at 5
pm and 10 pm. The brown paper (uncoated) contains fillers
usually calcium carbonate and agglomerates of fillers observed as
a feature in the surface of the paper at high magnification.

The Figure 7 shows the micrograph of the spray coated paper
with 1.25 wt.% of the micro-fibrillated cellulose at high and low
magnification. The micrograph (1 pm) shows the deposited
clumps of cellulose fibres and cellulose fibres on the base sheet
and confirmed the presence of different size of the fibre
entangled with cellulose fibres clumps. The micrograph (10 pm)
shows the different size of the cellulose fibres and formed layer
on the base sheet. Moreover, the micrograph (100 pm) confirms
the complete coverage of microfibrillated cellulose coating
formulation on the base sheet. When compared to the
micrograph (100 pm) of the uncoated paper, the coated paper
showed that the coating formulation filed many surface pores
and void space between the cellulose fibres [8].

Spray Coated Paper at 1.25 Wt. % of MFC

1pm 10pm 100pm

Figure 7: Micrographs of the spray coated paper with 1.25 wt.%
of the micro-fibrillated cellulose.

The Figure 8 shows the micrograph of the microfibrillated
cellulose film peeled from the spray coated paper. The cellulose
film has pores in the surface and consists of the different size of
the cellulose fibres in the film. The cellulose film has surface
roughness due to the presence of different size of cellulose fibres.
This shows individual cellulose fibrils practically distinguishable,
agglomerates of various size of cellulose fibres embedded in the
surface of the peeled cellulose film and also shows the porous
surface cellulose film with various surface voids [9].

It confirms the presence of the various size of pores in the
surface of the film. It is observed that there are many
discontinuity in the cellulose fibres. The different size of the
fibres and pores are distributed randomly in the cellulose film. It
confirms the random fibres network at microscale. The size of
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the pores in the films are irregular shape and the cellulose fibres
are stretched on the surface of the film. The clear networks of
the surface pores are observed.

It shows clumps of different size of the fibres in the film. While
spray deposition of nano cellulose on the base sheet, the
deposited cellulose fibrils form aggregates due to the inter-
fibrillary hydrogen bonding.

The film has roughness in the surface due to the presence of the
different size of the fibres. The surface roughness of the
cellulose films seems to be caused by residual cellulose micro
and nanofibers and it creates the uneven surface in the film [10].

The Peeled Micro-Fibrillated Film from the Spray Coated Paper
1pm 10um 100pum

Figure 8: Micrographs of the micro fibrillated cellulose film
peeled from the spray coated paper.

CONCLUSION

The SEI micrographs of the spray coated paper confirms that the
spray deposition of micro fibrillated cellulose on the base sheet
provides good coating coverage of the base sheet surface and
filled the surface pores on the surface of the base sheet. The
spray coating of MFC does seem to form a more closed structure
homogenous cellulose nanofiber film on the base sheet
compared with the uncoated sheet.

SIGNIFICANCE

The formation of nanocellulose film wvia spraying on the
packaging paper barrier performance and
mechanical properties. The spray coated nanocellulose on the
base sheet fills the surface pores on the sheet and promotes its
barrier performance. SEM micrographs can be used to test the
quality of spray coated nanocellulose film on the sheet such as
uniformity, morphology of spray coated nanofibers on the sheet
and texture on the surface.

promotes its
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