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INTRODUCTION

The Philippines, like most other tropical countries, has been 
richly endowed with abundant natural forest resources. These forests 
are very rich in valuable timber, rattan, resins, and other forest 

products. The Philipnines has a total land area of 30 million 
hectares (M has.) and, as of 1977, there are still about 9.8 M. has. 
of productifs forests with an estimated volume of around 1.5 billion 
cubic meters (râ ) (1_) These figures show that this country has ample 
forest resources which could'supply the requirements of several integ
rated pulp and paper mills. Furthermore, these forests, if properly 
managed, protected, and developed could supply the raw material require
ments for the perpetual operation of integrated pulp and paper mills.

^/Underscored numbers in parentheses refer to literature cited.



The timber stands of tropical countries occur as heterogenous 
mixtures of several hardwood species. As such, the determination of 
the feasibility of producing pulp and paper from these hardwoods presents 
a complicated problem due to the variety of wood species available and 
the wide variability in their physical, chemical, anatomical, and mor
phological properties. This problem is further aggravated by the fact 
that the composition of the mixed hardwoods or the percentage of each 
species varies from one forest area to another.

In the utilization of tropical hardwoods for pulp and paper 
manufacture, it would be more practical to use these as mixture as they 
naturally occur in the forest. However, due to the wide range of the 
properties of these hardwoods, some of these may be unsuitable/undesira- 
ble for pulp and papermaking. Hence, it is important to study, as much 
as possible, the pulping qualities of individual species or group of 
species with similar characteristics to determine the promising ones 
and to eliminate the less desirable species. Again, the difficulty in 
the separation of these unwanted species either in the forest or wood- 
yard can also pose some problems. However, these unwanted species may 
only be really undesirable if these are present in reasonably large 
quantities to affect the whole batch of the raw materials.

RESEARCH ON PHILIPPINE TROPICAL HARDWOODS

For the purpose of this paper, researches on Philippine tropical 
hardwoods were classified into four groups. These include studies on: 
(a) commercially-exploited species; (b) non-commercial/lesser-used 
hardwoods; (c) plantation and fast-growing species; and Id) utilization
of mixed hardwoods
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A. Commercially-Exploited Hardwoods
This group includes a little more than 50 timber species which 

are well known for their uses in commerce such as in building construc
tion, furniture, poles and piles, railway sleepers, and -other uses.
Most important of these hardwoods are the seven species, belonging to_the 
"Philippine mahogany" sub-group which accounts for more than 50% of the 
total timber stands of the country (2).

Since this "Philvopine mahogany" includes the premier species of 
the forests, it would be advisable to use only the wastes of these 
species which include logging wastes and residues, and also manufacturing 
residues.

A study, conducted bv FORPR1DECOM (3) has shown that for every
3 3100 m of timber removed from the forest, about 80 m of forest wastes

and residues are left in the form of tops, branches, butt trims, stumps,
abandoned logs and residual trees. This means chat 44% is left in the
forest as wastes and residues.

This study also determined the amount of manufacturing residues 
generated in the sawmilling and veneer and plywood operations. Studies 
on sawmilling operations revealed that lumber conversion was only 48% 
of the log input and the 52% accounts for sawdust, slabs, edgings, 
lumber trims and defective materials (.3).

In plywood manufacture, recovery was only 40%, while residues 
(round-ups, spur trims, log centers, green-veneer trims, and dry-end 
residues) amounted to 53%, and defects and shrinkage was 7%.

In 1975, Philippine log production was 6,988,000 and this
3increased to 8 ,^5,000 m in 1976. Since then, log production de- 3

3dined annually until in 1979 production was only 6,578,000 m (¿).



On the other hand, log experts continued to decline from 
4,595,066 m 3 in 1975 tc 2,331,297 in 1975 and finally to only 1,247,
973 in 1979 (4). This decline in log exports was due to the govern
ment policy of eventually banninq the exportation of logs. As such, 

the local consumption of logs for conversion to processed wood products 
increased considerably from 2,392,934 m3 in 1975 to 5,330,027 m3 in 
1979, Average consumption of logs for the 5-year period was 4,964,293 m 

Based only on 50% wastes generated in manufacturing operations,
about 2.5 million m 3 of wood are wasted. In addition to this, about 

3
5 million m of forest wastes and residues are still available in the 
forest area. Assuming that only 30% of these wastes would be economic
ally feasible to retrieve, more than 2 million m3 of wood wastes would 
be available for the.pulp and paper industry.

