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EUCALYPT BREEDING CO.OPERÁTIVE

(McCONNOcHIE)

MECHATYICAL PT'LPING OF NZ.GROWN EUCALPTS

PART 1: PIILP PROPERTIES OF FM SELECTED EUCALYPTS

JOHN D. RIC}IARDSON

ST'MMÂRY

The mechanical pulping potential of .Ð. nitens (Central Victoria), .Ð. nifens (NSW)' E.

regn6¿ns arñ. E.Jastlgata has been evaluated. For eactr eucal5¿pt' cold soda pulps

were prod.uced in the NZ FRI reûner pilot pl;ant by inpregnating chips prepared

from 15 year-old trees wittr a 40 glL sodium hydroxide liquor. The chips were ttren

cooked for 20 minutes at 5OoC. For t]le E. ntþns (CV), cold soda pulps were also

produced from eightyear-old trees to enable tlre influence of wood age on

mechanical pulp properües to be assessed.

The 15 year-old E. nitens (CV) was found to produce cold soda pulps with tl".e most

promising combination of properties. This eucal¡>t produced pulps which had good

bulk and excellent strength and optfcal properties.

In comparison, the E. nitens (NSW) and E. regrto,ns botkr produced puÌps with

simita¡ strength properties as the.E. nitens (CV) pufp. Flowever, these pr.rlps had

lower bulk and. i¡ferior optical properties. In pardcular, the brighb:""s and light

scattering coeffi.cient of the E. regnans pulp was substantially lower than that of the

.8. nitens (CV) pufp. The E. nitens (CV and NSW) and E. regnorrs all had a simila¡

reûning energy demand to produce pulp of a given freeness or strengthr property.

The E.rfastigata pulp had a substantiaily higher refining eners/ demand than the

otlrer eucaþpts to produce pulp of a given freeness. When compared at a given

f¡eeness, the strength properties of tl"e E.Jastigøta pulp were substantially lower

than those of the other 15 year-old eucalypt pulps.The.Ð..,;tastígata did, however,

produce the brightest cold soda pulps.

The 8 year-old.E. nitens (CV) had a shorter mean fibre tength and higher Ugnin

content than t11e 15 year-old..E. nitens (CV). The pulp produced from the I year-old
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wood, had. bu1k, strength arrd. optical properties that were substantially lower tf.an

those of ttre pulp produced from the 15 year-old wood. The differences observed

between the I and. 15 year old. "8. nitens (CV) for the strength and optical properties

l\¡ere generally greater t]:an the d.ifferences between the four, 15 year-old eucalypt

garnples.

INTRODUCTION

Extensive research and. d.evelopment over ttre past decade has establistred tlre

viability of hard.wood mechanical pulp as a low cost, high q.uality resou¡ce that can

be used as a component of a wide range of paper grades, suctr as newsprint'

paperboard and printing and.writing papers (1,2). The greater wood yields per

hectare and. Iower process power d.emand's of h'a¡dwoods, relative to radiata pine'

offers the New ZeaJatñ.pulp and paper industry significant econornic advantages'

These advantages may be combined. with the excellent perfcrmance of the smal'Ier

hardwood. ûbre for the manufactu¡e of a wide range of quality papers (1).

Ha¡dwood mechanical pulPing knowledge in New ZeaJxtd is slight' Forest growers

within the Eucal¡rpt Breed.ing Co-operative reqrrire grridarrce on the potential value

of the eucal5rptus species to the mechanical purping indust'y, to formulate tlrei¡

forest planting proÊFâmrnes. The puJp and paper industry also wishes to deternine

the suitability of short ñbred, eucal¡ptus pulps as a meaIls of improving product

quality, such as paper formation and printing quality'

In this study the papermaking ¡rctential's of mechanical pulps produced from ûve

selected eucalypt wood samples 'were ¿rssessed. AIso, for one of these wood' samples

alternative mechanical pulping technolo gies'were compared'

OUTLINE OF'STUDY

Th¡ee eucalypt species have been identiûed' as being suitable for plantation forestry

in New ZeaJarñ,. These a¡e .8. nitens, E, regnans and .Ð. Fastigatø-. Ttris project was

djvided. into two parts. This report covers tl.e results from part one j¡r which the

mechanical pulping potential of these three eucalypt species were assessed usin$

ctrip sarnples prepared from-15 year-old t¡ees. Within E. nitens' two provenallces

were evaluated; E. nitens (Central Victoria) and E' nitens (NSW)' An 8 year-old

5ample of ttre Ð. nitens (cV) was also evaluated. A standard cold soda treatment
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using a 40 glL sodiu¡m. hydroxide pulping liquor was used to compare tl.e.

mechanical pufping response of these five eucal54pt samples-

In part two, t¡|e 15 year-old. E. nítens (CV) sample was evaluated over a wider range

of process conditions. This involved evaluation of a second alkali application leve1

for t1-e standard. cold soda treahent and comparison of ttre conventional cold soda

process witl" the new alkaline peroxide mechanical pulpir€ (APMP) process.

TXPERIMENTAL

rùIood 5anples

A ûve torure (oven-dry equivalent) sample of 15 year-old.E. nitens (CV) a¡rd one

torrne (oven-d.ry equivalent) samples of 15 year-old E. nifens (NSIM), E. regnans and

E.Jastigatø were obtained from Carter Holt Hanrey Forests Ltd, Kinleith Forest- A

one tonne (oven-dr5¡ equivalent) sarnple of 8 year-old -8. nitens (CV) was obtained

from Compartment 1O9O, Kaingaroa Forest. Full detaits of tlre origin and location of

ttr.ese five eucalypts are given in Appendix A-

For each eucalypt, tl:e stems were debarked and cut into 6.0m logs. Wlrole disks

were cut from each log and analysed for moi,sture content, green density, basic

d.ensity and. stem heartwood content. Detailed results for eactr disk are given in

Appendix B. Mean resul.ts for eactr eucal¡>t are given in Table 1'

Table 1: Wood Properties (based on whole disk measu¡ements)'

Property E. Nitens .8. Nrtens E. Nifens E. Regnans, E. Fastigata,

cv), 15 NSV¡, 1 t 1

Moistu¡e content*, 96

Green densit5r, kg/mg

Basic density. tg/-g
Heart volume, %

L26

1059

468

30

L22

LO52

474

5t

138

1090

46r

58

155

I 088

426

38

r39

I 133

479

38

t Motsture content = (welght of water/welght of oven-dry matertal x lOO0,6)
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The logs were chipped at the Timber Industry Training Centre using a fou¡ }cnj-fe,

9o0mm, 55kW rììsc chipper. Oversize chips were removed in a 40 mm overs screen

and returned to the ctripper. Undersize chipped were removed through a lO mm

screen and rejected.

The wood properties of the chip samples for eactr euca154p1 5ernple are given Ín

Table 2.

Table 2: Wood. properties (based on chip sarnple measu¡ement).

. Oven-d¡y content = oven-d¡y welght/wet welght x loo%

The dichtoromethane (DCM) extractives were d.etermined. using Appita staldard.

P12s-79. The Klason tignin content and ash content of the extractive free wood rvere

determined. usingTappi standard T222 om-83 and T211 om-85, respectively. For

each eucalS4pt sample, a k¡aft pulp of kappa number 20-¡2 was produced and

bleached. Chip ûbre ì.ength and fi.bre coarseness data were obtained from these

kraft pulps using the Kajaani FS-2OO fibre analyser. The oçerimental details for

the kraft pulping and fibre d.imension measrrrements are reported elsewhere (3).

Chip size distribution data for each eucalypt sa:nple were determined usin$ a

\Miiliams chip screen. Screening time was 5 ninutes usin$ a 3.O kg (wet) sample

size. The E. nitens (CV) produced more targe chips than ttre other eucaly¡:ts wtrich

had simila¡ chip size rìisû-ibutions, Figure 1. There was no apparent difference

between the size rìístibutions of the 8 and 15 year-old E. nitens (CV) sarnpies.

Properþr E. Nftens E. Nfter¿s .8. Nfþns E. Regnans, E. Fastþata,

(cv), I I 15vr t

Chip density, tg/ms

Oven-dry conte¡¡¡*, 96

DCM extractives, %

Klason Ugnin, %

Ash content, 96

Chip tbre leng¡th, rnm

Fibre coarseness, m$/m

463

47.3

o.35

26.2

o.59

o.64

o.o53

479

46.8

o.36

23.4

0.30

o.77

o.057

462

43.O

o.43

22.4

o.39

o.78

o.071

426

4t.5

o.33

2t.7
o.30

0.81

0.o76

482

45.5

o.35

26.5

0.25

o.76

o.059
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Figure l: Cumulative chip size distributions as determined on a Williams screen.

Pufpfng

The pulping tials were performed. in tJee NZ FRI Reûner Pilot Ptant, Figure 2. This

contaifis a Jylha SD 52136, pressgrised., 9OO rrn, 1250kW, 1500 rpm' single disc

reñner ürat was used in this study and a Bauer 410, abr.ospheric, lOoom'n'

4O0kW, 15O0 rPm, double disc refiner.

To com¡:are the mechanical pulping resPonse of the ûve eucalypts a standard cold

soda pulping treabnent was used. Ttris involved. atmospherically steaming the chips

at SOoC for five minutes before transferrin$ them via a plug screw to the

impregnator. A 4Og/L sodium hydroxid.e liquor at 30oc v/as pumped to tlre

impregnator at t}e required. rate. A ûve minute retention time was maintained in

the liquor impregnation stage. The chips were then returned to the atmospheric

sfsarning bin where they were steamed for 2O minutes at 50oC prior to two stage

reûning.

