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(57) Abrege/Abstract:

A pulping process comprises using a high concentration of anthraquinone (AQ). The pulping process Is capable of providing a
pulp having low Kappa number with unexpectedly high strength. The pulping process can use wood or non-wood fibers (e.g.,
bagasse and corn stover) to provide pulp having good papermaking quality. The method for pulping a fiber comprising cooking a
first mixture comprising the fibers, water, an alkall, and a delignification selectivity enhancing chemical for a cooking time and at a
cooking condition sufficient to form a first pulp having a desired Kappa number of about 15 or less, and strength parameters that
are sufficient for papermaking, where the starting material prior to cooking has a Kappa number of 60 or greater.
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1cient to form a first pulp having a desired Kappa number of about 15 or less, and strength parameters that are

sufficient for papermaking, where the starting material prior to cooking has a Kappa number of 60 or greater.
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PULPING PROCESSES
FIELD OF THE INVENTION

[0001] The disclosure relates to pulping processes and pulp

compositions prepared therefrom.
BACKGROUND

[0002] “P.ulping“ generally refers to the reduction of a bulk fiber
source material into its cof‘nponent fibers. Wood and other plant
materials used to make pﬁlp generally contain three main components
(apart from water): cellulose fibers (desired for papermaking), lignin (a
three-dimensional polymer that binds the cellulose fibers fogether) and
hemicelluloses (shorter branched carbohydrate polymers). The aim of
pulping is to break down the bulk structure of the fiber source, be it chips,

stems or other plant parts, into the constituent fibers. |

[0003] - Chemical pulping achieves this by degrading the lignin into
small, water-soluble molecules which can be washed away from the
cellulose and hemicellulose fibers without depolymerizing them.
Depolymerizing the cellulose weakens the fibers and lowers the strength
~ of the pulp obtained. Although lignin in pulp may enhance strength, a -
pulﬁ having a high degree of delignification may ease the bleaching

Process.

[0004] Kappa number reflects the hardness, bleachability, or degree

of delignification of pulp. Generally, a pulp having a Kappa number of

1
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about 5 or lower can be bleached by chlorine dioxide (elemental chlorine
free (ECF) techniques) or without chlorine compounds (totally chlorine
free (TCF) techniques) to provide a bleached pulp héving a desired
brightness (e.qg., 1SO brightness of less than 50%, [SO brightness of
about 65% or higher, 84% or higher, about 88% or higher, about 80 to
about 90%, or about 90% or higher). Generally, it takes more than one
pulping step (sometimes referred to as cooking, or delignification) to
lower the Kappa number while retéining the strength parameters of the
pulp. A pulp having a higher Kappa number will make ECF or TCF
bleaching difficult, requiring oxygen delignification and/or ozone, and/or
far more peroxide. Alternatively, a pulp having a higher Kappa number
. can be bleached by chlorine. Therefore, a one-step pulping process
cap'able of providing pulp having a sufficiently low Kappa number and

sufficiently high strength parameters will be appreciated in the art.

[0005] Generally, existing pulping processes do not provide wood
puips having a sufficient reduction in Kappa without the use of multiple
delignification processes and/or unacceptable destruction or weakening
of the cellulose in the pulp. Thus there is a néed for an improved pulping
process that can achieve a pulp with desired characteristics and at the

same time eliminate many of the steps necessary in the current art.

[0006] In addition, agricultural renewable fiber (ARF) is an

environmentally-friendly alternative to the use of wood as a fiber source.

ARF represents an economically-promising source of nonwood fibers.
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But, given the fragile nature of agricultural residues and the quality
requirements of the printing and writing grade paper markets, a puiping

process may also meet the following criteria:

(1) The final pulp should have a brightness in the 60-90% ISO range

for paper grades made in an integrated pulp and paper mill, and 85-

90% or higher ISO for high-end and market pulp grades;

(2) The pulp should have adequate strength properties (e.g.,
sufficiently high tensile, sufficiently high tear index, and/or sufficiently

- high burst index), i.e. the fibers should be subjected to minimum

damage;

(3) The drainage rate (freeness) of the pulp should be sufficiently high

so that the pulp can be formed and dewatered on a typical paper

machine; and

(4) The process should be able to remove the high content of pith,
parenchymal cells, fines, and other non-fiorous materials often found

in nonwoods; these materials make the pulp "dirty" and also cause

slow drainage.

[0007]  Thus, a substantial challenge in reducing nonwood raw
materials into fibers for papermaking is to find a 'pulping method which
addresses one or more of the criteria set forth-above. The key is to

perform this reduction without damaging the fiber (thereby reducing
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strength) or without losing too much fiber that will be suitable for

papermaking or other industrial usage (termed a "yield loss”).

SUMMARY OF THE INVENTION

[0008] One aspect of the disclosure relaies 10 a method for pulping a
fiber comprising:.
providing a first mixture comprising the reaction products of:

a fiber from a fiber source,

walter,

delignification selectivity enhancing chemical such as
anthraquinone or a derivative thereof, concentration being about 0.1% by
weight or greater of the dry fiber, and

an alkal,

wherein the first mixture has a liquid to dry fiber ratio (LAV)
from about 4 to about 10, and an initial Kappa number of about 60 or
greater; and
reacting the mixture for a cooking time and at a cooking condition
sufficient to form a second mixture having 'a Kappa number of about 15
or less, atensile of at least about 5.50 km, and/or a burst index of at least

about 3.00 kPa.m*/g.
[0009] Another aspect of the disclosure relates to a pulp composifion

made from the pulping method.
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DESCRIPTION OF THE DRAWINGS

[0010]  Figure 1: Effect of anthraquinone (AQ) concentration applied
in the cooking process on the Kappa numbers of the obtained pulps for

high H-factor and low H-factor processes.

[0011] Figure 2: Flowchart of a pulping process according to an

embodiment of the present disclosure.

DETAILED DESCRIPTION

[0012] One aspect of the disclosure relates to a method for pulping a
fiber compris.ing cooking a first mixture comprising the fibers, water, an
alkali, and a delignification selectivity enhancing chemical for a cooking
time and at a cooking condition sufficient to form a first pulp having a
desired Kappa number of about 15 or less, and strength parameters that
are sufficient for papermaking, where the starting material prior to
cooking has a Kappa number of 60 or greater. E'xamples of the strength
paraméters’ of a pulp that are sufficient for papermaking include, without
imitation, a tensile of at least abbut 5.50 km, and/or a tear index of at
least about 6.00 mN.m*/g, and/or a burst index of at least about 3.00

kPa.m“/g.

[0013] The cooking step can comprise a single cooking step to

‘achieve the desired pulp.

{0014] In one embodiment, the fibers of the first mixture are ARF.

ARF includes fibers obtained from agricultural productions. Examples of

D
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ARF include, without limitation, bagasse, wheat straw, rice straw, corn
stover (stalks, leaves and husks), soy residuals, coconut tissues, cotton
staiks, palm baskets, kenaf, industrial hemp, seed flax straw, textile flax

straw, sisal, hesperaloe, rye grass, and mixtures thereof.

[0015] [n another embodiment, the fibers of the first mixture comprise

wood fibers. Wood fibers comprise fibers obtained from wood, e.g., soft

woods and hard woods.

[0016] The concentration of the alkali in the first mixture may be from
about 10% to 30% by weight, about 15% by weight to about 25% by
weight, about 20% by weight to about 22% by weight, about 20% by
weight to about 22.5%-by weight, about 20% by weight, about 21% by
weight, about 22% by weight, about 22.5% by Weight, about 24%, or
about 27% by weight of the fiber feed (oven dried). An example of the
alkali is, without limitation, sodium, or potassium hydroxide, which may
also contain sulfur chemistries. As used herein, "OD"” and "O.D." are

oven-driéd. Other examples of suitable alkali additive include ammonia

and ethanolamine or derivatives thereof.

[0017] Examples of a delignification selectivity enhancing chemical
include, without limitation, anthraquinone (AQ) or derivatives thereot.

The concentration of AQ 6r a derivative thereof in the first mixture may be
about 0.2% to about 1.0% by weight, at least about 0.1% by weight, at
least about 0.17% by weight, at least about 0.2% by weight, at least

about 0.25% by weight, at least about 0.27% by weight, at least about
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0.3% by weight; at least about 0.35% by weight, at least about 0.4% by
weight, at least about 0.45% by weight, at least about 0.5% by weight, at
least about 0.55% by weight, at least about 0.6% by weight, at least
about 0.65% by Weight, at least about 0.7% by weight, at least about

0.75% by weight, at [east about 0.8% by ’weight, or at least about 0.85%

by weight of the OD fiber feed.

[0018] The liquid to dry fiber ratio (LAV) of the first mixture is the total
iguid amount compared to completely dry fiber, e.g., the weight of hquor
applied to a unit weight of oven dried digester feed. It includes all liquids

involved in cooking, and can be from about 4, 5, 6, 7, 8, or 9 to about 10,

about7,orab0Ut8 

[0019] .The term "consistency," as used herein in referring to "reaction
consistency," “mixture consistency” and to "pulp consistency," denotes
percent (%) solids of the reaction mixture, the mixture, or the pulp slurry,
e.g., the weight% of a fiber (usually pulp rather than raw fiber) in a

pulp/water slurry.

