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CRILL MEASUREMENTS FOR IMPROVED FINES MATERIAL -
CHARACTERIZATION OF NANOCELLULOSE

S.H. Osong?, M. Lundberg'?,
]PulpEye AB, Ornskoldsvik, Sweden
’Mid Sweden University, Sundsvall, Sweden

In this compilation, the crill method has been used to characterize nanocellulose. We
conclude from the improvement in crill values that there is better potential to produce nano-
cellulose using the TEMPO method than using hydrogen peroxide pretreatment, as the pro-
cess yields a uniform size distribution of nanocellulose microfibrils under 100 nm in size.

MN3MEPEHMUSA KPNJISA B BBICOKOKAYECTBEHHBIX MATEPUAJIAX —
OIIPEJEJIEHUE TAPAMETPOB HAHOIEJIJIFOJIO3bI

B oannoii pabome ons onpedenenus napamempos HAHOYENLII0I03bl UCNOIb308AIU Me-
moo usmepenusi kpuis. Haiidennoe ynyuuienue nokasameneu no Kpuio no360J1Ul0 COenams
861600, UMO NOMEHYUAT OJi1 NPOU3BOOCMBA HAHOYeant0n03bl Memooom TEMIIO eviwe, uem
npu memooe NpeosapumenbHol 00padomKu NepeKucvblo 8000po0d, NOCKOIbKY Memoo
TEMIIO obecneuusaem 00HOpoOHOe pacnpedenerue no pasmepam Guopuil HaHOYeL0103bl
paszmepom menee 100 um.

This abstract is compiled with parts based on two published papers:

1. Crill: a novel technique to characterize nano-lignocellulose — Nord Pulp
Pap Res j 29(2):190-194.

2. Qualitative evaluation of micro fibrillated cellulose using the crill
method and some aspects of microscopy — Cellulose, vol. 23(6), p. 3611(14).

Unit operations in pulping comprise primary and later stages of refining,
the overall aim of which is to modify fibre and pulp characteristics to improve
the design of final product properties. The need to monitor and control the refin-
ing process by means of rapid online measurements is vast and increasing, as
pulp mills must be more cost effective to meet today’s competition. Increasing
process uniformity and running close to specifications are examples of cost-
reduction strategies that require accurate and reliable measurements.

Steenberg et al [1]. first defined the existence of thin particles called crill
in the 1960s. They studied the effect of the small fraction of the crill that is
completely separated from the fibres during refining, finding that tensile
strength was reduced when this crill fraction was removed from the pulp. They
did not study the influence of the dominant, larger fraction of the crill still at-
tached to the fibres due to the limitations of contemporary laboratory methods.
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Crill measurements are based on a method in which light transmitted from
two sources passes through a pulp suspension and is analysed. Measurements of
how this light interacts with the pulp particles are made in the UV and IR spec-
tral regions, in what is called “the crill method”.

In an attempt to circumvent the well-known limitation of optical instru-
ments such as the FibreLab, FibreMaster, and MorFi analysers in characterising
tiny fibres or “hyper-fines”, and with the longer-term objective of having a rapid
and accurate method for the online characterisation of nano-ligno-cellulose, the
crill method is regarded as alternative to the more conventional techniques cur-
rently used in assessing the fibrillar structure of nanofibres. The objective was to
highlight the potential of a new technique for characterising the particle size of
micro/nanofibres known as crill. The technique provides reliable estimates of
the particle size distribution of micro/nanofibres. The crill method is an estab-
lished technique used at the mill scale for measuring hairy fibres. It is a robust,
fast, and reliable method for assessing tiny fibrils. The crill value was plotted
relative to homogenisation time, with which it was found to correlate (Fig. 1).
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Fig 1. (A) Crill value of TMP-NLC homogenised at 23°C as a function
of homogenisation time, (B) Crill value of TMP-NLC homogenised at 140°C
as a function of homogenisation time

