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STAGE 3

STAGE 2

STAGE 1

BRIGHTNESS OR LIGNIN REMOVAL

CHEMICAL ON PULP
Fig. 5-3. Hypothetical increased brightness vs.
chemical usage for three stages of bleaching.

cupriethylenediamine solution and measuring the
viscosity of the solution (TAPPI Standards T 254
and T 230). See Section 6.3 for more detail.

Full chemical pulp bleaching

Chemical pulp bleaching is accomplished with
various compounds containing chlorine or oxygen
and alkali extractions in several stages. Fig. 5-3
indicates why several stages with different com-
pounds are used. The use of three to seven stages
increases the efficiency of bleaching by reducing
the amount of chemical required. This is due to
the complex nature of lignin; each bleaching
chemical is going to react differently with lignin.
Since lignin is a complex molecule with different
types of linkages, the use of different chemicals
will break various types of bonds. For example,
a large increase in brightness is achieved by using
relatively small amounts of CIO, in a later stage
that could only be achieved using massive amounts
of additional Cl, in stage 1; use of large amounts
of chlorine in stage 1 would also cause much
carbohydrate degradation.  Plate 20 shows
handsheets made from pulp at various stages of the
bleaching process. Plate 21 shows several wash-
ers of a four stage bleach plant.

Since chemical pulps are dark to begin with,
bleaching increases brightness up to 70% with a
maximum brightness of about 92%. Unlike

bleached mechanical pulps, the high brightness is
stable since the lignin is removed. Bleached
chemical pulps are insensitive to color reversion,
but high temperatures may induce some color
reversion. Lignin removal is accompanied by
significant losses of pulp yield and strength of the
individual fibers. However, the strength of fiber-
fiber bonding increases after bleaching.

Bleaching of chemical pulps involves the use
of chemicals which are more specific to lignin
removal than to carbohydrate degradation com-
pared with the chemicals used in pulping. If this
were not true, one could simply continue the pulp-
ing process in order to remove more lignin. On
the other hand, bleaching is much more expensive
than pulping for a given amount of lignin removal.
Within the range of useable bleaching chemicals,
some are very specific to lignin removal while
others are much less specific and cause apprecia-
ble carbohydrate degradation and diminished yield.
For example, oxygen and chlorine are relatively
inexpensive, but not particularly selective for
lignin removal. These chemicals are used in the
early stages of bleaching to remove most of the
lignin. Residual lignin is removed in later stages
with expensive, but highly selective bleaching
agents like chlorine dioxide, hypochlorite, and
hydrogen peroxide.

Table 5-1 is a summary of conditions used in
various bleaching stages. Bleaching letters are
explaincd below. Typical sequences are CEH to
a brightness of 84-86% or CEHD or CEHHD to
a brightness of 92%. Fig. 54 shows the layout of
a CEHDP sequence. Each stage copsists of a
pump to mix the chemical with the pulp, a reten-
tion tower to provide time for the bleaching
chemical to react with the pulp (Plate 22), and a
washer (Fig. 5-5) to remove the bleaching chemi-
cals and solubilized pulp components. Diffusion
washers may also be used (but are much less
common) and are similar to those discussed in
Chapter 3 in regards to pulp washing.

C stage, Chlorine {(Greek chloros, greenish yellow)

Normally, chlorine is the first bleaching
stage, where unbleached pulp is treated with
elemental chlorine, Cl,, that is either gaseous or in
solution, at a pH of 0.5-1.5. Bleaching is carried
out with 2 pulp copsistency of 3-4%, ambient
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Table 5-1. Summary of conditions used in various bleaching stages of chemical pulps.

3

General condi- E, stage 4 D stage O stage
tions ¢
Chemical addi- 2-3% 0.4- 2-3%
tion (on pulp) 0.8% 0.4-.8 MPa

60-120 psi

Mgt

Pulp consisten- 10-18% 10-12% 20-30%
cy 10-12%
pH 11-12 3.5.6 10-12
Temp. °C 50-95° 60-80° 90-110°
Time, hours 0.75-1.5 35 0.3-1.0

temperature since the reaction is quick, and a
retention time of 0.3-1.0 hour. Pressurized,
upflow reactors are used since the solubility of
chlorine in water is low (4 g/L at STP). Chlorine
application is 6-8% on softwood kraft pulps or 3-
4% on sulfite or hardwood kraft pulps.

Elemental chlorine was the first agent used to
chemically bleach cellulose fibers (cotton, mnot
wood) and has been used since shortly after its
discovery in 1774 by Scheele. Its large-scale use

Unbleached Pulp
In
Washer
s Hypo— .
Y D, Steam LN chigrite (3
812 NaOH /Caustic
Mixer
Mixer 3 A W HA ¥ LI
Chiorination Caustic Hypo-
Stage Extraction chiorite
Sage Stage
Time, hr:  1hr 1-2 hr 24 hr
Temp., *F: ambient 160* 9%0*
Cons.: 3.0% 12% 12%
pH: LS 10.5 9.0
Bright., %: 20-25% 30-35% 65-75

Fig. 5-4. CEHDP seq e used to bleach pulp to 90-92% brightness. Reprinted from Making

commercially for pulp bleaching had to wait until
stainless steel was available in the 1930s.

