Ewa Drzewinska

Technical University of Lodz

Institute of Papermaking and Printing
ul. Wolczanska 223, 93-005 £6dz, Poland
E-mail: ewa.drzewinska@p.lodz.pl

M Introduction

Deinked pulp (DIP - waste paper from
which printing ink has been removed) is
an important fibrous raw material in the
production of printing papers. To pro-
duce bright deinked pulp, manufactur-
ers use printed graphic papers, mainly
white grades which have to go through
the deinking process to remove printing
ink. Printing inks cannot be entirely re-
moved without the application of specific
bleaching processes, which is why this
pulp grade has a slightly grayish shade.
The grayness of deinked pulps can be
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Influence of Deinked Pulp on Paper Colour
and its Susceptibility to Ageing

Abstract

The dyeability of chemical pulp and deinked pulp (DIP) as well as a mixture of these grades
with cationic direct dyes were investigated. It was found that the paper obtained contains
significant quantities of fluorescent whitening agents (FWA), which were added to white
printings to increase their brightness. When using FWA, there are problems obtaining
the colour of dyed paper required. The fluorescence of a whitening agent fades away
after exposure to light. The faster fading of paper containing recycled fibres reflects lower
penetration of a dye into fibres in comparison to primary fibres. The use of deinked pulp in
the manufacture of colourfull papers is expected to grow. For this reason paper mills will
be forced to use expensive bleaching technologies to remove FWA from deinked pulp. This
indicates that the need to obtain a very high level of brightness in printing papers with FWA

is ungrounded.
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reduced by bleaching, but their fluores-
cence poses a serious problem. The fluo-
rescence is developed by FWA added to
white publication and office papers to
raise their whiteness. Present recycling
methods cannot remove FWA entirely
from the pulp, which is why all deinked
pulp based papers show fluorescence.
Even gray sanitary papers of the poorest
quality demonstrate fluorescence in UV
light. The presence of FWA in deinked
pulp poses a serious problem connected
with metamerism, specifically/especially
in the case of dyed papers [1]. The fluo-
rescence level of recycled pulps is vari-
able and depends on the grade of paper
they are made of. For this reason it is dif-
ficult to maintain identical colour (both
white and chromatic) in large manufac-
turing batches [2].

This research focused on examining the
impactof DIPpulp contentonpapercolour.

M Experimental

Materials

For the purpose of this research, model
pulps of the composition presented in Ta-

ble 1 were used. The yellow cationic di-
rect dye Pergasol Gelb F-6GZ fl. (CIBA
Specialty Chemicals Inc.) was used for
dyeing. Only the cationic direct dye was
used in the research. Nowadays, dyes of
this type are the most frequently used for
paper due to the good dyeing level of
various pulp grades, including recycled
pulps of non-homogeneous composition.
Auxiliary agents were not used purposely.

Methodology of sample preparation

The beating of primary fibres was carried
out in laboratory conditions, in a Valley
beater to a freeness of 40 °SR according
to Standard PN-ISO 5264-1:1999. The re-
cycled pulp was then dissolved in water.

The dye was added to a 2.5% pulp sus-
pension at a temperature of approx 20 °C,
with a pH of approx. 7.5. The contact
time of dyeing substances with the pulp
amounted to 10 minutes. The Pulp sus-
pension was used to form paper sheets of
approx. 75 g/m2, using Rapid — Kothen
apparatus according to Standard PN-EN
ISO 5259-2:2001, and then they were
calendered using a two-roll laboratory
calendar with/at a pressure of 1000 kPa.

Table 1. Fibre composition and chromacity of the model pulps.

Pulp Nr. 1 2 3
Fibre composition:
bleached hardpulp 30 15 -
bleached softpulp 70 35 -
DIP (deinked pulp) - 50 100
Properties:
ISO Brightness, % 70.8 74.4 67.3
CIE Whiteness 51.3 51.0 46.0
CIE Tint -1.42 -3.2 -2.34
Chromacity coordinates:
L* 96.0 92.47 87.81
a* -0.22 0.38 +0.12
b* +2.69 6.63 +5.3
Colour difference AE* with
reference to white standard 4.8 10.0 13.3
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Before testing, the samples were con-
ditioned according to Standard PN-EN
20187:2000.