For each eucaly¡rt, generally three primary stage PulPs were produced wit]. eners/

cor:sgmption's in tlre range 7OO to 850 kWh/odt. From each of these primary stage

purps at least th¡ee second sta$e Pulps were produced with total energy

consumption's in tJ:e range 110O to 180O kWh/odt'
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The Jylha SD 52136 reûner was operated \¡/ith a 1.0 bar pressure in both refining

stages and the reû.ner was ñtted witl. plate pattern No. 205216.

Figure 2: NZ Fzu high-yield pufping pilot plant.

Pulp evaluation

4 sernFle of impregnated. chips was collected. for each eucaly¡rt to enable pulp yield.

to be determined. For each sample of impregnated chips, three 50 g (rvet) sub-

sa:nples were taken and held in a water bath at 50oC for 15, 30 and 60 ni¡.utes.

These s11þ sarnples were then disintegrated and washed with tve lit¡es of cold

water. The wash water was ûltered to recove¡ ûnes. The rvastred ûbre and fines rvere

d¡ied at lO5oC to determine yield.

Fulp evaluation was perfirrmed after latency was removed from all pulps by

.ìisintegration at gOoC for 10 ninutes at 1.25o/" stock consistency in a standard

British disintegrator. Freeness and fibre classification were in accordance witl.

Appita test method No. P2O6m-77 andTappi Standa¡d T233os-75, respectively.

Pulp fibre length rìish'ibutions and average putp fibre lengths were determined

using the Kajaani FS-200 fibre analyse¡ ûtted with a 0.15 rnrn screen plate.

ffi HEFINER PILOT PLANT
PAPRCI NEW ZEATAND
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Handsheets were prepared and evaluated in accordance with Appita test methods

P203s-80 and F2O8m-75. The oven-dr¡r basis weight was used to caJ.culate the

handsheet st.ength data. Light scattering coefô.cient was ca-Icrrlated using the ai¡

dry basis weight.

The pulp quality d.ata a¡e presented for each eucal54pt sa:nple in Append.ix C, Tables

Cl to C5. For all pulp properties, regression equatlons were used to provide

interpolation of tlre data at a freeness of 2OO CSF and an eners/ consumption of

1500 kvfh/odt.

Pulp Bleachtng

The peroxide bleach response of ttre cold soda pulp was determined fo¡ eactr

eucalypt sarnFle using pufps in the freeness range 190 to 24O CSF. The pulps rvere

bleached according to PAPRO standard method 1.602. For tl:e 15 year-old E. nitens

(CU pufp a range of alkali appllcations vrere used for eactr peroxide applicatfon,

Table 5. The bleachirrg results for ttri,s eucalypt were then used to detennine the

best alkali applications for the other eucalypt samples.

After bleaching, the pulps were neutralìsed with H2SO3 to pH 5 at 1.O%

consistency and. brightrress pads produced according to ISO standard 3688-1977.

RESULTS AI{D DISCUSSION

Chernlcal appllcatlon and pllp ¡rield

Atl the ctrips absorbed a sirnilan' amount of the 40 glL sodium hydroxide liquor in

the impregnator, Table 3. The.E. nitens (CV) 15 yr, E. nitens (NSW) a¡rd.E. Fastigata,

all ha{ an alkali absorption rate of approximately 8.2%.In comparison, the 8 year

old E. niþns (CV) had a stigþtly lower absorption rate of 7.60/o and t}.e .8. regna'ns a

higher rate of 9.Oo/o.

there was no substantial difference between the pulp yields of tlle flve eucalypt

samples for the impregnated chips that were cooked in the water bath at 50oC for

15, 30 and. 60 minutes. Generally the putp yield decreased from 95.5% with 15

minutes cooking to 92.Oo/o with 60 ninutes cooking, Table 3 and Figure 3. Based on
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these meastrrements, the pilot plant cooking conditions of SOoC for 20 minutes

would. be ex¡rected. to prod.uce pulps wittr ayietd of 94-6"/o'

Table 3: Chemical application and pulp yield data.

cV (1s yr)

cV (8yr)

NSW
Regnans
Fastigata

20 40
Cooking time, minutes

Figure 3: Pulp yield as a firnction of cooking time-

I
E]

a

^
^I

:oÌso
E
õ.;
o_

=94o-

90
100 30

Eucalypt Pulp No. NaOH applied Pulp yietd @ a given cooking time
(%) (%

I5 min 30 min 60 min

E. nlter¿s (CV) I Yr 94054 7.3O
94099 7.7A 96.8 93.8 92.2
94103 7.74

E. nltens (CÐ f 5 Yr 94043 8.85
94081 8.O5 96.8 93.8 92.2
94085_ 8.O5

E. nltens (NSW) f 5 Yr 94059 8.15
s,4072 8.21 95.6 93.8 9L.7
94076 a.z\

E. regnø.ns L5 5tt 94039 9.51
94090 8.68 94.6 92.A 92-6
94094 8.68

E. Fastlgata. L5 Yr 94047 8.18
94064 8.28 95.2 92'9 92.1
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Energr consumptlon

The amor¡nt of energl required to refine the chips to a given freeness was

dependant on the eucal¡rt sample, Fìg¡rre 4. The E.Jastígata. chips had the highest

eners/ demand. of ttre tve eucal54pl sarnples. At an energy consumption of 15OO

kWh/od.t, the cold soda pulp had a freeness of 24O CSF. In comparison' the 15

year-old E. nitens (CV), E. niÉens (NSW) and E. regrra,ns all had a sirnilar errergy

dema¡rd to a given freeness. Ttrese eucaly¡rts produce pulp with a freeness of 195

CSF at 15OO kvfh/odt. The I year-otd.D. nitens (CV) had the lowest energy demand

and at arl energ/ consumption of f SOO kWh/odt produced a 175 CSF pulp.

600

a\

I cV (15 yr)
tr CV (8yr)
O NSW

^ Regnans
Ä Fastigata

400

300

tl.
U)
O
uî
Ø
o-
0)
0)¡_

LL

4

200

CV (8 yr)

400 800 1200 1 600 2000
Energy consumption, kV/h/odt

Figure 4: Freeness as a function of energr consum.ption.

Shive content and flbre distribution

There was no apparent difference between the sldve contents of the .8. nitens (NSW),

E. regnans and.E. Fastigata- pulps when compared at a given freeness, F{ure 5. The

E. nitens {CV) produced pulps with t}re lowest shive content. For the 15 year-old E.

niÉens, the differences in strive content were most noticeable at high freeness. Below

3OO CSF, its shÍve content was only marginaly lower than those of ttre other 15
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year-old eucalypts. The 8 year-old. E. nitens produced pulp with th.e lowest shive

content. At 2OO CSF, the 8 year-old. E. nítens had a slrive content of O'O7o/o

compared to th.e O.29"/o obtained with the 15 year-old eucal¡rt samples'

2.O

I CV (15 yr)
tr cV (8yr)
O NSW
a Regnans
Ä Fastigata

1.0 CV (15 yr)

{

0.5

1.5s
c
c)
C
oo
c)

E
cÍ,

o
õ
E5
o_

V (B yr)

ag

Figure 5: pulmac shive content (O.15rnrn screen ptate) as a function of freeness.

The considerable d.ifferences between tlre flbre lengths measu¡ed. in tkre chips for

the five eucalypt samples (Table 2) are reflected in the mearl length weighted fi.bre

lengths of the cold. soda pulps when compared. at a given freeness, Figure ô' et ZOO

CSF, the E. regnans pulp had. the longest meafi ûbre length of 0.80 'nrn. The 15

year-old E. nitens (CV) and (NSW) both had a mean ûbre length of 0.76 rnrn. Of the

15 year-old. wood samples, the E.,fastigøtø pulp had the shortest mean length of

O.74 rnrn.

The mean fi.bre length of the E. nítens (CV) decreased substantially wtren the rvood

age was d.ecreased. At 2OO CSF, the I year-old sample had a meafi fibre length of

onlY 0.66 mrn-

The mass pro¡rortion of long frbre as d.etermined by ttre Bauer McNett classifer

showed sirnilan'ditlerences between t]:e ûve eucal¡rt samples as the mean ûbre

length data, Figure 7. The E. regnans and 15 year-old .8. nitens had the highest

Freeness, CSF
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proportion of material retained. on the 50 mesh (R56) screen. As expected, from the

fibre lengttr data, the I year-old Ð. nítens (CV) had lowest long fibre content.

þ*----# 
Regnans

ñ,.Frt! --"-E!Í'cv 
(B YQ

4_¡ rr_¡ r cv (15 yr)
Et cV (Byr)
. NSW

^ Regnans
Ä Fastigata

7

6

0.9
E
E
i
o)
6 08
I
-o
!I nzi ".,
.(',
Q)

=-c
=1
P',0.e
o
c
(û
q)

100 500 600

Figure 6: Mea¡r length weighted fibre length as a function of fteeness'

_- NSW

4å-aí ";f ^ ï.41 cV (8 yr)
-/

11"/
_trJ t c'.,

,tJ" tr c\

s30
,{,

o
¡l)

É.

9rn
-o --rË
o)
C
o
J

200 300 400
Freeness, CSF

200 300 400
Freeness, CSF

I cV (15 yr)
tr cV (8yÐ
O NSW

^ 
Regnans

A Fastigata

100 500 600

Figr:re 7: Bauer McNett R5g, long fi.bre fraction as a function of freeness.

f-¡- ---^-* Fastigata
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The Bauer McNett fines content shows the reverse trend to th.e long ûbre content.