Studies, conducted at FORPRIDECOM on the utilization of veneer 
wastes, cores, log ends, sawmill-waste slabs and edgings, etc., have 
shown the potential • -i t .ese wastes for pulp and paper (¿-_7). At 
present, there are three integrated mills which use these wastes in 

their operations.
The specific gravity, morphological and chemical properties of 

some commercial hardwoods (8-13) are given in Table 1. Table 2 shows 
the Icraft-pulping data and the physical properties of the pulp hand- 
sheets of the individual hardwoods (14-16). Based on these results, 
only apitong appears to be the least desirable species in the group.

B. Non-Commercial/Leaser-P3ed Species
During logging operations, only the well-known commercial species 

are extracted while the non-commercial/secondary species are left in
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the forest. The volume of these iesser-Jcnown species can also be 
considered sizable and can be a potential source of material for the 
pulp and paper Industry. In view of this, FORPRIDECGM conducted 
studies to determine their suitability for pulp and paper production.

Table 1 also shows the specific gravity, fiber dimensions, and 
the proximate chemical composition of 24 non-commercial hardwoods

17_) while the sulfate-pulping data and the properties of the 
handsheets of these species are presented in Table 2. These results 
show that anuling, balobo, bolon and dita are the only species which 
gave low pulp-strength properties among the non-commercial hardwoods 

studied (18-20).

C. Plantation and Fast-Growing Hardwoods
Due to the fast rate of growth of most species belonging to 

this group, this can ba considered as one of the .lost important re

newable resources for the pulp and paper industry. The government has 
realized the importance of fast-growing species, nob only to the 
reforestation program of the country but, also, to feed the raw material 
requirements of wood—using industries, especially the pulp and paper 
industry. In view of this, the government has offered incentives to 
those interested in the establishment of large-scale industrial tree 
plantations. Such incentives include granting of leases for at least 
25 years to a maximum of 50 years for industrial tree plantations with 
a rental not to exceed Pi.00 (US $0.13) per hectare, forest charges of 
5% of the currant value of the wood harvested, and other reduced tax 
benefits (2 1).

Furthermore, govamnent-financing institutions grant loans 
to qualified tree farmers at bhe rate of PI,300 - P2,000 (US $ 173-267)



these various incentives, there is now aper hectare (.22). Due to 
massive reforestation program in. Mindanao, being undertaken by the 
various wood-processing plants. This endeavor has been so profitable 

that tree farming has become popular in areas around wood-processing 
centers. It has been reported that a hectare of Alblzia falcataria 
plantation can easily netP 20,COO (US S2,567) a year. It was also 
reported that an integrated pulp and paper mill supports 3,000 tree 

farmers, tilling more than 20,000 hectares (23).

The utilization of plantation-grown species for duId and Daoer 
has several advantages. Among these, are the following:

1. Fast rate of growth of species make short cutting 
cycle possible;

2. As such, land-area requirements will be less for the 
same wood yield compared to traditional wood species;

3. Clear-cut logging practices are possible, thus 
reducing harvesting costs;

4. Most species produce coppice thus eliminating the 
necessity of periodic replanting;

5. Only desirable species may be propagated; and
6. Most important of all, more uniform pulp quality can 

be obtained in the mill doe to better control of 

material input.
Results of studies at FORPRIDECCM on the physical, morphological, 

chemical, and ler aft-pul ping characteristics of 1 1 plantation and fast

growing species are also presented in Tables 1 and 2 (¿. _10, 12. 16,
22. 24. 26). These results show that all th* species 3tudiod are 
good raw materials for pulp and papermaking.