Chlorjne is manufactured concomitantly with
sodium hydroxide by electrolysis of sodium chlo-
ride; since these two chemicals are produced to-
gether, one often speaks of the chlor-alkali indus-
try. Ope method of producing these chemicals is
shown in Fig. 5-6. The production of chlorine is
summarized as follows:

2NaCl + 2H,0 + elect. - Cl, + 2NaOH + H,

Steam
Peroxide
R Silicate 7w
Epsom
Steam Sat
[
A TA
Thick  Mixer Chiorine Peroxide To
Stock Dioxide Stage Storage
Pump Stage
Shr 4hr
160° 160
12% 12%
30 10.5
85-90% 90-92%

Pulp and Paper, €1967 Crown Zellerbach Corp., with permission.
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130 5. PULP BLEACHING

Fig. 5-5. An open, bleach washer of the vatuum drum type. Modern washers are enclosed.

Chlorine is not overly specific to lignin, and
much carbohydrate degradation occurs through its
use. The chlorine reacts with lignin by substitu-
tion of hydrogen atoms for chlorine atoms (partic-
ularly on the aromatic ring), oxidation of lignin
moieties to carboxylic acid groups, and, to a small
extent, addition of chlorine across carbon-carbon
double bonds (Fig. 5-7). The substitution reac-
tions (Fig. 5-8) are probably the most important in
the ultimate lignin removal.

1t has been known for a long time that chlo-
rine is first rapidly depleted by the pulp and then

BTl = SN ¢ Ol # Ha
Fig. 5-6. A method of NaOH and Cl, manufac-
ture. Redrawn from J. Ainsworth, Papermaking,
©1957 Thilmany Paper Co., with permission.

is depleted much more slowly. This indicates
several types of reactions are occurring. Fig. 5-9
shows how chlorine reacts with pulp as a function
of time. The substitution and addition reactions
are much faster than the oxidation reactions and do
not leave CI in solution, whereas oxidation reac-~
tions do. This is the basis for determining the
type of reaction occurring.

Oxidation includes reactions with both lignin
and carbohydrates. Oxidation of the carbohydrates
leads to a decreased cellulose viscosity and de-
creased pulp strength. The species HCIO (Fig.
17.1 shows its formation versus pH) especially
contributes to oxidative degradation of the carbo-
hydrates; therefore, chlorination is carried out
above pH 0.5 (to avoid acid hydrolysis of cellu-
lose) and below pH 1.5 (to avoid carbohydrate
degradation by oxidation). Also sodium hypochlo-
rite bleaching is carried out with excess NaOH to
avoid carbohydrate oxidation by HCIO. Accord-
ing to Giertz (1951) the actual species causing
oxidation may be a complex of hypochlorous acid
and hypochlorite ion as the pH of maximum
degradation is 6.5 to 7.5 and not 4-5, where
hypochlorous is at a maximum (Fig. 17-1).
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SUBSTITUTION R-H + Cl, ——» R=Cl + HO
H H H H
ADDITION R———!C:(l)-——R‘ +Cly — R_..l,__l,_g-
1 <l
0
OXIDATION R—J:I——H +Clh +H0 R_Q__OH + HOl

Fig. 5-7. Examples of Cl, reactions with lignin. Oxidation reactions occur with both lignin and
carbohydrates. In the case of the latter, significant decreases in pulp strength result.

In the past, the amount of chlorine added to
pulp was controlled by measuring the residual
chiorine after the chlorination stage. In fact it is
better to avoid adding excess chlorine, particularly
at elevated chlorination temperatures, so that the
substitution reactions occur to completion (rapid-
ly), but oxidation reactions are controlled by not
allowing residual chlorine to be present. As Fig.
5-9 shows, the oxidation reactions do not increase
the amount of lignin removed in the aikali extrac-
tion of sulfite pulp; however, this is less true for
kraft pulps because of their highly condensed
nature (O’Neil, et al, 1962). For the same reason
kraft pulps require longer chlorination periods than
sulfite pulps, 60-90 minutes versus 15-45 minutes,
respectively. The practice of substituting about
10% of Cl, with C10, (Cp) has been practiced for
a fong time since it results in a stronger pulp by
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Fig. 5-8. Example reactions of bleaching agents
with lignin.

avoiding over-chlorination.

Lignin is not removed to a large degree in
this stage, and the pulp actually gets darker (with
a characteristic orange color). The pulp is diluted
to 1% consistency and washed to remove acid
which would otherwise consume alkali in the next
stage. The lignin removal and brightness increase
actually occur in the alkali extraction stage that
invariably follows the chlorination stage.

Chlorination produces chlorinated organic
materials including a very small amount of dioxin,
which has led to the use of other chemicals to
replace a part or all of the chlorine use in bleach-
iog (e.g., O and CD bleaching stages). Dioxin
and bleaching is discussed in Chapter 11. Many
mills have already replaced up to 50% of the Cl,
with ClO,. Chiorine-free bleaching sequences are
used commercially for sulfite pulps at a few mills.