[0020] The cooking conditions may be at a cooking temperature and
a cooking pressure. The cooking temperature may be from about 120 °C
to about 200 °C, about 150 °C to about 190 °C, or about 165 °C to about
185 °C, about 175 °C, lower than about 175 °C, no higher than 175 °C,
about 165 °C, lower than about 165 °C, or no higher than 165 °C. The
cooking pressure may be from about 60 psi/g to about 150 psi/g, 120

psi/g to about 150 psi/g, or about 130 psig to about 140 psig.
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[0021] The cooking time sufficient to form the first pulp at a cooking
condition depends on the condition, and may be from ébout 15 minutes

to about 180 minutes, from about 15 minutes to about 120 minutes, from
about 15 minutes to about 90 mi'nutes, from about 30 to about 90 minutes,
from about 30 to about 60 minutes, about 53 minutes, about 50 minutes,
about 40 minutes, about 35 minutes, or about 34 minutes at the

maximum cooking temperature.

[0022] In certain embodiments, the first mixture i1s heated from a

lower temperature to a desired temperature during a first cooking time,
and is maintained at the desired temperature for a second cooking time.

For example, a desired temperature may be about 90 °C to about 200 °C,

about 120 °C to about 200 °C, about 150 °C to about 190 °C, or about
165 °C to about 185 °C, about 185 °C, about 175 °C, or about 165 °C.
The lower temperature may be about room temperature, about 90' °C,
about 120 °C, about 150 °C, or about 165 °C. The first cooking time may
be about 1 minute to about 120 minutes, about 1 minute to about 90

minutes, about 1 minute to about 60 minutes, about 5 minute to about

120 minuies, about 5 minute to about 90 minutes, about 5 minute to
about 60 minutes, or about 60 minutes. The second cooking time may
be about 15 minutes to about 180 minutes, about 15 minutes to about
120 minutes, about 15 minutes to about 90 minutes, from about 30 to
about 90 minutes, from about 30 to about 60 minutes, about 53 minutes,
about 50 minutes, about 40 minutes, about 35 minUtes, or about 34

minutes. |In certain embodiments, the cooking condition is at a cooking

8
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nressure of about 130 psi/g to about 140 psi/g and the desired

temperature is about 175 °C. The lower temperature is about 80 °C, the

first cooking time is 60 minutes, and the second cooking time Is about 40

minutes.

[0023] In certain embodiments, the cooking temperature is from
about 120 °C to about 200 °C, and the cooking time Is from about 15, 20,
or 30 to about 45, 50, 60, 70, 80, or 90 minutes. [n certain embodiments,
the cooking temperature is from about 150 °C to about 190 °C, and the
cooking time is from about 30 to 60 minutes. In certain embodiments, the
cooking temperature is from about 165 °C to about 185 °C, and the

cooking time is from about 35 to about 45 minutes.

[0024] In certain embodiments, the temperature of the first mixture is
dropped in to a digester simulation at the desired temperature. For
example, a second mixture having every ingredient of the first mixture
except ARFs may be prepared at the desired- temperature, then ARFs
are added into the second mixture to form the ffrst mixture. The cooking
time at the desired temperétu re may be about 15 minutes to about 180
minutes, about 15 minutes to about 120 minutes, about 15 minutes to'
about 90 minutes, from about 30 to about 80 minutes, from about 30 to

about 60 minutes, about 53 minutes, about 50 minutes, about 40 minutes,

about 35 minutes, or about 34 minutes.

[0025] Many methods of measuring the degree of delignification have

been developed in the art, but most are variations of the permanganate



CA 02846640 2014-02-25
WO 2013/033386 PCT/US2012/053124

test. The normal permanganate test provides a permanganate or "Kappa
number,” which is thé number of cubic centimeters of tenth normal (0.1N)
potassium permanganate solution consumed by one gram of oven dried
pulp under specified conditions. For example, it may be determined by
TAPPI Standard Test T-236. The acceptable Kappa number range will
vary depending upon thé intended use of the pulp (e.qg., the Kappa
number requirements for brown paperboard may vary from about 50 to

about 90, while the requirements for white paper stock may'be less than

5).

[0026] In the prior art, a pulp made from a first cooking step usually
has a higher Kappa number or has damaged or destroyed the desired
properties of the cellulose. For example, pulp made from bagasse known
in the art generally has a Kappa number of about 20 or higher. Such
pulp must be further delignified to reduce the Kappa number (e.g.,
oxygen delignification and/or ozone treatment), and/or b_Ieached by
chlorine. Such delignification and/or chlorine treatment are likely td

damage the strength and other parameters of the obtained pulp ana

Increase process costs.

[0027] The Kappa number of the first pulp is about 5 or lower, about
7 or lower, about 10 or lower, or about 15 or lower. The first pulp having

a Kappa number of 5 or lower can be bleached by TCF or ECF to obtain

pulp that is suitable for making paper with desired brightness (e.g., ISO

brightness of 50% or less, about 60% or higher, about 70% or higher,

10
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about 80% or higher, about 84% or higher, about 88% or higher, about

80 to about 90%, or about 90% or higher).

[0028] In certain embodiments, the Kappa number of the first pulp

decreases as the amount of AQ applied to the cooking process Increases

(Figure 1).

[0029] H-factor indicates relative speed of lignin dissolution. It
depends on cooking time and temperature. H-factor's dependency on
temperature Is very strong due to delignification temperature dependency.
Even a difference of couple of degrees in cooking temperature can make
' a significant difference in pulp quality. H-factor has been defined so that 1
hour in 100 °C is equivalent with H-factor 1. Generally a nigher H-factor

in the cooking process is more likely to provide a lower Kappa number of

the first pulp.

[0030] H-factor can be calculated by

whereintistimeand T Is

temperature (Kelvin degree).

[0031] In certain embodiments, the pulping process is performed at a
H-factor of about 20 or higher, about 50 or higher, about 100 or higher,
about 200 or higher, about 300 or higher, about 400 or higher, about

1000 or higher, about 200, about 300, about 400, about 1000, about

11
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- 1100 or higher, about 1400 or higher, about 1700 or higher,' about 2000

or higher, about 2500 or higher, about 3000 or hig_her, about 2000 fo

about 3000.

[0032] There are a number of methods of measuring pulp brightness.
This parameter is usually a measure of reflectivity and its value Is
typically expressed as a percent of some scale. The International
Standards Organization (1ISO) brightness test is used herein. In certain
embodiments, the pulp composiﬁons produced by the process of the
disclosure have an ISO brightness of less than 50%. In certain
embodiments, the final pulp compositions produced by the process of the
disc!osdre should have an ISO brightness of about 60% or higher, about
70% or higher, about 80% or higher, about 84% or higher, about 88% or
higher, about 80 to about 90%, or about 90% or higher (suitable for use

_in the manufacture of printing and writing grade paper).

[0033] The term "freeness,” as used herein refers to "pulp freeness,”
.refers to the drainage rate of pulp, or how "freely" the pulp will give up its
water. 'Freeness is important in papermaking In that, if the freeness Is too
low, it is not possible to remove enough water on the paper machine to
achieve good sheet structure and strength. Often, mechanical pulps
have low freeness due to harsh action imparted to the raw material,
which produces fines and particles which plug up the draining paper mat.

Many chemical pulping processes using whole-stalk (both bast and core)

12
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non-wood fiber source materials have problems with poor freeness, due

to the characteristics of the core fraction.

[0034] Some embodiments do not suffer from the freeness problems
of prior art processes. Indeed, some processes of the disclosure
produces pulp compositions having high freeness. Particularly, for the
instant process, pulp freeness Is at least about 400, 4295, 450, 475, 500,
525, or 550 mL CSF, or at least about 500 mL CSF. Accordingly, as

used herein, the term "high freeness" is meant to refer to freeness of at

least about 400 mL CSF and above.

[0035] Tensile, tear index, and burst index are examples of strength
parameters of a pulp to be used to make articles e.g., paper or paper
products. Generally higher strength parameters of a pulp are desired {o
provide higher strength for the articles made therefrom. A pulp obtained
from wood fibers usually shows better strength parameters compared to
a pulp obtained from non-wood fibers (e.9., ARFs such as bagasse).
However, some of the strength parameters (e.g., tensile) of the first pulp
are unexpectedly similar to or better than those of fhe pulp made from

wood (see, e.q., Example 9, Table 2).

[0036] In another embodiment, the cooking condition Is a pressurized
cooking condition. The pulping method further comprises Qooling the first
pulp to lower than its boiling point before the first pulp is released from
the pressurized cooking condition. Cellulose fibers in an alkaline matrix

released to atmospheric pressure while still above the boiling point of

13
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weak black qudor will suffer damage. The damage may be severe. To
avoid such damage, the first pulp may be cooled to within the
temperature range of about 70 to about 95 °C'}before being released from
the pressurized cooking cdndition. In certain embodiments, the blowline
is cooled to lower than its boiling point before the first pulp Is released
from the pressurized cooking condition. In certain embodiments, the first
pulp is diiuted with cooled wash water to lower its temperature to lower

than its boiling point before the first pulp is released from the pressurized

- ¢cooking condition.

[0037] In another embodiment, the pulping method further comprises
a cleaning step. In the cleaning step, unwanted materials (e.g.,
unwanted mineral material, unwanted cellulosic material, and burned or
partially burned fibers) are removed from the fibers before addition of the
fiber.s into the first mixture, from the first mixture, or from a pulp obtained
after one or more steps of the pulping process (e.g., the first pulp, a
bleached pulp, and/or a pulp obtained from each stage of bleaching (e.g.,

chelation, oxygen enriched alkaline peroxide bleaching)).

