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PEER-REVIEWED STANDARDS

The growing interest in dielectric
pulps, such as used in insulating

materials, has put new demands on the
worldwide pulp and paper industry to
improve pulp washing processes and
monitor parameters such as pH and con-
ductivity (γ), especially if dielectric char-
acteristics are required (6<pH<8;
γ<3.5mS/m) [1,2].

International procedures to assess the
pH and conductivity parameters of kraft
pulps follow standard guidelines from the
International Organization for
Standardization (ISO) and the
International Electrotechnical
Commission (IEC). In order to control
such parameters in the pulps produced,
the analytical departments of mills use
the ISO 6588 and IEC 60641-2 standard
guidelines to evaluate pH, and the ISO
6587 and IEC 60641-2 standard guide-
lines to evaluate conductivity [3-5].

IEC standard guidelines are most often
used to test materials for electrical pur-
poses, whereas ISO standard guidelines
are adopted to test materials having a
wide range of applications. Due to the
use of different standard guidelines, there
are occasionally misunderstandings in the
international market in relation to the
pulp characteristic requirements and
ambiguous data.

This work compares by regression
lines the pH and conductivity measure-
ments from kraft pulp samples, using the
ISO 6588, ISO 6587,and IEC 60641-2 stan-
dard guidelines.

EXPERIMENTAL
Materials and reagents:We used 22 sam-
ples of several types of pine pulp
obtained from the washing process of the
Portucel Tejo SA (V.V. Ródão-Portugal)

be used to estimate confidence limits for
the slope (b) and the intercept (a) in the
usual way.Thus, the confidence limits for
the slope are given by b ± t s

b
, where the

t value is taken from the t-distribution at
95% confidence level for n-2 degrees of
freedom [6]]. Similarly, the confidence
limits for the intercept are given by a ±  t
s

a
.The correlation coefficient (r) is of less

importance in the present context than
the establishment of confidence limits for
the slope and intercept. A correlation
coefficient near one suggests good preci-
sion for both standard guidelines.

The pH regression line of Fig. 1 shows
an ideal situation (a→0; b→1 and r→1),
having the slope close to 1 (b=1.093246
± 0.156524) and the intercept close to
zero (a=-0.218620 ± 1.288240). It seems
to prove that both standard guidelines
(ISO 6588 and IEC 60641-2) are quite sim-
ilar, showing no evidence for systematic
differences between the two sets of
results. In spite of the amount of pulp
sample required for the IEC 60641-2 stan-
dard procedure (5 g) being 2.5 times
higher than for the ISO 6588 standard
procedure (2 g), the pH is hardly affected
by the difference. In fact, the pH is a loga-
rithmic scale, which attenuates small varia-
tions in the hydrogenionic concentration.

The conductivity regression line of Fig.
2 presents a slope clearly higher than 1
(b=1.777396 ± 0.309916) and the inter-
cept close to zero (a=0.144506 ±
1.698320). As expected, the tendency of
the conductivity measured by the IEC
60641-2 standard guideline almost dou-
bles in relation to the ISO 6587 standard
guideline, as a consequence of the differ-
ence in the amount of pulp sample used
in both standard procedures. In this case,
the differences in conductivity between

kraft mill.The conductivity of the distilled
water used for the analytical procedures
was below 0.1 mS/m.

PPrroocceedduurree.. The pH measurements,
obtained with a pH meter (Radiometer
Copenhagen® VIT 90), conformed to ISO
6588 and IEC 60641-2 standard guidelines
[3,5]. We used a conductivity meter
(Radiometer Copenhagen® CDM 3) to
obtain conductivity measurements fol-
lowing ISO 6587 and IEC 60641-2 stan-
dard guidelines [4,5].

RESULTS AND DISCUSSION
The methodology of the ISO and IEC stan-
dard guidelines to measure the pH and
conductivity of the kraft pulps seems to
be quite similar [3-5]. Both procedures
consist of a hot extraction method for 1 h
of an accurate weight of pulp (dry basis)
with 100 mL of distilled water, followed
by the pH and conductivity measure-
ments of the final aqueous extracts at
controlled temperature. The main differ-
ences between both standard procedures
are the amount of sample involved (2 g
for ISO and 5 g for IEC) and the tempera-
ture control of the measurements (25ºC
for ISO and 23ºC for IEC).

The use of regression lines for data
obtained at a suitable analytical range is
usually accepted as a way to identify sys-
tematic differences when two or more
methods are compared [6]. FFiigguurreess  11  aanndd
22 show, respectively, the plotted data and
regression lines obtained for the pH and
conductivity measurements of the aque-
ous extracts from the 22 kraft pulp sam-
ples tested, by the ISO 6588, ISO 6587,
and IEC 60641-2 standard guidelines.The
results indicated good correlations. TTaabbllee
II  shows the parameters obtained from the
regression lines.The s

a
and s

b
values can
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both sets of results can be explained
through the ionic species usually sorbed
in the pulp fibers, e.g., sodium ion [7],
which are proportional to the amount of
pulp used in the standard procedures.
Thus, from the conductivity data, system-
atic differences are seen between both
sets of results.

In short, the regression lines seem to
show good correlation parameters with
confidence limits at 95% level for 20
degrees of freedom. The present
approach seems to be a useful guide in
order to convert the pH and conductivity
data of the kraft pulps obtained by the
ISO into IEC standard guidelines and vice
versa, solving particular dubiousness
inside the international market and in
future research and development proj-
ects, especially for dielectric (6<pH<8; γ
<3.5 mS/m) pulps.

CONLUSIONS
In this study, we used regression lines to
compare current standard guidelines for
evaluating the pH and conductivity of
kraft pulps. From the regression parame-
ters obtained, the standard guidelines for
pH and conductivity measurements
showed good correlations, with confi-
dence limits at 95% level for 20 degrees
of freedom.

For pH measurements, the ISO 6588
and IEC 60641-2 standard guidelines
seemed to be quite similar. For conduc-
tivity measurements, the IEC 60641-2
standard guideline almost doubled in
relation to ISO 6587 standard guideline,
as expected, due the different amount of
sample required in both procedures.

This present contribution seems to be
a useful guide in order to convert the pH
and conductivity data obtained from the
kraft pulp samples by the ISO into IEC
standard guidelines and vice versa. TJ
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1. Plotted data and regression line obtained by comparison

of ISO 6588 and IEC 60641-2 standard guidelines, using the

pH data on 22 kraft pulp samples.
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2. Plotted data and regression line obtained by comparison

of ISO 6587 and IEC 60641-2 standard guidelines, using the

conductivity data on 22 kraft pulp samples.

I. Parameters obtained of the regression lines (Fig. 1 and Fig. 2) and confidence

limits for the standard guidelines comparison, using the pH and conductivity

data on 22 kraft pulp samples.

STANDARD GUIDELINES

ISO 6588 vs. ISO 6587 vs.

IEC 60641-2 IEC 60641-2

(pH data) (Conductivity data)

Correlation coefficient (r) 0.956136 0.936912
Intercept (a) -0.218620 0.144506
Slope (b) 1.093246 1.777396
Statistic SY/X 0.413976 1.230745
Standard deviation for 0.616383 0.812593

the intercept (sa)
Standard deviation for 0.074892 0.148285

the slope (sb)
Degrees of freedom (n-2) 20 20
Confidence limits in -0.218620 ±1.288240 0.144506 ± 1.698320

intercept (95%)
Confidence limits in 1.093246 ± 0.156524 1.777396 ± 0.309916

slope (95%)
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