Chlorine consunsption

Fig. 59. Reaction of excess Cl, and sulfite pulp
with time. The top 3 curves use the left scale.
The bottom curve (right scale) is residual lignin
after NaOH extraction. After Giertz (1951).

(4



132 5. PULP BLEACHING

Papers made from these pulps are promoted as
"environmentally friendly" or words to that effect.
It is difficult to make bright grades of kraft pulps
without the use of chlorine, but it is possible if a
system is designed specifically for this purpose.
The future will bring many changes in this area.

CD stage

The CD or C, stage is a modification of C
stage bleaching, where some of the chlorine is
replaced with Cl0,. ClO, acts as a scavenger of
chlorine radicals in this stage. Substitution of
10% of the chlorine with chlorine dioxide is used
to prevent over chlorination. Substitution of 50%
or more of chlorine with chlorine dioxide at many
mills is becoming common to reduce production of
dioxins and other chlorinated organic chemicals.
One problem is that since Cl, and NaOH are both
derived from electrolysis of NaCl, a slackening in
the Cl, market will mean much bigher NaOH
prices. Other industries have taken advantage of
excess Cl, supplies, such as the polymer industry
in the manufacture of polyvinyl chloride and other
chlorinated polymers, which has mitigated this
effect.

E stage

The E stage is extraction of degraded lignin
compounds, which would otherwise increase the
chemical usage in subsequent bleaching stages,
with caustic (NaOH) solution. It follows the C
stage and sometimes other stages of bleaching.
When it follows the C stage (E,), it is used at
2-3% on pulp, often with a downflow tower due to
the high consistency of pulp (10-18%), with a
temperature of 50-95°C (120-200°F), and a reac-
tion time of 0.75 to 1.5 hours. High temperatures
and alkali loading up to 5% are used to remove
hemicelluloses for dissolving pulps or absorbent
pulps. In later E stages, alkali is used at less than
1% on pulp. The alkali displaces chlorine and
makes the lignin soluble by reactions such as:

Lignin-C] + NaOH -» Lignin-OH + NaCl

The lignin in the E, effluent gives a dark color
that is ultimately responsible for much of the color
of the final mill effluent. Recently oxygen gas has
been incorporated into this stage (0.5% on pulp) at
many mills and the term E, applies.

H stage

The H stage consists of bleaching with hypo-
chlorite solution, usually as the sodium salt
NaClO; this is the same chemical found in house-
hold liquid bleach. This stage is carried out at
4-18% consistency, 35-45°C (95-113°F), 1-5
hours, and pH 10. The process is often controlled
by measuring the oxidation-reduction potential. It
is important to maintain the pH above 8 because
below this pH hypochlorite is in equilibrium with
significant amounts of hypochlorous acid (Fig. 17-
1), which is a powerful oxidant of carbohydrates,
with a E°® of 1.63 V. Since the pH is high, lignin
is continuously extracted as it is depolymerized.
Hypochlorite reacts principally by oxidation.
About 1% on wood (based on chiorine) is used.
This chemical is more selective than elemental
chlorine, but less selective than chlorine dioxide;
consequently, the use of hypochlorite has de-
creased since the advent of chlorine dioxide.
Cellulose is oxidized along its chain, forming
aldehyde groups and making random cleavage
more likely. Calcium hypochlorite was discovered
in 1798 by dissolving Cl, in an aqueous slurry of
calcium hydroxide and was the principal bleaching
agent of the industry for a cemtury. Sodium
hypochlorite, which is now used since it leads to
less scaling, is made from chlorine as follows:

Cl, + 2NaOH - NaOCl + NaCl + H,0

D stage

The D stage involves bleaching with chlorine
dioxide. Chlorine dioxide (first studied for pulp
bleaching in 1921 by Schmidt and used for com-
mercial pulp bleaching in the mid 1940s) is rela-
tively expensive, but highly selective for lignin.
This makes it very useful for the latter bleaching
stages where lignin is present in very low concen-
trations. It is explosive at concentrations above 10
kPa (1.5 psi, or 0.1 atm); bence, it cannot be
transported and must be manufactured on site. Its
solubility is 6 g/L at 25°C with a partial pressure
of 70 mm Hg. It is used at consistencies of
10-12%, 60-80°C (140-176°F), for 3-5 hours ata
pH of 3.5-6. 1t is used at 0.4-0.8% on pulp.
Downflow towers are used to decrease the risk of
gas accumulation. The D stage is uscful for
reducing shive contents.

ClO, - %Cl, + O, (undesirable breakdown
above 100 torr pressure)

2CI0, + H,0 -+ (stow, undesired de-
HCIO, + HCIO, composition in soln.)

Chlorine dioxide may react in two steps. In
the first step CIO; is formed; this then reacts
under acidic conditions to form CI. Thus, CIO,
- CIO; - Ct. It reacts by oxidation; one reac-
tion is shown in Fig. 5-8.

