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PAPRO New Zealand.

EUCALYPT BREEDING CO-OPERATTVE

[À[cCONNOCHIE)

MECI{ANICAL PULPING OF NZ-GROWN EUCALYPTS

P.åRT 1: THE EFFECT OF WOOD TYPE

JOHN D. RICII.åRDSON

ST'MIVTARY

The mechanical pulping potentlal of .8. nitens (Cent¡at Vlctoria), E. nltens (NSW)' .8.

fegno;ns and. E.rfasÉlgata has been evaluated. For each wood type, coid soda pulps

were prod.uced.ln the NZ FRI reû.ner pitot plant by impregnating chips prepared

from lE year-old. trees wlth a 40 glL sod.ium hydrodde liquor. T}.e chlps were tl.en

cooked, for 2e mi¡rutes at 5OoC. For t}.e E. nltens (CV), cold soda pulps were also

produced from ei$ht year-old. trees to enable tlre inlhrence of wood age on

mectranlcal pulp properües to be assessed'

Ttre 15 year-old E. nltens (cv) was found to produce cold soda pulps wlttr tJ.e m.ost

promising comblnatton of properties. Thls eucaly¡:t produced pulps whictr had good

bulk and excellent strength and optical properües'

In comparlson, the E. nttens {NSW) and E. regfrhfts bottr produced pulps with

sirnilar strengt]: propertles as ttre E, nitens (CV) pufp. However, these pr:lps had

lower butk and inferior optlca.l properties. In particular, the brightrress and light

scattering coefflcient of ttre E, regnans pulp was substantlally lower than that of the

E. nitens (cv) putp. The E. nitens (cv and NSw) and -Ð. regna'ns all had 3 slrnilar

refining energ/ demand. to prod.uce putp of a given freeness or strength properf¡r'

The E.¡fastigaúa pulp had a substantially higher reûning ener€X/ demand than ttre

other eucal5pts to prod.uce pulp of a given freeness. Wtren compared at a given

freeness, the strenglh properties of the E.Jastigata pulp were substantially lower

than ttrose of the other 15 year-old. eucal5¡pt pulps. The E.þsttgata did' trowever,

produce ttre brtgþtest cold soda pulps.

The I year-old. E. nitens (CV) had a shorter mean ûbre length and hJgher Ugnin

content ttran t11e 15 year-old. E. nitens (CV). The pulp produced from tl.e I year-old
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wood, had bulk, strength and optlcal propertles that were substantially lower than
tb.ose of the pulp produced from the 15 year-old wood. Ttre difterences obseryed.

between tJre 8 and 15 year old.E. nitens (CV) for the strength and optlcal properties

were generally greater than the dlfferences between tl.e fou¡, 15 year-old wood

types.

INTRODUCTION

Extenslve research and development over the past decade has established the

viability of hardwood :¡.echanical pulp as a low cost, trigh q.uality resource th.at can

be used ¿rsi a component of a wide range of paper grades, such as newsprint,

paperboard and printtng and .r ,-rittng papers (1,2). The greater wood yields per

hecta¡e and lower process pou¡er detl'ands of hardwoods, relative to radiata pine,

offe¡s the New Zealarid pr:Ip and paper industry slgniflcant econornic advantages.

Ttrese advantages may be combined r¡4th tl.e excellent perfor:mance of the smaller

ha¡dwood û.bre for tlre manufacture of a wlde range of quality papers (1).

Hardwood mechanical pulping knowledge in New Zealand ts slight. Forest growers

ìÃr'ithtn the Eucalypt Breeding Co-operative require grrldance on ttre potential value

of tJ.e eucal¡4ptus s¡recies to ttre mechanlcal pufping industry, to formulate tl:eir
forest plantJng programmes. The pulp and paper industry also wlshes to determlne

the sultabilit¡r of short fibred, eueal5ptus pulps as a means of improving product

quatity, such as paper formatlon and printi:eg quality.

In thls study the paperrnakfng potenüal's of mechanicai pulps produced f¡om flve

selected eucalypt wood sarnples \ry'ere ¿rssessed. Also, for one of these wood samples

alternatlve mechanlcal pulping technologies were compared.

OUTLINE OF STUDY

Four eucal5¿pt wood types have been ldentified as being suitable for plantation

forestry ln New Zealand. Ttrese are .8. nltens (Central Victoria), .8. nltens (NSW), ,Ð.

regnrrns and .8. Fastlgato,. Ttris project was divided into two parts. This report covers

the results from part one in which the mechanical puiping potentl,al of these four

eucalypt wood types were assessed usi::g chlp semples prepared from 15 year-old

trees. An 8 year-old sârnple of the E. nitens (CV) was elso evaluated. A standa¡d cold
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soda treatment usi:eg a 40 g/L sodium hydro>dde pufpfng [quor was used to
compare the mechanlcal pulpi::g response of ttrese flve wood fi>es.

In part two, the 15 year-old E. nttens (CV) sample was erraluated over a wider range

of process condltlons. This involved evaluatlon of a second alkall appllcatlon level

for the standard cold soda trearrnent and comparison of ttre conventional cold soda

process wltl- the new alkallne pero>dde mectranlcal pulping (APMP) process.

DXPERIMENT.åL

trt'ood samples

A five tonne (oven-dry eqtrivalent) sarnple of 15 year-old.E. nffens (CV) and one

torrne (oven-dry equlwalent) samples of 15 year-old.E. nÍfens (NS'vl/), E. regnans a:l:rd

E. Jasttgata were obta.i¡red from Carter Holt Harvey Forests Ltd, Klnleith Forest. A

one torrne (oven-dÐr equivalent) sernple of 8 year-old.Ð. nitens (CV) was obtained

from Compartment 1090, Kaingaroa Forest. Fult details of tl..e origin and location of

ttrese fìve eucalypt wood t¡4pes are given in Appendix A.

For each wood type, the stems were debarked and cr¡.t into 6.0m logs. \Mhole disks

were cut from each log and analysed for moisture content, greerr density, basic

densit5r and stem hearlwood content. Detailed results for each disk are given in
Appendix B. Mean results for each wood file are given in Table 1.

Table 1: Wood Propertles (based on wtrole disk measurements).

t Molsture content = (welght of water/wetght of oven-dry materlal x 1OO%)

Propert¡r E. Nftens E. Nlter¿s E. Nlter¡s E. Regnan"s, E. Fastþata,

(cV), t5 I 15yr l5

Moisture content*, 96

Green density, t g/*3
Basic d.ensity, tg/*3
f{sa¡t yelrrrns, 96

L26

to59

468

30

L22

1052

474

51

138

IO90

461

58

155

1088

426

38

139

I 133

479

38
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The logs were chtp¡red at tlre Tûnber Indusby Training Centre usi:eg a four krìjfe,

9OOmm, 55kW disc chipper. Oversize chips were removed in a 40 m'n overs screen

and retr¡rned to ttre chlp¡:er. Undersize chlpped were removed through a 1O rnrn

screen and reJected.

Tkre wood propertles of ttre chlp sarnples for eactr wood tJæe are glven in Table 2

Table 2: Wood properö.es (based on chip sample measurement).

. Oven-dry content = oven-dry welght/wet welght x IOO%

The dtchloromethane (DCM) extractlves were determined uslng Appita standard

P12s-79. The Kl¡ason Ugntn content and ash content of the extractive free wood were

determlrred ustng Tappi standard 't222 om-83 and T211 om-85, respectiveiy. For

each wood t5rpe, a kraft pulp of kappa nr¡mber 20t2 was produced and bleactred.

Chip fibre length and flbre coarseness data were obtained f¡om these kraft pulps

using tJ:e Kajaani FS-2OO ff.bre analyser. The ex¡:erimental details for tJ:e k¡aft

pulping and fibre dimension measurements are reported elsewhere (3).

Chip size distribution data for eactr wood t54pe were determined using a Williams

chip screen. Screening d:ne was 5 minutes using a 3.0 kg (wet) sample size. The E.

nftens (CV) produced more large ctrips than the other wood types whiclr tretd sirnilar

chip size distributions, Figure 1. There was no apparent difference between ttre size

disùlbutions of the I and 15 year-old.E. nitens (CV) sernples.

Propert5r E. Nltens .8. Nftens .8. Nlúens E. Regnans, E. Fastþata,

I NSWI, 1 lSvr I

Chtp densit5r, kg/mg

oven-dry content*, 96

DCM extractlves, 96

Klason lignin, %

Ash content,96

Chip ffbre length, mm

Flbre coarseness, mg¡/m

463

47.3

o.35

26.2

o.59

o.64

0.053

479

46.8

o.36

23.4

0.30

o.77

o.057

4õ2

43.O

o.43

22.4

o.39

o.7a

o.o71

426

41.5

0.33

zt.7
0.30

0.81

o.o76

442

45.5

o.35

26.5

o.25

o.75

o.059
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Cumulatlve chlp size rìlst¡lbutlons as determined on a \Milliarns screen.

The pulFlng trlals were performed in the NZ FRI Reflner Piiot Plant, Figure 2. This

contains a Jylha SD 52136, pressurlsed, 9OO rnrn, f25OkW, 15OO rpm, slngle disc

reflner that was used in this study and a Bauer 410, aünospherlc, 1000rnrn,

40OkW, 15OO rpm, double rlisc reflner'.

To compare the mectranlcal pulping response of tb.e flve wood files a. standa¡d cold

soda pulping treab.ent was used. This irrvolved abreospherically steaming the ehips

at SOoC for ûve mlnrrtes before transferring them via a plug screw to tlre

lmpregnator. A 4AglL sodium hydro>dde liquor at 30oC was pumped to the

ùmpregnato¡ at the required rate. A flve minute retention üme was matntained ln
ttre liquor i:npregnation stage. The chips we¡e then returned to the atmospheric

sfsernlng bi¡r where they were steamed for 2O minutes at SOoC prior to two stage

reflnlng.