[0038] Examples of the unwanted mineral material include, without
limitation, rocks, sand, rust, soll, tramp mefal, trash, and very fine (silicate)
particles. These particles may wear out equipment, reduce brightness,
affect freeness, and contribute to high ash content. The unwanted
mineral material may be removed from the fibers before added into the

first mixture, from the first mixture and/or from the pulp.

14
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10039] Exampies of the unwanted cellulosic material incl ude, without
limitation, pith (parenchyma cells, and other nonfibrous cells}). The
unwanted cellulosic materials have little structural paper-making value,
but they may use up chemicals and plug the sheet. The unwanted
cellulosic materials may be difficult to remove from the pulp. Therefore,

removal of the unwanted cellulosic materials as much as is practical from

the fibers and/or from the first mixture Is desired.

[0040] Examples of the burned or partially burned bagasse particles
include, without limitation, carbon and char. Carbon, char, and partially
burned bagasse particles may reduce finished pulp brightness If they are
microscopic in size. |f these particles are large, they will show up as dirt.
Removal of these particles from the fibers before added into the first

mixture, from the first mixture and/or from the pulp is desired.

[0041] The cleaning steps for raw fibers may comprise a single or
multiple cleaning stages. For example, in a first cleaning stage gentle

agitation is applied to the raw fibers to provide shear and release some of

the pith attached to the fibers.

[0042] In a second cleaning stage, rocks and coarse sands are

removed from the raw fibers by centrifugal cleaner.

[0043] In a third cleaning stage, the raw fibers are mixed at a first
cleaning consistency in water for a first cleaning time to form a first

cleaning mixture, then filtered with a first cieaning screen. A gentle

15



CA 02846640 2014-02-25
WO 2013/033386 PCT/US2012/053124

agitation i1s optionally applied _to the mixing step. The first cleaning
consistency may be low to moderate, for example, from about 0.5% to
“about 10%, about 1%, or about 2% by weight. The water can be at a
temperature of about 20 °C to about 100 °C, abqut 80 °C to a.bout 100 °C,
or about 60 °C. The first cleaning time can be from 1 minufe to about 1
hour, or about 10 minutes. Optionally, a small quantity of detergent may
bé used to accelerate wetting. The first cleaning screen 'may be a coarse
screen (about 0.5 cm or larger). The first cleaning mixture may be
poured through the screen. The fibers which are retained on top of the
screen are removed often to prevent forming a thick layer (about 1 cm or

less in thickness). Much higher consistencies and much thicker layers

prevent separation.

[0044]  The fiber purification steps for the first pulp involve the
separation of the spent chemicals and dissolved non-pulp materials in a
orocess known as washing. Washing is also used to denote using a
surfactant then rinsing with water removing small unwénted particles both
visible to the naked eye and thosé particles that are microscopic in size.
Cleanoing involves the separation of the desired fibers from the undesired
fibers and other material such as éand, char or material that was not
processed completely in the pulping step with systems known as screens
and cleaners. Examples of process equipment of the first type would be
rotary drum vacuum washers, wash presses and diffusion washing units.
' Examples of process equipmént of the second typ.ewould be pressure

pulp screens and centrifugal cleaners.
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[0045]  Additionally, for example, unwanted cellulosic and/or mineral
materials may be removed from the pulp by actively rinsing the pulp with
clean water. The pulp may be optionally diluted td form a lower
consistency (e.g., about 1.0%) before the rinsing. The rinsing step may
be carried out in a box with a screen mesh floor, wherein the pulp mat

which forms on the mesh is not allowed to accumulate. As soon as a

layer of washed pulp begins to form on the mash, it is removed and

saved.

[0046] A diffusion washer is a multi stage diffusion unit operating at
the cooking conditions to improve the washing efficiency. In certain
embodiments, a diffusion unit has 5 or more stages of_ washing.
Optionally, a pressure diffuser is used after each step of washing to allow

energy reductions by never cooling the process.

[0047] To achieve good separation during cleaning, '_it is preferred io
maintain a thinner pulp mat formed on the screen. In certain
embodiments, the pulp mat has a thickness of less than 1 inch, or less

than 0.5 inch before it is removed from the screen. The size of the holes

on a screen may be about 1/8 inch, or about 3/8 inch.

[0048] Optionally, the screen may be vibrated during the separation.
'For example, without limitation, the vibration can be from about 0.1 to

about 2 inch, about 0.1 to about 1 inch, about 0.1 to about 0.5 inch, about

0.25 to about 0.5 Inch.
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[0049] In certain embodiments, prior to digesting the raw fibers, the
first mixture, or the- pulp is cleaned by dropping to a screen for separation
of unwanted materials. The raw fibers, the first mixture, or the pulp Is
dropped at an angle other than 80° to prevent plugging. The angle may
be about 45° or larger. ltis desired to have a consistent pouring speed to
feed the screen to keep the material distribution more level and

consistent across the screen surface.

[0050] in certain embodiments, unwanted materials are separated
from the raw fibers, the first mixture, or the pulp by a vertical hammermill
or by a trammel screen. This is the first processing step of preparing the

raw bagasse for shipment to the pulp mill and is called moist depithing.

[0051] In another embodiment, the pulping method further comprises
hleaching the first pulp to provide a bleached pulp. The bleaching step
may involve chlorine, chlorine dioxide (ECF technigues) or no chlorine
compounds (TCF techniques). A bleaching step comprises one or
multiple stages. Each stage may or may not ihclude a bleaching agent.
Each stage may be performed separately or be performed in combination
- with another stage at the same time. Optionally, a cleaning step Is
peﬁorhed after each stage (e.g., via wash press, diffusion washer, or a
diffuser washer). For example,inaC stage, chlorine is applied. In a PO,
Ep, P, P1or P2 stage, hydrogen peroxide is applied. In an E stage, an
extraction with sodium hydroxide is applied. In a D, D1, or D100 stage,

chloride dioxide is applied. In an Eop stage, sodium hydroxide is applied,
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and hydrogen peroxide and a small amount of oxygen gas is added. In
an O stage, oxygen gas is applied. In a Q stage, a chelating agent is
applied-to remove metals. In a PO stage, alkaline peroxide and oxygen

are applied at the same time to improve peroxide efficacy.

[0052] Optionally a wash is performed after each stage of reaction is

completed.

[0053] Chelation is a step to protect peroxide used as a bleaching
chemical in the next stage. Examples of chelating agent include, without
limitation, ethylenediaminetetraacetic acid (EDTA), diethylene triamine
pentaacetic acid (DTPA), and diethylenetriamine penta(methylehe
phosphonic acid (DTPMPA). In cértain embodiments, the pH of a pulp to
be treated is adjusted to 4.0 to remove calcium and other métals. The
pulp is treated with a chelating agent (e.g., EDTA, DTPA) and an acid
(e.g., H»SO,) at a chelation temperature of 80 °C or higher, and for a
chelation time of 10 minutes to 30 minutes or longer. When DTPMPA is
used no pH adjustment is .nec:essary. The target for all the chelants Is
primarily Mh, which causes catalytic loss of hydrogen peroxide. The
chemicals may be added via a high shear chemical mixer or any other
suitable equipment/method known in the art. In certain embodiments, the
‘pulp is adjusted to a consistency of about 5 to about 30%., about 10 to
about 30%, about 15 to about 20%, about 10%, about 15%, or about
20% before the chelation treatment. In certain embodiments, the pulp

obtained from the chelation stage is washed before proceeding to the
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next stage. A wash may be performed in a wash press which presses
then dilutes and represses the pulp for wash. The wash may be

performed by other methods or equipments known in the art.

[0054] In certain embodiments, e.g., where the first pulp has a Kappa
number of higher than about 5~15, a chlorine bleaching approach may
be first applied to the first pulp to re.duce- the Kappa value to lower than
about 5~15 (C stage), and then the less harmful hydrogen peroxide may
substitute for hypochlorite if desired. For example, a C/Eop/PQO or a
C/Ep/PO bleach sequence may be applied for the bleaching step

replacing prior art sequence C/E/H or C/EOQOP/H or C/EP/H.

[0055] In certain embodiments, the first pulp has a Kappa number of

about 5-15 or less, an ECF or TCF approach is applicable.

[0056] An ECF 'approach comprises one or more stages selected
from the group consisting of D, D100, D1, Ep, D, PO, and Eop. ECF
means that at least some chlorine dioxide is used. The "E" in ECF
stands for “Elemental” meaning that no chlorine gas per se is applied.
These replaced older sequences which were commonly C/E/H or its

variants.

[0067] A TCF appro'ach commaonily comprises one or more stages
selected from the group consisting of Q, P, PO, and O. The “T” in TCF

stands for Totally. TCF sequences might also include a variety of other
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chemistries such as ozone “Z,” peracetic acid, Caro’s acid, sodium

hydrosuifite, among others.