P stage

Bleaching with hydrogen peroxide, H,O,, is
pot common for chemical pulps. (But this is
changing somewhat as mills ook for chlorine-free
systems.) It is usually used for brightening me-
chanical pulps, but when it is used to bleach
chemical pulps it appears as the last stage of a
sequence such as C-E-H-P or C-E-H-D-P. Itis
used at 10% consistency, 60-70°C (140-160°F),
pH of 8-10, for 2-4 hours. It is an expensive
bleaching agent, but may be used more frequently
as the use of elemental chlorine decreases. Perox-
ide oxidizes carbonyl groups of carbohydrates
(produced by oxidants such as hypochlorite) to
carboxylic acid groups. Its use with chemical
pulps is fairly similar to that with mechanical
pulps, except for a higher temperature, as de-
scribed inr Section 5.2.

O stage, oxygen pulping and bleaching

Oxygen bleaching or pulping is the delignifi-
cation of pulp using oxygen under pressure (550~
700 kPa or 80-100 psi) and NaOH (34% on
pulp). Oxygen bleaching has been used commer-
cially since the late 1960s. This is an odorless,
relatively pollution-free process used prior to
chlorination at high consistencies (20-30%) or
medium consistencies (10-15%). Delignification
is carried out at 90-130°C (195-266°F) for 20-60
minutes. The key to the use of O, delignification
was the discovery that small amounts of magoe-
sium ion (0.05-0.1% on pulp) must be present to
protect the carbohydrates from extensive degrada-
tion. This is the most inexpensive bleaching
chemical to use, but also the least specific for
lignin removal. A considerable decrease in cellu-
lose viscosity accompanies this process.

Bleaching may be thought of as extended
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delignification, that is, an extension of the pulping
process. Many mills are considering an oxygen
delignification step after pulping but before the
traditional chlorination first step of bleaching.
Some call it oxygen delignification; others call it
oxygen bleaching. Many mills have added oxygen
to the first alkali extract step, designated as the E;
step, because it is not a major change to the
process and saves bleaching chemicals in subse-
quent stages. Oxygen is even less specific at
lignin removal than chlorination so it is used to
decrease the softwood pulp kappa number from
30-35 after pulping (20-24 for bardwoods) to 14~
18 after the oxygen bleaching stage. Bleaching to
kappa numbers below this leads to unacceptable
losses of the cellulose viscosity.

The effluent of oxygen delignification can be
used in the brown stock washers or otherwise
vitimately sent to the recovery boiler because there
is no chloride ion present that would lead to high
dead loads and corrosion in the recovery boiler.
Reducing the amount of lignin removed by the
chlorination step by half reduces by half the color
and BOD from the bleach mill water discharge
after secondary treatment. Environmental consid-
erations are the main reason for using oxygen
bleaching. The bleach plant produces mush of the
color of the final mill discharge.

There are two main methods of oxygen
bleaching: medium and high consistency. The
high consistency process is at 30% consistency and
90-110°C (195-230°F) in a pressurized reactor.
In the medium consistency process pulp at 10-15%
consistency (the normal consistency as it comes off
the drum washers) is used. While high consisten-
cy oxygen bleaching is more common, there are
some difficulties with it. The gas in the reactor
contains high concentrations of oxygen and volatile
organic chemicals such as methanol, ethanol, and
acetone that are potentially explosive; it is diffi-
cult to evenly distribute NaOH and O,; and the
pulp is saturated with oxygen which tends to cause
foaming on the pulp washers.

Studies indicate that the temperature of
oxygen bleaching is important to the selectivity of
the process with better selectivity at 100°C
(212°F) than 130°(266°F). Partial pressure of
oxygen above 200 kPa (30 psig) leads to little
increase in the rate of delignification.
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notably phosphate, that form coordinate bonds
easily with alum and other materials. Potato
starch, with about 0.1% phosphorous, has a slight
pegative charge due to phosphate groups.

Dry strength additives

Polyacrylamides are used to increase the dry
strength of papers by hydrogen bonding. Poly-
acrylamide of molecular weight of 100,000 to
500,000 is used at about 0.5% on pulp and also
acts as a retention aid. It i3 sometimes used to
allow increased use of lower quality pulps such as
secondary and hardwood fiber. Cationic (contain-
ing some amine functional groups) polyacrylamide
is used at 0.2-0.5% on pulp, is suitable for use at
pH 4-8.5, and reduces the alum requircment,
while anionic (containing some carboxylate fanc-
tional groups) polyacrylamide is used at a pH of
4.5-4.8 (with alum) to increase strength properties.

Starch is also used to improve strength,
drainage, retention, and sizing of paper. Cationic,
anjonic,  and ampholytic (cationic and anionic)
starches are available. Guar gum, carboxymethyl
cellulose, methyl cellulose, etc. can be used, but
tend to be more expensive for a given effect.