D. Utilization of Mixed Tropical Hardwoods
As mentioned earlier, the most practical approach to the utili

zation of tropical hardwoods for pulp and paper would be to use these 
as they occur in the forest area. However, due to the Runber of 
species available in a certain forest, ic would be advisable to group 
species according to their papemaking characteristics. With this 
papermaking classification, it would be possible to think more in 

terms of groups of species rather than in terms of individual species.
A study was undertaken to determine the pulping and papermaking 

characteristics of a naturally-occuring mixture of Philippine hardwoods. 
Table 3 presents the kraft-pulping data and the physical properties 
of the pulp handsheets prepared from this mixture. It may be noted that 
the mixture was subdivided into two lots. Lot 1 represents the low 
specific gr /ity (sp. gr.) hardwoods, possessing fibers with thin-cell 
walls ar . all belong to the Philippine mahogany group. Lot 2 includes 
4 species with high sp. gr. (above 0.50 g/m^) and with thick-walled 

fibers.
As shown in Table 2, all the kraft pulps from species, belonging 

to the Philippine mahogany group, possess good strength properties.
On the other hand, the denser species with thick-walled fibers produce 

pulps with either low or moderate strength. When these two lots were 
mixed and cooked together, the resulting pulps were of moderate 
strength and of acceptable quality. This proves that the less desirable 
species can also be utilized when these are blended with the more 
desirable species which have good burst, fold, and tensile strengths.

The same trend was observed when these pulps were ccnverced 
into kraft-wrapping papers. When 20% commercial softwood kraft pulp
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was blended with the pulp from the hardwood mixture (Los 1 1 2 ), the 
tearing resistance was considerably improved, producing papers with 
orcperties comparable to commercial krant-wrapping papers.

Studies were also conducted on the blending of hardwood pulps 
with pulps from other fibrous materials such as softwoods, bamboos, 
abaca, and other hardwoods for the production of bond, kraft wrapping, 
bag, and newsprint (_7, 31). Results of these studies have shown
that, for most practical purposes, the strength properties cf the paper 
produced from them aan be predicted by using the weighted-average 
method, based on the percentage cf each individual pulp component.

SUMMARY

In the utilization of mixed-tropical hardwoods for pulp and 

paper, it would be advisable to have the technical information (fiber 
dimensions, chemical composition, and pulping and papermaking properties) 
in the various individual species available. With this information, 
species can be grouped according to their papermaking characteristics. 
This grouping could then provide the basis for quality-control measures 
as the properties of mixture of species could, for most practical 
putposes, be predicted from the properties of individual species. 
Furthermore, less desirable species would only be harmful if present in 
large quantities to greatly affect the over-all pulp quality.

Looking ahead, fast-growing plantation species will soon be the 
main raw material resource of the pulp and paper industry, based on 
tropical hardwoods.

oOo
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Table 1. Specifio Gravity Fiber Dimensions and Proximate 
Chemical Composition of Some Philippine Hardwoods

Specific Fiber dimensions
:
i Proximate

--------------H7
chemical composition

Species gravity
g / c m ^

Fiber
length
m m

C o n 
voli
thick
ness

Lumen
width
m m

Runkel
V

ratio

Ho l o -
oellu-
lose

Ponto»
sans

j 4 - _ -

Lignin

. *  ....

»_So1l!fei.U.Llbs in: 
iTconol Hot 1!i~ 
Benzene water NeOll

______ L — l — i a i L —

iteli

%

. ill ______________Ù 1 ________ .... fc)_____ $ ■■(5L- -16)_______ ___L2)____ _ & ) _____ - i a ) _____ -i i s ù______1.1D- . ( . U L - I G jli__

A. Commercial Hardwoods 
1, 'Philippine iDi'.hogany"

a. Al non (Shores nlnon Faxw.) 0.39 1.51 0.004 0.018 0.44 62.6 13.7 29.9 5.2 4.3 14.6 o.3
b. Bactikon (Parashorea 

Dlicata- Brandis)
0.51 1.20 0.004 0.020 0.40 66.5 15.2 27.7 3.1 2.9 11.9 1.2

0. 1-iavaDis/ Shorea-souamnta 
(Turca.) Dyer_J

0.38 1.42 0.004 0.021 0.38 60.0 11.9 32.8 4.5 4.3 14.8 0.4

d. Red lauan (Shoren neero- 
sensis Foxw.)

