
PROPERTIES, PULPING PROCESSES, AND 
PROSPECTS FOR NEW ZEALAND 

BEECH SPECIES (NOTHOFAGUS SPP.) 

SYNOPSIS 

Integrated timber and pulp or chip production could utilize 
New Zealand's South Island Nothofagus resources provided 
transport was available to ports giving access to overseas 
markets. Nothofagus pulps are similar to eucalypt pulps, and 
would be suitable for manufacture of fine writing papers and, 
in admixture with long-fibred pulps, other grades of paper. 

INTRODUCTION 

The possibility of using a proportion of the beech foresrs 
of the South Island for timber and for pulp production is at 
present being examined. Basically, the production of pulp and 
paper products from beech species would be the key to theis- 
successful utilization, since it would allow the selection and 
use of high-grade material for sawlogs or  veneer manufac- 
ture and low-grade material could go to pulp production. 
Because of the relatively high incidence of low-grade logs in 
beech forest, it is particularly necessary that the logical con- 
cept of whole-log utilization be practised. 

A less attractive but nonetheless profitable operation re- 
lated to pulp production is that of chip export to Japan. 
Already beech chips have been shipped from Nelson to Japan. 

It is axiomatic that, for either pulp production or chip ex- 
port to be profitable, the cost of logging and transport must 
be such that the cost of logs to the pulp mill or to the chip 
mill is at a reasonable and acceptable level to the processer. 

Factors influencing wood cost to  a mill do not come within 
the context of this note, which deals with the pulping and 
papermaklng properties of the New Zealand Nothofagus or 
beech species. I t  is evident, however, that an adequate and 
accessible wood supply in perpetuity, relative ease of road- 
ing, and reasonable logging costs, would be necessary pre- 
conditions of pulp mill establishment. Other requirements, 
such as an adequate water supply for the pulp mill and 
proximity of the pulp mill to a port or to a transport system 
(preferably rail) connected to a port, would also be important, 
for in any large-scale development the pulp and paper pro- 
ducts would be exported. Even relatively small-scale pulp 
mills would produce more than the New Zealand market could 
absorb at this time. 

"Scientist, N.Z. Forest Research Institute, Kotorua. 
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Data on the pulping and papermaking properties of beeches 
given in this note were obtained at the Forest Research Insti- 
tute (Uprichard, 1968). These data are discussed in the fol- 
lowing three sections which deal with wood properties of the 
beeches, pulp processing methods, and beech pulp products. 

WOOD PROPERTIES 

General 

Wood properties of the beeches which are relevant to their 
pulp and papermaking characteristics are summarized in 
Table 1. 

With the exception of the fairly pure silver beech stands 
that occur in Southland, the beech forests contain various 
proportions of silver, red, hard, and mountain beech (for 
specific names see Table 1). Beech hybrids are not considered 
in this paper. It is therefore important to consider how varia- 
tion in wood properties between species could affect pulp 
cost and quality. 

On the basis of the data in Table 1, and other sources 
(Orman and Harris, 1965; Uprichard, 1968) it is possible to 
make certain generalizations about beech wood properties: 

(1)  The individual species contain the same percentage of 
fibres per unit volume, and have very similar vessel per- 
centages by volume. The fibre content of the beeches is 
about 65% of wood volume. 

( 2 )  Silver, red, hard and mountain beech contain fibres 
about 1 mm long which are narrow in diameter (17 to 
19 wm) compared with those of softwood fibres. (The 
fibres of Pinus radiata are about 3 mm long and 36 bm 
diameter.) 

(3)  The beech species range in basic density from 440 to 
630 kg/m3: they are medium density hardwoods. 

( 4 )  The beeches contain extractives (water-soluble poly- 
phenols), the nature and amount of which depend upon 
species and wood age. 

Because silver, red, hard, and mountain beech have some- 
what similar fibre properties, the characteristics of most im- 
portance when comparing the pulping and papermaking 
qualities of the species are wood density and extractives 
content. 

U700d Density 

Papers made from hardwood pulps, which have short fibres, 
have lower resistance to tear than softwood pulps. Hardwood 
pulps generally yield papers with good tensile strength which 
have better formation and surface characteristics than those 
obtainable from softwoods. Wood density, which is a measure 

I 

of fibre wall thickness, can influence paper tensile strength 
( Dinwoodie, 1965). 