[0058] In certain embodiments, a TCF approach comprises a Q stage
followed by multiple atmospheric peroxides stages or by a single
atmospheric P stage followed by a PO stage. In the Q stage, chelation is
nerformed as described supra, with 0.5% chelating agent and 0.4%
H,SO, at 80 °C for 30 minutes, and no H2504 but applying the same
conditions if DTPMPA is used. In a PO stage, bleaching is accomplished
in a single extreme alkaline peroxide bi.eaching stage that is enriched
with oxygen to improve peroxide efficacy. Most or even all the brightness
gain may be accomplished in the P/PO stage. In certain embodiments,
the pulp {(e.g., about 5 to about 30%, about 10 to about 30%, about 15 to
about 20%, about 10%, about 15%, or about 20%) is mixed with steam,
caustic (NaOH, about 2.6% by weight of the dry pulp), oxygen (pressure
of 60psi/g), hydrogen peroxide (about 6.0% to about 9.0 percent, about
6.0% or 'about 7.0% by weight of the dry pulp), sodium silicate (about

-~ 4.0% by weight of the dry pulp), magsulfate (about 0.3% by weight of the
dry pulp) at a temperature of about 120 °C for about 120 minutes. This
stage may be performed in a high shear pulp/steam/chemical mixture, or
any other suitable equipment/method known in the art. The 15O

, brigﬁtness of the bleached pulp is about 60% or higher, about 70% or
higher, about 80% or higher, about 84% or higher, about 88% or higher,

about 80 to about 90%. or about 90% or higher. The yield may be about
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90% of feed fiber or higher, about 94% of feed fiber or higher, about 95%

- of feed fiber or higher.

[0059] In ceﬁain embodiments, a TCF approach has a sequence of
Q/P1/Q/P2 and Q/P1/PO and Q/P1/Q/PO, and Q/PO wherein the Q
stage and the P and PO stages are the same as described supra. In the
P and PO stages, the pulp obtained from a first Q stage (optionally -
washed, consistency being about 5 to about 30%, about 10 to about 30%,
about 15 td about 20%, about 10%, about 15%, or about 20%) is treafed
with caustic (NaOH, about 0.7% by weight of the dry pulp), hydrogen -r
peroxide (about 1.0% by weight of the dry pulp), sodium silicate (about

- 4.0% by weight of the dry pulp), magnesium sulfate (about 0.3% by
weight of the dry pulp) at a temperature of about 80 °C for about 30
minutes, and the final pH is about 10.6. The ISO brightness of the
bleached pulp is about 60% or higher. The obtained pulp Is then treated

with another Q stage and a P2/PQO stage as descriped supra.

[0060] In another embodiment, a pulping method is carried out as
shown in the .flow chart of Figure 2. In the' bagasse washing step, the
bagasse starting materials are washed with white water, 1.e. the process
water obtai-ned from a paper making system such as process water
obtained from different washes as shown in the figure, to provide washed
bagasse {(which is used for cooking In the‘digester step) and bagasse
wash water effluent (which is Iead to the drain), as described supra. After

digeétion, the resulted pulping mixture is sent for washes by different
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Wash methods as described supra. The obtained wash water effluent 1s
sent for further treatments. The washed bagasse is chelated as
described supra, washed as described supra, and then bleached In the
bleaching step. Although only one bleaching box is shown in the figure, a
single or multiple stage of bleaching may be incorporated, as described
supra. In certain embodiments, 'the washing bétween the steps may be

optional. After the pulp is bleached, it is washed, cleaned, and dried &

bailed.

[0061]  Another aspect of the disclosure relates to a pulp composition

made from the'pulping method described supra.

- [0062] In one embodiment, the pulp is produced from ARF. In cerfain

embodiments, the ARF can be bagasse or corn stover or cereal straws or

other vegetable matter.

[0063] In another embodiment, the fibers used in the pulping method

are wood fibers, e.g., pine wood fibers.

[0064] In another embodiment, the pulp is produced from bleaching a
first pulp having a Kappa number of about 5 or less with TCF or ECF. In

. certain embodiments, the bleached pulp has an ISO brightness of about
680% or higher, about 70% or higher, about 80% or higher, about 84% or
higher, abbut 88% or higher, about 80 to about 90%, or about 90% or
higher. The bleached pulp has sufficient strength for.papermaking. Fﬁr

example, the bleached pulp has a tensile of at least about 5.50 km,
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and/or a burst index of at least about 3.00 kPa.m?/g, and a freeness of

400 or higher.
[0065] EXAMPLES
[0066] Example 1. Cleaning of raw fibers

[0067] Bagasse was used as an example of raw fibers. Bagasse was
first hydrated for 10 minutes with hot clean water (temperature of water
was above room temperature, about 40 °C, or 60 °C), under moderate
agitation, at a consistency of 0.5% to 2.0%. Pith and sand were
séparated from the fibers in a Trammel Screen, which was a rotating
drum that lifted alnd dropped the material and accepted water ahd pith
through 1/8" inch holes up to 2" holes. The rejected material was
collected and removed from the screen to prevent accumulation, and
disposed, and was dried before added into the pulping process. The
washing yiéld was about 80% or higher, or about 85.9%, depending on

quality of the bégasse starting material.
[0068] Example 2. Soda AQ pulping of bagasse

[0069] OD bagasse {cleaned as described in Example 1, Kappa
number was 89) was treated with sodium hydroxide (20% by weight of
the ..OD bagasse) and AQ (0.3% by weight to the dry weight of OD
bagasse) at a liquid to dry fiber ratio of 7 (consistency of about 12.5%), at
maximum temberature of about 175 °C for 35 or 40 minutes. Time to the

maximum temperature was 60 minutes.
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[0070] The target H-factor was 1060, as low as 20, and as high as

3000, and the temperature of the pulping reaction was 120 °C to 185 °C.

The Kappa number of the obtained pulp was 4.5.
[0071] Example 3. Washing of pulp

- [0072] A pulp obtained from Example 2 was washed in a pressure

diffuser washer designed specifically to accomplish all washing with a

single unit without introducing undesired modifications to the pulp. The

temperature of the wash water was chosen to cool the pulp temperature
to about 100 °C, 95 °C, 90 °C, 85 °C, 80 °C or lower. The output went to

a bleaching step and was cooled to 100 °C or less to prevent flashing.

[0073] Example 4. Chelation stage of pulp (Q stage)

[0074] A pulp obtained from Example 3 was adjusted to a
consistency of 15% and pH 4 by H,SO4 (about 0.4% by weight of the dry
weight of pulp), then treated with DTPA (0.5% by weight of the dry weight

of pulp) at 80 °C for 10 minutes. The puip obtéined was washed in a

wash press before proceeding to the next stage.
[0075] Example 5. Alkaline peroxide bleaching of pulp (P2/P0 stage)

[0076] The washed pulp obtained from Example 4 was adjusted to a
consistency of 15% and proceeding to the P2/PQO stage. The puip (15%

consistency) was mixed with steam, caustic (NaOH, 2.6% by weight of
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the dry pulp), oxygen (pressure of 60 psig), hydrogen peroxide (7.0% by
weight of the dry pulp), sodium silicate (about 4.0% by weight of thé dry
pulp), magnésium sulfate (about 0.3% by weight of the dry pulp) at a
temperature of about 120 °C for about 120 minutes in a high shear
pulp/steam/chemical mixture. The ISO brightness of the bleached pulp

was 86% or higher, and was up to 89.2. The vield was about 94% of

feed fiber or higher. The terminal pH was 10.2.
[0077] Example 6. Cleaning and drying of bleached pulp

(0078] The bleached pulp obtained from Example 5 was diluted to
<2% consistency, and processed through centrifical cleaners to remove
sand, soil particles and other dirt and unwanted materials. These

cleaners had a 20 psig differential at the cleaner. A 1% yield loss

occurred at this stage.

[0078]  After the bleached pulp was cleaned, it was formed into a

sheet and pressed to 50% dry solid before drying in an air impingement

dryer. The minimum dryness was 92%. The sheets were cut to desired
size and stacked into bales of desired dimensions and weight. These

bales were wrapped and tied and stored for shipment.
[0080] Example 7. ECF bleaching of a pulp obtained from Example 3

[0081] An ECF bleaching having a sequence of D100/E/D was

performed on a pulp having Kappa number of 5 or lower.
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[0082] D100 stage (low pH, about 2.4, ECF stage to delignify pulp): A
pulp having consistency of 10% was treated at 50 °C for 60 minutes at a

Kappa factor of 0.25. The final pH was 2.5, and residual chlorine was

small to non-detectable.

[0083] Ep stage. The pulp obtained from the D100 stage was treated
with hydrogen peroxide (0.50% to 0.8% by weight of the weight of the dry
pulp) at 80 °C for 60 minutes. The final pH was 10.5-11.0, and the final

ISO brightness of the obtained pulp was about 80-82%. The viscosity of

the bleached pulp was high.

[0084] D stage: The pulp obtained from Ep stage was treated with

chlorine dioxide (1.2% by weight of the weight of the dry pulp) at 80 °C
for 150 minutes. . The final pH was 3.5-4.0, the residual chloride dioxide

was 0.05%, and the final ISO brightness of the bleached pulp was about

89%. The viscosity of the bleached pulp was high.
[0085] Example 8. TCF bleaching of a pulp obtained from Example 3

[0086] A TCF bleaching having a sequence of Q/P/PO having the
foliowing reaction condition was performed on a pulp having Kappa

number of 5 or lower.

[0087] Q stage: A pulp having a consistency of 10% was treated with
DTPMPA (0.5-0.7% by weight of the weight of the dry pulp) at 80 °C for

30 minutes. The fina-l pH was 7.
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[0088] . P stage: The pulp obtained from the Q stage was treated with
hydrogen peroxide (2.0% by weight of the weight of the dry pulp), sodium
hydroxide (1.0-1.1% by weight of the.weight of the dry pulp), DTPMPA
(0.25% by weight of the weight of the dry pulp), MgSO, (0.60% by weight
of the weight of the dry pulp), NaSiOs (0.50% by weight of the weight of

' the dry pulp) at 85 °C for 60 minutes. The final pH was 10.5-11.0, and
the final ISO brightness of the obtained pulp was about 80%. The

residual was about 0.05%. The viscosity of the bleached pulp was high.