The crill method possesses the inherent ability to assess the particle size
of a fibre/crill within a very short time frame (i.e., a few seconds) and without
any damage to the pulp suspension under investigation, making it a non-
destructive method. It should be noted that using the crill method to characterise
NLC makes it possible to reduce the use of time-consuming microscopy tech-
niques in characterising the particle size distribution. When considering the
number of homogenisation passes versus the non-homogenised reference sam-
ples, we noticed that with 1 % hydrogen peroxide pre-treatment, the crill values
for the untreated samples were 210 and 205 units for the TMP and CTMP sam-
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ples, respectively, and that after 18 homogenisation passes, the crill values in-
creased to 232 and 224 units, respectively, for a 22-unit improvement for the
TMP and a 19-unit improvement for the CTMP samples (Fig. 2 and 3). With
4 % hydrogen peroxide pre-treatment (see Fig. 2 and 3), the crill values for the
untreated samples were 218 and 214 units for the TMP and CTMP samples, re-
spectively, increasing after 18 homogenisation passes to 234 and 229 units, re-
spectively, for a 16-unit improvement for the TMP and a 15-unit improvement
for the CTMP samples.

1% hydrogen peroxide pretreated TMP

B 4% hydrogen peroxide pretreated TMP I
1 2 3
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Fig 2. Crill values for TMP-based MFC relative to chemical (i.e., hydrogen peroxide)
treatment and number of homogenisation cycles. Note: “sample 1” is non-
homogenised, “sample 2” is homogenised for 9 cycles, and “sample 3™ for 18 cycles

1% hydrogen peroxide pretreated CTMP
M 4% hydrogen peroxide pretreated CTMP

1 2 3
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Fig 3. Crill values for CTMP-based MFC relative to chemical (i.e., hydrogen peroxide)
pre-treatment and number of homogenisation cycles. Note: “sample 17 is non-
homogenised, “sample 2 is homogenised for 9 cycles, and “sample 3 for 18 cycles

In addition, the TEMPO-oxidation reaction is usually conducted at a high
pH of 9-10; during the reaction, we noticed a reduction in brightness (i.e.,
a pulp-yellowing effect) in the lignin-rich CTMP fibres. It is possible that the
NaClO added to the pulp as a bleaching agent also generates chromophore
groups on the lignin in alkaline media, leading to a change in colour. However,
the crill results shown in Fig. 4 indicate that it was relatively easier to produce
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nanocellulose from the oxidized pretreated pulp samples than from the non-
pretreated samples.
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Fig 4. Crill values of CTMP-based MFC relative to chemical (i.e., TEMPO) treatment
and high-shear homogenisation time. Note: “sample 1 is non-chemical pre-treated,
“sample 2 is 3 mmol NaClO TEMPO pre-treated, “sample 3 is 5 mmol NaClO
TEMPO pre-treated, “sample 4” is 7 mmol NaClO TEMPO pre-treated, and
“sample 5 is 10 mmol NaClO TEMPO pre-treated

One reason for using TEMPO oxidation in the second was to induce fibre
swelling and facilitate the mechanical disruption of the fibres during high-shear
homogenisation. TEMPO oxidisation helps loosen the adhesion in the fibre wall
and make it easier to reduce the fibre particle size from the microfibril to nano-
fibril scale. The high fibrillation efficiency is a well-known advantage of the
TEMPO-based nanocellulose production process; accordingly, in this work we
compare the crill values with the homogenisation times and chemical treatment
dosages. Such comparisons clearly indicate that the crill values improve with
higher NaCIlO dosages and longer mechanical treatment times. We successfully
produced nanocellulose through two different processing routes, i.e., hydrogen
peroxide pre-treatment and TEMPO-mediated oxidation. We conclude from the
improvement in crill values that there is better potential to produce nanocellu-
lose using the TEMPO method than using hydrogen peroxide pre-treatment, as
the process yields a uniform size distribution of nanocellulose microfibrils under
100 nm in size.
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