TABLE 1: WOOD PROPERTIES OF THE BEECHES (NOTNOFAGUS SPECIES) RELA'J'ED TO THE PAPEKMAKINC 
PROPERTIES O F  THEIR PULPS 

- - - - 

Raszc Llenazty* Flbre Length Exlractives O/o oj o.d. Wood 
Nume Species A reu ( k g / m J )  (mm) Ilearlwoud Sup~vood 

- . - -- - --- 

Silver beech N. menziesli (H0ok.f.) Ocrst Rig Bush 482 0.9 8 4 
Southland 460 - - - 
Recfton 470 - - - 

Red beech N. juscu (H0ok.f.) Oerst Big Rush 5C5 0.9 14 6 
Nelson 560 - - - 
Murchison 440 - - - 
Rcetton 480 - - - 

Greymouth 540 - - - 

Big Bush 565 1 1  9 5 
Buller 630 - - -- 

Reefion 540 - - - 

Greymouth 520 - - - 

Mountain becch N .  solavldri var Reefton 510 - - - 
clilfortioidea (Hoold.) Poole Southland 520 - - - 

- - -- .- - - - - - - - - - - - - -- - - - - - 

Hard beech N .  truncala (Gol.) Ckne 

*Data for beech density from areas other than Rig Bush supplied by J.  M. Harris (Orman and Harris, 1965). 
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All pulps receive a mechanical treatment termed "beating" 
prior to paper making. The purpose of beating is to "fibrillate" 
the fibres and make them more flexible so that they collapse 
into flat ribbons and form a compact and well-bonded sheet 
in the subsequent operation of papermaking. Tensile strength 
is a measure of fibre bonding. 

Thin-walled fibres derived from low density wood require 
less beating (or expenditure of energy) for development of 
adequate paper tensile strength than fibres with thicker walls 
derived from wood of higher density. On the basis of their 
wood densities, it woula be easier to develop tensile strength 
in pulps from silver beech than from hard beech (Table I ) ,  
and the data in Table 3 confirm this. It  could be surmised 
that pulps from Murchison red beech (Table 1) would be 
easier to beat than those from other red beech areas, but this 
remains to be seen. However, at the range of densities en- 
countered for beech species, differences in the ease of beating 
of their pulps is relatively unimportant compared with the 
energy requirements of other operations in pulp and paper- 
making. The beeches as a group can be regarded as a source 
of good papermaking pulps. 

Wood density influences pulp cost as well as quality. In 
general, pulp yield based on dry wood weight does not vary 
much with wood density. However, pulp yields based on 
either wood volume (e.g., m3 of wood per tonne of dry pulp) 
or chip charge to a digester are appreciably more from high- 
density wood than from low-density wood, if the woods con- 
tain the same quantities of extractives. Extractives can make 
an appreciable contribution to apparent wood density. 

Wood density is of particular concern when considering the 
sale of wood chips to Japan; high-density chips are preferred 
by the customer to reduce unit transport cost. The unit of 
chip sale is the B.D.U. (bone-dry unit) which is equivalent 
to 1,089 kg of oven-dry wood. Chips prepared from low-density 
wood occupy more space during shipment than the equiva- 
lent weight of chips with high wood density. The roundwood 
equivalents required for 1 B.D.U. from wood with densities 
of 448 and 577 kg/m3, respectively, are: 

2.4 m3 of wood of 
density 448 kg/m3 I 1 B.D.U. 0.d. 

= 1.9 m3 of wood of 
density 577 kg/m3 

After c~rrection for extractives, the densities of red beech 
and silver beech are from 448 to 482 kg/m3. Corrected density 
of hard beech is 515 to 531 kg/m3 so it appears that hard 
beech will give the highest yield per unit volume of wood. 

Wood Extractives 

Wood extractives are those substances which can be re- 
moved from woods by organic solvents, or water. They can ' be extracted from beech with methanol but they are also 
soluble in hot water and alkaline solutions. The extractives 
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of the beeches are polyphenols of the flavonoid and stilbene 
types, though the compound ellagic acid, which is found in 
many species of eucalypts, is also present. Polyphenols, since 
they consume alkali, give rise to higher alkali requirements 
in kraft pulping. These extractives also consume chemicals 
used for delignification in other processes, such as the 
neutral sulphite semichemical process (NSSC). Though the 
extractive3 of the beeches differ between species in their 
nature and amount, they are all of the same general type. 

Silver beech requires less chemicals for delignification than 
either red beech or  hard beech because its extractive content 
is low. 

PULPING 

Pulping Methods 

Laboratory trials have shown that the beeches yield kraft 
pulps of good papermaking quality (Uprichard, 1968) but the 
bleaching of such pulps requires examination, since the most 
likely outlet for beech kraft pulps is the manufacture of fine 
writing papers. 

It has also been shown that neutral sulphite semichemical 
pulps (NSSC) from the beeches are suitable for the produc- 
tion of corrugated hoard materials used jn packaging: pro- 
ducts made from NSSC beech pulps have greater stiffness 
than those prepared from radiata pine. 

Cold soda pulps can be prepared from the beeches but 
their potential has not been examined in detaiI. It  is unlikely 
that refiner groundwood pulps from the beeches will find a 
market because the pulps are dark in colour. It is possible, 
however, that chernimechanical pulps prepared from the 
beeches (in higher yields than NSSC pulps) would find a 
specifically arranged market overseas, but these pulps would 
not sell on the open market. 