[0089] PO stage: The pulp obtained from the P stage can be treated
with hydrogen peroxide (5% by weight of the weight of the dry puip),
DTPMPA (0.25% by weight of the weight of the dry pulp), MgS0, (0.60%

by weight of the weight of the dry pulp), NaSiOQ(O.SO% by weight of the

weight of the dry pulp) at 120 °C for 120 minutes. A final ISO brightness

of the bleached pulp can be 88.00%. A viscosity of the bleached pulp

can be high.

[0090] Example 9. Benchmark strength of a pulp product made from

bagasse

[0091] ) Cleahing of the bagasse starting materials.

[0092] Bagasse # 11 was cleaned by the same procedure as

described in Example 1 except that a 3/8” sieve was used instead of the

1/8" sleve.

[0093] II) Cooking
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[0094]  The cleaned bagasse was treated with sodium hydroxide
(22% by weight of the OD bagasse) and AQ (0.2% by weight to the dry
weight of OD bagasse) at a liquid to dry fiber ratio of 8.0 (consistency of
about 12%), at a maximum temperatufe of apout 165 °C for 35 minutes.

Time to the maximum temperature from 90 °C was 60 minutes.

[0098]  The target H-factor was 452. The Kappa number of the
screened and quick dried pulp was 5.0, the cooking yield was 56.8%, the
yield of the screened pulp was 55.8%, total rejects was 1.0% (+ 0.0107),

and the viscosity of the pulp was 44.0 mPa.s.

[0096] The pulp obtained was box-washed pulp by first diluting the
pulp to a cbnsistency of 1.0%, and then rinsing the puip in a box with a
screen mesh floor, wherein the pulp mat which forms on the mesh was
not allowed to accumulate of more than 1 inch. As soon as a layer of
washed pulp began to form on the mash, it was removed and saved for

the next step of process.
[0097] lll} Bleaching

[0098] The washed pulp was bleached by an ECF sequence of
D100/Ep/D1 to provide pulp A4420-1-D1 box washed. A duplicate
washed pulp sample was bleached by a TCF sequence of Q/P1/PO to

nrovide pulp A4420-2-PO box washed.

[00929] The ECF sequence of D100/Ep/D1 was carried out using the

following conditions:
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[00100] D100 stage: A pulp having consistency of 10% was treated
with CIO, (1.15% as Cly) at 50 °C for 60 minutes using a Kappa factor of

0.25. The final pH was 2.0, and the residual chlorine was 0.02 g/L (as

avall Cl,).

[00101] Ep stage: The pulp obtained fro the D1OO stage was treated
With hydrogen peroxide (0.5% by weight of the weight of the dry pulp),
NaOH (0.7% by weight of the weight of the dry pulp), and MgSO4 (0.1%
by weight of the weight of the dry pulp), at 80 °C for 60 minutes. The
final pH was 11.2, and the final ISQ brightness of the obtained pulp was

about 75.6%. The viscosity of the bleached pulp was very 21.4 mPa.s

[00102] D stage: The pulp obtained from Ep stage was treated with
chlorine dioxide (1.5 to 1.7% by weight of the weight of the dry pulp) and
NaOH (0.70% by weight of the weight of the dry pulp), at 80 °C for 150
mlnutes The final pH was 4, the residual chloride dioxide was 0.09%,

and the final ISO brightness of the bleached pulp was about 88.4%.

[00103] The TCF sequence of Q/PO was carried out using the

following conditions.

[00104] AQ stage: A pulp having a consistency of 10% was treated with
DTPMPA (0.5% by weight of the weight of the dry pulp) at 80 °C for 30

minutes. The ﬂnal pH was 6.6.

100105] P1 stage. The pulp obtained from the Q stage was treated

with hydrogen peroxide (2.0% by weight of the dry pulp), sodium
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hydroxide {1.1% by weight of the dry pulp), DTPMPA (0.5% by weight of
the dry pulp), Magsulfate (0.6% by weight of the dry pulp), Sodium
Silicate (1.0% by weight of fhe dry pulp) at 85C for sixty minutes. The
final pH was 11.2 and the ISO brightness of the pulp was about 67.7%.

The residual peroxide was 1.25%.

[00108] PO stage: The pulp obtained from the P1 stage was treatea
with hydrogen peroxide (6.0% by weight of the weight of the dry pulp),
sodium hydroxide (2.8% by weight of the. weight of the dry pulp),
DTPMPA (0.5% by weight of the weight of the dry pulp), MgS0O4 (0.60%
by weight of the weight of the dry pulp), NaSiO; (3.0% by weight of the

. weight of the dry pulp) at 120 °C for 120 minutes. The final pH was 11.2,
and the final ESQ brightness of the obtained pulp was about 86%. The

residual hydrogen peroxide was about 0.39%.

[00107] Table 1 shows the Kappa number and ISO brightness of pulp

Ad4420-1-D1 box washed (pulp 9-1) and pulp A4420-2-Po box washed

(pulp 9-2).

Table 1. Kappa number and ISO brightness of pulp 9-1 and pulp 9-2.

Analysis - Unit | Pulp9-1| Pulp9-2
Kappa Number of the pulp before bleaching | 457 4 57
ISO brightness | % 89 86.5
Overall yield - | % | >50 >50
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[00108] Table 2 shows.benchmark str'ength of pulp A4420—1-D1 box
washed (pulp 9-1) and ptjlp A4420-2-Po box washed (pulp 9-1)
compared with bagasse pulp obtained from a Thailand mili (pulp 9-3),
and standard pulps from bagasse (pulp 9-4, bleached bagasse pulp, pulp
atlas pulp #60) at 0 revolution in a TAPPI standard PF! analysis, and
standard pulps from wood (pulp 9-5, eucalyptus bleached Kraft cenrtl.
coastl. Brazil pulp, pulp atlas pulp #35) at revolutions of 0, 1000, and

2000 in a TAPPI standard PFI analysis,.

Table 2. Benchmark strength of pulps obtained from the
embodiment, pulp from bagasse from another mill, standard pulp

from bagasse, and standard pulp from wood

Analysis Unit Pulp |[Pulp [Pulp |[Pulp |[Pulp
i 9-1 9-2 9-3 9-4 9-5 i

24 grams, 0.2 mm gap | Feed/mill gap | -

PFI, TAPP!I 'Revolutions | 0 0 0 0 0 1000 | 2000
C.S. Freeness | mL 538 | 571 | 488 | 484 500 [399 | 362
Basis weight, g/mz 67.30 |67.50 |66.16 [66.79 |67.00 |66.19|66.97
conditioned - | o

Bulk celg 131 [132 [148 |1.51 174 | 153 | 150
Burst factor ' 39 35 16

Burst index kPa.m®/g 385 |340 [157 [213 |088 [240 |3.09
Tear factor 66 62 |63 .

Tear index [ mN.m“/g 649 [609 [6.17 |[6.15 440 1939 [9.84
" Tensile strength ' kN/m 437 (410 [ |
. Tensile " km 661 [620 |[326 [4.018 |2.161 | 4.568 | 5699
“Tensile index - N.m/g 649 [608 320 |394 212 448 |56
Stretch % 271 |25 |187 [222 [103 [2863 |312
Tensile Energy Jim? 840 [742 [281 [41.9 9.3 547 |808
Absorpfion - -

Porosity, Gurley - sec/100ml 32 27 12

Fold, MIT ' count 182 | 97 | ,

 Zero Span, km 1110 [108 [818 |8.94 13.87 | 15.13 | 15.55
- Pulmac (dry) ' ]
Optical Properties _

Opacity % 1667 [66.7 73.14 | 78.16

Fiber Quality Analyzer: _ B

Population | fibersirmg | 17,731 | 17,267 | 16,263 | 10,702* | 21,943

AFL, arithmetic mm o051 [o051 [042 ]0522 !0.580

LWAFL mm 1104 [105 |087 [114 076

WWAFL | mmr 177 181 [153 [190 094
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Coarseness - mg/m 0111 [0.113 [0.146 |0.179 | 0.079
Curl, ' ' 0.099 |0.109 |0.078 | 0076 |0.102
length weighted _ -

Kink index 1/mm 1.15 | 1.25 096 | 1.03 1.68
Percent fines Yo 32.16 | 30.83 | 4239 | 37.01 17.77
< (0.2 mm,

arithmetic _ ;
Percent fines % 1878 [ 840 [1262 |9.43 3.59
< (0.2 mm,

length weighted T R D S A E S
Bauer McNett Fiber Classification . L

retained on % 186 1 19.0 11.0

+ 28 mesh )

retained on % 37.3 36.5 41.2

+ 65 mesh o

retained on % 19.9 19.8 | 16.5

+ 100 mesh o

retained on % 103 [ 10.3 12.9

+ 200 mesh .

total retained Yo 86.1 85.6 81.6

fines through Y% 13.9 14.4 18.4

-200 mesh

*most likely an anomaly.

[00109] A standard PFI mill method (TAPPI Test Method T-248) was

~ used to evaluate pulp quality for papermaking. A pulp was “beaten” or
‘refined” in a laboratory setting for certain revolutions to reflect further
processing of the pulp in a mill. A zero revolution number meant no
further process was done to the pulp. The data of a standard wood pulp
(pulp 9-5) showed that further processing of the pulp lowers the freeness,
but improves strength parameters such as burst, tear and tensile
parameters. The bagasse pulps obtained from this embodiment (pulps 9-
1 and pulp 9-2) with no revolutions had higher freeness, tensile and burst
parameters than those of the standard hardwb.od pulp (pulp 9-5) with or
without revolutions. The bagasse pulps obtained from this embodiment
(pulps 9-1 and pulp 9-2) with no revolutions had higher tear and stretch

parameters than those of the standard wood pulp (pulp 9-5) without
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revolutions. This showed that the bagasse pulps obtained from this
embodiment had very good papermaking quality without further

processing necessary for wood pulps.