For each wood t5rye, generally three pri:nary stage prrlps were produced with enersi

consumptlon's in the range 700 to 850 kWh/odt. From each of these prlmar5r stage

pulps at least three second stage pulps were produced wit}" total enerry

consumptlon's in the range 1100 to 1800 kWh/odt.

I CV (1s yr)
tr CV (Byr)

a Regnans

\ CV (8, 15 yr)
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The Jylha SD 52136 reflner was operated witJ: a 1.0 bar pressure in botJr refi.ntng

stages and the reflner was fÌtted witJ.. plate pattern No. 205216.

Figure 2: NZ FRI high-yietd pulping pilot plant.

Pulp evaluatlon

A sârnple of inpregnated cbdps was collected for each wood type to enable pulp

yietd to be determined. For each sample of tmpregnated chlps, three 50 g (wet) sub-

sarnFles were taken and held i:: a wate¡ bath at SOoC for 15, 30 and 60 mlnutes.

llrese suþ sarnples were then rìisi::tegrated and washed \¡¡tth flve litres of cold

water. The wash water was fÌltered to recover fines. The washed flbre and ûnes were

dried at lO5oC to determine yieid.

Pulp evaluatlon was performed after l,atency was removed from all pulps by

disirrtegration at 90oC for 10 minutes al L.25o/o stock consistency Ín a standard

British disintegrator. Freeness and ûbre cl,assif.cation \Ã¡ere in accordance wittr

Appita test method No. P206m-77 andTappi Standa¡d T233os-75, respecdvely.

Pulp flbre length dlstributions and average pulp fl.bre lengths were dete¡mlned

ustng the ltuJaani FS-200 flbre analyse¡ ff.tted with a 0.15 mrn screen plate.

HEFINER PILO| PLANT
PAPRO NEW ZEAI.AND

"ffi
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Hand.s¡,eets were prepared and evaluated l¡r accordance with Appita test methods

P2O3s-8O and P2OBn-75. The oven-dry basis weight was used to calculate t}.e

handsheet strength d.ata. Light scatterbeg coeffIclent was ealculated usin$ the at¡

dry basis weight.

The pulp quality d.ata are presented for each wood t5æe in Appendix C, Tables Cl to

C5. For all pulp propertles, regresslon equatiorrs were used to provlde interpolation

of the data at a freeness of 2OO CSF and an energy consu:reptlon of 15OO kWh/odt.

Pulp Bleachtng

The perodde bleach response of the cold soda pulp was determined for each wood

type using pulps tn the freeness range 190 to 240 CSF. The pulps were bleached

accordlng to PAPRO stand.ard. method 1.602. For ttre 15 year-old.Ð. nútens (CV) prrlp

a range of atkall applicatlons were used for eactr peroxide appllcation, Table 5. The

bleachtng results for thls wood. type were ttren rrsed to determine tl.e best alkali

applicatlons for ttre other wood types.

After bleachi::g, the pulps u¡ere neutrallsed rnrith H2SO3 to pH 5 at 1.Oolo

consistency and brightness pads produced according to ISO standa¡d 3688-1977.

RESULTS AND DISCUSSION

Chemlcal appllcation and pulp yteld

All the chlps absorbed. a slrnllar amount of the 40 g/L sodium hydro>dde liquor in

thei:npregnator,TableS.TheE'nttens(c\r)15yrt'E'nttens(NSW)and'E'Fasttgata'

all ha¿ an alka]I absorption rate of approximately 8.2"/o.In comparison, ttre I year

old. E. nftens (CV) had. a slightly lower absorptlon rate of 7.60/o and the -8. regnans a

higher rate of 9.Oo/o.

There \Ã¡as no substantlal d.ifference between the pulp yields of tJre different wood

types for the tmpregnated chips that were cooked t¡r the wate¡ battr at SOoC for 15'

B0 an¿60 minutes. Generally the pulp yield decreased from 95.5% with 15 minutes

cooking to 92.Oo/o with 60 minutes cooking, Table 3 and Figure 3. Based on these
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measuiements, the pilot plant cooldng conditfons of SOoC for 2O neinutes would be

expected to produce pulps with a yield of 94.6%.

Table 3: Chemical appllcatlon and pulp yleld data.

cV (15 yr)

CV (8yr)
NSW
Regnans
Fastigata

90
20 30
Cooking time, minutes

Figure 3: Putp yield as a funcdon of cooking time.

I
tr
o

Ä̂
\oÌgo
Eõ'=
o-

=94o_

100 40

Wood type Pulp No. NaOH applled Pulp yield @ a given cooktrg üme
(%)

15 mirì 30 mir¡ 60 rnirr

Ð. nttens (C\/) I yr 94054 7.3O
94099 7.7A 96.8 93.8 92.2
94103 7.7A

E. rdtens (CÐ f 5 yr 94043 8.85
94081 8.O5 96.8 93.8 92.2
94085 8.O5

E. nltens (NSW) 15 yr 94059 8.15
94072 4.21 95.6 93.8 91.7
94076 a.2l

E. regnøns L5 ¡n 94039 9.51
94090 8.68 94.6 92.8 92.6
94094 a.68

E. Fastþ<rta 15 yr g4O47 8.18
94064 A.2A 95.2 92.9 92.1
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Enerry consum,ptlon

Tb.e amotrnt eners/ required to reflne the chips to a glven freeness was dependant

on tlre eucal¡rt wood file, Figure 4. The E.Jasttgata chtps had the hJghest eners¡

demand of tlre flve eucal¡4pt wood ty¡res. At an enerry consumptlon of 15OO

k'ü/-hlodt, the cold soda pulp had a freeness of 24O CSF. In comparison, tf.e 15

year-old.E. nttens (C\I), E. nitens (NSW) and.Ð. regno,ns all had ¿ slrnilar. energy

d"emand to a gtven freeness. These wood t¡rpes produce pulp wittr a freeness of 195

CSF at 1500 kv/h/od.t. The 8 year-old.D. nltens (CV) hâd the lowest errergy demand

and. at an enerry consumptlon of 15oo kwh/odt produced a I75 CSF putp.

600 r CV (15 yr)
tr cV (8yr)
O NSW
a Regnans
A Fastigata\o

n:,

CV (8 yr)

800 1200 1600

Energy consum ption, kWh/odt

Figure 4: Freeness as a function of energy consumption'

Shive content and flbre dlstribution

There was no apparent difference between the shive contents of the.E. nitens (NSW)'

E. regnans and E. Fasttgata pulps when compared at a given freeness, Figure 5' The

.8. nitens (CV) prod.uced. putps with tl:e lowest shlve content. For the 15 year-old E.

nltens, the d.ifferences in shive content were most noticeable at trlgh freeness. Below

g0O CSF, lts shlve content was only marglnally lower than those of tl:e other 15
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year-old eucalypt wood types. The 8 year-old E. nttens produced pulp with the

lowest shlve corrtent. At 2OO CSF, the 8 year-old.E. nitens had a shive content of
O.O7o/o compared to ttre Q.29o/o obtained with tJee 15 year-old eucalypt satnples.

2.O

1.5

r cV (15 yr)
tr cV (Byr)
O NSW
a Regnans
A Fastigata

1.0 cV (15 yr)'w'{
0.5

Ag
,-_-.8.F - cv (8 Yr)

s
{j
l-o
coo
o)

=U'
oo
E
J

Â_

20a 400 600
Freeness, CSF

Figure 5: Pulmac shive content (0.l5mm screen plate) as a ftrnction of freeness.

The corrstderable dlf[erences between t]re ûbre lengt]ts measured tn the eucalypt

chlps for tåe flve wood types (Table 2) æe reflected tn the mean length weigþted

flbre lengths of the eold soda pulps when compared at a glven freeness, Flgure 6. At

2O0 CSF, tl:e E. regrlllns pulp had tJre lonçst mean ûbre length of 0.80 rn'n. The 15

year-old.E. nltens (CV) and (NSW) bot} had a mean fibre length of 4.76 rnrr'. Of tlre

15 year-oid wood samples, the E.Jastlgata pulp had th.e shortest mean length of

O.74 rrl.rn,

Ttre mean tbre length of the,E. nftens (CV) decreased substantially when the wood

age w¿rs decreased. At 2OO CSF, ttre 8 year-old sample had a mean flbre length. of
only 0.66 'n'n.

The mass pro¡rorü.on of long flbre as determlned by the Bauer McNett classifi.e¡

showed slrnlla¡'differences between tlre flve eucalypt wood t¡pes as the mean f.bre

length data, Figure 7. The E. regnans and 15 year-old.Ð. nftens wood t¡4pes had the

highest proportion of material ¡etained on the 50 mesh (R5g) screen. As ex¡lected,

0
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from tå,e flbre length data., the 8 year-old -8. nffens (CV) had lowest long ûbre

content.

0.9

iþt-¿¿-# 
Regnans

I-¿" ---A-* Fastigata

A

ÆË:n--[-.-E4rcv 
(8 Yr)

r cV (1s yr)
tr CV (Byr)
O NSW

^ Regnans
À Fastigata

100 200 300 400 500 600
Freeness, CSF

Figure 6: Mean length weighted flbre length as a functlon of freeness.

100 200 300 400 500 600
Freeness, CSF

Figure 7: Bauer McNett R5g, long flbre f¡action as a fu¡rcüon of f¡eeness.

<)
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. NSW
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Tb.e Bauer McNett fìnes content shows ttre reverse trend to the long flbre content.