The 8 year-old .Ð. nitens (CV) contained t}.e largest arr.ount of material. t}.at passed

through the Bauer McNett 2OO mesh screen (PZOO). The E. regna.ns and .Ð. nitens

(NSW) produced pulps that had the lowest fines content of the five eucal5rpt

samples, Figure 8.

sOo- 20,{,oo
oi

615
g
oo
Ø
c)
.c {n
LL rv

.__.*#
E -\--. CV (8 yr)

I
¡I A. 

^r cV (15 yr) a-
Regnans,NSW

t] CV (Byr)
O NSW
a Regnans
À Fastigata

100 200 300 400
Freeness, CSF

Figure 8: Bauer McNett PZOO, ûnes fraction as a function of freeness.

HANDSHEET PROPERTIES

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

properties have been plotted against tensile index and energy consumption. The

use of tensile index as a basis of comparison recognises the irnFortance of ttris

parameter as an indjcator of sheet bonding and runnability. A summar5r of tlre

handsheet properties at 200 CSF is presented lable 4.
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TAIILE 4: Summary of pulp and handsheet properties at 2OO CSF.

Sheet consolldation

The 15 year-old.E. niter¿s (CV) and E. Fastigata both produced cold soda pulps that
were substantiaJly more bullgr than tlle otl:er eucal¡lt pulps when compared on the

basis of bottr freeness and energy consumption, Figures 9 and 10, respectively.

Although the .8. regnø,ns and.E. nifens (NSW) pulps conta,ined more long fibre than
the pulps produced from other 15 year-old eucalypts, they consolidated to a sirnilar
bulk as the 8 year-old.E. nitens (CV) which had lowest long fi.bre content.

Wtren compared on the basis of tensile strength, the cold soda pulp produced from

the 8 year-old.Ð. nttens (CV) produced the pulp with the lowest bulk, Figure 11. The

,Ð. nitens (NSW), E. regnans and E.rñzstigafa pulps all had a similan bulk. At a
tensile index of 45 Nm/g these pulps had a bulk of 2.08 cm3/g compared to the

2.0O cm3/g obtained for tl.e I year-old E. nitens (CV).

For the E. nifens (CV) putps, increasing the wood age from I to 15 years

substantially increased the bulk. At 45 Nm/g tlre pulp produced from the i5 y"*-
old. E. nítens (CV) had the highest bulk of 2.2O "*3/g.

Eucalypt E. nfÞns (CV) .Ð. nftens (CV)

I yr 15 yr
E. nfter¿s (NSW)

15 Yr

r regrurE D.JastIgata
15 yr tS yr

Ener$/ tiput, kwh/odt

Pulmac shlves (O.15), %

Mean tbre len¡gtr, mm

Iæng tbre (q¡.ì). %
Flnes (Por"''). 0;6

Ilaadshe-et property
Bulk. cm37g

Atr reslstarice, s,/ looml
Tenslle lnde)ç Nm/g
Tear lndex. mN.m2lg
Brlghtness,7o
Scattertng coetr, m27kg
Opacrry, %

1374

o.o7
o.66
15. I
20.6

2.V2

13.2

41.6_

5.3
46.O

49.3
96.7

1460

ôto

o.76
28.3
18.9

2.L6
L3.2

46.9
7.2

49.O

49.3
96.7

14t6O

o.29
o.76
30.5
16.9

2.O2

17.2

46.9

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
+4.2
94.8

1675

ôrô
o-74
22.6
18.9

2.t6
8.8

41.6
5.6

50.9
47.9
ôc^
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2.4

I cV (15 yr)
tr cV (Byr)
O NSW

^ 
Regnans

Ä Fastigata

\. CV (15 yr),Fastigata
.t^a'

3:A
) ¿-\

I
4

.-hlru

-P 2.2
Eo

l¿

Å z.o

À

TE
O 

200
Freeness, CSF

Figure 9: Bulk as a fi.rnction of freeness.
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g
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1 000 1200 1400 1600 1800

Energy consumption, kV/h/odt
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Figure 10: Bulk as a firnction of energr consumption.
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Figure 11: BuIk as a fr:nction of tensile index.

Street strength properties.

The pulps produced from the 15 year old.Ð. nitens (CV and NSW) and.E. regnans aJJ

actrieved ¿ sirniler tensile strength at a given freeness, Figure 12. In comparison,

the tensile strength of the E.Jastígata pulp was substantially lower than that of the

other 15 year-old eucalypts. For the.E. nitens (CV), decreasing the wood age from 15

to 8 years decreased the tensile strength of the pulp to the same level as tl:at of the

E.Jastígata puJp.

'When com¡:ared at a specif.c energy consumption, the E. regnans and.Ð. nifens

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

nitens (C\I) had ¿ sirnilar ter¡sile strength for a given eners¡ input that was slightly

lower than that of the E. n¿tens (NSW). In comparison, the tensile strength of the E.

Jastigata was substantially lower than that of all the other eucal5pts.

For ttte 15 year-otd eucalypts, the higher mean ñbre lengths of the .Ð. regnans and

.Ð. niter¿s (CV and NSW) pulps gave them superior tear shength to ttre E.Jastígata

o

553530
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pufp, Figure 14. The 8 year-old.D. nitens (CV) puIP which had a shorter mean fi.bre

length than all the 15 year-old eucalypts also had a lorver tear strength.
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Fig¡:re 14: Tear strengttr as a function of tensile index

Optlcal properties and pero:dde bleach response.

In contrast to the trends observed for the strength properties, E.Jastígata prodr.rced

pulps with the trighest brightness, Figure 15. At 200 CSF, the E.rfasúigatø pulp had

a handsheet brightness of 50.9%. The 15 year-old E. nitens (CV and NSW) bottr

produced pulp which were approximately 2.0 percentage points lower in brightness

tha¡r the E. Jastígata pulp. The E. regnans produced pulp wittt the lowest

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

of only 47.2o/o.

Wood age had a major effect on the brightrress of the.Ð. nifens (CV) pt'lps and the

putps produced from the I year-old wood were 3.0 percentage points lower in
brighbress than the pulps produced from the 15 year-old wood.

Three hydrogen peroxide applications of 1.0, 2.5 and 4.07o were used to determine

the bleach response of each eucaiypt samFle. The i¡fluence of alkalinity on tlre

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

three atkati applications for each peroxide application, Table 5. The bleaehing

o
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results for this eucalypt sarnFle were tfien used to determine the best aLkali

applicatlons for the other eucaly¡:t sam.ples.
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E CV (8yr)
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^ Regnans
À Fastígata
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Figure 15: Handsheet brighbeess as a function of freeness.

TABLE 5: Bleaching conditions and ISO brightness for tl:e 15 year-old
E. nitens (CV) pufp.

Pulp Number Freeness
(csF)

HzOz NaOH Finat ISO-
(%) (%) pH brightness

(oÀ)

94045 191 o.0 0.oo 50.2
1.0 O.75 10.1 59.8
1.0 1.oo 10.3 59.2
1 .O I.25 10.9 57.8
2.5 2.OO I 1.0 61.9
2.5 2-50 11.8 6l.l
2.5 3.OO 12.O 60.1
4.O 3.50 12.1 63.4
4.O 4.OO 10.9 62.0
4.0 4.50 L2.5 63.5

For the 15 year-old -Ð. nitens- (CV) pulp, the highest brightness was obtained using

tJ:e lowest sodium hydroxide application. Based on these results sodir:m hydroxide

.Â
A'rÀ À

l- *t-¿
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applications of O.75,2.00 and 3.5Oo/" were used to bleactr the remajni¡rg eucalypt

pulps with l.O, 2.5 and 4.Oolo peroxide, respectively, Table 6-

TABLE 6: Bleactring conditions and ISO Brightness data for all eucalypt wood
tY¡:es.

NB. All bleachings had >99.5% H2O2 consumed.

In terms of their tnal brightrÌess, the bleached pulps followed ¿ sirnila¡' trend to that

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

Jastígata and 15 year-o1d.E. Nitens (CV) produced tl e brightest bleached pulps and

the 8 year-old. E. nÍtens (CV) produced the darkest bleached pulp. Horvever, al.l

pulps showed a sirnìla¡ increase in prlp brighkress witl. peroxide bleaching.