[00110] Characters of the bagasse pulps obtain'ed from this

embodiment (pulps 9-1 and pulp 9-2) were also comparead with those of

known bagasse pulps (pulp 9-3 obtained from a Thailand mill and pulp 9-
4, a standard bagasse pulp from the Pulp Atlas) at different revolutions

(Table 3). Table 3. Selected parameters of bagasse pulps obtained

from Soda AQ pulping process

C.95.

Analysis | PFl, TAPPI Burst | Tear | Tensile | Tensile | Stret
Freeness | Index Index Index
Unit Re#olutions mL kPa.m?’lg | mN.m%g [km [ N.m/g _ %
Pulp 9-1 | 0 538 3 85 5.49 5.6 64.9 2.71
200 389 4.49 6.21 (7.55 720 1276
300 1230 4.77 5.89 814 |798 [2.96
“Pulp 9-2 | 0 571 | 3.40 500 |620 |608 |256
200 436 416|578 |686 |673 |2.74
800 | 294 4.49 5.37 765 |753 |2.84
Pulp 9-3 | O 488 1.57 6.17 | 326 |320 |1.87
' 250 362 2.37 636 | 4.38 420 2.71
1000 244 2.90 6.33 500 |49.0 |[2.99
' Pulp 9-4 | O 484 1 2.13 615  |[4.018 [394 |222
250 344 305 584 | 4819 473 208
750 1258 | 3.44 5.84 5416 |53.1 |3.1
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[00111] Table 3 shows selected parameters of bagasse pulps

produced from different sources with different resolutions.

[00112] The freenesses of the pulps obtained from the embodiment
(pulp 9-1 and pulp 9-2) were about 10% to about 18% higher than those |
of the bagasse pulps obtained from other sources (pulp 9-3 and pulp 9-4)

when revolutions were 0.

[00113] The burst indexes of pulp 9-1 and pulp 9-2 were about 60% to
150% higher than those of oulp 9-3 and pulp 9-4 when revolutions were Q0.
Although the burst indexes of pulp 9-3 and pulp 9-4 increased at higher
revolutions, the borst index of pulp 9-3 at 1000 rovolutions and the burst

index of pulp 9-4 at 750 revolutions were still lower than that of pulp 9-1

or pulp 9-2 at zero revolutions.

[00114] The tensile parameters of pulp 9-1 and pulp 9-2 were about
54% toabout 100% higher than those of pulp 9-3 and pulp 9-4 when
revolutions were 0. Although the tensile parameters of pulp 9-3 and pulp
9-4 increased at higher revolutions, the tensile parameters of pulp 9-3 at
.1000 revolutions and the tensile parameters of p'ulp 9-4 at 750

revolutions were still lower than those of pulp 9-1 or pulp 9-2 at zero

revolution.

[00115] The tear and stretch parameters of pulp 9-1 and pulp 9-2 were

also higher than those of the pulp 9-3 and pulp 9-4.
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[00116] The pulp obtained from the embodiment had significantly

higher burst index than that of the reference bagasse pulps, about 60%

to about 150% higher.

[00117] The improved strength parameters of pulp 9-1 and pulp 9-2
compared to the reference bagasse pulps were significant and
unexpected, and were also found in other pulp produced by the pulping

method disclosed in this disclosure from bagasse or other fiber sources

(e.g., corn stover, Example 11 disclosed below).

[00118] Example 10. Effect of cleaning in the pulp process on

benchmark strength of the final pulp products obtained from soda AQ

Process
[00119] ) Cleaning of bagasse

[00120] Bagasse # 6 was cleaned according to the procedure as

described in Example 1.
[00121] |I) Cooking

[00122] The cleaned bagasse was treated with sodium hydroxide
(20% by weight of the OD bagasse) and AQ (0.3% by weight to the dry
weight of OD bagasse) at a liquid to dry fiber ratio of 7.0 (consistency of

about 12.5%), at a maximum temperature of about 175 °C for 34 minutes. '

Time to the maximum temperature was 60 minutes.
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[00123] The target H-factor was 1056, temperature pulping reaction
was 175 °C. The Kappa number of the screened pulp was 4.1, the

cooking yield was 57.9%, the yield of the screened pulp was 56.6%, total

rejects was 1.3% (+ 0.010"), and the viscosity of the pulp was 38.3

mPa.s.

[00124] 1) Bleaching

[00125]' Pulp A4354-1-P was obtained by bleaching the pulp obtained

from the cooking step by a TCF bleaching having a sequence of Q/P

having the following reaction condition.

[00126] Q stage: A pulp having a consistency of 10% was treated with
DPTA (0.5-0.7% by weight of the weight of the dry pulp) at 80 °C for 30

minutes. The pH was 4.

[001ZTj P stage: The pulp obtained from the Q stage was treated with
hydrogen peroxide (2.0% by weight of the weight of the dry puip), sodium
hydroxide (1.0-1.1% by weight of the wei.ght of the dry pulp), DTPMPA
(0.25% by weight of the weight of the dry pulp), MgSOQ4 (0.60% by weight
of the weight of the dry pulp), NaSiO3 (0.50% by weight of the weight of
the dry pulp) at 85 °C for 60 minutes. The final pH was 10.5-11.0, and
the final ISO brightness of the obtained pulp was about 84.75%. The

residual was about 0.05%.
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[00128] Pulp A4354-2-P was obtained from the same process as the

oulp A4354-1-P, further including cleaning the pulp obtained from the

cookihg step by box-washing be-fore the TCF bleaching.

[00129] Box~washed pulp was obtained by first.diluting the pulp to a
consistency of 1.0%, and then rinsing the pulp in a box with a screen
mesh floor, wherein the pulp mat which forms on the mesh was not
allowed to accumulate of more than 1 inch. As soon as a layer of

washed pulp began to form on the mash, it was removed and saved for

the next step of process.

[00130] Benchmark strength of pulp A4354-1-P (pulp 10-1) and pulp

A4354-2-P (pulp 10-2) are shown in Table 4 below.

Table 4. Benchmark strength of pulp A4354-1-P (pulp 10-1) and pulp

A4354-2-P (pulp 10-2)

Analysis - Unit pulp10-1 | pulp 10-2
24 grams, 0.2 mm gap |
PFI, TAPPI Revolutions | 0 0
C.S.Freeness mL 465 506
Basis weight, conditioned | g/m? | 66.50 66.43
Bulk CC/g - 1.45 1.41
Burst factor 33 33
Burst index kPa.m“/g 3.22 3.23
Tear factor 59 09
Tear ingex ‘ mN.m*/g 5.74 - 5.76
Tensile Km ~ 5.88 6.00
Tensile index N.m/g 87.7 58.8
| Streich % 2.31 2.40
‘Tensile Energy Absorption |  J/m? 63.0 66.3
Porosity; Gurley | _sec/100mi 27 24
Zero Span, Pulmac (dry) km 10.3 10.0
Optical Properties: ,
' Brightness, 1SO Yo 84.75 85.6
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Opacity % 68.4 68.1
CIE Color - _

L” o B 9529 | 95.53
a’ o 067 | -0.67
o~ 277 | 253
Hunter Color B

L o 93.98 04.27
a -0.69 -0.69
b 2.81 2.57

- [00131] The results show that at 0 revolutions, both pulp A4354-1-P
and pulp A4354-2-P have desired strength (e.g., tear, tensile, and burst),
and desired C.S. freeness suitable for papermaking. The box-washing

step increased C.S. Freeness of the final bleached pulp and provided a

more desired product.
[00132] Example 11. Soda AQ pulping of corn stover

[00133] Pulp 11 (pulp L.1503-2-Po) was made from corn stover by the

following procedures:

[00134] |) Cleaning of corn stover

[00135] Aged damp corn stover was soaked in cold water for 1 hour,

refined at 0.080" gap with standard plates, washed on a 4.75 mm sieve,

and then washed on a 1.4 m screen.

[00136] |I) Cooking

[00137] The cleaned corn stover was treated with sodium hydroxide
(20% by weight of the OD corn stover) and AQ (0.2% by weight to the dry

weight of OD corn stover) at a liquid to dry fiber ratio of 7.0 (consistency
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of about 12.5%), at a maximum temperature of about 165 °C for 8

minutes. Time to the maximum temperature was 48 minutes.

[00138] The target H-factor was 200, temperature pulping reaction
was 165 °C,. The Kappa number of the screened pulp was 5.0, the
cooking yield was 56.8%, the yield of the screened pulp was 56.5%, total

rejects was 0.2% (+ 0.010” screen), and the viscosity of the pulp was

101.2 mPa.s.
[00139] Ill) Pulp cleaning

[00140] The pulp obtained from the Cooking step was cleaned with a
centricleaner using a consistency of 1.0%, 30 gpm flow, and pressure of
34 psi with lightning mixer. The cleaned pulp was further cleaned by
water at a consistency of 0.06%, 30 gpm flow, and pressure of 34 psi

with lightning mixer.
[00141] IV) Bleaching

[00142] Pulp L1503-2-Po was obtained by bleaching the cleaned pulp
by a TCF bleaching having a sequence of QP1QPO having the following

reaction condition.