Wet strength resins
Wet strength agents are thermosetting resins
that are added to stock to impart wet strength to

the paper. Curing of the resin leads to the forma-
tion of covalent fiber-fiber bonds. The tensile
strength of wet paper is from 0-5% of the dry
tensile strength with no wet strength resin to as
much as 15-50% of the dry tensile strength of the
paper with wet strength resins. Wet strength
paper is tested by measuring the resistance to
rupture of the paper saturated with water. Papers
made with wet strength adhesives are used for
produce boxes, paper towels, maps, outdoor
posters, food wraps, photographic papers, filter
papers, tea bags, and disposable garments and bed
sheets (such as for hospital use). Three wet
strength resins are used commonly, especially the
polyacrylamide resins (Fig. 8-9).
Urea-formaldehyde (UF) is the traditional wet
strength resin. It can be used with permanent
papers and gives paper repulpable under acidic
conditions. UF has largely been replaced by
melamine-formaldehyde (MF), which uses mela-
mipe in place of urea, largely due to concerns
about the health aspects of formaldehyde emission.
Glyoxal-polyacrylamide copolymers, which can be
made cationic, form labile bonds and are not
useful for permanent papers such as paperboards.
Epoxidized polyamine-polyamide resins are also
used in permanent papers and result in papers that
are not easily repulped. This material is formed
in two steps. In the first step a dicarboxylic acid

NH,
;
Hyl NH, c=0
melamine l!lH
|
OR 0 CH
H, N—C! H CH,0 [ ’ !
N—-CO—NH, + CHy0 ——  ——NH—C—NH—CH,- (NH—C—NH—CH,-) -
urea formaldehyde urea—formaldehyde resin

CONH2 CONH-CHOH-CHO
— (CHzéH) i~ (CHp=CH)
glyoxal—polyacrylamide copolymer

— (NH(CH,), ~N—(CH,) x-—NH—l(I:—(CHz)y—‘(':-)

epoxidized polyamide resin

2z

Fig. 8-9. Common wet strength resins.
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Table 8-2. The relative surface area of fibers and fiber fragments.

Fiber or fine dimensions (box-shape) Gross outer surface Relative surface area
area, m¥/g
4000 pm X 40 pm X 40 pm 0.100 1.00
1000 pm X 10 pm X 10 pm 0.402 4.02
40 pm X 40 pm X 40 pm 0.150 1.49
10 pm X 10 pm X 10 pm 0.600 5.97
100 pm X 2 pm X 2 ym 2.020 20.10

such as adipic (1,6-hexanedioic) acid is reacted
with triethylamine to give a polyamine-amide
backbone. In the second step, available amines
are then reacted with epichlorohydrin to produce
the epoxidized polyamide.

Glyoxal based resins are borrowed from the
textile field and are of the form R-CO-CHO; at
pH above 9, the inactive form predominates by the
Cannizzaro reaction to give R-CH(OH)-COO
which does not crosslink with starch or the fibers.
Glyoxal resins require curing time on the warm
paper reel for up to 30 minutes.

Specialty chemicals

Some other additives include flame retar-
dants, anti-tarnish chemicals (for example those
used in tissue papers to wrap silver, etc.).

8.5 CONTROL ADDITIVES

Retention aids

Retention is a measure of how much material
remains on the paper machine wire and is incorpo-
rated into the final sheet. Two types of retention
are considered in the industry: overall retention
and first-pass retention. These are defined below
in terms of filler, although the retention of fiber
fines, sizing agents, and other materials is also
important.

ovemllneta::ntiml=—————-——~ﬁuetiusheet x 100 %
filler added to furnish
X filler in sheet
first- tention = ——————~— x 100
pass retention = @ inheadbox " 0%

A high first-pass retention is important for
many aspects of wet end chemistry and sheet
quality. For example, a high first pass retention
of the sizing agents ASA and AKD will limit their
hydrolysis. Hydrolysis of these expensive chemi-
cals means they do not contribute to sizing but can
cause pitch problems. Overall retention of fillers
is important to their economical use. The overall
retention really is a2 measure of first-pass retention
and the amount of paper machine excess white
water.

Retention occurs by two mechanisms. Parti-
cles larger than 200 pm (or the size of the largest
openings of the paper machine wire), which are
fibers and fiber fines, are primarily retained by
Jfiltration, particles smaller than 10 pm, which
includes ail additives, are primarily retained by
adsorption onto the fibers via formation of various
secondary chemical bonds. The retention aids
form bonds with both the fiber surfaces and all of
the additives to be retained. The retained addi-
tives are preferentially retained onto fiber fines
due to their inordinately high surface area as
shown in Table 8-2. This should be considered as
an advantage because, without a high surface area
on the fibers, there may not be enough fiber
surface area to achieve adequate retention. Parti-
cles of intermediate size (which is generally only
the fines) are retained by a combination of both
mechanisms. Retention aids function on the small
and mid-size materials.