Generally, for each eucalypt, a 4.Oo/" hydrogen peroxide application gave an increase

in brighteess of 11 to 12 percentage points over the original unbleached brightness

level. This brighteess gain was considerably lower than ex¡:ected as other

researchers have shown tltat brighbeess gains of up to 30 percentage points have

been obtained for eucalypts q/ith a 4.Oo/o peroxide application (4). The fact that

gg.5o/o of the applied peroxide was consumed for all the bleached pulps suggests

ttrat low brightness gain was due ttre alkali application being too higþ. Further

Eucalypt Pulp
Number

Freeness
(CSF)

Hzoz
(%)

NaOH
(%)

Fir¡al ISO-
pH brightness

(%)

.E.nfter¡s(C\Il f5Yr 9404õ 191 o.o o.oo
o.75
2.OO

3.50

50.2
59.8
61.9
63.4

r.o lo.1
11.O2.5

4.O L2 I

E.n|tens (CV) I Yr 94056 194 o.o o.oo
o.75
2.OO

3.50

46.9
57.0
56.6
57.9

1.O 10.3
L2.O

12-7
2.5
4.O

E.nttens (NSW) f5Yr 94061 234 o.o o.oo
o.75
2.OO

3.50

49.7
56.5
58.8
61.3

1.O ro.7.
1 1.8
12.6

2.5
4.O

E.regnøns L5 Yrt 94041 22o, o.o o.oo
o.75
2.OO

3.50

48. I
56.7
57.9
60.1

l.o lo.6
I 1.9
L2.7

2.5
4.0

A.Josttgata 15 yr 94051 219 o.o o.oo
o.75
2.OO

3.50

50.7
61.8
63.O
62.5

1.O 10.0
I 1.O

12.5
2_5

4.0
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work is requjred to optimise tl:e bleactring conditions for tl-e Nerv Zeal.and-grown

eucalypts.
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Figure 16: The peroxide blea.ctr response.
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The.Ð..,fastrgata arrd the 8 a¡rd 15 year-old -Ð. nitens (CV) produced pulps with the

higþest light scattering coefûcient, Figrrre 17. At a tensile index of 45 Nm/g these

pulps had. a scattering coefûcient of 49.1 
^2 /Ug. The -Ð. nitens (NS\M) had a slighily

lower scattering coeffi.cient of 48.1 
^2 /tugat the sarne tensile index. Although the E.

regnans produced a pulp with low bulk and good strength properties, it's scattering

coef8.cient was substantially lower than that of t}-e other eucal54pts. At 45 Nm/g the

scatterÍng coefficient of ttre E. regnans was only +5.5 m2 /Ug. The lower scattering

coeffi.cient of the E. nitens (NSW) and ,t. regnans pulp can probably be attributed. in
part to their lower fines content.

CONCLUSIONS

This study has identiûed. important d.ifferences in the mechanical pufping

responses of th¡ee eucal¡lt species that are suitable for plantation foresbry in New

Zeafand. The infuence of provenance and wood age on pulp properties for one

eucalypt has also been examined.

When cold soda pulps were prepared using 15 year-old trees, .Ð. nitens (CV) was

found to produce pulps with the most prornising combination of properties. Thjs

eucalypt produced pulps which had good bulk and excellent stength and optical
properties.

The .8. nitens (NSW) and E. regnans both produced pulps ¡¡¡ilþ sirnilan' strengttr
properties as the.Ð. nitens (CV¡ p.¡O. However, these pulps had lower bulk and

inferior optical properties. In particular, the brightress and light scattering

coeficient of ttre E. regnans pulp was substa.ntially lower than tl.at of tl-e E. nitens

(CV) pulp. The 8...¡tastigata pulp had a substantially higher refiling eners¡. demand

than tb.e otl:er eucal¡:ts and had lower strength properties. The E.JasÉigata did,

however, produce the brightest cold soda pulps.

The 8 year-oid.Ð. nitens (CV) had a shorter mean fibre lengtb. and higher lignin
content compared to the 15 year-old E. nitens (CV). The pulp produced from tl:e I
year-old wood had bulk, strength and optical properties that we¡e substantially

lower ttran those of the pulp-produced from the corresponding 15 year-old wood.

The differences observed between the 8 and 15 year old E. nitens (CV) for the
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strength arrd optical properties \Ã/ere generally greater than the dif[erences between

the four, 15 year-old eucalypt sam.ples.

ACI(NOWLEDGEMENTS

Ttre assistance of Mr Graeme Wtrite, Pilot Plant Manager, in organising the pilot

plant reûning trials i,s gratefully aclmowledged. The technical assistance of Shane

Foster, Gavin Durbin, Kevin Mackey, Carol Robson and Stephen Wrathall in the

production and evaluation of the pulps produced irl this study is also gratefully

ackrrowledged.

REFERENCES

Sha¡man, P. M.: BCTMP growth, dernand to conti¡rue worldwide durlng futu¡e

decades. Pulp and Paper Internattonø|. Special Report S3-S32, May (1989).

Reis, R.: The Technical and Marketing Challenges for New High Yield Ma¡ket

Pulps. Proceedings oJ the MechanicalPulptng Co4ference, Minneapotis (1991).

Kibblewtrite, R.P.K.: Kraft pufp properties of ûve selected New Zealand grown

eucalypts. Contract Reprt No.: 93 / 752, April (1994).

Banham, P.W.; Flowers, A.G. and Vegners, R.M.: A comparison of peroxide

bleaching of eucalypt and P. radíata mecha¡rical pulps. Proceedíngs oJ the

41st Appita Annual General Coryference, Sydney, April (1987).

1.

2.

3.

4.

Contract No. 94/ 139 Page 24 of 43 Pages



PAPRO New Zeala¡rd.

APPENDIX A

ORIGIN AIID LOCATION OF EUC.ALWT WOOD TEES
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ORIGIN A¡ID LOCATION OF. EUCALFT WOOD TTES

E, nífens (Central Vlctorla), I ¡rr old

Cpt 1O9O Kaingaroa, FRI tdal RO2043

Established 1986, Seedlot, 8/O/85 /06 Mt Toorongo Plateau, Victoria.

E. nllen-s (Central Vlctorla), 15 yr old

CHH Forests Ltd, Kinleith Foiest

E. nttens seed sta¡rd, Trarn Rd, 6236/623716

Established 1979 Rubicon, Toorongo, McAlister mix.

E. nítens [NSW), 16 yr old

CCH Forests Ltd, Kinleith. Forest

Mal¡e Rd Provenance / Species TYta,l, 6217 / 62L7 7 O

Established 1977 at 1666 sph, thinned age 7 to 625 sph. Nirnmitabel sou¡ce.

E. regnans, 15 ¡rr old

CCH Forests Ltd, Kinleith Forest

Maire Rd Provenance / Species Trial, .6217 / 62 17 I O

Established 1977 at 1666 sph, ttrinned age 7 to 625 sph. Kinleith sollrce.

E. Fastigatø, 15 yr old

CCH Forests Ltd, Kinleith Forest

Mai¡e Rd Provenance /Species TYIaJ. 6217 / 62 L7 LO

Established 1977 at 1666 sph, thinned age 7 to 625 sph. Oberon (NSW) source.
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APPENDIX B

WOOD PROPERTY DATA

WHOLE DISK ME.A.SI'REMENTS
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\ITOOD PROPERTY DATA
WHOLD DISK ME^å.SI'REMENTS

TABLE BI: E. ntten (CV) I yr old wood property data.

Tree

No.

I'oE
No.

I
2

Tree

1

2
Tree

I
o

Tree

I
2

Tree

I
2

Tree

I
2

Tree

Log

LED
(mm)

oDo

135
qoo

?33

163

2Is
134

2r5
294

176

294
207

l,t8
207

183

L25

183

246

t58
24õ
ooo

140
ooo

224

144

224
o.70

184
o.70

320

198

320

200

124

2Ø

I-og

SED
(mm)

135

84

84

163

77

77

134

77

77

L76

79

79

148

7a

7A

125

73

tó

r58

80

80

140

85

85

t44
72

72

184

loo
loo
198

88

88

t24
64

64

Iag Log Heart Bastc Green

iÆngth Volume Volume Denstty Denslty M.C.

(--) (m3) t"/"1 ßg/m3) (kglm3) ("/")

I
I
1

2
o

2

J

ó

3

4
4
4
o

6

6

I
I
I
I
9
'9

ll
II
11

t2
T2

t2
13

13

t4
L4

L4

l6
16

16

1

o

free
1

o

Tree

1

o

Tree

I
.)

Tree

I
o

Tree

I
2

Tree

4.8

4.7

9.5

5.5

5.4

lo.9
5.2

5.5

IO.7

7

7.1

14.l
5.2

þ.5

10.7

5.7

5,7

I 1.4

6.8

6.8

r3.6

6

6

L2

6.6

6.7

r3.3

6

5.9

11 .9

7.5

L5.2

5.6

5.6

tt-2

o.t2
o.05

o.168

o.L7

o.06

o.235

o. 13

o.05

o.176

o.3l
o.1

o.405

o. l3
o.06

o.187

o.tI
o.04

o.152

o.22

o.08

o.3

o.16

o.06

o.218

0.18

o.06

o.242

o.26

o.1

o.352

o.4

o. 13

o.532

o.12

o.04

o.158

40

36

41

17

38

38

20

30

42

20

óo

3t
t7
26

o

19

36

l3
30

25

0

2L

44

33

10
oa

38
oa

34

42

25

35

472

438

463

+62

455

460

501

466

492

¡€6
473

¡t83

499

509

5c2

464

444

458

446

+tc

453

465

457

462

476

437

466

441

443

44t
513

49I
507

467

438

460

1097

1025

LOTA

lo79
1045

1070

I 105

1032

1085

1091

10I5
1073

1073

1063

lo70
1073

LO22

1058

1023

1008

1019

1076

too4
1056

LO77

987

1053

1075

1052

1069

1 131

IO82

1119

1078

1029

1066

135

rðó

133

t29
t32
120
101

I20
L24

114

t2L
114

108

t12
131

130

lùt

100

l12
t24
131

119

127

126

t25
L26

143

I37
141

r20
r20
r20
13t

135

L32
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TABLE 81 (contlnued): E nlfen (CV) 8 ¡rr old wood property data.

Tree

No.

L7

T7

L7

l8
18

18

l9
l9
l9
20

20

20

2L

2L

2I
oo

oo

oo

25

25
ÔE

244
24A

24?'

248
248
248

Mean

Mean

Mean

Log

No.

Log

LED
(mm)

Log

SED
(--)

I,og Log Hea¡t Baslc Green

Length Volume Volume Denslty Denslty M.C.

(mm) (m3) ("Á) (kg/mg) (kg/ms) (%)

1

o

Tree

1

Tree

I
o

Tree

1

o

Tree

1

o

Tree

1

Tree

I
o

Tree
1

t

Tree

1

0

Tree

I
o

Tree

236

r.56

236

2L6

L47

2t6
209

140

209

2to
133

2LO

237

t52
237

268

165

264

2c,õ

128

20,6

2L7

150

217

186

131

186

230

149

230

156

74.