0.47 1.72 0.005 0.022 0.45 53.2 17.6 37.7 6.3 4.8 22.1 0.3

e. Toneile/-Shorea doIys- • 
oorma (Bianco) llorr.J7

0.45 1.23 0.004 0.017 0.51 59.5 10.7 35,2
f

3.7 2.5 13.1 0.3

f. Tiaons (Shores apsaboen 
sis Stern)

0.33 1.50 0.0034 0.024 0.42 65.9 11.5 3 0 .8 2.1 1.0 15.2 0.2

g. White lauan/“Pentoeone 
contorta (Bid.) Merr.
L Ralfe Z J

0.43 1.37 0.004 0,018 0.41 65.0 15.0 28.6 3.9 2.8 13.2 0.8

2. Aoitonc (Dinterocarnus
prondiflorus Blanco)

0.63 1.56 0.010 C..010 • 3.00 59.3 16.5' 28.9 8.2 6.4 21.1 1.5

1- Odilo /"Shorea pulso (Blanco) 
Blume^

0.70 1.24 0.005 0.005 2.00 62.0 16.0 29.4 5.1 1.7 15.7 1.8



(1) (2) (3) (4) (5)
4. HonneachaDui (llopea 

Acuminate ilerr.)
0.63 1.31 0.0065 0.008

5. Manecraslnoro (Shorea
Philinnincnsla Brandis)

0.51 1.00 0.004 0.019

6. Paloaacia / Anisontora
thurlfera (Blanco) Bine / £

0.52 1.65 0.0095 0.006

7. Taluto / Ptcrocvmbtura
tinotoriuin (Blanco) Merr*_/

0.30 1.39 0.004 0.02&

8. Yakal eisok (Shoroa 
ruiao Faxu,)

0.84 1.43 0.009 0.004

tjon-Cormerciftl Hardwoods
1. Apoho (CaauarJna eouisoti- 

folia L.)
0.80 1.67 0.0066 0, 004

2. Anabiong l irons srienia.1la
(L.) Bluiao_ /

0.30 1.19 0.004 e.026

3. AnulinK / Pioonin umbel1liera 0.21 0.64 0.005 0.026
4. A Danit (foatixia Philip-

Pinonaia UangT )
5. Bolakat-gubat /Sapjuniluzo-

nicwa (Vid.) Herr. J

0.49
0.51

3.47
1.27

0.012
0.006

0.017
0.021

6. Bnlobo / OlDlodiscua pnni 
niculatum (Turc2, J

0.66 1.50 0.005 0.010



(6) (7) (8) (9) (10) (11) (12) (13)
1.63 - 12.2 - 10.7 - 17.9 0,5

0.42 67.9 16.6 26.6 3.3 2.4 12.1 1.2

3.17 70.3 16.2 22.4 4.4 3.4 18.0 1.0

0.32 67.3 17.6 18.2 2.2 11.0 23.9 2,5

4.50 61.4 14.7 21.4 14.1 9.4 17.9 1.6
i

3.25 66.2 19.7 29.4 2.1 1.7 14.2 0.7

' 0.31 70.2 20.6 22.8 2.1 3.4 18,6 1.5

0.38 61.2 16.3 22.4 4.3 5.8 23.5 6.0
1.41 75.0 15.4 20.2 1.5 2.2 17.5 1.2
0.40 65.1 17.8 24.7 3.8 3.3 18.4 3.1

1.00 61.8 15.7 23.1 4.0 3.4 18.9 2.7



(1ft (3) (4) (5) (6)
7. Bolsa /“Ochror̂ i nvranldnlo 0.3# 1.73 0.8045 0.022 0.41
8. Basii;one (Picúa botrvocnrnn 0.43 1.33 0.0055 0.014 0.79

№q.)
9. Binunng (Potencies aunntrnna 0.23 1.43 0.0040 0.030 0.27

Hiq. )_
1C. Boion / адку.опзоп refegm 0.70 1.30 0.0060 0,010 1.20

(Blanco) \ o r r . _ /

11. Duntivn (Enrolh'-rdln ridda - 1,38 0.0040 0.033 0.24
Bliuoo)

12. Dnho (феагапга cnudatofolia - 1.26 0.0045 0.029 0,31
E1jb.¿

13. Dita /  щу т ! » .  a»h<?l»rta 0.38 1.71 0.005 0.021 0,48
(L.) П. Dr . J

К. Dulit / canariun hlrsutun 0.39 1006 0.005 0.016 0.63 »
Willd. аар. hlrsutun 
vnr. hUauVïl foroa (Bl.)Loonh _/