The processes discussed differ not only in pulp yields and 
qualities but also in the scale necessary for economic opera- 
tion. The processes themselves are compared below. 

Kra f t Process 

Kraft pulps are prepared in 42 to 50% yield by digesting 
wood chips with a mixture of sodium hydroxide and sodium 
sulphide in water, at high temperature (170" C) and pressure. 
Pulps can be bleached to high brightness and bleached hard- 
wood pulps are used for fine writing papers. 

The advantage of the kraft process is that chemicals are 
recovered by burning the concentrated used cooking liquor. 
Because of the high cost of recovery boilers used for this 
purpose, the kraft process needs to be carried out on a large 
scale. Today, mills with outputs of 900 tonnes of pulp per 
day are in operation. The minimum mill size for economic 
operation, based on current operation costs, is probably 
about 400 tonnes per day. 

Dark residual liquor from the mills may need to be held 
in ponds to reduce its biological oxygen demand (B.O.D.) 
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and reduce river pollution. Because most of the residua! 
cooking chemicals and waste liquor go to the recovery furn- 
ace, the actual amount of these materials leaving the mill is 
relatively small: it will probably be much less than from a 
lower tonnage mill using some other process which has no 
means of recovery. 

Because gases evolved in the process are mercaptans (sul- 
phur based) there is some aerial pollutiy. As sulphide con- 
tent of the liquors is reduced - e.&., to soda cooks" - this 
source of atmospheric pollution declines. 

Neutval Sulphite Semichemicnl ( N S S C )  Process 

The NSSC process is generally used to produce pulps in 
70% to 85% yield. The chemical used is an alkaline or neutral 
solution of sodium sulphite, and the chips that have been 
cooked at 170" or 180" C ior a short period (e.g., 20 min.) 
require mechanical defibration to effect fibre separation. 
Generally the pulps require refining (mechanical treatment) 
prior to papermaking. 

The process is economic at outputs of 150 to 200 tonnes 
per day (sometimes less may be accepted) but recovery of 
cooking chemicals is difficult. It  is possible to burn NSSC 
liquors in a kraft recovery boiler, but this implies that the 
NSSC and kraft processes are used on the same site. 

Cold Soda Pvocess 

In this process wood chips are soaked in cold alkali (e.g., 
8% based on wood weight) which dissolves extractives and 
some lignin. The soaked chips are then refined. 

The process is used to prepare pulps over a wide yield 
range, 70 to 85%. The products can be bleached and used 
for writing papers, but chlorine consumption in bleaching 
is high. No chemical recovery is practised, though the liquors 
could be burnt in a kraft recovery boiler. Wet combustion 
of cold soda waste liquors by the Zirnmerman process (Mor- 
gan and Saul, 1968) is technically feasible. 

USES OF BEECH PULPS 

The yields of kraft pulp from beeches are dependent upon 
species and upon wood age. Heartwood from old trees is 
rich in extractives. It is because of this that kraft pulps are 
obtained in lower yields from large diameter trees than from 
the small diameter trees of the species silver, red and hard 
beech (Table 2 ) .  

Pulps are obtained from the beech species in 44 to 50% 
yield, and these pulps have low Kappa number (lignin con- 
tent) and should be easily bleached to high brightness. 

Beech kraft pulps .have good tensile strength and burst 
factor but have lower tear factor than radiata pine pulp 
(Table 3) .  

Beech pulps form papers that are smoother and more 
compact than papers mads from radiata. These beech pulps 
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TABLE 2: :<RAFT PULP YIELDS FROM THE BEECHES AND 
RADIATA PINE 

~ .--p--------.-p-p---.-.-.------- ~ --... . ~ .  .. 
Screened Tota! 

Active Alkali Yield Yield l(:appa 
Wood Species % on 0.d. Wood ( O h )  (9'0) No. 

-- - -- - - -- - - -- 

Silver beech 12.5 50.2 50.5 17 
(small diameter) 
Silver beech 13.0 47.5 47.8 16 
(large diameter) 
Red beech 15.0 46.4 49.2 14 
(small diameter) 
Red beech 16.0 43.5 45.1 13 
(large diameter) 
Hard beech 14.0 43.6 49.8 10 

I (small diameter) 
Hard beech 16.0 46.2 46.3 11 
(large diameter) 

Radiata pine 18.0 46.0 46.3 29 
(mill chips) 

- - -- - - - - - - - - - -. - 

TABLE 3: PAPERMAKING PROPERTIES O F  BEECH KRAFT PULPS 
COMPARED WITH EUCALYPT AND RADIATA PINE PULPL 

Wood Beating Rev. 
Sample (Lumpen Mill) 

