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angle (B) quantifies the wedge shape of the chipping tool 3, knife or similar. The angle A in

Figure 1 is a complementary angle defined as: A = 90° - (o + B + €). The angle 4 that primarily
20  affects the load on the chips is given in Figure 1 as y and is defined as: y = A + 90°.

The properties the chips receive during chipping affect the subsequent unit processes. As an
example in production of sulphate (kraft) or sulphite pulp it has traditionally been seen as a
benefit for the subsequent processes that the chips have as little compression damage as

possible. Chipping for pulp production is therefore done using a technology to minimize such

25  compression damage.

Compression damage is caused by the compressive stresses acting on the edge of the chip that
is in contact with the chipping tool (knife) during chipping. The shape and cutting angles of
the chipping tool (knife) will result in such compression damage to different extents. It has
been shown that the compression damage in the chips is minimized at a spout angle (&)

30  approaching 30°. A spout angle close to 30° is therefore used during the chipping process
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20 A number of different equipment types have been developed to compress wood chips after

chipping in order to reduce energy consumption during refining. For example the chips may
be subjected to compression in a compression screw (plug screw). The drawbacks of
compression screws are that they increase the capital cost of the plant and the complexity of
the process. The present method is also principally different in the respect that in a screw the
25  chips are compressed in a random direction whereas in the present method the compression is
oriented in the fibre direction. The energy consumption for compression screw pre-treatment

of chips is in the range of 20- 40 kWh/t.

The company Andritz has developed an equipment which is marketed as RT Pressafiner.

Using the RT Pressafiner the chips are compressed by the action of an advanced compression
30 screw. The RT Pressafiner has the disadvantages of adding to the process complexity. Further

the chips are not only compressed in the fibre direction. This equipment also requires a lot of

space and may thus be difficult to install in an existing process.
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Brief Description of the Invention Concept

20  The main purpose of the present invention is to create a method for chipping that results in
significantly reduced energy consumption during defibration and development of wood into
single fibres in subsequent process steps. This occurs by an opening of the wood structure by
the compressive loads that arise during chipping. This shall be achieved without any
significant increase in energy consumption during chipping. An additional purpose of the

25  present invention is to create a method for chipping that may be combined with at least one
additional process step to reduce the energy consumption in at least one subsequent process
step in the paper pulp production process. Another purpose of the present invention is to ease
impregnation of the chips by chemicals or water and allow the impregnation chemicals to
come into contact with a larger surface area upon which the chemicals can react. Another

30  purpose of the present invention is to increase production capacity without new investments

in the process steps after chipping.



WO 2011/ 108967PCT/ SE2011/ 000042 4 Detail ed Description of the Invention The
i nvention will be described in greater detail below with reference to the
acconpanywogosictogssat i ¢ drawi ngs that in an exenplifyi ngprpuSgesa/osteaw t he
current preferred enbodi nents of the i4vention. 5Figure 1 shows the angles
of the chipping tool. Figure 2 shows schematically the process steps of
wood chip production for pulping. Figure 3 defines e.g. the side angle 12.
Fi gur e Betaila\Pesceiptionoffthebavwéatiohi cati on Trial 1, TMP, freeness vs.
specific energy consunption. 10 Figure 5 shows results from Verification

Trial Zphehien®iod will M defribad hf‘%eﬂ@P@é’talﬂH@lbthyﬁh refdr&RIBES ﬂleva%co@rﬂaﬁﬁﬁﬁgzc
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and CTnPhematicrdravipep thae in apuedempyifying paposeshondbs cursent ppafeiréd embadimgyt
consurrplfﬂﬁ - ventio Figure 7 shows results from Verification Trial 2, TI\/P and
CTwP (p it XE} Qper qual ity), 15light scattering coefficient vs. specific
energy consunpti on. ure 8 shows results from Verification Trial 2, TMP
and SCTNPEE 9Wﬁ§}’eﬁélﬂ Oﬁﬁlﬁlq {Bpjng 0ehsi | e i ndex vs. freeness. Wth
reference to Figure 2 a schematic nethod for the production and treat nment
of woodFigime @shbdws sehrearitipallypthe praviess dteps of w@dd chip predwkiomor pulpihfle chi ppi ng
stage 6, wood logs 1 or 20 simlar are chipped. The |ogs are preferably