7A

t47
a2

a2

140

74

74

133

70

70

L52

67

67

165

73

t.5

128

90

90

150

8+

84

131

85

85

r49

79

79

6.9

6.9

13.8

6.4

6.4

t2.a
5.9

5.9

I 1.8

6.4

6.3

L2.7

7.4

7.3

L4.7

6.3

6.3

t2.6
5.2

5.3

10.5

5.5

5.5

11

5.6

5.6

TL.2

6

o

L2

o.21

o.oB

o.288

o.17

o.07

o.235

o. 14

o.05

o.198

o.15

o.05

o.203

o.22

o.o7

o.296

o.24

o.o7

o.31

o.12

o.05

o.166

o.15

o.06

o.208

o.l L

o.05

o.164

o

o

o

13

29

4l
L4

35

36

20

29

40

20

30

36

L4

31

29

L4

26

42

o

33

L7

30
t'7

o

19

ito

IO

30

453 1050 132

450 tolt 125

452 1040 130

459 1063 131

+67 1059 L27

461 1061 130

450 1049 133

438 998 I27
447 1035 lsl
4€6 1088 134

490 1055 115

472 1080 r29
463 972 lO9

481 938 95

¡164 964 106

493 1099 L22

4ao lo39 116

490 1085 lzl
458 tO61 131

483 1036 ll4
466 1054 126

469 1060 r25

47A 1059 L27

472 1060 L24

450 1051 L34

47r 1054 L25

456 1052 131

469 1070 128

465 1029 rzl
468 1059 L26
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TAEILE 82: E. ntlens (CV) f 5 yr old wood property data.

Tree

No.

Log

No.

I-og

LED
(--)

iÆg

SED
(-m)

Log Log Heart Baslc Green

f.,ength Volume Volume Denstty Density M.C.

(--) (m3) l"/"1 ßg/ms) (kglm3) (",'"1

1

I
1

I
o

o

o

3

3

3

o

4

4

4

4

4

Õ

5

5

5

6

6

6

7

7

7

7

8

I
I
I
8

I
I
I
9

I 184

2 L37

3 101

Tree 184

I 204

2 157

3 tol
Tree 244

L 226

2 L77

3 136

Tree 226

| 278

2 2t2
3 175

4 L40

Tree 278

L 234

2 r84
3 133

Tree 23+

I 159

2 tl8
Tree 159

I 245

2 189

3 150

Tree 245

L 271

2 2lO
3 t72
4 t44

Tree 27L

I 275

2 160

3 118

Tree 275

137

101

55

55

t57
101

50

50

177

136

70

70
q10

L75

140

7A

7A

184

1.33

75

75

ll8
65

65

189

150

7A

7A

2LO

L72

t44
77

77

160

118

59

59

b

6

7.7

19.1

6

6

6.4

18.4

o

6

7.5

19.5

6

6

5.2

5.7
o.)o

þ

6
Éô

t7.2
6

7.2

L3.2

Þ

6

4.7

20.7

6

o

6

5

t)

6

5.9

L7.9

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.2B

o. l8
o.t
0.05

o.618

o.21

o.12

o.05

o.372

o.09

o.05

o.14

o.22

o.14

o.09

o.451

o.27

o.17

o.t2
o.05

o.614

o.23

o.09

o.04
o.357

453

470

514

468

410
LOá_

465

420

452

483

509

472

519

510

531

555

521

426
ÀoQ

488

436

446

483

459

456

449

52L

479

463

500

542

560

497

445

448

465

448

1038
ôoô

rots
lo20
1016

9A2
oo.)

1003

1026

to17
1041

1026

I lo3
106 I
1085

1093

. 1087

1040

1009

lo62
1033

lo48
1019

1038

1059

1057

1066

t060

to72

1059

LO77

1082

1070

L122

105 I
LO42

L095

123

110

96

t18
r47

131

114

139

t27
1lo
104

1I8
tL2
108

104

96

108

143

L32

118

LÔ I

135

111

L27

131

116

r04

t2l
131

lll
98
ôe

116
lÊo

I34
101l

r44

L7

t4
o

L4

67

oó

67

65

68

58

JÕ

57

64

61

40

o

53

52

42

20

45

67

40

56

59

50
oo

49

56

53
LO

20

48

52

o

4L
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PAPRO New Zeafand.

TAIILE 82 (contlnued): E, nfter¡s (CV) l5 yr old wood property data.

Tree

No.

T¡g
No.

I'og
LED
(mm)

oLo

L7e

242

299

240

2c'3

163
.)oo

230

la2
151

104

230

Szto

254

203

145

340

t75
136

109

L75

395

304

255

205

395

301

199

301
ooe

t78
135

,oa

168

145

l09

l,og

SED
(mm)

17a

t32
75

tÞ

240
2c8

163

a7

a7

L82

15r.

l08
73

tö

254

2c8

145

97

97

136

109

67

67

304

255

205

96

96

230

199

94

94

178

135

7L

7l
145

109

69

Log f,og Hea¡t Baslc Green

Length Volt¡me Volume Denslty Denslty M.C
(mm¡ (m3) ("/"1 ftg/mg) (kglms) (/")

10

lo
10

lo
l1
1I
l1
l1
11

12

T2

t2
T2

t2
l3
13

13

t3
lâ

L4

14

L4

l4
l5
15

15

l5
15

16

16

16

l6
T7

L7

t7
L7

l9
19

19

I
o

ö

Tree

I
o

3

4

Tree

1

o

3

4

Tree

I
2

3

4

Tree

I
o

3

Tree

I
o

3

4

Tree

I
o

3

Tree

I
t

3

Tree

I
ô

3

o

o

5.5

t7.5

6

o

6

5.9

23.9

6

6

5.5

4.5
oo

o

6

6

4.2
ooo

6

b

7.3

19.3

6

Þ

o
ao

25.2

6

6

8.8

20.8

6

6

L9.7

o

o

5.I

o.2L

o.I I
o.05

o.371

o.34

o.23

o.16

o.07

o.808

o.2

o.13

o.o7

o.03

o.434
o.42

o.25

o.14

o.05

o.859

o.1l
o.o7

0.05

o.231

o.58

o.37

o.25

o. l3
1.332

0.33

^ot
o. l5

o.706

0.19

o.12

o.o7

o.373

0.12

o.08

0.03

52

45

20

M
56

4a

44

t4
47

55

38

29

o

4L

64

60

50

20

58

57

20

56

57

54

52

52

61

50

5l
63

58
oo

54

50

38

33

469

50I
539

488

437
469

5c2
518

467

466

484

512

543
485

490

507

527

526

503

465

497

539

489

436

470

448

491

46r
469

488

516

485

475

500
too

Ld,

433

445

s2l

LLT2

l087
LO87

1101

1051

LO42

1060

1052

l050
LO38

1009

to16

to33
1025

1111

1o9r

1082

IO72

1098

1034

to13

1050

IO3 I
t063

1048

1068

1031

IO57

1099

lo76
1062

1084

ro75

105 I
1043

' 1062

101 1

1029

1047

1ù /

Lt7
101

t26
139
100

I11
LOz

t25
10t

108

98

90

111

L26

115

l04
t03
118

109

t03
94

Ll1
r44

I18
109

t30
134

i20
l05
LZè

126

110

97

116

134

tL2
100
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PAPRO New Zealand.

TABLE B2 (contl¡rued): E. nftens (CV) 15 ¡n old wood propert5r data.

Tree

No.

10

20

20

20

20

2t
2T

,1

2l
oo

oo

oo

oo

23

23

24

24

24

25

25

25

25

A

A

A

A

A

B

B

B

B

B

Mean

Mean

Mean

Mean

Meâ¡r

I'og
No.

Tree

I
o

3

Tree

I
o

e

Tree

I

3

Tree

1

o

ö

Tree

I
.)

3

Tree

I

3

T¡ee

I
2

3

4

Tree

I
o

3

4

Tree

I
o

3

4

Tree

Log

LBD

(--)

168

251

195

159

251

290
2r8
173

290
244

r82
L44

244

315
ooL

L70

315

205

r67
Tóö

2c'5

269

2LL

161

269

42e

335

277

2c,4

424

269

2ta
175

134

269

259

198

159

156

259

Log

SEP
(mm)

69

195

159

8l
81

214

t73
89

89

_ 182

I44
62

62
to Á_

t70
88

88

t67

66

oo

2LL

161

86

86
âaÊ

277

208

116

116

2Le

175

134

77

77

198

155

99

88

77

T7.L

6

Þ

8.6

20.6

6

6

4.7

20.7

6

6

8.9

20.9

6

6

8.5

20.5

o

6

8.3

20.3

6

o

8.6

20.6

6

6

o

6.6

24.6

6

o

Þ

5.9

23.9

6

6

7

6

20

o.224

o.24

o.15

o.1

o.444

o.31

o.18

o.12

o.608

o.22

o. 13

o.08

o.423

o.35

o.18

o.l r
o.644
o.16

o.11

o.a7

o.337

o.27

o.16

o.11

o.543

o.69

o.44

o.28

o.14

1.551

o.2a

o.18

o.11

o.05

o.629

o

o

o

o

1

45

63

60

40

59

68

67

62

68
AO

38

62

63

56

36

55

69

64
to

59

67

o.J

36

58

6l
Ãô

54

36

54

56

45

20

49

52

34

L7

51

101

128

I08
94

115

r22
107
ô1

111

136

l- 15

104

t24
r27
119

113
190

L27

111

98

116

139

126

124

t32
1¡19

190

tL2
100
10ô

130
lôl

111

94

T2T
1âô

rt7
105

98
1tt

lÃg Iog
Length Volume

(mm) (m3)

Heart Baslc

Voh:me Denslty
(%) (kg/ms)

Green

Denslty M.C.