Colour parameters were determined with
SpectroEye apparatus (GretagMacbeth)
(illuminant D65, observer 100) according
to the following standards: PN -EN ISO
105-J01 : 2002, ISO 2470:1999and PN-
ISO 11475:2002.

Light resistance was determined by
exposing the samples on Xenotest ap-
paratus according to Standard PN-ISO
105-B02: 1997/Ap 1:2002. Due to the
significant differences in the resistance to
light between the samples tested, colour
modification was tested after a five-hour-
exposure (resistance to light in ISO scale
— aprox 3).

Results

Significant differences were observed
in the light reflectance curves of paper
sheets made of model pulp 1 (chemical
pulp) and model pulp 3 (recycled pulp)
(Figure I). Paper sheets made from mod-
el pulp 1 reflected more light in the yel-
low range but less in the blue than sheets
from model pulp 3. The Characteristic
maximum in the range of blue colours on
the light reflectance curve visibly shows
the presence of the fluorescent whitening
agent in the deinked pulp (pulp 3).

At wavelengths longer than 480 nm, pulp
3 had low light reflectance coefficients,
more or less equal in the whole range,
which is connected with the gray colour
developed by residual quantities of the
print ink. In model pulp 2, the optical
properties of pulp 1 and pulp 3 are sum-
marised. Light reflectance coefficients
for this pulp in the blue range were high-
er than in the case of pulp 3 but lower
than for pulp 1. All the light reflectance

curve in the wavelength range longer
than 480 nm run between the curves for
pulp 1 and pulp 3.

The fluorescence of the whitening agent
disappeared after the light exposure of
sheets made of model pulp 2 and 3 (Fig-
ure 2), whereas the grayness caused by
residual amounts of print ink remained.
The colour shifted towards yellow (Fig-
ure 2) and the brightness decreased sig-
nificantly. The ISO brightness for model
pulp 1 was practically unchanged, where-
as in the case of pulp 2, it decreased by
13.5% and approx 14% for model pulp 3
(Figure 3).

In papers coloured with yellow cationic
direct dyes, the increased content of re-
cycled pulp decreased colour saturation
as a result of the addition of dye colour,
the FWA which remained in the pulp, the
graying effect caused by residual amounts
of print ink (decreased light reflectance
in the yellow range) as well as the lower
dyeability of recovered fibres (Figure 4).
Therefore the use of recovered paper
posed some problems in the attempt to
obtain the required paper colour.

The light resistance of the dyed sam-
ples decreased proportionally with the
increased content of recycled pulp. The
colour faded and shifted towards an ach-
romatic colour. The brightness lessened
proportionally with the higher content
of recycled pulp in the paper sheet (Fig-
ure 5).

Easier colour fading of recycled pulp-
based-paper proves that there is lower
penetration of the dye into recycled fi-
bres than into primary fibres. Colour fad-
ing and its modification. were connected
with the fact that a larger amount of ra-
diant quantum energy was reaching the
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Figure 1. Light reflectance curves of the pulps (before and after

light ageing).
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Figure2. Chromacity coordinates of the
pulps (before and after light ageing).
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Figure 3. ISO brightness of the pulps (before
and after light ageing).

surface of the fibres. The dye molecules
collided more often with the falling light,
passing to an excited state, richer in ab-
sorbed radiation energy. The molecules in
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Figure 4. Light reflectance curves of the coloured pulps (before and
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Figure 5. Chromacity coordinates of the
coloured pulps (before and after light

ageing).

an excited state reacted more easily with
their surroundings (mainly with oxygen
from the air), changing their structure
and ability to absorb visible radiation.
Colour modification arose due to changes
in the molecules of fluorescent whitening
agents present in the recycled pulp.