previ oq%lyregr@eﬁh@sdegr{h@Sﬁ@Qﬁ\glgq@g stage 5 or simlar. The chips may be
treated I'n a step by preheating, |rrpregnat|on steam ng etc. before the

chi ps I n.a.su a first..refining stage, the
defi br I%lge%ﬁ}‘?)gls Eﬁsgltﬁf ti‘?rqlfjcg? ?%iﬂa lnalg\ﬂé Betﬂngsé\)'ér%PFC‘ész&%@yQ until the
paper meehsignmivnp or simlar is finished. These stages all consists of

previ ously known technology that are well known to

10 Figure 5 shows results from Verification Trial 2, TMP and CTMP (printing paper quality),

freeness vs. specific energy consumption.

Figure 6 shows results from Verification Trial 2, TMP and CTMP (printing paper quality),

tensile index vs. specific energy consumption.

Figure 7 shows results from Verification Trial 2, TMP and CTMP (printing paper quality),

15  light scattering coefficient vs. specific energy consumption.

Figure 8 shows results from Verification Trial 2, TMP and CTMP (printing paper quality),

tensile index vs. freeness.

With reference to Figure 2 a schematic method for the production and treatment of wood
chips for wood pulp or similar products is shown. In the chipping stage 6, wood logs 1 or
20  similar are chipped. The logs are preferably previously treated in a debarking stage 5 or
similar. The chips may be treated in a step 7 by preheating, impregnation, steaming etc.
before the chips are refined in a subsequent step 8. After a first refining stage, the defibrated
chips are further refined in one or several stages 9 until the papermaking pulp or similar is
finished. These stages all consists of previously known technology that are well known to
25 professionals in the field of the present invention. The subsequent stages are outside of the
definition of the present invention and are not described in any more detail in the present

patent application.

The wood chipper utilized in the chipping process consists of a previously known type of

wood chipper with one or several chipping tools 3, 14 in which chipping occurs according to



25professionals in the field of the present invention. The subsequent
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enmbodi nent_of .t he present nethod the erature of the wood logs is
contro%@efshthgl%ﬁd&g( T rRER 8 ya‘br8u%‘§ ggfﬁre chi pping. The tenperature of
the wood logs is controlled to a desired tenperature within the interval
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different for different wood species. The adjustment of the chip length may occur within a

considerable interval. For practical reasons such as the performance of subsequent feeding
screws, the chip length should however remain in the interval 10-40 mm. It is however

conceivable that other chip lengths than 10-40 mm may be used in alternative processes.

20  In an alternative embodiment of the present method the temperature of the wood logs is
controlled in a pre-treatment stage 5 before chipping. The temperature of the wood logs is
controlled to a desired temperature within the interval -10 to 130 ° C. The control of the log
temperature may occur in a temperature controlled process zone or similar. The temperature
may also be controlled in the choice of storage conditions for the logs. Storage may occur in

25  water of different temperatures or alternatively in a conventional wood yard before debarking
and chipping. Logs may for example be intermediately stored in hot process water after
debarking which allows for high log temperatures before chipping. As the mechanical
properties of wood depend strongly on the temperature, the degree of cracking of the chips
during chipping will also depend on the temperature. In this alternative embodiment of the

30 present method it is possible to choose a pre-treatment temperature so that optimal chip

cracking occurs.
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t enper atures before chipping. As the nechani cal properties of wood depend
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directi9PPFhh the wood material. The stress conditions that are achi eved by
the | oad angle and which in turn influences chip cracking will also depend
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state i he chi,p.c be optim zed to give maxi mum cracking of the_ chips.
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20  between 0° to 45° relative to the fibre direction in the wood material. The stress conditions

that are achieved by the load angle and which in turn influences chip cracking will also
depend on the side angle. In this embodiment of the present invention, the stress state in the
chip can be optimized to give maximum cracking of the chips. This control can be done

through different geometric constructions of the log feeding system of the wood chipper.