[00143] Q stage: A pulp having a consistency of 10% was treated with
DTPMPA (0.5% by weight of the weight of the dry' pulp) and H2SO4

(0.35%) at 80 °C for 30 minutes. The initial pH was 4.0.
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[00144] P1 stage:-The pulp obtained from thel Q stage was treated
with hydrogen peroxide (1.0% by weight of the weight of the dry pulp).,
'soc.lium hydroxide (0.8% by weight of the WEight of the dry pulp), MgS0O4
(0.3% by weig'ht of the weight of the dry pulp), NaSiOs (4.0% by weight of
the weight of the dry pulp) at 85 °C for 60 minutes. 150 bri'ghtness of the

obtained pulp was 73.5%, vield of P1 stage was 98.2%.

[00145] Q-Stage. The pulp obtained from the P1Stage having a

consistency of 10% was treated with DTPMPA (0.5% by weight of the

weight of the dry pulp) and H2S04 (0.35%) at 80 °C for 30 minutes. The

Initial pH was 4.0.

[00146] PO stage: The pulp obtained from the Q Stage was treated
with hydrogen peroxide (6.0% by weight of the weight of the dry pulp),
sodium hydroxide (2.8% by weight of the weight of the dry pulp), NaSiO2

(4.0% by weight of the weight of the dry pulp)}, Oz (pressure measured as

B0 psi) at 120 °C for 120 minutes. Final pH was 10.5, residual H2O, was

0.37%, and ISO brightness was 90.8%, stage yield was 95.9%.

[00147] Benchmarking of Pulp 11is shown below in Table 5.

Table 5. Benchmarking of Pulp 11

Analysis | Unit ~ L1503-2-Po

24 grams, 0.2 mm gap o

PFIl, TAPPI o Revolutions 0 200 | 700
C.S.Freeness , mL | 486 | 352 | 270
Basis weight, conditioned | g/m? 66.38 | 66.31 | 67.14 |
Bulk cc/g 1.35 | 1.31 | 1.28 |
Density g/cc 0.74 | 0.77 | 0.78
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Burst factor - - 33 39 43
Burst index " kPam?lg | 323 | 3.82 | 4.17
Tear factor b6 61 60
Tear index | mN.m%g | 643 | 6.02 | 5.92
Tensile | km | 6.21 | 7.01 | 7.25
Tensile index Nm/g | 609 | 688 | 71.1
Stretch - % | 248 | 256 | 2.64
Tensile Energy Absorption -  J/m? /1.5 | 81.7 | 88.8
Zero Span, Pulmac (dry) o km | 11.7 | 121 | 12,5
Porosity, Gurley - sec/100ml 12 34 | 63 |
CIE color: _ | N
L* - - 96.10 | 95.89 | 95.92
a” o -0.54 | -0.54 | -0.48
b* | 1.89 | 1.74 | 1.67
Hunter color: L _

L - 95.01 194.73 | 94.77
a - _, -0.57 | -0.57 | -0.51
b ' - 1193 | 1.78 | 1.71
Fiber Quallty Analyzer B
' Population B fibers/mg | 23,277
AFL, arithmetic o . mm 0.45
LWAFL o . mm 0.98
- WWAFL  mm 1.80
Coarseness mg/m | 0.095
Curl, length weighted B ] 0182
Kink index | Mmm 1 1.89
Percent fines, < 0. 2| mm arithmetic Yo 38.00
Percent fines, < 0.2 mm, length welghted Yo | 11.66
Bauer McNett Fiber Cla_ss_ification: % |
» retained on + 28 mesh 12.3
- retained on + 65 mesh . 328
* retained on + 100 mesh - , - 17 .4
 retained on + 200 mesh | 13.1
. total retained | 75.6
» fines through - 200 mesh B | | 24.4

100148] The results showed that a pulp having very high ISO

brightness with desired strength parameters was obtained from corn

stover.
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[00149] Example 12. Effect of AQ concentration in the cooking

process for ARF pulping

[00150] Raw bagasse was washed as described in Example 1 and
cooked as describéd in Example 2 with the parameters summarized in
Tables 6 (high H-factor, Cook Numbers L1483-1, L1483-2, L1483-3,
.1484-3, A4385) and 7 (low H-factor, Cook Numbers L1486-2, L.1488-2,

L1488—3, A4397, A4400) below. The effect of %AQ applied in the

cooking process on the Kappa numbers of the obtained pulps shown In

Tables 6 and 7 is reflected in Figure 1.

Table 6. Effect of AQ concentration in a soda AQQ cooking process

of bagasse (high H-factor (~ 1000))

Pulp Number | 121 12-2 | 12-3 | 12-4 | 125
Cook Number | | 1483-1 | L1483-2 | L1483-3 | L1484-3 | A4385
Cooking: i o | -
NaOH, % on OD fiber weight | 20 | 20 20 20 | 20
AQ, % | 0 | 005 | 01 0.1 0.3
L/W " 70 | 7.0 70 | 7.0 7.0
Max. Temperature, C° 175 175 175 175 175
Time to max., min from 90 C° | 60 60 | 60 | 47 | 60
Time at max., min. - 34 34 | 34 37 | 34
End of Cook: . ' R | |
Residual EA, g/L as Na,O 3.7 | 247 293 | 447 | 278
Residual AA, g/L as Na,O 463 | 3.24 355 | 5.24 | 3.55
H-factor 1055 | 1067 | 1078 | 965 | 1080
Unbleached Pulp: ‘

. Cooking vield, % | 549 | 62* | 566 | 527 | 57.3
‘Total rejects, +0.010", % 0.66 0.50 107 | 05 | 1.00
‘Screened yield, % | 54.2 55.5 | 521 | 56.3
'Kappa, screened, QuickDry | 84 | 6.0 5.5 53 | 5.2
Viscosity, mPa.s 32.1 305 | 26.8 287 | 30.6
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Table 7. Effect of AQ concentration in the cooking process (low H-

factor (~ 300))

Pulp Number 12-6 12-7 12-8 | 12-9 | 12-10
| Cook Number L1486-2 [ 1488-2 L 1488-3 | A4397 | A4400
O.D. charge, g 400 372.6 400 1523 | 1513
0.D. solids, % 4274 41.79 41.79 | 30.91 | 36.20

| Cooking: =~ I D

' NaOH, % on wood 20 20 20 20 20

AQ, % 0 0 01 | 02 | 02
LW 70 7.0 70 | 80 | 80
Max. Temperature, C° 166 | 166 166 1695 165
Time to max., minfrom 90 C° | 47 | "Drop-In"cooks | | 49 36

' Time at max., min. 17 20 25 15 21

| End of Cook:

Residual EA, g/L as Na,O 6.48 8.8 9.11 | 464 | 3589
‘Residual AA, g/L as Na,0O 7.25 | 10.0 103 | 568 | 6.88
H-factor 300 | 308 | 300
Unbleached Pulp: o
Cooking yield, % 57.5 57.2 57.2 6.2 | 57.9
Total rejects, +0.010", % 4.5 9.2 48 3.2 | 3.1
Screened yield, % 53.0 - 48.0 52.6 53.0 | 54.8

| Kappa, screened, Quick Dry | 11.3 14.4 - 94 7.2 6.8
Viscosity, mPa.s 38.7 33.8 53.8 539 | 383.7

[001 51]

Example 13. Soda AQ Pulping of pine wood fibers, and effect

of AQ concentration on the pulping product using 24.0% EA as NaOH).

- [00152]

OD pine, white fir and douglas fir wood chips were blended

and treated with sodium hydroxide (24.0% by weight of the OD fibers, as

shown below) and AQ (0.0%, 0.27% or 0.5% by weight to the dry weight

of OD fibers) at a liquid to dry fiber ratio of 4, at maximum temperature of
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about 175 °C for 75 to 120 minutes, time to the maximum temperature
was 51 minutes, and H-factors were from 2000 to 3000 (as shown In.

Tables 8). The Kappa numbers of the obtained pulps are listed in Table

8. For the reference

Table 8. Effect of AQ concentration in the cooking process (24.0%

as NaOH)

| Pulp number | 131 | 13-2 | 13-3 | 13-4 | 13-5 [13-6 13-7 | 13-8 | 13-9

K811- | K811- [ K811- K809- K811- | K811- | K811
Cook number 1 3 2 | K809-1 2 |} K809-3 4 5 6
Cooking: | - |
% EA on wood, as NaOH 24.0 | 24.0 24.0 24.0 24.0 24.0
%AQ - 0.0 0.0 | 0.0 [ 027 | 0.27 | 0.27
Time at max., min 78 99 120 75 96 118

End of Cook:

Residual EA, g/L Na;O 10.5 13.4 9.6 9.3 12.3 | 11.5 | 10.0
Residual AA, g/L Nax0 | | 11.6 [ 14.7 10.7 10.5 134 | 12.8 [ 11.2

H factor ; | 3000 | 2000 | 2500 | 3000 | 2000 | 2500 | 3000

Unbleached F;ulg:

Total yield, % 44,9 | 46.5 | 47.3 | 44.0
Kappa, screened 48.4

40.5 | 20.0 | 21.1 | 17.0
Viscosity (0.5% CED), cPs | 15.6 | 15.0 | 11.9 | 14.5 | 14.0 | 10.4

48.7 | 46.7 | 45.1

.5 l 15.2
15.1 12.6 10.9

[00153] Table 8 shows that cooking at higher H-factor provided lower

Kappa number of the .final pulp. Presence of AQ (0.27% and 0.5%)
significantly lowered Kappa number of the final pulp (Kappa number is
about 15 to about 20, for pulps 13-4 to 13-9) compared to the pulping
produced from AQ free cooking process (Kappa number > 40, for pulps
13-3 to 13-3). The presence of 0.5% AQ reduced Kappa number of
wood pulp to around 15 when the content of EA is 24.0% on wood as

NaOH. In the art, to achieve a 15 Kappa today the digester targets a 30
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Example 14. Soda AQ Pulping of pine wood fibers, and

OD pine wood fibers were treated with sodium hydroxide

(22.0%, 24.0% or 27.0% by weight of the OD fibers, as shown below)

and AQ (0.25%, or 0.27% by weight to the dry weight of OD fibers) at a

liquid to dry fiber ratio of 4.0, at maximum temperature of about 175 °C

for about 36 to about 120 minutes, time to the maximum temperature was

51 or 53 minutes, and H-factors were from 1100 to 3000 (as shown in

Tables 9). The' Kappa numbers of the obtained pulps are listed In Table

J.