15. Haglrait ^ Mlnqhnasao- 0.42 1.29 0.006 0.016 0.42
(Toysn and do Vr•) Wq*_y

1Ь. Katnon (Píllenla ohi Unni non- 
sla rtolfo)

-0.62 2.75 0.0115 0.023 1.00
17. Kujvmg (Perilla roxburehil 0.36 1.15 0.0035 0.023 0.30

G. Doni
18. lûlakoluiiDrn? (Storculla 

ceroniса Я. Ur.)
0.29 1 >57 0.005 0.018 0.57

19. Mnlapnpaya /'polvscias 0.35 1.1b 0.0050 0.020 0,50донора (Blune) Soon /
20. Hareng /~brythrina ¿цЬищ- 

brans (Hasek. ) Mcrr.Jy
0.24 1 «V' 0.CO45 0.025 0.36

21. Tan-ая (Kléinhoiria hosoita 0.34 1.20 0.004 0.024 0.33



(7) (8) (10) (11) (12) (13)(9)
67.0 20.6 24.0 3.0 4.0 28.8 2,0
60.8 15.6 28.4 2.6 6.3 24.4 2.0
61.0 14. 1 32.2 1.7 3.6 15.1 1.5
6Д.2 17.7 25.2 6.2 2.8 23.7 1.6
60.3 14. 1 33.6 2.1 1.8 .'3.1 2.2
62.2 U . 7 34.2 1.4 1.0 14.4 1.2
62.1 14.1 30.6 2.8 5.9 17.0 1.3

11.7 22.0 2.5 8.9 23.6 1.2

66.0 18.2 25.6 2.3 3.4 17.8 2.6

61.9 14.0 27.0 3.6 6.7 24.5 2.2
65.6 1 6 . 8 26.4 3.6

»
242 15.4 2.1

67.0 18.4 21.8 2.9 5.6 21.4 2.8

71.4 21.5 21.3 3.4 2.9 22.3 1.1
63.6 14.7 27.5 3.1 3.4 1 6 . 6 2.4
63.3 16,6 29.0 2.7 2.8 15.8 2.3

i



(I) (3) U ) (5)(2)

22. Tanqisanq-bayawak (b'icus 0.28 
varieqata Blume)

1.26 0.0035 0.029

23. Tooq/ Combrentondron auadria- 0.71 
latum (Murr.) Herr. /

2.38 0.0070 0.014

24. Tuai (Bischofia iavanica 0.56 
Blume.)

2.14 0.007 0.025

Plantation and Kast-Growinq
1.

Hardwoods
African tulip (Spathodea 0.25 

Campanulata Qeauv.)
0.96 0.003 0.023

2. Anabionq (Trema orientalis 0.30 
L. Blume)

1.19 0.004 0.026

3. Balsa / Ochroma pyramidale 0.31 
(Cav.) Urb._/

1.73 0.0045 0.022

4. Binuanq (Octomeles sumat- 0.23 
rana Miq.)

1.43 0.0040 0.0030

5.

6.

Giant ipll-iptl/ Lencaena 0.52 
leucocephala.(Lamk.) de.
Uit /  (_K28, 1.5 years old)

Gubas TEndospermum peltatum 0.32 
Herr.)

1.04

1.64

0.005'

0.006

0.016

0.032

7. Ilanq-ilanq / Cananoa odorata G.29 
(Lam.) Hook f. & Thoms_/

1.02 0.005 0.028

8. Kahtoan banqkal / Anthocopha- 0.33 
lus chinensis (Lamk.)
Rich ex Walp._/

1.43 0.005 0.024

9. Lumbanq {  Aleuritis moluccana 0.48 1.38 0.0050 0.026
(l*. ) J



(6) (?) (8) (9) (10) (11) (12) (13)

