Fiber identification methodology applied on reference paper samples
and works of art on paper substrate
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INTRODUCTION
The present work is focused on the methodology
applied for the fiber analysis of reference paper
samples and paper samples coming from original
works of art using optical microscopy. It is
demonstrated that there were differences in the
recorded morphological characteristics of fibers
before and after the application of the Technical
Association of the Pulp and Paper Industry (TAPPI)
test method “Fiber analysis of paper and
paperboard” (Reaffirmation of T 401 om-03). To
achieve the research objectives standard fiber
samples of commercially available papers of
known composition and manufacturing technology
such as Kozu, Mistumata, Hemp and Gampi were
observed under different lighting conditions and
magnifications. Furthermore, the paper substrate of
some original works of art was investigated; these
works are representative examples of Greek artists
of the 8th -20th century and belong to the National
Gallery – Alexandros Soutzos Museum (Athens).

REFERENCE SAMPLES
Fibres of Kozu, Hemp, Mitsumata and Gampi were observed under transmitted polarized and semi polarized light and
reflected polarized light either directly of after application of the TAPPI T 401 om-03. Observation after application of the
TAPPI method led to better dispersion of the fibers, enabled the recording of clearer morphological characteristics and
provided the possibility of recording sharper images at higher magnification

Mitsumata fibers observed directly
under the optical microscope with
polarized light, x200 (e)

Kozu fibers observed directly under the optical microscope with
polarized light, magnification X50 (a), x100 (b).
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Gampi fibers observed directly
under the optical microscope with
polarized light, x50 (g)

METHODS AND MATERIALS
Micro sampling from both the reference
papers and original works of art was done with
the help of a metallic needle or a scalpel.
The samples were prepared by two methods:
a)In the first method of direct observation, the
fibers were removed from the paper substrates
and were placed on slides; a drop of water was
added and the samples were then stabilized
with cover slips.
b) In the second method a specific chemical
procedure was applied according to the Test
Method TAPPI
T 401 om-03.
The Following steps were followed:
Τhe specimens were collected and placed
within a tube with 1% NaOH solution and were
brought to boil. Subsequently the alkaline
solution was decanted and the specimens
were washed twice with water. The specimens
were then covered with approximately 0.05N
HCl and let to stand for several minutes. The
acid was decanted and the specimens washed
several times with water. They were then rolled
it into pellets, placed in a tube with water and
ultrasonic disintegration was performed.
The samples were then placed on slides a drop
of water was added, stabilized with cover slips
and finally optical microscopy was performed.
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Kozu fibers observed under polarized light after application of the Tappi,
magnification X50 (c), x100 (d)
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“Sewing Studio”,

inv.number: P 3434
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Fibers
of
P3434
directly
observed under polarized light,
x200. The image is blur and the
recording of the morphological
characteristics is done with
difficulty. Poor dispersion of the
fibers also disables identification.
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Fibers of P 3434 - after treatment with Tappi better dispersion was
achieved and sharper images were acquired under polarized light, x200
(b&c).
The morphological characteristics lead to conclusion that the paper
substrate is consisted of cotton rags, linen and maybe small amount of
softwood

The morphological characteristics
observed suggest the use of
recycled rags and possibly of
softwood and linen fibers
Cotton rags

Linen or hemp
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Softwood
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inv.number: P 9740

Non-destructive and micro analytical
techniques in art and cultural heritage

Gampi
fibers
observed
under
polarized light after application oft the
Tappi T 401 om-03, x50 (h)

The paper substrates of two works of art were observed under transmitted polarized and semi polarized light and reflected
polarized light either directly of after application of the TAPPI T 401 om-03.

CONCLUSIONS

a) Leading to a better dispersion of the fibers
especially in the case of paper substrates that
contain softwood, rugs or additives.
b) Enabling the observation and recording of
clearer and more discernible morphological
characteristics even of subtle ones
c) Revealing in some
cases significant
characteristics that was not appreciated before
the application.
d) Permitting the recording of sharp microscopic
images even at higher magnification (x 200).

Mitsumata fibers under polarized
light after application of the Tappi T
401 om-03, x200
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SAMPLES FROM WORKS OF ART ON PAPER SUBSTRATE

A Leica DM LM optical microscope coupled
with a DC 300Fcamera was used for the
observation in all cases. Various illumination
techniques were applied.

The comparative study of the observations
recorded under polarized light microscopy after
application of direct observation and of the
TAPPI T 401 om-03 application led to the
conclusion that in all cases TAPPI method T
401 om-03 facilitated the fibre’s identification
by:
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Fiber of P9740 directly observed
under polarized light, x100 (a).
The image observed suggests the
use of recycled cotton rags and
maybe softwood
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Fibers of P9740 - after treatment with Tappi T 401 om-03 under
polarized light, x100 (b) and x200 (c). The image observed suggests the
use of recycled cotton rags of various types and the use of softwood as
well. Small amount of hemp of linen fibres is also observed.
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