25 In an alternative embodiment of the present method, the directional chipping in 6 is combined
with chip impregnation with water, chemicals or enzymes in the next process step 7. The
increased cracking of the wood that is achieved by using an adequate load angle will ease
liquid diffusion into the chips and increase the specific surface area where liquids etc. may

react in a beneficial manner with wood.

30 In mechanical pulping processes such as thermomechanical pulping or chemi-
thermomechanical pulping, chemicals are often used to improve the fibre/pulp properties for

specific end products (such as printing paper, board, tissue and fluff pulp). These chemicals
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20 Results from experimental trials have shown that the present invention has unexpected
technical effects. It has been verified that greater compression damage in chips has a
beneficial effect on the pulping process. This new knowledge contradicts the well established
knowledge in the industry that compression damage in chips should be avoided. In the
following text, the results from three trials performed using the directional chipping of the

25  present method are presented.
Results (Verification Trial 1: Thermomechanical Pulp)

In the trial chips were produced using three different load angles 94°, 104° and 114° where
114° corresponds to conventional technology, see angle y in Figure 1. The three produced
chip qualities were then refined separately in a first stage pilot refiner. The dewatering

30 parameter, Canadian Standard Freeness, CSF was measured for pulps produced at different

specific energy consumptions. The average chip length was 25 mm and the cutting speed was
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paper, is the tensile strength, here given as the tensile strength

printin IS . ), as .
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20  inthis case it is clearly evident that the chips produced at the load angle 94° give less specific

energy consumption than chips produced at 114° compared at the same CSF.

An important property, particularly for printing paper, is the tensile strength, here given as the
tensile strength index. In Figure 6, position 23 shows the tensile index for paper as a function
of the specific energy consumption during TMP production from chips cut with a load angle
25 of 114° and in position 24 the same is shown for the load angle 94°. Position 25 shows the
results for paper produced from pulp where a load angle of 94° was used and NaHSOs were

added to the dilution water in the refiner.

Another important property of printing paper is its opacity which depends on the light
scattering properties of the paper. Figure 7 shows the specific light scattering coefficient as a
30 function of the specific energy consumption in the same manner as above. Positions 26, 27

and 28 correspond to the positions 23, 24 and 25 with regards to the load angle etc.
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considerably lower specific energy consumption to reach a certain low shive level compared

to CTMP produced at a load angle of 114°.

20  In summary it can be concluded (among other things) that (Figure 6 and 7) it is possible to
produce thermomechanical and chemithermomechanical pulp for printing paper at a reduced
specific energy consumption to the same tensile index and light scattering coefficient by
producing paper from pulp which is refined from chips produced using the load angle 94°.
Further it has been shown that it is possible to produce chemithermomechanical pulp for

25 board, tissue and fluff pulp with a reduced specific energy consumption to a certain low

shives content when the pulp is refined from chips produced with the 94° load angle.

Results (Verification Trial 3: The influence of the load angle on the total energy

consumption during pulp production.)

If the energy that is saved in a later stage in the refining process is larger than the increase in
30 energy consumption during chipping with the load angle at 94° (compared to 114°), the

proposed method according to the present invention is highly valuable. To investigate the
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kwh/t pll‘in? must be compared to a total energy consumption of 1 500 - 2000 kWh/t pulp.
Advantages of the Invention

By use of a chipping method according to the present invention a number of benefits are

20  achieved. The most prominent benefit is the increased energy efficient refining of the chips
when they are produced in accordance with the method of the present invention. This is
achieved thanks to that the chipping method according to the present patent application causes

a beneficial cracking between the fibres in the chips so that they are more easily separated.

The more open structure of the chips also provides the benefit that chemicals such as sulphite
25 solutions, peroxide solutions, alkali and others in addition to enzymes get better access to a
larger reaction surface. This increases reaction speed, improves reaction evenness and reduces
the chemical consumption to reach a certain pulp property. The chip refining is made more
efficient by the more even impregnation of the chips and thus less problems occur with parts
of the chips not being treated by the chemicals. An ineffective reaction between chips and
30 chemicals cause more formation of shives during refining and in addition the added chemicals

are less efficiently used which is a major problem in pulping.
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bet ween t he i within the indervalt §55o 40f. t he si de of the chipping tool facing the
chip (2) within an interval from75 to 105 which will cause an axi al

conpr essi 9N Méthbd or Ao higpisdladcBrdinyl 13 ond¥s BRrEbAGK bR cldischi ps during
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temperature of the log is controlled within the range -10 to 130 °C.