The 8 year-old.E. niter¿s (CV) contained tl.e trargest amount of materlal that passed

through the Bauer McNett 2OO mesh screen (P2gg). The .8. regna'ns and.E. nftens
(NSW) produced p 'lps tl-at had ttre lowest flnes content of ttre flve eucalypt wood

t54pes, Figure 8.

A

\9.'- 20
.j,oof
l-,lE(þ r\,
coo
cn
(l)

i.l- lu

\._J+
E -\'-. CV (8 yr)

lcv
tr cV (Byr) a-

Regnans,NSWO NSW

^ Regnans
A Fastigata

100 200 300 400
Freeness, CSF

Flgure 8: Bauer McNett PZOO, fines fractfon as a frrnction of freeness.

HANDSHEET PROPERTIES

Handsheet properties have been plotted against freeness. In additlon, selected

properttes have been plotted against tensile index and energr consumptlon. The

use of tensile index as a basis of comparison recognises the i:nportance of ttris

panameter âs an. indlcator of street bonding and runnability. A surnmary of the

handsheet properttes at 200 CSF is presented Table 4.
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TABLE 4: SurnrnaÐ/ of pulp and handsb.eet properties at 2OO CSF.

Sheet consolldatlon

The 15 year-old.E. nitens (CV) and E. Fastigata bottr produced cold soda pulps that

were substanttally more bull<y than the other eucalypt putps wtren compared on the

basis of both freeness and energy consurapü.on, Figures 9 a¡rd 10, respectively.

Although the E. regnclr.s and -8. ndtens (NSW) pulps contained more long fibre ttran

the pulps produced from ottrer 15 year-old eucalypts, tlrey consolidated to ¿ sirnila¡

bulk as the I year-old.E. nfÉens (CV) which had lowest long ûbre content.

When compared on the basis of tensile strengtl:., the cold soda pulp produced from

the I year-old,E. nifens (CV) produced the pulp with the lowest buik, Figure 11. The

.E. nitens (NSW), E. regnans and .Ð.;fastigata pulps atl had a sirnllan'bulk. At a

tensile index of 45 Nm/g these pllps had a bulk of 2.08 cm3/g compared. to the

2.OO cm3 lg obtained for ttre I year-old. E. nllens (CV).

For the -8. nitens (CV) ptrlFs, increasing the wood age from I to 15 years

substantlally increased the bulk. At 45 Nm/É the pulp produced from the 15 year-

old.E. nttens (CV) had tlie trighest butk of 2.2O "-3/g.

Wood type .E nft¿ns (CV) -8. nftens (CVl

8yr ISyr
E nfler¡s (NS'il1

l5 yr
E.regnøts E,Jøsttgatß.

15vr 15w

Energg lnput, kWh/odt

PuL¡nac sh¡ves (O.15), %

Mean llbre length, mm
Long fìbre (Rso). 7"

Flnes (Pr.¡6), %

Hand¡heet property
Brrlk, cm37g

Al¡ reslstanc'e, s/ IOOnI
Ter¡slle fnde:<. Nm/g
Tea¡ tndex. mN.mz¿g
Brlghtness, 96

Scatterlng coeftl, n27kg
Opa.ctty, %

t374

o.o7
o.66
15.1
20.6

2.O2

L3.2
41.6
Êâ

46.O

49.3
96.7

1460

o.29
o.76
24.3
18.9

2.t6
13.2
46.9

49.O

49.3
96.7

1460

o.29
o.76
30.5
16.9

2.O2

t7.2
46.9
7.2

49.O

48.6
96.7

1460

o.29
o.80
24.3
16.9

2.O2

L7.2
46.9
7.2

47.2
44.2
94.8

1675

o.29
o.74
oo^

18.9

2.16
8.8
4L.6
5.6
50.9
47.9
s5.o
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Figure 9: Bulk as a functlon of freeness.
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cV (15 yr)
cV (8yr)
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Regnans
Fastigata

> N \¡

a
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cV (8 yr)
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Tensile index, Nm/g

50

Figure 11: Btrlk as a functlon of tenslle lndex.

Sheet strength properties.

The pulps produced from the 15 year old.E. nitens (CV and NS\M) and E. regnans e17

achieved a slrnllar tensile strength at a glven freeness, Figure 12. In comparlson,

ttre tensile strength of the E,Jasttgata pulp was substantially lower than tlrat of the

other 15 year-old eucaly¡rts. For the.E. nitens (CV), dec¡eas¡ng the wood age from 15

to I years dec¡eased tlre tenslle strength of the pulp to tJ:e same level as that of the

E.rfastlgata pulp.

When compared at a speci.ûc energ/ consrrmption, the E. regnans and.E. nitens

(NSW) had ttre highest tensile strength, Figure 13. Both the 8 and 15 year-old.E.

nitens (CV) had a si¡nilar tensile strength for a glven eners¡ input that was slightly

lower than that of the E. nftens (NSW). In comparlson, tl.e tenslle strength of the E.

Jastlgata. was substantlally lower than that of all the other eucal¡>ts.

For tJ:e 15 year-old eucal5pts, the higher mean fibre lengths of the.Ð. regnøns and

.8. nltens (CV and NSW) pulps gave them superior tear strength to the E.Jastigata

\ I

I
tr
O

Â

-P 2.2
Eo
g
å 2.o

\ I

55
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prrlp, Figure 14. The I year-old E. nttens (CV) pulp which had a shorter mean fi.bre

length than all the 15 year-old eucal¡rts also had a lower tear strength.

60 I I cv (15 vr)

¡ tr cv (8yr)

1 r oNSW
t\s, I r\ il'nl'Î"

E uo I r.: h Fastigata'q. ãxl -.
otEj n'4l"^ rOILÀËl 5'*v,

,6 40
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Flgure 12:
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Tensile strength as a fl¡nction of freeness
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Figure 13: Tensile strengt}l as a functlon of energr consumption
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Figure 14: Tear st¡engttr as a functlon of tenstle irrdex

Optlcal propertles and perotdde blesch response.

In contrast to ttre trends ohserved for tlre strength propertles, E.Jasttgata produced

pulps wltl. ttre highest brightness, Figure 15. At 200 CSF, tJ:e ^E.,[øsÉIgøta putp had

a handsheet brþhtness of 50.97o. The 15 year-old.Ð. nitens (CV and NS\il') botJl

produced prrtp which were appro)dn¿rtely 2.0 percentage points lowe¡ in brigtrtrress

than the E.Jasttgata. pulp. The E. regnans produced pnlp with the lowest

brightness of tlre 15 year-old wood samples. At 200 CSF, this pulp had a brightness

of orrly 47.2o/".

Wood age had a maJor effect on tlre brightness of the.Ð. nítens (CV) pulps and the

pulps produced from the 8 year-old wood were 3.0 percentage points lower ir:.

brightness than the pulps produced from the 15 year-old wood.

Three hydrogen perodde applications of 1.0, 2.5 and 4.Oolo were used to determine

the bleach response of each eucaly¡rt wood type- The i¡rlluence of alkalintty on tlre

bleaching response was determined for the 15 year-old.E. nitens (CV) by evaluating

three alkali applications for each peroxide application, Table 5. The bteachJng

50 55
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results for thjs wood t54pe were then used to determine the best alkali appltcatlons

for the other wood t5pes.

54 I cV (1s yr)
tr cV (Byr)
O NSW
a Regnans
A Fastigata

cV (8 yr)

100 200
Freeness, CSF

Figure 15: Handsheet brightness as a f,rnctlon of freeness.

TAEILE 5: Bleaching condltlons and ISO brlghtness for the 15 year-old
E. nltens (CV) pulp.

Pulp Number Freeness
(CSF)

HzOZ NaOH Flnal ISO-
(%) (%) pH brightness

t%ì

94045 l9l o.o 0.00 60.2
1.0 O.75 10.1 59.8
l.o r.00 ro.3 59.2
1 .O 1.25 10.9 57.a
2.5 2.OO t 1.O 61.9
2.5 2.50 11.8 61.1
2.5 3.OO L2-O 60.1
4.0 3.50 Iz.L 63.4
4.O 4.OO 10.9 62.0
4.O 4.50 L2.5 63.5

For the 15 year-old E. nttens (CV) pulp, the hdghest brightness was obtained uslng

the lowest sodlum hydroxide application. Based on these results sodir¡m hydroxide

rA
At.À a

\- \r
. t(a --'t-

t*.. 
\-__ ---ì- Fastigata

o. art r\-r
^ ^^ 

\-\'- -,- h-a':. EI n l--1
;:..'-- A =-Regnans
# =o*-.€
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PÁPRO New Zeala¡d.

appllcatfons of O.75,2.0O and 3.5O% were used to bleactr ttre remainlng eucal¡>ts
pulps \ ¡ith 1.O, 2.5 and 4.07o peroxtde, respectlvely, Table 6.

TABLE 6: Bleachtng conditlorrs and ISO Brighbeess data for all eucalypt wood
types.

NB. All bleachings had >99.5% H2O2 consumd.

In terms of their ûnal brightrress, the bleached pulps followed a. sirnilan'trend to that

observed for ttre unbleached handsheet brightness values, Figure 16. The.E.

Jastþata and 15 year-old.Ð. Nitens (CV) produced tlre brightest bieached pulps and

the I year-oid.E. nifens (CV) produced ttre darkest bleached pulp. However, all
pulps showed ¿ sirnil¿¡'lncrease in pulp brightrress with pero>dde bleachirrg.