(kg/m3) ("/")

46+ tO22

462 IO58

499 1037

539 1050

490 lo50
480 1065

499 1033

529 1012

495 1045

453 tO72

488 1055

513 tO49

474 1063

474 1091

473 1041

474 1010

476 1062

45s 1035

474 1009

5t2 1018

47+ 1023

420 1006

458 lO38

454 1020

438 1018

453 1097

477 1095

518 1100

543 1092

480 lo97
4+5 1029

457 1015

485 IO24

527 1025

463 IO24

456 1060
,18O 1039

509 LO47

533 1060

474 IO52
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PAPRO New Zealand.

TAEILE B3: E. ntÌens (NSW) 15 ¡rr old wood propert¡r data.

Tree

No.

Log

No,

I'og

LED

(mm)

327

241

202

160

327

449

336

300

250

185

449

361

239

187

r34
361

349

243

196

L.t I

349

228

180

r42
LÙ2

224

249

18r

L44
oLo

141

106

141

28i
225

187

L45

2Ar

Log

SBD

(mm)

2+I
2o.2

160

91

91

336

300

250

185

-94
94

239

747

134

81

81.

243

196

L37

79

79

180

L42

LO2

66

66

18r

L44

84

84

106

69

69
ooÊ

La7

145

83

83

Log I'og
Length Volume
(mm) (m3)

Heart Baslc
Volume Denstty

Green

Denslty M.C
(%l (kglm3) (kg,/mg) (o/o)

5

5

5

5

5

I
I
o

I
9

9

13

t3
tó

13

l3
L4

l4
14

t4
T4

I5
l5
15

15

l5
18

18

18

l8
t9
19

I9
oa

23

23

I
o

3

4

Tree

I

3

4

5

Tree

I
D

3

4

Tree

I

J

Tree

1

.t

4

Tree

I
.,

3

Tree

I
o

Tree
I

o

3

4

Tree

o

6

6

7.4

2-5.4

6

Þ

6

o

6

30

6

t)

o

5

o

6

6

4.6

22.6

6

6

b

4.4
99 Á.

o

6

4.2

20.2

6

b

10

o

b

l)

o

20

o.38

o.23

o.16

o.09

o.864
o.73

o.48

o.36

o.22

o.09

1.885

o.43

o-2L

o. t2
o.05

o.814
o.42

o.23

o. 13

o.04

o.82

o.2

o. 12

o.o7

o.o2

o.415
ñoo

o.12

o.09

o.43

o.o7

o.04

o.109

o.3

o.2

o.13

o-v¿

o.655

74

7+

63

44

69

66

69

6t
55
oo

62

70

67

58

20

64

79

70

62

25

70

50

50

57

o

50

T,'

67

44

66

43

o

2A

67

65

54

50

64

+7s

467

470

511

475

408

411

438

449

444

42L

597

467

480

+74

538

442

407

^90
500

432

452

451

447

520

462

477

462

495

+/ô
430

438

432

446

440

457

495

444

t 120

1046

loll
LO77

I076
1058

1055

1067

ro77
LOA2

1062

I 130

1114

1 109

1101

1 121

1 l03
1052

1056

t066
' 1079

lllo
1075

106 I
106 I
10e8

I 105

105 1

1043

LO77

1I11

l085
I 102

I 136

1093

1089

1099

LLL2

136

L24

1r5
110

t26
I58

156

143

139

l+ð

t52
o¿

138

131

130

r13

149

158

153

I13
150

I44
138

118

103
ta=

131

r27

110

126

158

i48
155

148

138
'l oo

148
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PAPRO New Zealand.

TABLE 83 (condnued): E nffens (NSWI 15 yr old wood propert¡r data.

Tree

No.

Log

No.

1

2

ó

Tree

I

3

4

Tree

Log

LED
(mm)

255

164

r29
255
293

213

186

155

293

Log

SED
(m:n)

164

L29

a7

a7

213

173

L37

98

82

Log Log Hea¡t Baslc G¡een
Length Volume Volume Denslty Denstty M.C.
(--) (m3) ("/") (kg/ms) (kglmg) ("/o)

24

24

24
oÁ-

Mea¡r

Mea¡t

Mean

Mea¡r

Mean

6

o

6

18

o

ô

t)

5
oo

a.2L

o.1

o.06

o.367
ô

o

o

o

1

67

50

33

52

64

57

54

58

465

453

483

464

466

444
467

^oo
461

11 16

1060

to40
to89
1110

1070

1060

1080

1090

139

134

tL7
134

t40
141

L28

I20
138
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PAPRO New Zealand.

TABLE B1: E. Regrwns 15 yr old rlr¡ood property data.

Tree

No.

6

6

o

6

6

7

7

7

7

7

T2

L2

L2

L2

T2

l2
t3
13

13

13

13

I3
17

T7

17

L7

L7

18

IB

l8
l8
I8
18

20

20

20
o^

Log

No.

I
t

4
Tree

1

o

3

4

5

Tree

I
ô

3

4
5

Tree

I

3

4

5

T¡ee

1

2

3

4

Tree

I

4

5

Tree

I
o

3

Tree

I,og

LED

(mm)

288

239

210

168

2AA

498

394

34t
oôa

250

498

453

362

324

267

Le7

453

422

330

2e6

175

422

2AL

237

193

153

2Al
316

265

225

I81

128

316

203

154
1.)0

203

Log

SED

(mm)

239

2lo
168

96

96

394

34r
293
250

- 104

104

362

32+

267

t87
lol
101

330

286

175

97

97

193

153

86

86

265
oo4

181

128

79

79

r54
1to

a7

a7

6

6

6
o

oa

6

6

o

o

31.3

6

b

6

b

5.9
oôo

o

6

ö

t)

5.5

29.5

6

6

6

8.4

26.4

6

6

o

6

4.5

28.5

6

4.9

4.8

r5.7

o.33

o.24

o.t7
o. 13

o.861

o.94

o.64

o.47

o.35

o. t9
o 60t

o.79

o.55

o.41

o.25

o.t
2.098

o.67

o.45

o.32

^o
o.08

L.724

o.32

o.22

0.14

o.1

o.774

o.4

o.2a

o. l9
o.11

o.04

1.O29

o. 15

o.o7

o.04

o.266

o1

25

18

I
20

62

56

47

2l
51

63

56

44

20
<ô

t)t)

47

47

45

13

52

28

23

2l
10

tt

55

26

1B

o

ót

40
to
o
34

439

+s4
433

44L

437
LOA

406

4t7
431

437
ao.)

401

4L7

422

415

426

4L2

415

431

43+

436

443

426

43I
45+

461

488

450

442

423
LOA

443

453

435

403

416

416

158

154

151

146

154

r52
158

153

154

154

163

151

146

151

L52

155

TlU

160

154

149

L47

161

156

143

lrt /

L27

145

150

154

t47
140

I39

149

160

161

148

158

Log Log Heart

Length Volume Volume
(mm) (m3) ("Á)

Baslc Green

Denslty Denslty M.C

/m3) (kelm3] l"/")

I 134

. 1110

1089

1084

11rl
l082
1050

r058

1093

111r
1073

1059

LO47

1040

t046

1073

1051

I 121

1121

Lto2
t088

l094
' llrs

I 104

1 109

1097

t 112

1 105

I 106

1076

I065

1067

1085

1085

t 101

1053

IO34

lo77
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PAPRO New Zealand.

TAEILE 84 (contlnued): E Regnanæ 15 yr old wood property data.

Tree

No.

Log

No.

I-ag

LED
(mm)

2s7

186

155

237

337

271

232

2t7
185

337

l,og

SED
(mm)

Log I.Õg Heart Baslc Green

Length Volume Voh¡me Denslty Denslty M.C.
(--) (m3) (",6) (kglm3) (kglm3) (%)

2L

2L

2T

2l
Mean

Mean

Mean

Mean

Mean

Mean

I
2
J

Tree

L

2

3

4

5

Tree

186

155

80
80

271
oao

183

154

95

91

6

6

9.6

2t.6
6

6

6

7

o

26

o.2L

o.14

o.1 1

o.457

o

o

o

o
o

I

48

29

I

4A

37

'.,
25

14

38

+o4

ß7
416

407

423

422

429

442

440

426

I ro4
1084

1062

1088

1101

108 1

. 1068

1082

109 I
l088

t72
t66

r55
lbb

I60
156

149

144

148

155
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PAPRO New Zealand.

TABLE B5: E Fasttgata 15 yr old wood propert5r data.

Tree

No.

Iog
LED
(mm)

373
230
185

131

373
315

219

L77

315

26r
224

168

377

370
262
2LO

370
25r
t75
L&
25L

223

152
ooa

345

238

2r5
161

345
ooÊ

lbb

130

3lo
212

169

153

310

Log

SED
(mm)

230

1e5

131

a2

82
tlo

L77

110

110
- 261

o9Á-

168

90

90

262

2ro
100

100

L75

140

a7

87

L52

LU¿

LOz

238

215

161

80

80

166

130

94

94

2L3

L73

t22
84

93

I-og

No.