0.24 60.2 15.5 29.0 3.1 4.0 19.3 J.u

1.00 56.0 13.5 37.4 3.9 0.6 22.7 1.9

0.56 14.4 11.У 39.4 1.5 3.7 31.2 1. 1

0.26 61.6 15.6 21.2 4.6 8.6 19.1 1.8

0.31 70.2 20.6 22.6 2.1 1.7 i4.2 0.7

0.41 67.0 20.6 24.0 3.0 4.0 16.6 2..0

0.27 61.0 14.1 32.2 1.7 3.6 15.1 1.5

0.62 72.6 20.1 22.7 1.7 2.0 - 0.9

0.36 66.2 16.6 27.7 1.9 ■1 4.2 15.4 1 . 3

0.36 65.9 16.6 25.6 2.6 6.5 18.4 1.5

0.42 70.2 19.6 22.5 3.2 3.2 21.1 0.9

0.39 62.5 20.5 27.1 l.b 6.4 27.1 2-2



(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

Holuccan sau / Alblzia 
falcataria (L. ) Fosb.^

0.25 1.. 04 0.0045 0.018 0.50 70.8 16.9 25.0 2.6 1.1 16.0 C • 5

Yemane /  Gmelina arborea 
Roxb._/

0.33 1.30 0.0035 0.024 0.29 71.7 18.4 21.8 3.2 2.3 13.5 1.0

& /  Percentages are based on moisture-free weight of wood.
b/ Twice thickness of cell wall divided by the diameter (width) of the lumen.



Table 2 Kraft Pulping Data У and Physical Properties of Pulp
Handsheets Prom Some Philippine Hardwoods

Screened Perman i Physical properties of pulp handsheets at 350 cm3 CSF : Overall
Species Pulp

yield
%

ganate
No. Burst

factor
Tear
factor

Folds 
(double)
MIT

Tensile
breaking
length

m

Sheet
density
g/cm

: Pulp 
: Strength

----- m ----------------------- ( 2 ) (3) M (5) (Б) I T 'S (8) (9)

A. Commercial Hardwoods
1. "Philippine mahogany 

a. Almon
II
48,4 18.4 84 140 1,400 10,600 0.65 strong

b. Bagtikan 51.0 18.1 79 116 1,200 10,200 0.69 - do -
c. Mayapis 41.1 18.2 70 132 1,100 9,500 0.66 - do -
d. Red lauan 42.2 20.2 92 îao 1,800 11,400 0.67 - do -
A. Tangile 44.2 20.5 70 110 400 10,950 0.64 - do -
f. Tiaong 47.3 16.7 88 102 1,350 10,600 0.71 - do -
g. White lauan 47.7 17.6 91 112 1,800 12,700 0.70 - do -

2. Apitong 43.4 16.0 43 120 70 7,800 0.51 weak
3. Manggasinoro 47.8 15.9 63 ю а 800 8,900 0.69 moder ately

<1. Palosapis 44.7 12.6 63 176 800 8,750 0.56 ,
strung

strong
5. Taluto 46.6 12.8 84 76 1,000 10,200 0.85 - do -
6. Yakal gisok 48.2 18.0 62 130 230 9,500 0.52 moduately

B. Non-Commercial Hardwoods 
1. Agoho 48.1 12.0 55 86 188 8,200

1

0.64

s i rorig 

moderately

2. Anabiong 51.8 12.0 76 63 720 11,100 0.84
strong

strong
3. Anuling 37.4 16.1 16 35 3 4,900 0.65 Weak
4. Apanit 45.7 11.3 58 175 565 8,500 0.50 moderately

5. Balakat-gubat 41.9 10.6 63 62 1,360 7,650 0.86
strong 

- do -

I

I



(1) (2) (3) (*♦) (5)
6. Balobo —/ *♦1.3 11.6 68 111
7. B^lsa *♦7.5 17.** 85 918. Basikong *42.*4 1*4.0 66 106
9. Binuang **7.5 - 88 7510. Bol on *♦2.3 1 8 . 6 *42 6 2
11. Buntan *♦2.0 1*4.6 67 6 2
12. Daha . ,  

Dita
Hagimit —'

19.6 75 90
13. 37.2 - 73 58
15. 13.5 53 79
1 6 . Katmon 37.6 1 6 . 8 60 177
17. Kupang d/ 