Generally, for each wood type, a 4.0olo hydrogen peroxide application gave an

increase in brigþtness of 11 to 12 percentåge points over the original unbleached

brlghtness level. This brightness gain was conslderably lower tfran expected as

other researchers have shown that brighbeess gains of up to 30 percentage points

have been obtained for eucal¡rts wittr a 4.0olo pero>dde application (4). The fact that

99.57" of the applied pero>dde was consumed for all the bleached pulps suggests

that low brlghtness gatn was due the alkali appllcatlon bei::g too hlgh. F\rrther

Wood type Pulp
Number

Freeness
(CSF)

Hzoz
(%l

NaOH
(%)

Flnal ISO-
pH brightness

t%l
Ð.ntter¡s (CV) 15 yr 94045 lsl 0.0 o.oo

o.75
2.OO

3.50

50.2
59.8
61.9
63.4

l.o I O.1

I 1.O

t2.l
o<

4.0
Ð.nttens (CÐ e yr 94056 194 o.o o.oo

o.75
2.OO

3.50

46.9
57.O
56.6
67.9

l.o 10.3
L2.O

L2.7
2.5
4.O

E.nttens (NSW) l5 yr 94061 234 o.o
1.0
2.5
4.O

o.oo
o.75
2.OO

3.50

49.7
56.5
õ8.8
61.3

IO.7
I 1.8
L2.6

E.regnø.ns 16 yr 94041 220 o.o
l.o
2.5
4.O

o.oo
o.75
2.OO

3.50

48.1
56.7
57.9
60.1

lo.6
I1.9
t2.7

E.Jo.stlgatø.. 15 yr 9405 I 2t9 o.o
t.o
2.5
4.O

o.oo
o.75
2.OO

3.50

50.7
61.8
63.O
62.5

10.o
1 r.o
L2.5

Contract No. 94/ 139 Page 21 of43 Pages



PAPRO New Zealand.

work is required to optim-ise ttre bleachi:rg condltons for the New Zealand.-grown

eucal¡pts.

65
CV (15 yr),Fastigata

s
uí rcu, Ju,
oc
-co)
5so
o
U)

//
'r'./

45

40

Applied H2O2, o/a

Figure 16: The peroxide bleachresponse.
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Figure 17: Light scattering coefilclent as a function of tensile index.
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The E.rfastlgata and the 8 and 15 year-old.E. nitens (CV) produced pulps with tlre

htghest ligtrt scatterl-r:g coeffIclent, Figure 17. At a tensile lndex of 45 Nm/g these

pulps trad a scatterlng coefilctent of 49.1 Ñ lttg. The E. nttens (NSW) had. a slightly

lower scattering coeffcient of 48.1 m2 lXgat the sârne tenslle ind.ex. Although t}.e E.

regno.ns produced a pulp wtth low bulk and good strength properües, lt scattering

coef0,cient was substantially lower tJ:an t}lat of the other eucalypts. At 45 Nm/g the

scatterlng coefflclent of ttre E. regnans was only ß.5 # /kg. The lower scattering

coeff.cient of the E. nttens (NSW) and E. regnans pulp can probably be atlributed. in

part to thei¡ lower flnes content.

CONCLUSIONS

This study has ldenüfied i:nporlant differences in the mectranical pulping

responses of four eucalypt wood types ttrat a¡e sultable for plantatlon forest4r in

New Zealand. The influence of 'wood age on pulp properties for one wood type has

also been determined.

Wlren cold. soda pulps were prepared from the forrr wood t5¿pes using 15 year-old

trees, ttre ^8. nltens (CV) was found to produce pufps wlth the rnost promi,slng

combinatlon of properöes. Thls eucal5¡pt produced pulps which had good bulk and

excellent strength and optical properties.

The.E. nftens (NSW) and E. regno,ns botJr produced pulps wlth slrnilar strengtJr

propertles as ttre.E. nÍtens (CV) pufp. However, these pulps trad lower bulk and

infertor optlcal propertles. In particular, the brlghtness and light scattering

coeffclent of the E. regnans pulp was substantially lorver than that of the .Ð. nitens

(CU pufp. The.E.¡fastigata pulp had a substantlally higher reûntng eners¡ demand

than ttre other eucalypts and had lower strength properties. The E..,¡løstígata díd,

however, produce ttre brightest cold soda pulps'

The 8 year-old.E. niþns (CV) had a shorter mean fi.bre length ar.d higher lignin

content compared. to the 15 year-old.E. nitens (CV). The pulp produced fron the I
year-old wood had bulk, strength and optlcal properües that were substantlally

Iower than those of the pulp produced from tJee correspondi::g 15 year-old wood.

The dtfferences observed between the B and 15 year oid.E. nitens (CU for the
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strength and optical propertles were generally greater than the differences between

tl".e four, 15 year-oid wood ty¡les.
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ORIGIN.å¡ID LOCATION OF EUCALYPT WOOD TEES

E. nlten-s (Central VlctorlaJ, g yr old

Cpt 1090 Kaingaroa, FRI tlat RO2O4B

Established 1986, seedlot, g/o/96 /06 Mt roorongo prateau, vlctorta.

E. nltens (Central Vlctorla), 16 ¡rr old

CHH Forests Ltd, Ki::leith Forest
.8. nftens seed stand, Tram Rd, 6286/628Z16
Establlshed 1979 Rublcon, Toorongo, McAllste¡ mix.

E. nltens INSWJ, t5 yr old

CCH Forests Ltd, Klnleith Forest

Matre Rd Provenance/Specles TtXal, 62lZ /62LZLO
Established 19zz at 1666 sph, thù:ned age z to 628 sph. Nbnrritabel source.

E. regnants, 16 ¡rr old

CCH Forests Ltd, Ktnleith Forest

Maire Rd Provenance/Spectes Tflal, 62IZ l1ZLZIO
Established 1977 at 1666 sph, thùened age z to 62s sph. Ki::leith source.

E. Fastlgata, 1õ ¡rr old

CCH Forests Ltd. Kinleith Forest

Mal¡e Rd Provenance/S¡recies Trial, 6217 l62fiI}
Established 1972 at 1666 sph, thtnned age z to 625 sph. oberon (NSW) source.
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WOOD PROPERTY DATA
WHOLE DISK ME^{'SUREMENTS

TABLE BI: E nlten (CV) e yr old wood propertydata.

Tree

No.

I
I
I

o

2

3

ó

0

4

4
4

o

6

6

I
I
8
ct

I
I
11

tt
l1
t2
12

lo

l3
l3
13

T4

l4
l4
l6
16

l6

Lþg
No.

I
o

Log

LED

(mm)

ooo

i oE

oo.t

233

t63
233

215

134

215

294
L76

294

207

148

207

183

L26

183

246

158

246
ooo

140
ooo

oo¿-

L4+
ODÅ-

279

184
o.ro

320

198

320

2c,0

124

2æ

Log

SED

(mm)

135

84

84

163

77

77

134

77

L76

79

79

148

7A

78

L25

73

73

158

80

80

140

85

85

t44

72

184

100

100

198

88

88

L24

6+

64

4.8

4.7

9.5

5.5

5.4

lo.9
5.2

5.5

to.7
7

7.1

14.1

5.2

5.5

LO.7

5.7

5.7

11.4

6.8

6.8

13.6

o

o

L2

6.6

6.7

13.3

tr

5.9

I 1.9

7.5

7.7

15.2

5.6

5.6

Tt.2

33

40

36

4I
17

38

38

20

30

42

20

36

31

17

26

o

19

36

Ið

30

25

0

2l
44

óJ

38

35

lo
27

38

23

34

42
OE

472

438

463

462

455

460

501

466

+92

486

473

483

499

509

5c]2

46+

+44

458

446

475

453

465

457

462

476

437

466

447

443

441

513

491

507

467

438

460

lo97
to25
1078

LA79

1045

1070

I 105

to32
1085

109 I
1015

1073

1073

l063
1070

lo73
1 ô00

1058

1023

looS
1019

1076

IOO4

1056

to77
947

1 
^ÊO

LO75

1052

1069

I 131

1082

1r l9
to78
lo29
1066

135

IðÓ

r.1ó

rto

t20
t2L
120

t24
ll4
t21
114

108

tt2

130

LóL

r29
I lo

124

131

119

t27
126

t25
I26
143

r37

14r

t20
t20
120

131

t35
132

o.L2

o.05

o.168

o.t7
o.06

o.235

o.13

o.05

o.176

o.3t
o.1

o.405

o.13

o.06

0.187

o.1 r

o.04

o.152

o.22

o.08

0.3

o. t6
o.06

o.218

o.l8
o.06

o-242

o.26

o.1

o.352

o.4

o.13

o.532

o.12

o.04

o.158

Log }.og Hea¡t Baslc Green

Length Voh¡me Voh:me Denstty Denslty M.C

(mm) (m3) l%) &g/m3) (kglm3) (",6)

Tree

I
o

Tree

I
o

Tree

I
o

Tree

I

Tree

1

o

Tree

I
o

Tree

I
o

Tree

1

o

Tree

I
.,

Tree

I
2

Tree

I
o

Tree
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TABLE Bl (contlnued): E nlten (CV 8 ¡n old u¡ood property data.

Tree

No.

t7
17

t7
I8
l8
18

19

l9
l9
20

20

20
ot

2t
o1

qo

o.)

oo

25

25
õÉ

Iog
LED
(mm¡

Log

SED
(mm)

156

7A

78

L47

82

a2

140

74

74
too

70

70

t52
67
67
165

73

73

r28
90

90

150

84

84

131

85

85

149

7S

79

I-ag

No.