4t
Á_o

43
44
4 Tree

81
a2
83
I Tree

L2 I
t22
L23
t24
12 Tree

13 I
13-2
133
13 Tree

L4 I
142
143
L4 Tree

I5 I
152
15 Tree

19r
192
193
194
19 Tree

2tl
2L2
21 3

2L Tree

Mean I
Mean 2

Mean 3

Mean 4

Mean Tree

Log Log Heart Bastc Green
Length Volume Volume Denstty . Denslty M.C
(--) (m3) ("/"1 (kglms) (t!É/m3) (%)

6

Þ

o

4.5

22.5

6

o

7.8

19.8

o

6

6

7.L

25.1

6

6

7.5

19.5

6

6

5.5

L7.5

6

8.5

14.5

6

6

o

/.J

õ<a

6

o

5.5

L7.5

o

Þ

6

6

20

o.44

o.2

o.L2

o.04
o.8

o.34

o.19

o.13

o.653

o.48

o.2a

o.18

o.1

I.04
O.r€

o.26

o. 15

o.886

o.22

o.t2
o.or

o.339

o.t7
o.11

o.277

o.4

o.24

o.L7

o.09

o.901

o. 18

o. I
o.05

o.34

o

o

o

o

1

474

399

339

490

436

475

474

465

472

466

458

507

5V¿

474

494

500

499

497

486

476

475

482

æ2
497

488

459

501

503

474

481

474

525
Êâo

499

476

+79

+74

490

479

LT27

I 143

1 145

rl12
I 133

I 170

I 135

Lt23
I 151

r 113

ro84
I 125

lL27
I 108

I 160

LL44

1 126

. 1150

1 159

1086

1092

I 132

LT42

1117

L132

I loo
I1l9
I t24
11 l0
11lO

1L47

I 143

1 143

1 I45

1 140

1 121

t 125

ItI6
1 133

2t4
27L

L27

176

146

139

14t

143

138

L2L

124

134

134

tza
t25
131

138

t28
t30

r37
19 3-

139

100

r32
ls1
143

t17
114

I30

I39

139

146

L28

139

30

15

17

o

24

53

26

23

40

42

39

39

20

39

ß
27

37
oa

L7

o

2L

65

68

43

50

4L

oo

L9

44

30

20

34

42

ót

24

L4

38
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APPENDIX C

PULP gUALITY DATA
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PAPRO New Zealand.

data ofB D. ntters
Pulp Number s4o64 94()66 94066 94c,67 94099 94100 94101 g4LO2 94103 9'4rO4 941()5 9410A

PulplnÉ Condltlon¡
Presteâmlng temperature. oC

Sodlum hydrodde applled, %

Preheattng temperature. oC

Resldence Ume. mtn
Refìner tnlet pressure. bar
Reflner outlet pressure, bar
Reflner stage

Dtscharge conslstency, %

Feedrate, o.d. kglmt¡r
Enerry. kWhy'odt
Total energr. kWh/odt

Pulp ororrertlee
Freeness, CSF

Tear tnde¡<. mN.mz7g
Bu¡st lnde¿ XYa.m2 ¡g
Sheet denslty, kg/mg
Bulk. cm37g

Alr reslstance. s/1OO mL
Tenslle tndex. Nm/g
Stretch, %

Tenslle energy lndex. J/kg
Youngs modulus, MN/m2
Brlghtness. 0,6

Scatterlng coeflìclent, 
^2 ¡u.d. kg

Opaclty. %

80

7.30
50

20

1.0

1.2

I

lo.oo
658

l.o
1.5

0

29.6

9.r6
443

I lol

263
4.8

.) tt

483

2.O7

7

40.6

1.87

544
24BL

45.5
48.6

96.4

o.1

o.4

16.9

42.O

20.9
19.8

o.67
o. l6

l.o
1.5

o

s2.5
9.73

599

1257

t94
5.2

2.s5
496

2.O2

12

42.8

1.63

475

2714
46.6

48.8

96.4

0.o

o.2

t5.2
41.7
21.6

2L.3

o.67
o.oB

l.o
1,5

o

36.7

1o.59

742

1400

180

5.6

2.45

504

1.98

l4
44.7

1.98

615

2734
46.7

4B.B

96.9

o.o

o.2

13.9

42.2

2t.6
22.O

o.65

o.o4

80

7.78

50

20

1.0

L.2

I
29.1

9.56

791

l.o
1.6

2

30.o
9.55

500

I291

DOO

5.O

2.ta
466

2.t5
B

39.9

r.72
467

2400
46.O

47.7
97.O

o.1

o.3

l6.o
42.7
22.6

19.4

0.66

o.o4

l.o
1.6

o

33.9

9.45

675

1466

l85
5.1

2.34

483

2.O7

l3
40.7

L.67

453

2523
46.1

50.o
97.3

o.l
o.2

13.4

42.O

22.4

21.9

o.66

o.08

1.0

1.5
o

37.6

8.41

935

1726

t57
5.3

494

2.O2

L4

44.3

t.73
490

2548
46.O

50.1

97.8

o.o

o.2

I1.9
41.8
23.1

23.O

o.66

o.l6

80

7.74

60

20

I.O

L.2

I
28,B

9.63
793

1.O

1.5
t

29.6

9.50
531

1324

2TL

5.4

2.28
486

2.46
12

44.1

2.L8
õ73

2737
45.4

49.3
97.O

o.t
o.2

L5.7

42.5

18.6

o.66

o.oB

l.o
1.5

o

30.o
8.96

76
1499

1.0

1.5

o

JJ.ö

9.O7

893

1686

397 4lo 361 193 150

5.6 5.6

2.6 2.75

495 519

2.O2 t.93
l5 22

45.7 48.4

2.16 2.43

686 826

2897 2825
45.9 45.7

50.o 49.8

97.1 97.1

Bauer McNetL v,tt o/o +14

+3O

+5O

+IOO

+2OO

-2o,0

o.2

].l
r9.5
4l.3
20.6

t7.3
o.68

o.32

o.o
t.7

tB.4
40.2
21.6

lB. I
o.67
o.34

o.3

1.6

19.8

4t.o
20.8

16.4

o.6B

o.24

0.o

o.l
14.9

4 t.9

20.8

o.65

o.04

o.0

0.t
t2.4
42.1

22.1

o.65

o.o4

L-welghted ave. flbre length, mm
Pul¡nac shlve. %
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PAPRO New Zealand.

ABLE C2: data of l5 E. nllens cold soda

PuIp N"mber 94043 s4044 94046 94046 94081 94082 94083 S4084 94086 S4086 s40A7 94088

Pulplng Condltlons
Presteam lng temperature. oC

Sodlum hydro:dde applled, %

Preheatlng temperature. oC

Resldence flme, mln
Reflner lnlet pressure, bar
Reflner outlet pressure, bar
Reflner etage

Dlsctarge conslstency, 96

Feedrate. o.d, kg/mln
Energ¡, k\Uh/odt
Total energy. kWh/odt

Pulp propertles
Freeness. CSF

Tea¡ lndex, mN.m2lg
Burst t¡¡dex. kPa.m2 lg
Sheet denslty. kglm3
au&, cm3¡g
Al¡ reslstance. s/ IOO mL
Tenslle lndex, Nrn/g
Stretch. %

Tenslle enerry tndex, J/kg
Youngs modulus, MN/m2
Brlghtness.96
Scatterlng coemclent, ur2lu.d. kg
Opaclty, "ó

80

8.85
50

20

1.O

10

I
29.5

9.08
765

I.O

r.5
o

27.7
ooo

429

I 194

265
6.8

2.66
456

2.t9
8

42.s

2.O2

736

2772

44.2

48. I
95.5

o.o
.o.5

29.8

38. I
15.6

16. I
o.77
o.32

l.O
1.5

t

30.6
9.88

616

1380

r9l
7.7

2.AA

442

2.O7

l6
48.8

2.41

829

2966

49.8

49.O

95.2

o.o

4.2

28.6

15.2

L7.A

o.77
o.24

1.0

1.5
o

9.88
.rd)

r557

172

7.4

3.1

493

2.03

20

61.4

2.46

896

3083

50.1

49.6

95.3

o.o

o.l
26.1

37.8

16.7

20.3

o.75

o.32

80

8.05
50

20

1.O

t.2
I

33.5

9.63

773

l.o
1.5

2

31.1

10.33

417

t 190

301

6.8
1.93

4L3

2,42
4

39.2

1.72

43'4

2V2S

49.2

47.6
97.L

o.t
LO

28.9

38.5
14.8

t6.7
o.76

o.28

l.o
1.5

t

32.2

1o.43

576

1349

25L
6.8

o .>ô

441
o o.7

6

42.O

1.93

667

2629
48.3

44.7

96.8

0,1

o.4

28.O

39.5

16.6

t6.6
a.75

o.2a

1.0

1.5
o

39.4

10.oo

801

r574

208

7.1

2,4L

458

2.ra
t2

44.9

2.O2

626

2522
48.8

60.1

96.7

o.l
o.3

27.5

37.5

16. I
19.6

o.75

o.40

80

8.O5

60
20

l.o
L.2

I
30.2

9.67
792

1.O

1.5

29.2

9.49

458

1250

273
6.t

2.O7

429

5
aot

2.06
601

2394
48.4

44.4

96.8

0.o

o.4

28.O

39.1

15.5

t7-o
o.75
o.40

I.O

1.5
o

33.1

9.83

596

1388

237

6.6

2.46
447

2.24
9

43.6

2.L2

6M
2467

50.2

49.1

96.2

0.o

o.2

27.4
38.2

r5.5
ta.7
o.75

o.2B

1.O
tÉ

37.O

9.51

866

1658

17r

2.62
452

2.2t
l3

48.3

2.t3
672

2574

49.9

5l.o
96.8

o.0

o.2

26.2

39.3

15.6

I8.8
o.74

o.2a

460

Bauer McNett. wt % +14

+3O

+5O

+lOO

+2OO

-200

o.2

1.4

32.7

36.4
t4.2
15.2

o.79
o.36

0.6

2.4

31.5

34.2

I3.8
l3.l
o.79

o.68

o.5
to

31.3

37.5

t4.2
t4.4
o.79

4.52
Lwetghted ave. Iìbre length. mm
Pulmac shlve, 7o
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PAPRO New Zealand.