B Summary

The amount of FWA in paper recovered
from white printing papers depends on the
type and origin of such papers, which is
why we can never be certain that the col-
our of paper containing this sort of pulp
will meet expectations. This can be prob-
lematic, especially when manufacturing
dyed papers.In the coming years utilisa-
tion of deinked pulp in the production
of colourful/coloured papers will grow,
and the paper industry will be forced to
use expensive bleaching technologies to
remove FWA from deinked pulp. This in-
dicates that the need to obtain a very high
level of brightness in printing papers with
FWA is ungrounded.
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TEXTILES & HEALTH
INTERNATIONAL SCIENTIFIC NETWORK

The TEXTILES & HEALTH POLISH SCIENTIFIC NETWORK was established as an
initiative of the Textile Research Institute, £6dz, Poland (Instytut Widkiennictwa —
IW) and other R&D centres working in the area of textiles, medicine and occupational
medicine.

The TEXTILES & HEALTH SCIENTIFIC NETWORK (with the acronym of
TEXMEDECO NET) was formally registered at the State Committee for Scientific
Research in Warsaw on the basis of an official decision of 31 January 2003. Due to a
new decision of 26 January 2005 it received the formal status of the INTERNATIONAL
SCIENTIFIC NETWORK.

The Textile Network area covers the following fields:

MED-TEXTILES: textiles for medical treatment,

ECO-TEXTILES: textiles safe for human health,

ENVIRO-TEXTILES: textiles, which protect against physical, chemical and
biological hazards.

The MED-TEXTILES group covers research into all textile fabrics assisting
medical treatment and prophylaxis. It requires collaboration of scientists from
various disciplines: textile technology, chemistry, biology, medicine, epidemiology,
and medical engineering. Textile wound coverings, antibacterial fabrics, textile
prostheses & implants, and modern intelligent textiles applied in medical diagnostics
& treatment belong to this group.

The ECO-TEXTILES group covers research works and studies aimed at protecting
human (skin, respiratory and thermo-regulating systems), and against the negative
effects of textile fabrics.

The ENVIRO-TEXTILES group comprises textile fabrics protecting humans against
the harmful effects of external factors (electromagnetic and electrostatic fields, UV
and IR radiation, microorganisms).

The TEXTILES & HEALTH NETWORK comprises 17 Polish and 5 foreign R&D
institutions covering the following areas: textiles, medicine, occupational medicine and
the leather industry (List of Member Institutions www.texmedeco.net).

The Institute acts as the coordinating institution of this Network, represented by the
network coordinator Jadwiga Séjka-Ledakowicz Ph. D., Eng.

The network acts on the basis of the ‘Network Status’ and the ‘Regulations’ (of the
Network Steering Committee and of the Network Work Groups ). The coordinator,
the vice-coordinators and the chairmen of Work Groups (Med, Eco and Enviro) form
the structure of the Steering Committee which is the executive body. The General
Assembly is the highest authority of the network. The authorised representatives of all
members (one from each member institution) take part in the meetings of the General
Assembly.

The TEXTILES & HEALTH INTERNATIONAL SCIENTIFIC NETWORK has an open
character.

We welcome any new members both from Poland and abroad.

Interested parties should contact the Network Coordinating Office:

INSTYTUT WLOKIENNICTWA - TEXTILE RESEARCH INSTITUTE
address: Brzezinska 5/15, 92-103 £.6dz, POLAND
www.texmedeco.net

Jadwiga Sdéjka-Ledakowicz Ph. D., Eng. - network coordinator
tel (+4842) 6163 110 ; e-mail: ledakowicz@mail.iw.lodz.pl

Katarzyna Grzywacz (Ms) — info officer ; network secretary
phone: (+4842) 6163 195, fax (+4842) 6792638, e-mail: grzywacz@mail.iw.lodz.pl
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