I 236
2 156

Tree 236
1 216

2 L47

Tree 216
I 209

2 I40
Tree 2Og

I 2lo
2 133

Tree 2lO
L 237

2 L52

Tree ' 237

I 268

2 165

Tree 268
I 206

2 r28
Tree 206

I 2L7

2 150

Tree 2L7

1 186

2 131

Tree 186

I 230

2 L49

Tree 23O

I-og Log Heart
Length Voh¡me Volume
(mm) (m3) (o/ol

Baslc Green

Denslty Density M.C.
(kglm3) (kglm3) (",61

24A

244
24A
248
248
248

Mean

Mean

Mean

6.9

6.9

13.8

6.4

6.4

12.8

5.9

5.9

I 1.8

6.4

6.3

12.7

7.4

7.3

14.7

6.3

6.3

L2.6

5.2

5.3

10.5

5.5

5.5

1I
5.6

5.6

LL.2

6

6

t2

o.2l
o.o8

o.288

o.L7

o.o7

o.235

o. 14

o.05

0.198

o.15

0.05

o.203

o.22

o.o7

o.296

o.24

o.o7

o.31

o.r2
o.05

o. 166

o.15

o.06

o.208

o.tI
o.05

o.164

o

o

o

33

I3
29

4l
l4
35

36

20

29

40

20

30

36

14

31

29

L4

26

42

o

32

Jõ

t7
30

o

19

36

16

30

453

450

452

459

467

461

450

438

447

466

490

472
,963

441

468

493

480

490

458

483

466

469

474

472

450

47L
ItÞt)

469

465

468

lo50
10r I
1040

1063

1059

1061

1049

998

1035

1088

lo55
1080
6a.t

9s8

964

lo99
1039

1085

106 I
1036

1054

1060

IO59

1060

105r

1054

lo52
1070

l029
1059

125

130

1 0.,

130

I33

I27
131

134

1r5
Ito

l09
ôÉ

106
10t

116

12t

IJI

114

L26

t25
12r
L24

134

L25

131

L2e

L2T

t26
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TABLE 82: E. nltens (CVl 15 3nold wood properSrdata.

Iag
LED
(mm¡

I'og
SED
(mm)

t37
loI
55

55

157

10r

50

50

t77
136

70

70
o'lo

175

140

78

7A

184

lðó

75

75

I18
65

65

r89

150

7A

7A

2LO

L72

L44

77

77

160

118

59

59

Log Log Hea¡t
Length Volume Volume
(mm) (m3) (y")

Baslc Green
Tree

No.

Log

No.

1

o

3

Tree

I
a,

3

Tree

I
.)

3

Tree

I
o

o

4

Tree

I
o

Tree

I
.)

Tree

I

3

Tree

I
o

3

4

Tree

I
o

o

Tree

Denslty Denslty M.C.
(kglm3) (kg/ms) {"/o)

I
I
I
I

t
o

3
3

3

4

4

4

4
4

5

5

5

5

6

6

6

7

7

7

7

I
8

I
I
I
o

9
ô

I

184

L37

tol
184

20'4

t57
101

2c,4

226

L77

136
toA

27A

2L2
L75

140

274

234

184

159

118

159

245

189

150

245
27L

2LO

L72

L44

271

275

160

118

275

tl

6

t.r
19.1

6

6

6.4

I8.4
b

o

7.5

I9.5
6

ö

5.2

5.7
oto

tt

6

5.2
l',f t

6
ao

t3.2

6

6

4.7

20.7

6

6

6

5

6

t)

5.9

17.9

o-12

o.o7
o.03

o.224

o.15

o.08

o.03

o.264
o.19

o.t2
o.06

o.373
o.2a

o.18

o.1

o.05

0.618

o.2t
o.L2

o.05

o.372

o.09

o.05

o. 14

t\ oo

o.14

o.09

o.451

o.27

o.L7

o. 12

o.05

o.614

0.23

o.09

o.04

o.357

t7
L4

o

L4

67

63

67

65

68

58

ðó

57

64

61

40

o

53

52
LO

20

45

67

40

56

59

50
oo

49

56

53

42

20

4A

RO

33

o

4l

453

470

514

468

4LO

424

465

420

452

483

509

472

519

5ro
531

555

52L

426

433

488

436

446

483

459

456

489

521

479

463

500

542
560

497

445

444

465

44A

1038

990

1013

1020

1016

982

992

IOOS

1026

10r7
1041

l026
r lo3
1061

1085

1093

l087
to40

1009

to62
1033

1048

1019

l038

to59
t057

I066
t060
to72
t059
IO77

to82

1070

tI22
lo5 r
LO42

r095

128

1to
96

118

t47
131

114
lao

L27

r10
104

118

t12
t08
l04
96

108

143

t32
t18
137

135

llr
r27

131

116

t04
12L

131

Itl
98

93

lt6
L52

I34
124

144
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PAPRO New Zealand.

TAEILE E!2 (contlnued): E. nlÞr¡s (CV) 15 yr old wood property data.

Tree

No.

I'og
No.

t
o

3

Tree

I

o

4

Tree

I
o

4

Tree

1

o

ð

+

Tree

I
t
ð

Tree

I
o

4
Tree

I
t

Tree

I

3

Tree

I

Ð

I'o9
LED

1mm)

Log

SED
(û¡m)

t78

75

75

240

2o.3

163

a7

a7

ta2
15t
104

TÓ

73
oF.L

203

r45

97
õn

136

l09
67

67

304

255
2o,5

96

96

230

199

94
94

178

135

7L

7l
145

l09
69

Log l-ag Heart Baslc Green

Length Volume Volume Denstty Denstty M.C.

(mm) (m3) {V"l (k8/m3) (kg/ms) (",6)

lo
IO

lo
10

11

11

1l
t1
1t
12

10

L2
10

10

l3
l3
l3
l3
rrl

14

14

L4

14

15

l5
15

15

I5
16

l6
l6
l6
L7

t7
L7

L7

l9
19

l9

242

17a

L32

242
ooo

240
203

163

299

230

LB2

151

108

230
340

254
2o3

145

340

L75

136

t09
175

395

304
ôÉE

2c,5

395

301

230
199

301

t7a
135
ooe

168

145

109

6

6

5.5

17.5

6

6

þ

5.9

23.9

6

6

5.5

4.5
oo

6

6

6
Á.o

oro
6

6

19.3

6

6

6

oqo

o

6

8.8

20.8

6

b

t9.7
6

Þ

5.1

o.2t
o.1 I
o.o5

o.371

o.34

o.23

o.16

o.o7

o.804

o.2

o.13

o.o7

o.03

o.434

o.42

o.25

o.14

o.05

o.859

o.ll
o.o7

o.05

o.23r
o.58

o.37

o.25

o.13

1.332

o.33

o.22

o.1s

o.706

o.l9
o.12

o.o7

0.373

o.12

o.08

o.03

52

45

20

44

56

48

44

l4
47

55

38
oo

o

4L

64

60

50

20

58

Tö

öt

20

56

Ðt

54
Rr)

52

6l
50
âa

51

63

58
Ðo

54

50

38

469

501

539

488

437

469

502

518

+67

466

484

5L2
543

4e5

490

507

527

526

503,

465

497

539

489

436

470

488
¿ot

461

469

488

516

485

475

500
ROô

492

433

485

521

1112 137

1087 l-L7

1087 IOI
1101 L26

1051 139

ro42 122

1060 11r

ro52 IO2

1050 125

1038 r22
IOO9 108

1016 98

to33 90

1025 111

rtll 126

togr 1r5

1082 104

ro72 103

1098 118

1034 122

1013 ro3

1050 94

1031 lll
1063 144

1048 t23
1068 118

1031 109

IO57 130

1099 134

1076 L20

1062 105

1084 l2s
to75 126

1051 1 10

1043 97

1062 116

10t I 134

1029 LLz

ro47 IOO
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PAPRO New ZeaIand.

TAIILE 82 (contl¡rued): E nffens (CV) 15 yr old wood propergr data.

Tree

No.

19

20

2A

20

20

2l
2L
o1

.''l

oo

oo

oo
qo

23
ôa

23

24

24

24

24

25

25
ôÊ

25

.{
A
A

A

A

B

B

B

B

B

Mean

Mean

Mean

Mean

Mean

I-ag

No.

Tree

I
.,

tl

Tree

I
o

3

Tree

1

o

J

Tree

I
o

o

Tree

1

o

Tree

1

o

3

Tree

I
o

3

4

Tree

I
2

s
4

Tree

I
t

3

4

Tree

Lag
LED
(mm)

168

25L

195

159

251

290

2r8
173

290

244
182

L44

244
315

224

L7A

315

20'5

t67
toâ

2o,5

269

211

161

269

424

335

208

42A

269

2LA

L75

134
ÐÂo

oÊo

198

159

156

259

l,og

SED
(mm)

69

195

159

8t
8l

218

L73

89

89

182

L44

62

62
oo.¿_

L70

88

88

L67

1.1.t

66

66

2rl
161

86

86

335

277

2c,8

116

116

2t8
175

134

77

77

t98

155

99

88

77

L7.l
6

6

8.6

20.6

6

ô

4.7

20.7

6

6

8.9

20.9

o

t)

8.5

20.5

o

o

8.3

20.3

6

6

8.6

20.6

6

6

6

6.6

24.6

6

6

6

5.9
tao

6

6

7

6

20

o.224

o.24

o. 15

o.1

o-484

o.3l
o. t8
o.I2

o.608

o.22

o.13

o.08

o.423
o.35

o. l8
o.t1
o.644

o. 16

o.1 1

o.o7

o.337

o.27

o. t6
o.r1

o.543

o.69

o.44

o.28

o.14

I.551
o.28

o.18

o.tl
0.05

o.629

0

o

o

o

I

45

63

60

40

59

68

67

42

62

68

62

38

62

63

bô

36

55

69

64
oô

59

67

63

36

58

61

59

54

óo

57

54

50

45

20

49

59

52

34

t7
5I

46+

462

499

539

490

4AO

499

529

495

453

488

513

474

474

473

474

476

455

474

L2.

