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ABSTRACY 7est methods Jor evaluation of deinking performance are ot KEYWORDS

well defined. Standardized test methods are needed to bep in assessing the Deinking

efficiency of alternative deinking systems and the quaity of deinked puip. Reclaimed fibers

Techniques that are currently used 10 evaluate the deinking process include Test methods

brightness improvement and ink-speck count. This article examines a variety Evaluation

of methods used to prepare brightness pads and discusses some of the factors Brightness
Waste papers

that can affect pad brightness. Procedures are recommended for

consideration as standardized test methods.

Deinking is normaliy a single stage in
a multistage wastepaper processing
system. The ohjective of wastepaper

processing i to produce z low-cost

fiber of acceptable quality. If this
objective is to be achieved, then

® Wastepaper must not reduce con-
sumer acceptance of the end product

o Wastepaper must be economically
attractive relative to other fiber
‘sources

* Wastepaper must not reduce morale
of the operating personnel.

Test methods for assessing waste-
paper and secondary-fiber quality
should measure:

® Product pérformance (quality), as
viewed by the consumer and, pre-
ferably, by the mill

¢ Overall economics of use, including
an assessment of changes in machine
and mill productivity.

Since about 80% of global fiber con-
sumption iz derived from wastepaper,
it is astonishing that internationally
acceptable test methods have not been
developed to meet these objectives. In
addition, the lack of standard test
methods makes it more difficult to
assesstheeﬁiciencyofrecyclingequip-
ment. Data that are produced by a
wide array of home-grown test meth-
ods are difficult to interpret. This has

the effect of slowing the development
of new equipment and processes (and
their acceptance by milis). '
Tofillthegap created by thislack of
standards, numerous tests have been
developed for the evaluation of secon-

dary fiber and wastepaper processing.
In the specific case of deinking, these

tests include;

* Brightness measurements (7-1%)

® Ink removal, ink-speck analysis (2,
38, 6, 10, 14-16)

¢ Yield (9)

® Solvent extraction (2, 1 ?).

Other tests include physical tests of
pulp strength, drainage, ete. These
tend to be used in conjunction with
other test methods and are ot con-
sidered here, ‘

Brightness measurements

Because product brightness is usually
a crucial end-product attribute, mes-
surement of brightness is an essentia]
measure of quality. However, there
are considerable weaknesses when
brightness is uged as a measure of
deinking efficiency. This is because

brightness is “the numerical value of -

the reflectance factor of a sample to
blue light”(18). This reflectance factor
is influenced by a range of agents,
some of which are affected by deinking

processes. Those agents whose influ-
ence on reflectance factor is deter-
mined by the ehemical and physieal
deinking conditions include:

e The ink content of the stock or pulp
* Fiber type and fines content
* Filler type and size distribution

¢ The presence and type of optical
. brightening agents (OBA)

* Color. '

Influence on reflectance values

Ink content of pulp. The effect of ink
on reflectance values is well docu-
mented(8, 10, 15, 16, 19). Given 2 fixed
quantity of ink, the distribution of ink
particle size determines brightness.
Asthedispersion increases, (i.e., asthe
average particle size becomes smaller),
the brightness decreases. In some
cases, overall ink-removal efficiencies
may be high, but if residual ink is
finely dispersed, brightness improve-
ment may be poor.

Fiber type and fines. Given a fiber
type, the brightness value changes ag
the fines proportion changes. Thus a
difference in fines proportion following
deinking would contribute to a differ-
ence in brightness. .

Filler type and size distribution,
More filler is removed by washing, as
is the case with fines. The effect this
has on brightness depends on the type
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I. Brightness of pads formed on filtar paper with collected water

recycled through pad

i), Brightness of pads formed on 150-mesh screen

i Brrghtness,"lso SR

of filler. Filler removal possibly pro-
vides a good overall measure of wash-
ing efficiency. It is usually an impor-
tant contributor to yield losses.

Optical brightening agents. OBA
are added to many papers to improve
apparent brightness. OBA ecan be
washed out or chemically removed. As
OBA are removed, recorded brightness
falls. One attempt was made to com-
pensate for this (5), but the apparent
effect of OBA increased with deinking,

" which suggests that the correction was
inaccurate.