Malakaluopanf
*♦9.5 1 6 . 1 66 68

1 8 . **5.0 9.9 78 11*4
19. Halapapaya - 8*4 98
20. Rarang ,, 

Tan-ag —'
**6.3 20.0 <48 1 1 6

21. *♦2.0 1 8 . 7 72 8922. Tangisang bayawak *♦3.0 1 6 . 8 72 88
33. T°og , 

l'uoi &
*♦0.9 22.3 83 1332**. 31.3 - 79 105

Pltntation and Fast Growing 
hardwoods

1. African tulip *♦5.3 23.9 8 1 68
2. anabiong 51.8 12.8 76 63
3. Balsa *♦7.5 17.*♦ 85 91*4. Binuang *♦7.5 - 88 75
5. Giant ipil-ipil 50.3 1*4.<4 »2 8 16. Gubas *♦5.5 1*4.2 78 8*4
7. Ilang-ilang *♦5.0 15.6 68 78
8. Kautoun bangkal *♦7.3 15.9 70 82
9. Lumbang *♦8.9 21.1 57 67



16)_____(2 )_____L§J_______ Lli
'too 7,2**0 0.61 Weak
900 8, «tOO 0.81 Strong

1,000 9,800 0.68 Strong2,500 13,000 0.82 - do -
^3 7,300 0.60 Weak't?0 11 ,1 5 0 0.82 S trong

1,750 9,600 0.76 - do -
580 7,230 0.8^ Weak
500 8,200 0.80 - do -
3*to 7,700 0.57 - do -
590 10,250 0.82 strong
970 19,600 0.75 - do -I|80 8.950 0.82 Moderately strong
700 10,600 0.69 Strong
700 9,050 0.79 Moderately utrong
590 9,500 0.75 - do -
620 10,300 0.5? - do -

1,750 10,800 0.75 strong

1,135 no, 700 0.77 Strong720 11,100 0.81» - do -900 S.'tOO 0.81 - dj -a, 500 13,000 0.82 - do -
500 9,100 0.?8 Moderately strong
900 11,600 0.71 Strong

1,050 11,200 0.77 - do -
750 13,000 0.78 - do -

1,16 0 7,760 0.78 Moderately strong



(1) (2) <3> (4) < 5) (6) (7) (8) (9)

10. Moluccan sau ^ 53.6 10.9 67 70 350 10,400 0.77 strong11. Yemane 55.7 11.4 70 68 1,275 12,270 0.85 - dO -

c/“  Except as otherwise noted, pulpigy was done using 15% NaOH anjj 5% No2Sj liquor to wood ratio of 4 to lj 1.5 hrs 
iron» room temperature to 170 C and another 1.5 hrs at 170 C.

d/ Pulped using 19.4% NaOH and 6.3% Na^S. Other donditlons are same as for footnote C. 1-*VO
1♦I II •>r\ c Oiv . -iOH and 6.86% Na^S. - do -

y II II 13.3% NaOH and 6.7% Na2S. - do -

,1



Tabid 3. Kraft Pulping Data and fbyaical Properties of Pulp 
Hundsheeto From a Naturall6 - Occurring Mixture 
of Philippine Hardwoods

Screened Perinan Physical propurtieu of pulp handuheetu at J50 cm3 1 C ,1 l
Mixture of Species Pulp

Yield
, *

gunate
No.

Burst
factor

Tear
factor

Foldu
(double)

MIT
Tensile 
breaking 
length, m

Shout
density
_£Z°Ü

1 pul )>
1 S trel.i t \
I

(1 ) (2) b ) U ) (5) ... (6) <7'T" (8 ) b >
Lot 1 Proportion by

wui|ht 
*

Tangilc- - - - 2 0 .0  
Red luuon - - 17.0 
White Luuan - 19.6 
haynpiu - - 18.t 1*8 . 1

(For Lot 1 
only)

8o 130 7 0 0 9 ,800 0,75 Htropp
Sub-total - - - 75.0

Lot 2
Apitong - - - 
Pulosapia - - 
Guijo ¿Shores 

BluraeJ  - -

HasgKachopui
(Hopea acuminata 
Herr.) - - -

7.‘*
7.6
5.0

5.0

W . 3
(For Lots 

1 & 2)

13.8 70 129 V?5 8,500 o. 67 Moderate'
utl'OII|J

Sub - Total 25.0

¿ J  Pulled using 
hr.

13$ MaOH and 5* Na^S *»s1 liquor to wood ratio; 1.5 hr to 170°C and maintained at 170WC for another 1,5

- *  -