474

420

458

454

438

453

477

518

543

480

445

457

485
<ôn

463

456

480

509
Êae

474

LO22

1058

lo37
lo50
1050

t065

to33

ro12
1045

IO72

1055

1049

l063
tog1
1041

10IO

1062

1035

1009

1018

LO23

1006

1038

IO20

to18
LO97

1095

I ioo
1092

1097

1029

1015

LO24

1025

LOz4

r060
I 
^ao

ro+7

1060

lo52

Itt

t2a
108

94

115

1.'0

L07

9I
111

136

115

t04
L24

L27

119

r13
10r)

't o.f

111

98

116

leô

r26
1D¿.

L32

L42
I.,o

Lt2
100

L29

130

L2L

ttl
9+
1tr

Iqt

t17
105

98
10.,

I'og Log

Length Volume
(mm) (m3)

Heart Baslc Green

Volume Denstty Denstty M.C.

("/"1 (kg/m3) (kg/m3) ("/"1
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TABLE 83: E. nltens (NSW) 15 yr old wood property data.

Tree

No-

l-og

No,

I'oE

LED

fmm)

l¡g
SED
(mm)

I'og lrg
Length Volume

(mm) (m3)

Hea¡t Baslc

Volrrme Denslty
Green

Denslty M.C.

(%l (ke/83) m3) (o/"1

5

5

5

5

5

9
ô

o

I
o

I
13

13

t3
13

l4
14

t4
l4
L4

15

15

I5
l5
15

18

18

l8
18

l9
19

19

23

oe

I
o

ö

4

Tree

.1
o

+

5

Tree

I
o

ó

4

327

24L

2ü2

160

327

449

336

300

25'0

185

449

361

239

la7
134

36I
349

243
196

137

349

224

180

L42

l02
228
tLa

18l
144
tLo

141

r06
141

2Al
225
LA7

145

2Al

24r
2c2

160

91

91

336

300

250

185

94

94

239

187

134

81

8t
243

196

L37

79

79

180

t42
to2
66

oo

l8I
L44

84

84

t06
69

69.

225

187

145

83

83

6

6

6

25.4

b

6

6

6

6

30

6

b

6

5

23

6

6

o

4.6

22.6

6

ö

o

4.4
oo .d_

6

6

4.2
oõ,

6

6

6

6

6
t

20

o.38

o.23

o.16

0.09

o.864

o.73

0.48

o.36

o.22

o.09

1.885

o.43

o.2l
o-12

o.05

o.814
o.42

o.23

o.13

o.04
o.82

o.2

o.L2

o.o7

o.o2

o.415

^oo
0. 12

0.09

o.43

o.07

o.04

o. ro9
o.3

o.2

o.13

o.02

o.655

74

74

63

473

467

470

511

475

4c,4

411

438

449

444

42L

597

467

480

474

538

442

407

422

500

432

+62

451

447

520

462

477

462

495

476

430

438

432

446

440

467

495

444

1120 136

to46 124

44

69

bo

69

61

55
oo

62

70

67

58

20

64

79

70

62

70

50

50

57

o

50

67

44

66

43

o

2A

OI

65

54

50

64

lo11

LO77

lo76

115

llo
t26

ro58 158

1055

I067
to17

lo82

156

143

139

143

1062 L52

tt30 94

1114 138

Tree

I
o

3

4
Tree

I
2

J

+

Tree

I
o

Tree

I
o

Tree

I

t Io9
1101

112l
I to3
1052

1056

13r

130

113

149

158

153

1066 1 t3
1079 150

1110 r44
ro75
1061

l061

138

118

103

1088 I35

1105 131

1051

1043

L27

110

LO77 126

1111 158

o

4

Tree

1085

I lo2
I 136

1093

to89

1099

148

155

155

148

138

100

It12 148
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TÁBLE BS (contt¡¡ued): E nfte¡¡s (NSW) 15 J¡r old wood property data.

Tree

ryo.

24

2+
24

24

Mean

Mean

Mean

Mean

Mean

I-ag

No.

I
o

3

lree
1

o

3

4
Tree

Log

LED
(mm)

255

r64
729

25'5
ooe

ôla

186

155

293

l-og

SED

tmn)

164

L29

8i
87

213

173

L37

98

a2

Lag l,ag Heart Baslc Green

Length Voh¡me Volume Denslty Denslty M.C

(mm) (mB) l7"l (kglms) (kg/ms) (%l

6

Þ

6

18

6

o

6

5
.ro

o.2r
o.1

o,06

o.367

o

o

o

o

1

Ðt

50
âa

52

6+

57

54

58

465

449
4A3

464

466

444

467

492

461

1116

1060

to40
1089

11 10

1070

1060

1080

1090

t39
134

tt7
134

140

141

t28
Itn

I38
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TABLE B4: E Regnans 15 yr old wöod property data.

Tree

No.

Ï'og
No.

I
o

3

4
Tree

I
o

4

5

Tree

I
o

3

4
5

Tree

I
t

4
5

Tree

I
o

4

Tree

I
o

3

4

5

T¡ee

I
o

o

Tree

f,og

LED

fmml

I'og
SED
(mm)

Log 1,og

Length Volume

(mm) (m3)

Heart Baslc

Volume Denstt5r

Green

Denslty M.C

("/"1 ftA/m3) /m3) ("/"1

6

6

b

6

6

7

7

7

7

7

7

12
1ô

12

t2
12

t3
13

13

13

l3
I3
t7
17

t7
t7
17

l8
18

l8
18

18

l8
20
20

20

20

288
ôaô

2to
168

288

498

394

341

293

25,0

498

453

362
324

26,7

LA'7

453

330

2A6

237

t75
422

2At

237

193

153

2Ar
316

265

181

r2a
316

203

154

L22

203

oeo

2LO

168

96

96

394

341

293

250

104

t04

362

3.24

267

LA?

101

101

330

246

237

L75

97

97

237

193

153

86

86

265
ôoÁ

l8t
t2a
79

79

154
1.)0

a7

a7

6

6

6
o

oa

6

6

6

6

3 t.3
6

6

Þ

t)

5.9
oôo

t)

6

o

6

5.5
oô ,i

6

6

6

8.4

26.4

c}

6

6

6

4.5

28.5

6
Á.o

+.4

15.7

o.33
t\ ÐÁ-

o.L7
o. t3

o.861

o.94

o.64

o.47

o.35

o.19

2.592

o.79

o.55

o.41

o.25

o.t
2.098

o.67
o.45

o.32

4.2

o.08

L.724

o.32

^qo
o.14

o.I
o.774

o.+

o.28

o. r9
o.t1
o.04

1.O29

o.15

o.o7

o.04

o.266

oÊ

18

8

20

62

56

47

34
o1

5l

439

434

433

441

437

429

406

4L7

431

437

422

401

4L7

422

415

+26

412

415

431

43'+

436

443

426

431

45,4

461

488

450

442

423
.LOA

443

453

435

423

403

416

416

1 r34
r 110

1089

1084

1l1r
1082

1050

1058

1093

1111

ro73
1059

ro47
1040

1046

to73
1051

I 121

TLzL

I 102

1088

lo94
1I 13

I 104

I 109

1097

1tt2
1r.05

I 106

,tu /o
r065
t067
1085

IO85

1ro1

1053

to34

r077

158

t54
151

146

154
r<ô

158

153

153

154

L54

163

151

146

t51
r52
155

t70
160

r54
149

I47
161

156

L27

145

150

154

r47
r40

I39

I49
160

16l
148

158

63

56

44

32

20
tô

66

47

47

45

ló

52

2A

23
o1

IO
oo

55

32

26

18

o

ö/
40
tô

0

34
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TABLE 84 (Contrnued): E Regnans 15 ¡rr old wood propert¡r data.

Tree

No.

Log

No.

lÆg

LED
(mm)

237

186

155

237

3,3?

27r
23.2

217

185

937

Log

SED
(mm)

186

155

80

80

271

?-3.2

183

154

95

91

Ing l,og Hea¡t Baslc Green
Length Volume Volume Denstt¡r Denstty M.C.
(mm¡ (m3l (%'t ftg/msl (I¡g/ms) (%)

2l
2l
2L

2L

Mean

Mean

Mean

Mean

Mean

Meãr

I
2
3

Tree

t
D

J

4
5

Tree

6

6

9.6

21.6

6

6

6

7

6

26

o.2L

o.14

o.11

0.457

o
o

o
o

o

I

48
tô

o

ao

4A

37

27
25

L4

3a

404

4A7

416

407

423

422

429

442
440

426

I 104

lo84
1062

l088
t 10I
1081

1068

lo82
lo91
lo88

L72

166

155

loo

160

156

149

144

t48
Iþ5
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TAEILE B5: E. Fa.stIgatø 15 yr old wood property data.
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APPENDTX C

PULP gUÄLITY DATA
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ld E nltens

94054 94055 s4056 s4e,57 94099 94100 94101 s4LO2 94103 94104 94105 e410A

Pulplne Condltlong
Presteamlqß temperature, oC

Sodlum hydro:<tde applted. %
Preheaüng temperature, oC

Resldence tlme, ml¡r
Reûner lnlet pressure. bar
Retner ouflet pressure. bar
Refìner stage

Dlscharge conslstency, %

Feedrate, o.d. lrglmln
Energr. kWh/odt
Total energr, kWtr/odt

Pulp propertle¡
Freeness, CSF
Tea¡ tndex. mN.m27g
Burst lndex kPa.mz7g
Sheet denslgr, kglm3
Bulk. cm3/g
Alr reslstarice. s/ IOO mL
Tenslle fndex. Nm/g
Stretch, %
Tenslle eners¡ lnde¿ J/kg
Youngs modulus. MN/-2
Brtghtness, %