Tear 
Factor 

Breaking 
Length 

(km 1 
Stretch 

(%) 

Silver beech 12,250 
Red beech 20,500 
Hard beech 15,000 
Eucalyptus regnuns - 
E. obliquo: - 
E. delegatensis 
Radiata pine 3,750 

Burst 
Factor 
- 

72 
5 7 
40 
68 
65 
61 
67 

p- -- 

Bulk 
- 

1.41 
1.31 
1.50 
1.45 
1.45 
1.45 
1.57 
- 

TABLE 4: PULPMILL TYPE, SIZE AND W O O D  CONSUMPTION 

Size; Otltput Years to Consume 
Mill per Day Wood Requirement (millions in3) 

Type (tonnes) in? per annuin) (2.8) (5.G) (11.3) (22.6) 

Kraft 200 330,000 9 17 34 68 
400 660,000 4 9 17 34 
500 820,000 3 7 14 28 

NSSC 100 96,000 30 59 118 235 
200 192,000 15 29 59 118 
300 288,000 10 20 39 79 
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are similar to eucalypt pulps (Batchelor e t  al., 1970) and 
would be suitable for the manufacture of fine writing papers, 
though they could also be used for other paper grades in 
admixture with long-fibred pulps. 

Beech neutral sulphite semichemical pulps have been pre- 
pared in 70 to 80% yield. Though these NSSC pulps borm 
sheets with only 50 to 60% of the strength of kraft papers 
they could be used, if mixed with kraft pulps, for many un- 
bleached grades of paper. Like other hardwood NSSC pulps, 
beech NSSC pulps after corrugation have good resistance to 
crush and would therefore be suitable for the manufacture 
of corrugated board. Pulps from red beech, though not as 
good as those from silver beech, would be adequate for corru- 
gated board manufacture. 

DISCUSSION 

The pulp and papermaking properties of the beeches are 
generally good. For this reason it is virtually certain that ex- 
ports of beech chips will increase. The 20,000 tonne ships used 
for chip transport can make ten shipments to Japan from 
Nelson each year. A t  present, mainly pine chips are being 
exported. One such ship could transport about 200,000m3 
of beech per year. 

There are several areas in South Island where the actual 
pulping of beeches is a possibility. Technically the Nothofagus 
species can be pulped by several processes. However, for 
beech to be pulped commercially, as mentioned earlier, the 
volume available for processing must be sufficient and of 
reasonable cost, and adequate water, power, and transport 
facilities must be available if pulp mills are to be established. 
Obviously the main factor influencing possible pulpmill estab- 
lishment in a specific area is the volume of beech available 
for processing. 

The data in Table 4 show the relationships between pulp- 
ing process and rated daily tonnage, and wood consumption 
figures. These data provide some guide to what sort of pulping 
development could take place in areas with wood resources 
of 2.8 to 22.6 million m3 of wood available. It is considered 
that the data in Table 4 show the possibilities and limitations 
of the kraft and NSSC processes with respect to volume of 
wood available: as indicated earlier, chip exports can operate 
on a comparatively small scale. 

In deriving the data in Table 4 it has been assumed that 
average basic density is about 480 kg/m3, while pulp yields of 
44% for kraft and 75% for neutral sulphite have been used. 
These differences in yield markedly affect wood consumption 
figures. If a kraft mill of 400 tonnes per day is assumed to be 
the minimum for economic reasons, then it is evident that a 
wood resource of 17 to 22.7 million m3 will be required in 
order to maintain adequate wood supply. On the other hand, 
an NSSC mill of capacity 200 tonnes per day could exist on 
a wood resource of 5.6 million m3 without any difficulty. 

Of the beech species available, silver and mountain beech 
are easiest to pulp and old red beech is probably the most 
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difficult. While all the beeches can be pulped by the kraft 
procedure, the quantity of chemicals required to produce 
pulp of a given quality depends upon species and wood age. 
It follows from this that, while mixtures of the beeches could 
be pulped commercially, there might in some instances be 
advantages in segregating very large red beech logs and pulp- 
ing these separately. Conversely, if there is no segregation 
of species or wood type, then changes in the proportion of 
the species mix will to some extent influence pulp quality. 
Uniformity of raw material is something desired by the paper- 
maker, who would be happy even with a constant mixture of 
species. 

It is obvious that the prospects of using the beeches for 
pulp depend upon world pulp demand. The Japanese demand 
for wood chips indicates that in that country alone there 
is a large potential market for pulp. As far as New Zealand 
is concerned, it would seem preferable to process the beeches 
here rather than overseas, provided that the operation is 
profitable overall and adequate safeguards against pollution 
of rivers are assured. The successful development of an in- 
dustry using beech would almost certainly be the forerunner 
of a pulping industry based on exotic species, and it is de- 
velopment of this type that the South Island urgently re- 
quires. 
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