Retention aids are often polymers that are
added to improve the retention of fines (small fiber
fragmenis), fillers, internal sizing agents, etc.
They may rely on high charge density for the
polyamines such as polyethylenimine (PEI) or

bt
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of April 1958,
are both "Intellectual Property Attorney's" and are authorized, jointly with another Intellectual
Property Attorney or a member of the Board of Directors, to perfom all acts on behalf of
Akzo Nobel Chemicals International B.V. in the area of Intellectual Property, mcludﬁg .the

tc;m fur:a{guf .' i
license, take hcense of patents and patent apphcatlons treﬁ 3

development agreements w1th regard to such mtellectual property r10hts o - |

-+ The signatures on the attached document are the genuine signatures of Mr. P.H. van Deurser. |
and Mr. P.J.T. Alferink. a



Industria y Comercio
SUPERINTENDENCIA

DIVISION DE NUEVAS CREACIONES

RADICACION EXPEDIENTE No. 07-56926

EL EXTRACTO DE LA PRESENTE SOLICITUD DE PATENTE DE INVENCION

FUE PUBLICADO EN LA GACETA DE PROPIEDAD INDUSTRIAL No 581 DE

FECHA 31 DE OCTUBRE DE 2007 EL TERMINO HABIL SENALADO POR LA

LEY EXPIRA EL 31 DE ENERO DE 2008

NOTA: Dentro del plazo de los seis (6) meses siguientes a partir de la fecha de publicacion
en la gaceta de Propiedad Industrial, debera solicitar y cancelar el examen de
patentabilidad so pena de que la solicitud caiga en abandono, de acuerdo con lo
establecido en el Articulo 44 de la Decision 486/2000.

SE PRESENTARON OPOSICIONES POR PARTE DE TERCEROS.
Sl NO X




APOSTILLA

(Convencion de La Haya de Octubre de 1961)
1. PAIS: PAISES BAJOS
ESTE DOCUMENTO PUBLICO
2. HA SIDO FIRMADO POR K.A. Verkerk

3. ACTUANDO EN CALIDAD DE NOTARIO EN Arnhem

4. LLEVA EL SELLO/ESTAMPILLA DEL NOTARIO ANTES MENCIONADO

CERTIFICADO
5 EN ARNHEM
6. EL 11 DE SEPTIEMBRE DE 2009
7. POREL OVFICIAL DE LA CORTE (RECHTBANK)
8. NO. 09-1261
9. SELLO/ESTAMPILLA

10. FIRMA

T.J. VAN DER LINDEN

27, 0.0, cir gl
CLTTV0, Lh fFENTE €
b ;

u e L M
;REsalugion,

by

IOV e ks

Eal]
ridinfusiiciay
L AR AN

Clemencia Paredes Tejada
TRADUCTORA OFICIAL

PRNAL 7

pE

..' O & e o Al

353 Ed] Fhszac, CAREA A
EMaLIEH < FASHON - BPANISH }

AELATE: FRANCALS - ESPAGHGL



“aplicaciones de modelos de utilidad, trabajos de derecho de propiedad intelectual,
secretos de comercio y nombres de dominio, al igual que el manejo de conflictos
incluyendo negociacién, procedimientos civiles o administrativos, mediacion, arbitraje
y ejecucién de establecimientos de acuerdos, acuerdos co-existentes, acuerdos de
consentimiento y desarrollo de acuerdos con respecto a dichos derechos de propiedad
intelectual;

- Las firmas en el documento anexo son las firmas genuinas del Sr P.H. van Deursen
y el Sr P.J.T. Alferink.

- Las identidades del Sr P.H. van Deursen y el Sr. P.J.T. Alferink han sido
establecidas por mi, notario civil legal, por medio del documento de identificacion
referido aqui en este. Como aparece del Sistema de Informacion de Veriﬁcacién, el
antes mencionado documento de identificacién no han sido reportadas como
perdidas o en falta, y una impresién de la pantalla del Sistema mencionado ha sido
anexado a la presente Autenticacion

Se firmé en Arnhem, este 10 de septiembre de 2009.

Firmado

B %g;:xgﬁgxgtf: PIA ORIGINGL S
L7 oerTif i 5

KAREN A. VERKERK

Clemencia Paredes Tejada
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L4

REINO DE LOS PAISES BAJOS | t
A TODOS A QUIENES ESTOS PRESENTES PUEDA LLEGAR, VER O SABER
A SABER:
Yo, Karen Astrid Verkerk, notario civil, residente en Arnhem, Paises Bajos, certifico que:
AKZO Nobel N.V., es una compafifa con responsabilidad limitada (naamloze vennootschap) ‘
incorporada bajo las leyes de Los Pafses Bajos, teniendo un lugar de negocios en
Stréwinskylaan 2555, NL-1077 Amsterdam (P.O.Box: 75730, 1070 AS Amsterdam), los
 Paises Bajos, su sede estatutoria en Amsterdam y est4 registrada en la Camara de Comercio
para Amsterdam bajo el archivo nimero 09007809, el cual ha sido revisado por mi, el
suscrito notario‘ a través de una inspeccidn hecha a los archivos de le;_Cémara de Comercio
para Amsterdam, Paises Bajos. Las aplicaciones de la patente requerida seran archivadas
por AKZO Nobel N.V. con una firma en Arnhem, lugar ;ie negocios en Velperweg 76, NL-
6824 B :M Arnhem.
- Elsefior Petrus Hubertus van Deursen nacié en Balikpapan (Nederlands Indie), el
primero de noviembre de 1949 y

- El sefior Petrus Johannes Teodorus Alferink, nacié en Zwolle (Paises Bajos), el

de abril de 1958. 7 |
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Ambos son “Abogados de Propiedad Intelectual” y estan aufomzad :
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civil-law notary, by means of the identification document referr

from the Verification Information System the aforesaid identification document have not been

the present Authentication.