Scatterlng coeffìclent, 
^2 ¡u.d,. kg

Opaclty, %

Bauer McNett. wt % +14

+3O

+5O

+lOO

+2OO

.200
Lwetghted ave. flbre length, mm
Pubnac shlve. 0,6

80

7.30
5'o

20
l.o
L.2

I
eoo

IO.00

658

o.2

l.l
19.5

41.3
20.6

17.3

o.6B

o.32

l.o
1.5

t

29.6

9.16

443

l lot

263
4.8

q90

483

2.O7

7

40.6

l.a7
5M

2481

45.5

48.6

96.4

o.l
o.4

16.9

42.O

20.9

19.8

o.67

o. l6

l.o
1.5

2

32.5

9.73

599

t257

194

5.2

2.35

496

2.O2
1t

42.A

1.63

475

27t4
46.6
48.8

96.4

o.o
o.2

15.2

4t.7
2t.6
21.3

o.67
o.08

t.o
1.5

t

36.7

10.59

742

1400

180

5.6

2.45

504

1.98

t4
44.7

1.98

615

2734
46.7

48.8

96,9

0.o

o.2

13.9
aqt

21.6

22.O

o.65

o.04

80

7.78

50

20

l.O

1.2

I
29.1

9.56

791

1.O

1,5

2

30.o

9.55

500

l29l

,oo
5.O

2.ta
466

2.15

8

39.9

1.72

467

2ñO
46.O

47.7
97.O

o.l
o.3

15.O

42.7

22.6

19.4

o.66

o.04

I.O

1.5

2

33,9

9.45

675
1,166

185

5.1

2.34
483

2.O7

l3
40.7

1.67

453

2523
46.1

50.o
97.3

o.l
o.2

t3.4
42.O

22.4
21.9
o.66

o.08

l.O
1.5

o

37.6

8.41

935

t726

t57
5.3

2.35

494

2.O2

l4
44.3

L.73

490

2548

46.O

50.1

97.8

o.o
o.2

11.9

41.8

23.I
23.O

o.66

o.l6

80

7.78

50
20
l.o
t.2

I
28.8

9.63
793

l.o
1.5

o

29.6

9.50

531

t324

2tt
5.4

2.2A

486

2.06

t2
44.t
2.18

67A

2737

45.4

49.3

97.O

o.l
o.2

16.7

42.9

22.5

18.6

o.66

o.o8

l.O

1.5

2

30.o
8.96

706

1499

l.o
1.5

o

9.O7

893

1686

361 193 150

5.6 5.6
2.6 2.75
495 5t9
2.O2 1.93

l5 22
45.7 48.4
2.t6 2.43
686 826

2897 2825
45.9 45.7
50.o 49.8
97.1 97.r

o.0

o.l
14.9

41.9
Ôoa

20.a

o.65

o.04

o.0

t.7
18.4

40.2

21.6

l8.r
o.67

o"34

o.3

1.6

19.8

4t.o
20.8

16.4

o.68

o.24

o.o
o.l

12.4

42.1

oo1

o.65
o.04
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data of l5 D. nltens (Central cold soda
9404{¡ 94044 94045 94044 9,1o81 S4OAZ 94088 94084 S4O85 94086 941OBZ 94OBB

Pulolnc Condltlone
Presteamtng temperature, oC

Sodlum hydrcdde applled, %

Preheaüng tempemture, oC

Resldence flme, mln
Reflner lnlet presstrre, bar
Reflner outlet pressure. bar
Retner stage

Dlscharge conslstency, 96

Feedrate, o.d. kg/mln
EnergL kWh/odt
Total energr, kWh/odt

Pulo propertles
Freeness. CSF

Tea¡ tndex. m-w.m27g

Burst lnde¿ kPa.m2 ¡g
Sheet denslgr, kglmS
Bulk, cm37g
Al¡ reslstance. s/ IOO mL
Tenslle tndex, Nm/g
Stretch, %
Tenslle eners¡ lndelr. J/kg
Youngs modr:lus, MN/m2
Brlghtness, 0,6

Scatterlrqg coeffìctent, 
^2 ¡u.a. kg

Opacl$r, %

Bauer McNett. wt o/o +I4
+3O

+50

+lOO

+2OO

-2o0
L-welghted ave. fltrre length. mm

80

8.85
50
20
1.O

t.2
I

29.5

9.08

765

l.o
1.5

o

27.7
ooô

429

I 194

265
6.8

2.66

456

2. l9
I

42.3

2.O2

736

2772

44.2

48. t
95.5

o.o

o.5

29.4

38. I
15.6

l6.l
o.77
o,32

l.o
1.5

o

30.6
9.88
615

1380

l9l
7.7

2.88
482

2.O7

16

48.8

2.4t
829

2966

49.8

49.O
oÉÐ

o.o
o.2

24.6

34.2

15.2

L7.B

o.77
o.24

l.o
1.5

2
33.2

9.88

792
r557

t72
7.4

3.1

493

2.03

20

51.4

2.46

896

3083

50. I
49.6

95.3

o.o
o.t

26.1

37.8

15.7

20.3

o.75

o.32

80

8.O5

5'o

20

!.O

1.2

I
33.5
9.63

775

l.o
1.5

.)

31.1

1o.33

4L7

1190

301

5.8

1.93

413
t L.,

4
39.2

1.72

434
2t23
49.2

+7.6

97.L

0.1

1.O

28.9
38.5

14.8

16.7

o.76

o.28

l.O
1.5

.,

32.2

1o.43

576

1349

251

6.8
,Doô

44t
2.27

o

42.O

1.93

557

2629
48.3

48.7

96.8

o.l
o.4

28.O

39.5

15.6

16.5

o-75

o.28

t.o
1.5

2

39.4
lo.oo

801

I574

208

7.1

2.41

458

2.ta
L2

44.9

2.O2

62-5

48.8

50.1

96.7

o.l
o.3

ÕnÉ

37.5

l5.l
19.6

o.75

o.40

80

8.05

50

20

1.O

1.2

I
30.2

9.57

792

o.5
oô

31.3

37.5

t4.2
14.4

o.79

o.52

1.O

1.5
o

oôo

9.49

458

1250

273

6.1

2.O7

429

5

42.2
2.06
601

2394
44.4

48.4

96.8

o.o
o.4

28.O

39.1

15.5

t7.o
o.75

o.40

l.o
1.5
,

33.1

9.83

596

1388

l.o
1.5

2

37.O

9.51

866

1658

o.2
t.4

32.7
36.4

14.2

t5.2
o.79
o.36

o.6

2.8

31.5

34.2

13.8

l3.l
o.79

o.68

237 t7t
6.6 7.7

2.46 2.62

447 452
2.24 2.2L

913
43.6 48.3

2.t2 2.13

644 672

2ß7 2574
50.2 49.9

49.1 51.O

96.2 96.8

o.o
o.2

27.4
38.2

15.5

TB.7

o.75

o.28

o.o
o.2

26.2

39.3

15.6

18.8

o.74

o.28
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TABLE C3: Pulp qualtty data of 15 rcar-old E. nlters ÍNSW) c.old soda pulp.

Pulp Number

PuIolnÉ Condltlone
Fresteamlng temperature. oC

Sodlum hydro:dde applled, %
Preheatlng temperature, oC

Resldence ttme. mln
Reflner lnlet pressure. bar
Reflner outlet pressure, bar
Reflner stage

Dlscharge conslstency. 0,6

Feedmte, o.d. kglmln
Energr, kWh/odt
Total energr, kWh/odt

Pr¡lp propertle¡
Freeness, CSF

Tea¡ tndex. mN.m27g

Burst !¡rdex kPa.mz ¡g,

Sheet denstty. kglm3
nulk, cm3¡g
Al¡ reslstance, s/lOO mL
Tenslle lndex. Nm/fl
Stretch. 0,6

Tenslle ener$/ lndex. J/kg
Youngs modulus, MN/m2
Brlghtness, %
Scatterlng coefflclent, 

^2 ¡u.d. kg
Opaclty, %

Bauer McNett. wt % +14

+3O

+5O

+lO0
+2OO

-200

Lwelghted ave. flbre length, mm

Pulmac shlve. oÁ

9¡lO8O 9,106194,o59

80

8.r5
50

20

1.O

t.2
I

30.8
9.84
70L

430

o.2

1.9

33.O

35.7
l5.l
14. I
o.7s
o.6B

l.o
1.5

o

32.5

10.62

399

1 IOO

310

7.2

2.41

459

2.I8
8

42.4
t

604

2622
47.5

46.7

95.5

o.l
o.4

32.O

36.6

t5.7
15.2

o.77
o.46

l.o
I.5

2
33.5

lo.oo
582

t2ß3

238

6.9

2.6

493

2.43

12

45.1

2.18

^oo
27o0
48.2

47.5

95.8

o.l
4.2

29.7

36.5

15.6

18.0

o.76

o.34

l.o
t.5

o

39.2

9.54

426

t627

188

7.O

2.79

508

r.97
L7

46. t
2.11

682

2709

49.6

48.1

96.O

o.o

0.3

29.8

36.4

t5.7
17,8

o.76

o.22

80

8. 12

50

20

l.o
10

I
33.9

9.26

803

l.o
1.5

2

30.5

9.89

488

129 I

orY)

7.O

2.58

462

2.16

L4

46.O
oo
7@

2724

48.O

49.7

97.3

o.1

o.6

31.3

37.4

14.9

15.7

o.77
o.08

l.O
1.5

2
34.6

lo.02
6rK)