5. Method for wood chipping according to one or more of the previous claims
characterized by that the method is combined with a pre-treatment stage where a the

solids content of the log is controlled within the interval 30% to 70% solids content.

6. Method for wood chipping according to one or more of the previous claims
characterized by that the method includes the control of the speed of the chipping
tool within the interval 15 m/s to 40 m/s.

7. Method for wood chipping according to one or more of the previous claims
characterized by that the chipping is performed using side angles in the interval 0° to

45° relative to the fibre direction of the log.

8. Method for wood chipping according to at one or more of the previous claims
characterized by that the method is combined with water, chemicals, or enzyme

impregnation.



5. Method for wood chipping according to one or nore of the previous clains
characterized by that the nethod is conbined wwth a pre-treatnent stage
where a twe 2noliosm7content of the log is controlled w trcm/sEbaionier val 30%
to 70% solids content. 6. Method for wRod chipping according to one or nore
of the previous clains characterized by that the nmethod includes the
control of the speed of the chipping tool within the interval 15 in/s to 40
ms. 7. Mt H\idhpgform hiRE argorlieDioding@r myrepkthe previgus cidimshe pr evi ous
clains char ' h chi ppi ks.performed usi ide angles in
the inter valac%?{éct)éige% %1? ﬁbg%gh({dﬁcsaeﬁlgr?lgd gmr% ¢ ?rS%%lc?P Pﬁfgg F%IB?' "% Met hod
for wood chicppipigsiaaceredi. ng to at one or nore of the previous clains
characterized by that the nmethod is conbined with water, chem cals, or
enzyme i i an. Met hod for wood
chi ppi ng”gdé'?‘g?@f’%g&t?&c@%wgg@? %§§?gﬁég§&gég&ésgﬁaﬁ{gct erized by

t hat t he netdhathdterizedriiyi thetthainiethqarie edmbimtdrevith thé additorcdii water in atleast
conpression screw. 10. Method f.or wood chipping accordi to one or nore of
Che pr ovi oUSPERPLHIRPIOSEST SR, FUBAsy<amRe. 4R MR RO sChIR RIS AFBHNGPE h t he
addi tion of g Rfining at | east one of the process stages, chip pre-steam ng,
chip inpregnation, chip pre-heating or chip refining. 11. Method for \(/jvogd
chi ppi ng i t ng.or more of the previous.clai s characterize y
Chat "the TEEHod BroSl hurind RiSidie iRy BPrST eR el S EtRS, *l east one
of the proceaharfité@dad byCcthaCthp hietisddés BbmBined With thaRIdREsAf PBmidall A at
pre-heating or chip refining. 12. Method for wood chi pping according to at
one or ror e lefst enfeofhepiosess stagss. whiPdNEnsieaméns, shig impragnation, Rbipmse-hertings

conbi ned w to'?chjg%ﬁﬁﬂ%]“ on of enzynes in at | east one of the process
stages, chip pre-steahing, chip inpregnation, chip pre-heating or chip
refining. ) od faor wood chi pping according to one or nore of the
previ ous &?l-j‘flﬁgf?i MROCSHIRRIRE 5701 O3 a06eR HEF qfSheRirpione Elaimms h _
conti nuous GRAKIREHAM KB thaincidds cditbind®Widhd R1aiNRPSE SRR A%t fGGOr di ng
to one or nore of the previous clainms characterized by that”the nmethod is
conbi ned wi tone lpfthsipreceskstagesofhip pressteanhingudhip impregnation, chip pre-heating or

chip refining.

13. Method for wood chipping according to one or more of the previous claims

characterized by that the method is combined with continuous cooking of chemical

pulp.

14. Method for wood chipping according to one or more of the previous claims

characterized by that the method is combined with batch cooking of chemical pulp.