.II\IJL}; ualltv data o[ lõ r-old E ¡rffens

Putp Number 94o6s 94060 94061 S4062 94U^72 94OZS s4o74 94076 9,4076 9,4077 S4O7A g4o7ø

Pulpln¡l Condttlon¡
Preste¡mlng temperature. oC

Sodlum hylrodde applled, %

Preheatlrg temperature. oC

Resldence tlme, mln
Refì¡rer lnlet pressure. bar
Reflner outlet pressure. bar
Reflner stage

Dlscharge conslstency. Yo

Feedrate. o.d. kglmln
Energr. klVh/odt
Total energr, kWh/odt

Pulp prooertles
Freeness, CSF

Tear tndo<. mN,m2lg
Burst lndex. kPa.mz ¡ g,

Sheet denslt¡r, t<g/mg

Bulk, cm3/g
Alr reslstance, s,/1OO mL
Tenslle tndex, Nm/g
Stretch. %

Tenslle energ¡ tridÐc. J/kg
Yor:ngs modulus, tvlN/m2
Brlghtness. 96

Scatterlng coeflìclent, 
^2 ¡ud,. kg

Opaclty, %

Bauer McNett,wI% +I4
+3O

+5O

+lOO

+2OO

-200

i-welghted ave. fìbre length. mm
Pulnrac shlvc, 7o

430

BO

8.15
50

20

l.o
1.2

I
30.8

9.84
701

1.O

1.5
,

oôt

to.62
399

I too

3lo
7.2

2.41

459

2.la
B

42.4
o

604
o^oo

47.5

46.7

95.5

o.t
o.4

32.O

36.6

15.7

15.2

o.77
o.46

l.o
t.5

o

33.5
lo.oo

582

1283

234
6.9

2.6

493

2.O3

t2
45. I
2.18

692
2700
4A.2

47.5
95.8

o.l
o.2.

29.7
36.5

15.6

t8.o
o.76
o.34

t.o
1.5

o

39.2
9,54
826

t527

188

7.O

2.79
508

1.97

t7
46. I
2.rr
682

2709
49.6
48.1

96.O

o.o
o.3

'29.8

36.4
t5.7
17.A

o.76

o.22

80

B.l2
50

20

l.o
1.2

1

33.9
9.26

B03

l.o
1.5

o

30.5
9.89

488

1291

2V¿

7,O

2.68
462

2.16

t4
46.0
oo
7æ

2728

48.O

49.7

97.3

o.l
0.6

31.3

37.4

14.9

t5.7
o.77
o.08

l.o
1.6

34.6
lo.02

640
L443

193

8.O

2.74
493

2.O3

l6
47.4

2.3r
767

2865

49.6

49.O

97.2

o.o
o.3

ooo

37.2

I5.3
l8.o
o.77
o.28

t.o
1.5

o

42.O

9.1 I
953

1756

t37
7.6

3.34
518

1.93

36

62.I
2.48
915

3338

49.7

49.9

97.5

o.l
o.2

29.8

35.9

r4.7
19.3

o.76

o.36

80

8.L2

50

20

l.o
T,2

I
30.5

93r
790

I.0
1.5

.)

30.o
9.74
454

t244

24r
7.O

2.59

474

2.O9

lo
46.3

oe

75t
2806

48.3

47.8

97.O

o.o
o.6

oao

36.4
14.4

15.3

o.77
o.40

l.o
1.5

o

33.8
9.74

667

L457

2L3
7.6

2.55

474

2.tl
12

44.6

2.19

691

2834
48.3
49. I
97.O

o.o

o.2

29.8

37.6

15.4

t7.o
o.76

o.48

1.O

1.5
.)

34.9

s.54
863

1653

170

7.5

2.9L

5ll
1.96

o,
49.8

2.58

912
3lo7
50.1

48.6

9ô.4

o.t
o.7

27.6

37.7

I6.4
t7.6
o.76

o.60

394 450

o.2

1.9

33.O

35.7

15. t
14.I
o.79

o.68

o.4

2.O

33.O

36.2

15.3

13.2

o.79

o.4B

o.3
qo

32.t
35.4

18.8

I1.3
o.78

t.04
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PAPRO New Zeal;and.

'lhBl,E C4: Pqþ quallty data of l5 year-old D. reç¡nans cold soda Dulp.
Pulp Nunber 94039

80

9.51

50

20

1.O

t.2
I

23.6
7.to
459

9404() 94041 s4042 9{O90

80

8.68
50

20

I.O

r.2
I

29.6
4.57
846

9,1Ogl 94()94 94094 94096 94096 94097

Pulplng Condltlong
Presteamtr¡g temperature, oC

Sodlum h¡adrordde applted. %
Preheatlng temperature, oC

Resldence tlme, ml¡r
Refì.¡ner lnìet pressure. bar
Refìner outlet pressure. bar
Refìner etage

Dlscharge conslstency. 96

Feedrate. o.d. kg,/mln
Energr. kWh/odt
Total energy. kWh/odt

Putp propertles

Freeness, CSF

Tear t¡rder<. mN.mz¡g
Burst lndex. kPa.m2 ¡g
Sheet denslty. kg/m3
Bulk. cm37g
Alr reslstance. s/ IOO mL
Tenslle lndex. Nm/g
Stretch. %

Tenslle energ/ lndex. J/kg
Youngs modulus. MN/m2
Brlghtness, %
Scatterlng coefllclent, -27..d. kg
Opactty. %

Bauer McNett. wt % +14

+3O

+5O

+lOO

+2OO

-2o0
L-welghtcd ave. llbrc lcngth, rnm
I)rrl¡n¿¡c shlvc. 7"

416

l.o
1.5

.)

25.6

B.03

427

1286

250
7.1

2.46
473

2.tt
lo

46.6

2.OA

676
2925
46.9
44.5

94.4

o.l
ot

29.7
39.3

l3.B
l5.o
o.B2

o.32

l.o
1.5

2

24.4

9.97
560

l4l9

220
7.7

2.6

489

2.O4

ll
45.9

t.B7
590

2A29

46.8

43.6

94.4

o.1

1.6

27.O

4t.4
t4.7
15.3

o.B2
o.2B

I.O

1.5
I

27.6
8.O5

808

1667

136

7.2

J

533

I.B8
36

51.9
2.26

813

33I4
49.O

44.9

94.7

0.t
o.8

23.4

40.9

It;.2
19.3

o.7a
o.20

l.o
1.5

o

29.3

1o.53

439

1245

223

6.7
2.36
474

2.lL
6

42.t
L.7L

489

2621

46.3

43.4

94.6

o.l
o.6

29.A

4l.l
13.3

15.2

o.83

o.36

t.o
I.5

t

30.8

9.60

727

1573

t7B
7.5

2.84
505

1.98

l8
60.3

2.t7
759

2985

47.7
44.2

94.9

o.o
o.3

29.O

39.9

ts.7
t7.l
o.Bl
o.36

1.0

1.5
o

35.9

9. 19

470

142

7.6

2.95

52.5

t.90
26

51.5

2.16

773

3088

47.3
44.7

94.5

0.o

o.3

25.7
41.5

l4.o
18.6

o.7s
o.40

80

8.68

50

2A

l.o
L.2

I
27.6
8.66
453

t.o
1.5

o

29.4
8.65

512

1365

2t7
6.8

too

507

1.97

l6
48.1
ooL

764
3426
46.9

43.8
95.3

o.0

o.2

30.2

39.9

I4.6
l5.o
o.79

o.2a

l.o
I.5

o

28.8
8.91

641

1494

2r5
7.8
o.,

489

2.O4

l6
46.7

2.17

712
2478
47.6

43.2

95.6

o.o
o.t

27.8

40.9

t4.B

16.4

o.78
o.36

1.0

1.5
t

35.8

8.66
õoo

t775

158

7.3

3.18

536

1.87

32

53.1

2.6r
940

47.3

46.3

95.3

o.0

o.2

26.5

40.2

14.6

18.6

o.78
o.o4

405

o.1

o.9

31.1

39.5

14.5

l4.o
o.84
o.48

o.l
. to

30.5
40.6

13.6
\o o

o.84

o.48

o.2

L.7

31.3
38.4
14.3

r4.l
o.84
o_48
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PAPRO New Z,eal,and.

cold soda
s4447 S404S 94060 94061 94064 94066 94066 94oA7 94068 94069 94070

PulDlng Condltlong
Preste¡m lng temperature. oC

Sodlum hydrodde applled, %

Preheatlng temperature. oC

Resldence ftme, mln
Retner lnlet pressu-re, bar
Reûner outlet presstue, bar
Refìner stage

Dlscharge conslstency, o/o

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

Pulp ¡rropertles
Freenegs. CSF

Tear lndel(, mN.m2¡g
Burst lndex. lkPa.ø2/g,

Sheet denstty, kglm3
Bulk. cm3/g
Alr reslstance. s/lOO mL
Tenslle fndex, Nm/g
Stretch, 96

Tenslle enerry lndex. J/kg
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