Thus signed at Arnhem this 10th day of September 2009.

i

, Country: THE NETHERLANDS
This public document

. acting in the capacity of no

. bears the seal/stamp of afor
Certified

. by the clerk of

. no. 09-1261
, Seal/stamp:

. has been signed by K.A.Verkex

ary at Arnhem
szid notary

. at Arnhem 6. on 11 September{ 2009
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HUMBERTO RUBIO & CIA LTDA.
ABOGADOS

PODER

El abajo firmado, en nombre y representacion de

POWER OF ATTORNEY

The undersigned, in the name and on behalf of

AKZO NOBEL N.V.

Domiciliado en:

with domicile at:

Velperweg 76,
NL-6824 BM Arnhem
The Netherlands

por el presente conferimos poder amplio ¥ suficiente
a HUMBERTO RUBIO CAMACHO y/o TINEKE
STOL TERZANI y/o ALVARO DIAZ LOZANO
domiciliados en Bogota, Colombia, para solicitar de
las oficinas ¥ autoridades  correspondientes la
obtencién de registros, renovaciones, traspasos y en
general todo lo relacionado con el mantenimiento,
obtencion y proteccion de sus marcas de fabrica,
marcas colectivas, marcas de certificacion,
denominaciones comerciales, marcas de comercio,
patentes, disefios industriales, modelos de utilidad,
nombres de dominio, licencias sanitarias, derechos de
autor, inscripcion de licencias para explotacion de
derechos patrimoniales en obras de propiedad
intelectual, inscripcion de licencias de uso,
limitaciones de los producfos y o servicios y
cancelaciones en los registros a cuyo efecto le facuita
para dar ante dichas autoridades todos los pasos
necesarios en cumplimiento del objeto indicado;
elevar  solicitudes, descripciones,  protestas,
declaraciones, apelaciones ¥ reclamos; abonar todos
los impuestos y cuotas de cualquier otros pagos
determinados por la Ley; recibir todos los
documentos presentados, solicitar  testimonios,
desistir, modificar ¥ enmendar solicitudes, cobrar y
percibir para oponerse y protestar contra cualquier
solicitud, que a juicio del apoderado, pudieran
prestarse a confusién o infringir o de cualquier modo
perjudicar las marcas, denominaciones o patentes del
Mandante; renuncia parcial 0 total los derechos
otorgados mediante ¢l registro de marcas, patentes y
demas modalidades de la Propiedad Industrial. A los
mandatarios se les otorga autorizacion amplia y
bastante para contestar todos los reclamos y las
demandas presentadas ante autoridades
administrativas ¥ judiciales, desistir  de
procedimientos, transar conflictos, pudiendo asi
mismo sustituir este Poder en todo o en parte ¥y
revocar dichas sustituciones.

Dado y firmado hoy

En

Signature(s)
Name of each signor s Bubertus van Deursen
Position of each signor Authorized Signatory

hereby grant full and sufficient Power of Attorney 0
a HUMBERTO RUBIO CAMACHO y/o TINEKE
STOL TERZANI y/o ALVARO DIAZ LOZANO
from Bogots, Colombia, to apply to the proper
officers and authorities for the issue of registrations,
renewals, assignments, proofs of renewals and in
general all that is related to the maintenance,
obtention and protection of its trademarks, trade
names, collective marks, certification  marks,
commercial marks, patents, industrial designs, utility
models, domain names, and sanitary licenses,
copyright, inscription of licenses for the exploitation
of patrimonial rights with respect to copyright,
registration of licenses of use, limitation of the goods
and or services and cancellations on registrations; to
which end it empowers them to take all steps
necessary before said authorities for the object stated;
to file petitions, prepare descriptions; make protests,
declarations, appeals and objections; pay taxes and
other charges required by law; apply for
certifications, receive documents and take testimony
abandon and amend applications and collect refunds;
to oppose, ask for the cancellation of and protest any
application or registration which in their judgment
could lend to confusion or could be considered an
infringement or could in any form prejudice the
undersigned’s trademarks, trade names, patents and
commercial marks; resigns partial or total the rights
granted by means of the registry of marks, patents
and all matters related to the Industrial Property To
the said mandatory sufficient Power is granted
hereby to answer in the matter of all claims and
demands that maybe presented, before administrative

eiversiof any clgs giving them likewise
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Cover photo: Working model of Louis Robert’s papermaking machine at the Science
M South Kensi Reproduced with permission of the the Trustees of the
Science Museum (Neg. No. 1013/52).

Find Us on the Web! http://www.apnet.com

This book is printed on acid-free paper.

Copyright © 1996 by ACADEMIC PRESS

An Imprint of Elsevier

All Rights Reserved.