Color. When colored grades of
wastepaper are being processed,
brightness measures become mean-
ingless. Color comes primarily from
dyes used in paper manufacture, from
water, dispersed inks, or from chem-
ical reactions that can occur during
wastepaper processing. Dyes can be
removed by washing, which can contri-
bute to an apparent increase in deink-
ing efficiency. However, even a small
degree of color can disguise improve-
ments in brightness resulting from
goed ink removal,

Formation of brightness pad

The method selected must allow atrue
measure of the brightness of the pulp
or stock under test. No washing should
take place during preparation of the
brightness pad. This has been widely
acknowledged (1, 2, 4, 5, 8 9, 18, 15,
17}, yet many test methods allow wash-
ing to take place. When both sides of
thebrightness pad are used to provide
reflectance values, there frequently
are significant differences between
them. This is taken as an indication of
the degree of dispersion of ink and its
ease of washing out. While this is
correct, a difference in reflectance
values from the top and the bottom of
the brightness pad also indieates that
the method adopted is unsuitable for
brightness measurement, since wash-
ing has clearly taken place. When the
pad is drained through a mesh, the
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bottom side is often brighter, indi-
cating that ink has been removed.
When a filter paper isused, the bottom
side is often less bright, indicating
that ink has been concentrated on this
surface.

When a stock suspension is drained
under vacuum, efficient washing takes
place as the fiber mat is forming.
Some of the ink lost from the stock
passes through a mesh, and the quan-
tity lost depends on the mesh size. Ink
can also pass through a filter paper,
depending on pore size, but with a
filter, most of the ink from the stock is
collected. Asdrainage proceeds, water
moves through the fiber mat, taking
some ink particles with it, until they
are trapped by the fiber mat. Conse-
quently, the top surface has undergone
some ink removal and is not represen-
tative of the stock that is being tested.
Thus, neither the top nor the bottom
surfaces are representative of the
stoek. Clearly, an average of these is
unlikely to be representative of the
pulp’s reai brightness.

Several alterations to TAPPI Test

" Method T 218 0s-75 (78) have been

discussed (1, 2, 4, 7). Al comment on
the difference in brightness between
the top and bottom sides of the pad.
Two alternative methods for pad pre-
paration examined by PIRA serve to
illustrate the problems inherent in
pad formation. Brightness pads were
formed from the samestock ata range
of consistencies by two methods:

1. Using a technique similar to
TAPPI T 218 0s-75, but recycling
the collected water through the
brightness pad.

2. Using a dynamic sheet former, to
reduce filtration effects, forming
the pad on a 150-mesh screen.

Results are provided in Tables I
and IL. Results in TableI show clearly
the difficulties experienced in deter-
mining brightness values from pads
formed on a filter paper. The bright-

ness varied from 45.8° ISO to 49.8°
ISO (bottom side), while the mean
brightness varied from 47.5° ISO to
49.6° ISO.

Table II shows results for pads pre-
pared from the same stock using a
150-mesh screen. The maximum
brightness achieved was 52.2° IS0,
and the average brightness increased
toa maximum of 50.9° ISO. The effect
of recycling backwater onto the filter
paper is elear. The top surfaces of the
pads formed on the 150-mesh sereen
were considerably brighter than the
pads made on filter paper with back-
water recycling, Ash content without
backwater recycling was also signi-
ficantly lower, and the ash content
increased as consistency increased,
signaling a'considerable difference in
washing. Brightness measurements
are, therefore, a sensitive measure of
changes in washing during pad forma-
tion.

These results clearly demonstrate
the importance of having a recognized
standard test for assessing the real
brightness of deinked pulp. However,
brightness alone should not be used as
an assessment of deinking efficiency,
since the effects of residual ink on
brightness depend on ink-particle size.

Other important factors to be con-
sidered in formation of a brightness
pad inciude: ‘
¢ Water type used for dilution (2)
¢ pH difference in TAPPI and Sean

{(2) procedures
¢ Surface smoothness of pad
¢ Basis weight of pad.