1443

193

LO
2.74

493

2.03

l6
47.4

2.31

767

2865

49.6

49.O

97.2

o.o

0.3
qôo

37.2

15.3

I8.O

o.77

o.2a

l.o
1.5

o

42.O

9.1I
953

1756

t37
7.6

3.34

518

1.93

36

52.1

2.44

915

3338

49.7

49.9

97.5

0.1

o.2

29.8

35.9

L4.7

19.3

o.76

o.36

s4076

80

Lt2
50

20

l.o
L.2

I
30.5
9.31

790

o.3
oo

32.1

35.4

18.8

I1.3
o.78

I.04

l.o
1.5

D

30.0

9.74
454

1244

241

7.O

2.59

478

2.O9

10

46.3

2.3

75t
2806

48.3

47.8

97.O

o.o

0.6

33.3

36.4

14.4

15.3

o.77
o.40

l.o
1.5

o

33.8

9.74
667

1457

2L3
7.6

2.55

474

2.tt
t2

44.6

2.L9

691

2834
48.3

49, I
97.O

o.o

o.2

2S.B

37.6

15.4

t7.o
o.76

o.48

l.o
1.5

o

34.9
9.54
863

1653

t70
r.c

2.91

5ll
1.96

oo

49.8

2.58

912
3to7
50.1

48.6
96.4

0.1

o.7

27.6

37.7
16.4

t7.6
o.76
o.60

94072 e4074 s&77 s4074 s/Lo?s

o.4

2.O

33.0

36.2

15.3

t3.2
o.79

o.48

Contract No. 94/ 139 Page 4l of43 Pages
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TABLE C4: Pulp qualty data of l5 rca¡-old E regnaÍß cold soda pulp.

Pulp Number g40sg 9¡1O41 94tO9O 94091 g/1092 9.lOgg e.rcS4 940S5 glLog?

PulDlnÉ Condltlona
Presteamrng temperature, oC

Sodlum hydrodde applled. %

Preheattrig temperature. oC

Resldence tlne. mt¡r
Refìner lnlet pre-ssure, bar
Reflner outlet pressure. bar
Rellner stage

Dlscharge conslstenc¡ 96

Feedrate, o.d. kglmtn
Energy, kWh/odt
Total energy, kWh/odt

Pulp propertles
Fleeness, CSF

Tear lndex. mN.m27g
Burst lnde:<. !Jl.m2 ¡g
Sheet denslty, kg/mS
Bulk, cn37g
Alr reslstanee, s/ IOO mL
Tenslle tndex. Nm/g
Stretch. %

Tenslle eners¡ tnderq J/kg
Youngs modulus, MN/m2
Brlghtness. o/o

Scatterlng coefflclent. -27..d. kg
Opaclt5r. %

80

9.5r
50

20

l.o
1.2

I
23.6
7.lo
859

l.o
1.5

o

25.6

8.03

427

1286

250
7.t

2.46

473

2.tl
lo

46,6

2.08

676

2925
46.9

44.5

94.4

o.1
oa

29.7

39.3

13.8

15.O

o.82

o.32

l.o
1.5

.,

24.4

9.97
560

l4I9

2?.O

7.7

2.6

489

2.O4

ll
45.S

1.87

590

2829
46.8

43.6

94.4

0.1

1.6

27.O

41.4

14.7

15.3

o.82

o.2a

1.O

1.5
o

27.6

8.05

B08

r667

136
no

3

533

1.88

36

51.9

2.26

813

3314

49.O

44.9

94.7

o.l
o.8

23.8

40.9

r5.2

19.3

o.7a

o.20

80

8.68

50

20

1.O

1.2

I
29.6

8.57
846

l.o
1.5

2

29.3
1o.53

439

1285

toe

6.7

2.36

474

2.It
6

42.L

1.71

489

2621

46.3

43.4

94.6

o.1

o.6

29.A

4l.l
13.3

15.2

o.B3

o.36

l.o
1.5

2

30.8
9.60
727

1573

t78
7.5

2.A4

505

I.98
18

50.3
2.17
759

2985

47.7
44.2
94.9

o.o
o.3

29.O

39.9

t3.7
17.l
o.8l
o.36

I.O

1.5
o

35.9

9.19

870

1716

t42
7.6

2.95

525

1.90

26

51.5

2.16

773

3088

47.3

44.7

94.5

o.o

o.3

25.7
4t.5
l4.o
18.6

o.79

o.40

80

8.68

50
20
1.O

t.2
I

27.5
8.56
853

l.o
1.5

t

29.4

8.65

5t2
1365

2t7
6.8

ooô

507

t.97
l6

48.1
toL

764

3026

46.9

43.8

95.3

o.o

o.2

30.2

39.9

14.6

l5.o
o.79

o.28

1.O

1.5
t

28.A

8.91

641

1494

l.o
1.5

o

35.8
8.66
ôoD

r775

416 396 405 215 158

7.4 7.3
2.7 3.18
489 536
2.O4 t.87

16 32

46.7 53.1

2.17 2.51

7t2 940
2478 3342
47.6 47.3
43.2 46.3
95.6 95.3

Bauer McNett, wt % +14

+3O

+5O

+lOO

+2OO

-200

o.l
2.9

30.5
40.6

13.6

t2.2
o.84
o.48

o.2

1.7

31.3

38.4

14.3

14. I
o.84

o.48

o.l
o.9

31. I
39.5

14.5

l4.o
o.84
o.48

o.o

o.l
27.8

40.9

14.8

16.4

o.78

o.36

o.o
o.2

26.5

40.2

14.6

18.6

o.78
o.04

Þwetghted ave. flbre length. mm
shlve,7"
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PAPRO New Zealand.

TAEILE C5: of l5 rcar-old E soda
Pulp Number

Pulplng Condltlons
Presteamt¡lg temperature, oC

Sodlum hydroÉde applted, %
Preheaüng temperature. oC

Resldence tlme, ml¡n

Refìner lnlet pressure. bar
Reûner outlet pressure. bar
Reflner stage

Dlscharge conslstency. 96

Feedrate, o.d. kg/mln
Energy. kWh/odt
Total energr, kWh/odt

Pulp prooertles
Freeness, CSF

Tear lr¡dex. mN.m27g
Burst tndo( kPa.m2 lg
She.et denslty, kg/m3
nuft, cm3/g
A1¡ reslstance, s/ lOO mL
Tenslle lndex, Nm/g
Stretch. 7o

Tenslle ener$/ lnder J/kg
Youngs modulus. MN/m2
Brlghtness, %

Scatterlng coeflìclent, 
^2 

¡^.ð.. kg
Opaclty. o/o

Bauer McNett, wt 9á +14

+30

+50

+100

+2OO

-200
L-welghted ave. flbre length, mm
PuL¡ac

eÆ47

80

8.18

50

20

l.o
t.2

I
31.5

9.43

715

o.5

1.6

27.4

41.9

t4.2
14.5

o.76

o.76

1.0

1.5
o

32.t
1o.50

442

I 157

345

o.1

o.3

24.9

44.3

15.2

15.2

o.75

o.48

1.O

1.5
Ð

35. I
9.87
607

1322

271

5.3

1.85

436
DOO

4
36.7
1.58

389

2215
50.9

47.O

95.1

o.l
o.2

22.6

44.1

15.9

17.2

o.74

o.48

l.O

1.5
o

4c.2

10. lo
779

1494

4to

5.4

2.19

445
ô ôt

6

39,9

1.89

522

2498
50.7

48.3

95.7

o.o

c.l
.)t t

43.8

15.4

18.5

o.74
o.20

80

8.28
50

20

l.o
1.2

I
25.3
8.34
849

5U2

l.o
1.5

2

27.2

8.96
500

1349

308

5.2

t.97
LOO

2.37

4

35.4

t.39
324

2%30

48.7

45.4

94.9

o.I
o.4

oo .f

44.6

15.5

r6.7
o.73

o.64

1.O

r.5
2

29.8

8,60
647

1496

2æ
5.6

2.16

453
., o1

I
39.8

1.68

453

2280
51.3

47.1

94.6

o.o

o.o
23.4

42.r
75.2

19.3

o.74

o.44

1.O

1.5
o

36.4
Llo
963

l8l2

ta2
5.6

2.67
479

2.æ
t2

44.8

2.O2

627

2545
50.7

48.9

94.9

o.o

o.o
21.4

42.4

l5.l
2t.l
o.74

o.40

1.0

1.5
o

28.3

8.39

508

1357

262
5.2

2.O4

442

2.26

4
38.3

t.72
44e

2193

50.o

45.3

94.6

o.o

0.1

23.9

43.8

15.6

16.6

o.74

o.40

l.o
1.5

2

30.9

8.35

720
1569

oo^

5.8

2.35

45+

2.20
I

40.3

t.79
491

DOôO

50.5

47.9

95.2

o.l
o.t

23.4

42.4

15.4

18.8

o.74

o.20

l.o
1.5

o

32.8

8.24
987

1836

1.O

1.5
o

34.9

9.54

863

1653

94049 94050 s405r 94044 94085 94060 e4067 9,1O68 9406S 94070 9407s

545

o.3

1.6

27.5

41.3

14.8

14.5

o.76

o.64

t87 17cl

5.9 7.5
2.28 2.91
467 5ll

2.14 1.96
Ooo

41.5 49.8
1.8 2.58

508 912
2428 3107
50.9 50.1
46.2 48.6
94.9 96.4

o.0

o.2

22.8

43.O

15.4

ta.7
o.74

o. l8

o.l
o.7

27.6

37.7

t6.4
17.6

o.76

o.60
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