No part of this publication may be reproduced or itted in any form or by any
means, el ic or mechanical, including ph ding, or any information

'y Lo rr
storage and retrieval system, without permission in writing from the publisher.

Permissions may be sought directly from Elsevier's Science and Technology
Rights Department in Oxford, UK. Phone (44) 1865 843830, Fax: (44) 1865
853333, e-mail: permissions@elsevier.co.uk. You may also complete your
request on-line via the Elsevier homepage: hitp://www.elsevier.com by selecting
“Customer Support” and then "Obtaining Permissions™.

Academic Press
An Imprint of Eisevier
525 B Street, Suite 1900, San Diego, California 92101-4495

United Kingdom Edition published by
Academic Press Limited
24-28 Oval Road, London NW1 7DX

Library of Congress Cataloging-in-Publication Data

Biermann, Christopher J.
Handbook of pulping and papermaking / by Christopher 1. Bicrmann,
— 2nd ed.
p. cm.
Includes indexes.
ISBN - 13: 978-0-12-097362-0
ISBN - 10: 0-12-097362-6
1. Wood-pulp. 2. Papermaking. 1. Title.
TS1175B54 1996 96-20451
676--dc20 CIP

PRINTED IN THE UNITED STATES OF AMERICA
0506 0708/9876

CONTENTS

Preface to the Second Edition . .. ... .. ix
Preface to the First Edition . . . .. ... .. x
Acknowledgments . . .. ............. xi
Abbreviations .. .......... . xiii
List of Color Plates . . . .. .. ......... xv

1 Introduction and the Literature
1.1 Introduction to Papermaking . . . . . 1
1.2  Introduction to the Literare . ... 3
1.3  Abstract Indices ............ 6
1.4  Technical and Trade Journals . ... 6
1.5 Reference Books . ........... 8
16 Textbooks ................ 8
1.7  Chemistry Reference Books . ... 10
1.8  Other References .. ........ 10
1.9  Annotated Bibliography . ... ... 10
Exercises . .............. 11

2 Wood and Fiber Fundamentals

2.1
2.2
23

Woodand Bark . .......... 13
Wood Chips and Sawdust . .. .. 21
Wood Chip Preparation and Handling

atthe PulpMill . . . ......... 22
Solid Wood Measurement . . . . . 30
Wood Chip Measurement . . . .. 31
Wood Chemistry . . .. ....... 32
Wood and Fiber Physics . ... .. 40

Properties of Selected Wood Species 42
Nonwood and Recycled Fiber

Considerations . ........... 42
Annotated Bibliography . . ... .. 50
Exercises . .............. 53
3 Pulping Fundamentals
Introduction to Pulping . ... ... 55
Mechanical Pulping .. ....... 62
Chemi-mechanical Pulping . . . .. 69
Related Pulping Methods . . . . . . 70
Semi-Chemical Pulping . . ... .. A
General Chemical Pulping . . . . . 72
SodaPulping ............. 86
Kraft Pulping . . . .......... 86
Sulfite Pulping . . .......... 91
Other Pulping Methods . . . . . .. 96
MarketPulp . ............ 97
Annotated Bibliography . . . . . .. 97
Exercises .............. 100

4 Kraft Spent Liquor Recovery
4.1  Chemical Recovery ........
42  PulpWashing . . ..........
4.3  Liquor Evaporation . .......
44 Recovery Boiler . .........

4.5 Cooking Liquor Regencration—The

Causticizing Process . . . ... ..
4.6  Annotated Bibliography . . . ...
Exercises ..............

5§ Pulp Bleaching
5.1 Introduction . . . ..........
5.2  Bleaching Mechanical Pulps . . .
5.3  Measurement of Lignin Content .
5.4  Bleaching Chemical Pulps
5.5  Anpotated Bibliography . ... ..
Exercises ..............

6 Refining and Pulp Charactecization
6.1 Introduction to Refining . .. ..

62 Refining ...............
6.3  Pulp Characterization .. ... ..

6.4  Pulp Properties versus Performance

6.5  Annotated Bibliography . . ... .
Exercises ..............

7 Paper and Its Properties
7.1 Introduction .............
7.2 General Grades of Paper . . ...
7.3 SpecificTypes of Paper ... ..
7.4  Basic Paper Properties ... ...
7.5  Physical Properties of Paper . . .
7.6  Mechanical Properties of Paper .
7.7  Chemical Analysis of Paper . . .
7.8  Basic Optical Tests of Paper
7.9  Sheet Splitting of Paper . . . . ..
7.1 Annotated Bibliography . . . . . .
Exercises . .............

8 Stock Preparation and Additives for
Papermaking ’
8.1 Introduction .............
8.2  Fiber Preparation and Approach .
83 RawMaterials . ..........
84  Functional Additives . . . . .. ..
8.5  Control Additives . ........
86 Wet End Chemistry . .. .....
8.7  Aanotated Bibliography . . .. ..
Exercises . .............

101
101
103
107

112
118
121

123
123
124
127

136

137
142
149
153
154
157

158
158

163

165
174
182
185
187
188
189

190
191
193
194
201
205
206