Ink removal, ink-speck
count

Ink removal is obviously the primary
function of a deinking stage. However,
ink removal does not relate easily to
any finished-product attribute. Given
afixed quantity of ink in stock, bright-
ness values and ink-speck count will




vary, depending on the size distribu-
tion of ink particles. Thus ink-removal
measurements are restricted to the
assessment of deinking efficiency, and
in this context they have been well
documented (s, 8, 9, 10, 14, 18). Image
analysis equipment, capable of ex-
amining ink particles with diameters
in the range 0.1 um to 100 £m, is
essential for ink-removal studies, This
equipment tends to be expensive,
methods are laborious, and sample
sizes small. Results can be diffienlt to
interpret, possibly because of ag-
glomeration of ink particles(75). Thus,
this test method is likely to be confined
to a relatively sophisticated research
laboratory,

Ink removal should not be estimated
by TAPPI Test Method T 218 om-85
(20). Small ink particles (less than 40

‘um) form the bulk of ink particles
present during normal deinking (8,
10, 14-16), and these have the greatest
impacton pulp brightness. Since these
particles are below the limit of visi-
bility, 40-60 um (8, 16), they are not
counted using TAPPI T 213 om-85.
Although this test method is suitable
for estimating deinked pulp quality, it
must be used carefully. The test is-
subjective, Image analysis is objective,
though its objectivity is dependent on
the gray-level detection limits selected
by the operator.

Yield

Yield measurement is essential if g

mill is to ealeulate the economics of

wastepaper use, However, caleulation

of yield is difficult under normal mill

conditions, and laboratory measures

aredifficult to relate to mill conditions.

Other factors that are important, in

determining the economics of waste-

paper use include: :

® Wastepaper price

® Treatment costs, including chemi-
cals, energy, extra labor, machine
and mill productivity, impact on
labor relations,

Yield cannot be used as 8 measure
of deinking efficiency, since it cannot
be related to product quality. Nor can
it be related, in isolation, to the
economics of wastepaper use. Yield,
or ash removal, is normally a good
indieation of washing efficiency, but
it is not necessarily an indicator of
deinking efficiency, because of par-
ticle size differences,

Solvent extraction

Solvent extraction was dismissed as
inappropriate for measuring stock
quality (2), but more recently it was
suggested as 2 method for estimating
the probableeffect of flotation-deinked
stock on machine productivity (17),
Again, this is important in deter-
mining the economies of wastepaper
use. However, it cannot be 3 measure
of deinking efficiency, since it mea-
sures all impurities that are soluble in
the selected solvent, The deinking
process is not designed to remove all of
these impurities. Moreover, the solu-
bility of different inks and other
impurities varies, As the proportions
of components change through deink-
Ing processes, results become difficult
tointerpret, Differences in solubilities
also prevent the use of this measureto
estimate the quality of deinked pulp.
Its use is therefore not recommended.

Condlusions

Thepreceding discussion supports the
following conelusions,

1. Nostandardized test methods exist
thatallow theinternational compari-

son of deinked pulp quality. There
are also no standardized methods
for assessing the efficiency of deink-
ing systems,

2. The proliferation of methods de-
signed to fill these £aps has actually
hindered the development of deink-
ing systems and, ultimately, the
use of wastepaper.

3. Brightnessand ink-speck measure-
ments are most suited for the assess-
mentof deinked pulp quality. How-
ever, the method selected for pre-
paration of the brightness pad will
significantly influence the final re-

. sults. The “Dirt in Pulp” test me-
thod (19) is not ideal for deinked
pulps, since speck count ig affected
by the method selected for test-
sheet formation, In addition, itis a
subjective test,

4. Ink-removal measurements are

most suitable for assessing deink-
ing efficiency, provided that suit-
able image-analysis equipment is
available. In some cireumstances,
changes in brightness or vield are
acceptable as an estimate of deink-
ing efficiency.

5. Thereisaneed for the development

of standard tests that can be used to
assess both deinked pulp quality

and deinking efficiency.
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