Table 9. Effect of AQ concehtration and EA concentration in the

cooking process (22.0%, 24.0% or 27.0% as NaOH))

Pulp number 14-1 142 | 143 | 14-4 | 145 | 146 | 14-7 | 14-8
" ] K813 K813- | K813- | K809 K8
| Cook number K813-1 | K813-2 | -3 | K813-4 | 5 6| -4 | K809-6
| Cooking: “ I . | .
% EA on wood, as NaOH 22.0 22.0 | 22.0 22.0 22.0 | 22.0 | 27.0 27.0 .
| % AQ _. 0.25 0.25 | 0.25 | 0.25 0.25 | 0.25 | 0.27 | 0.27 0
~Time to max., min 53 ~ 53 53 53 53 03 o1 51
Time at max., min 356 48 61 75 g5 116 75 118 1
End of "Cook: | .
| | | - 14.2/14.
Residual EA, g/L Na,O 14.0 11.6 | 10.4 | 9.8 7.1 6.5 | 16.6 0 |
T ) ' | 15.5/15.
Residual AA, g/L NaxO 15.0 126 | 11.4| 88 8.2 7.6 | 17.9 3 1
H factor 1100 1400 | 1700 2000 | 2500 | 3000 | 2000 | 3000 3
'Upbleached Pylp: _ | ‘ :
Total yield, % N/a N/a N/a | N/a N/a N/a 44.8 | 42.0 4.
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Kappa, screened -~ 46.0 41.1 | 35.2 33.5 31.0 25.9 1 1/7.4 14.3 | 1
Viscosity (0.5% CED), cPs | N/a N/a N/fa | N/a N/a hike 11.5 [ 7.8 1

[00156]

Table 9 shows that cooking at higher H-factor provided lower

Kappa number of the final pulp. When the %AQ and H-factor are about

the same, (for example, %AQ = about 0.25% or 0.27%, H-iactor = 3000,

time at max. temperature was about 120 min.), higher percentage of EA

(27.0% as NaOH (Pulp 14-8) and 24.0% as NaOH (pulp 13-6))

significantly lowered Kappa number of the final pulp (Kappa number of

compared to the pulping produced from lower %EA cooking process

(pulp 14-6, %EA = 22.0% as NaOH, Kappa = 25.9).

[00157] Example 15. Kraft pulping of pine wood fibers.

[00158]

OD pine wood chips were treated with sodium hydroxide'

Pulp 14-8 is about 14.3, and Kappa number of PUIp 13-6 is about 17.0)

(24.0% by weight of the OD fibers) and AQ (0%, or 0.5% by weight to the

dry weight of OD fibers) at a liquid to dry fiber ratio of 4.0, at a 25%

sulfidity, at maximum temperature of about 175 °C for about 74 to about

120 minutes, time to the maximum temperature was 53 minutes, and H-

factors were from 2000 to 3000 (as shown in Tables 10). The Kappa |

numbers of the obtained pulps are listed in Table 10.

Table 10. Effect of AQ concentration in a Kraft cooking process of

pine wood fibers (24.0% EA as NaOH))

Pulp numbel_'m |

15-1

15-2

15-3 |

15-4

15-5

15-6

‘Cook number

| K812-

K812-

KE812-

K812-4

| K812-5

K812-6
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1 3 2

Cooking: | 1
% EA on wood, as NaOH | 24.0 24.0 24.0_| 24.0 24.0 | 24.0
% AQ 0.0 0.0 0.0 { 05 | 0.5 0.5
Time to max., min 53 53 _ 53 23 53 23
Time at max., min__ 74 85 119 74 85 119
End of Cook: | .
Residual EA, g/L NayO 12.2 | 9.67 | 9,22 11.9 11.2 10.0
Residual AA, g/l NaO 16.7 | 14.1 14.3 1.6.5 15.9 14.4
H factor 2000 | 2500 | 3000 | 20600 2500 | 3000
Unbleached__l:;ulg: | ]
Total yield, % 42.3 | 43.6 42.0 | 46.7 43.9 | 43.6
Kappa, screened 16.9 | 15.0 | 13.1 | 12.6 11.1 | 10.6

[00159] Table 10 shows that cocking at higher H-factor provided lower

Kappa number of the final pulp. For the same H-tactor, e.g., 3000,
presence of AQ (0.5%) significantly lowered Kappa number of the final
pulp (Kappa number was about 10.6 for pulp 15-6) compared to the
pulping produced from AQ free cooking process (Kappa number was

13.1 for pulp 15-3).

[00160] Although the invention has been described with reference to

preferred embodiments and specific examples, it will be readily
appreciated by thosa skilled in the art that many modifications and
adaptations of the invention are possible without deviating from the spirit
and scope of the invention. Thus, it is to be clearly understood that this
description is made only by way of example and not as a limitation on the

scope of the invention. All references herein are hereby incorporated by

reference.
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Claims

1. A method for pulping a fiber comprising:
providing a first mixture comprising the reaction products of:
a fiber from a non-wood fiber source,
water,
anthraguinone, or derivative thereof, having concentration of
about 0.1% by weight or greater of the dry fiber, ahd

an alkall,

wherein the first mixture has a liquid to dry fiber ratio from

about 4 to about 10, and an initial Kappa number of about 60 or

greater; and

reacting the first mixture for a cooking time and at a cooking condition

sufficient to form a second mixture having a Kappa number of about

15 or less, a tensile of at least about 5.50 km, and/or a burst index of

at least about 3.00 kPa.m?%/g.

2. The method of claim 1, wherein the first mixture comprises the

reaction products of about 0.2% by weight or greater of anthraquinone

or derivative thereof.

3.  The method of claim 1, wherein the cooking condition and cooking

time provides an H-factor of about 200 or higher.
4. The method of claim 3, wherein the H-factor is about 300 or higher.
5.  The method of claim 3, wherein the H-factor is about 400 or higher.

6. The method of claim 3, wherein the H-factor is about 1000 or higher.
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10.

11.

12.

13.

14.

19.

16.

17.

The method of claim 1, wherein the second mixture has a Kappa

number of about 10 or less.

- The method of claim 1, wherein the second mixture has a Kappa

number of about 5 or less.

The method of claim 1, wherein the non-wood fiber source comprises

agricultural renewable fiber.

The method of claim 9, wherein the agricultural renewable fiber

comprises bagasse or corn stover.

The method of claim 8, further comprising the step of bleaching the
second mixture to form a third mixture having an 1S5S0 brightness of

about 80% or higher.

The method of claim 11, wherein the step of bleaching comprises a

chlorine free bleaching or elemental chlorine free bleaching.

The method of claim 12, wherein the third mixture has an 'ISO

brightness of about 88% or higher.

The method of claim 13, wherein the third mixture has an ISO

brightness of about 90% or higher.
A pulp composition made according to the method of claim 11.
A pulp composition made according to the method of claim 1.

A method for pulping a fiber comprising:
providing a first mixture comprising the reaction products of:

a fiber from a wood fiber source,
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water,

anthraguinone or derivative thereof, having a concentration of

about 0.1% by weight or greater of the dry fiber, and

an alkall,
wherein the first mixture has a liquid to dry fiber ratio from

about 4 to about 10, and an Initial Kappa number of about 60 or

greater; and

reacting the first mixture for a cooking time and at a cooking condition
sufficient to form a second mixture having a Kappa number of about
15 or less, a tensile of at least about 5.50 km, and/or a burst index of

at least about 3.00 kPa.m“/g.

18. The méthod of claim 17, wherein the anthraguinone concentration Is

0.2% by weight or greater of the dry fiber.

19.  The method of claim 17, wherein the cooking time and the cooking

condition provides an H-factor of about 2000 or higher for the cooking

reaction.

20. The method of claim 17, wherein the second mixture has a Kappa

number of about 10 or less.

21. The method of claim 17, wherein the second mixture has a Kappa

number of about 5 or less.

22. The method of claim 21, further comprising the step of bleaching the

second mixture to a third mixture having IS0 brightness of about 80%

' or higher.

51



CA 02846640 2014-02-25
WO 2013/033386 PCT/US2012/053124

23. The method of claim 22, wherein the step of bleaching comprises a

chlorine free bleaching or elemental chiorine free bleaching.

24 The method of claim 23, wherein the third mixture has an SO
brightness of about 88% or higher.'

25. The method of claim 24, wherein the third mixture has an ISO
brightness of about 90% or higher.

26. A pulp composition made according to the method of claim 22.

27. A pulp composition made according to the method of claim 23.
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