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INTRODUCTION

The F o re s t  Products L a b o ra to ry , the p red ece sso r  o f  the  

F o re s t  P rodu cts  Research  and In d u s t r ie s  Developm ent Commission 

(FQBFRIDECOM), was e s t a b lis h e d  in  1954 ou t o f  a f e l t  need to  

deve lop  the wood and o th e r f o r e s t  p rodu cts  in d u s t r ie s  o f  the 

P h i l ip p in e s .  A t th a t  tim e, most o f  the p rodu cts  o f  cu r f o r 

e s ts  were exported  in  the form  o f  raw  m a te r ia ls  as e x t ra c te d

from the f o r e s t s  such as lo g s ,  r a t t a n ,  r e s in s ,  e t c .

A t the time FORPRIDECOM was o rg a n iz e d , th e re  was on ly  

one in te g r a te d  pu lp  and paper m il l  in  the co u n try , p rodu c in g

p r in t in g  and w r i t in g  paper from su g a r -c a n e  b a g a s s e . The two 

o th e r e x i s t in g  paper m i l ls  and o th e r s ,  which were eventuaiiy 

put up, used im ported pu lp  and w aste  p apers  f o r  the p rodu ction  

o f  d i f f e r e n t  types o f  paper p rodu cts  a lth ou gh  a w ide v a r ie t y  

o f  raw m a te r ia ls  a re  a v a i la b le  fo r  the in d u s t ry .

There were s e v e r a l  c o n s t r a in t s  a t  th a t  time f o r  the r e 

lu c tan ce  o f  c a p i t a l i s t s  to in v e s t  in  in te g ra te d  pu lp  and 

paper m i l l s .  Some o f  th ese  c o n s t r a in t s  in c lu d e  the f o l lo w 

in g :  ( a )  the pu lp  and paper in d u s t ry  r e q u ir e s  h igh  c a p i t a l

investm ents compared to o th e r in d u s t r i e s ;  ( b )  the d ea rth  o f  

a v a i la b le  d ata  and in fo rm ation  on the p u lp in g  and paperm aking  

c h a r a c t e r i s t ic s  o f  lo c a l  m a t e r ia ls ;  ( c )  the r i s k s  in v o lv e d  due 

to  the la c k  o f  h ig h ly  t ra in e d  te c h n ic a l manpower to  o p e ra te  

and m aintain  in te g ra te d  pulp  and paper m i l l s ;  and (d )  i t  was 

deemed more p r o f i t a b l e  and le s s  r is k y  to im port pu lp  than  

to  produce i t  from lo c a l  m a te r ia ls .



As o r i g in a l l y  e n v is io n e d , one o f  the m ajor fu n c t io n s  o f  

FORPRIDECOM was tc  conduct r e s e a rc h / in v e s t ig a t io n s  to determ ine  

the s u i t a b i l i t y  o f  in d igen ou s  m a te r ia ls  f o r  the p rodu ction  o f  

p u lp  and paper p ro d u c ts . As such , FORPRIDECOM s in c e  i t s  in 

c ep tio n  has been a c t iv e ly  engaged in  re se a rc h  a lon g  th is  a re a .  

R e su lts  o f  such s tu d ie s  have shown th a t  i t  i s  t e c h n ic a l ly  

feasible to produce alm ost a l l  the p aper requ irem ents  o f  the  

coun try  from lo c a l  f ib r o u s  m ate ria l* ; and w ith  the p o t e n t ia l  

o f  e x p o rt in g  excess  o f  th ese  p rodu cts  to n e igh b o r in g  c o u n tr ie s  

in  S ou th east A s ia .

AREAS CF RESEARCH

The m ajor a re a s  o f  r e s e a rc h ,  b e in g  conducted a t  FOF- 

PRIDECOM, may be grouped in to  th ree  mam c a t e g o r ie s .  These 

in c lu d e :  ( a )  f i b e r  m o rp h o lo g ica l s tu d ie s ;  ( b )  p rox im ate che

m ica l a n a ly s is  o f  the f ib r o u s  raw  m a t e r ia ls ;  and ( c )  a c tu a l  

pu lp  and papertr.aking e v a lu a t io n .  The f i r s t  two a rea s  p ro v id e  

the n ec e ssa ry  b a s ic  in fo rm atio n  from  which the c h a r a c t e r e s t ic s , 

the b e h a v io r ,  and the q u a l i t y  o f  the pu lp  to be  produced can 

be p re d ic t e d .

A . F ib e r  M orphology

I t  has been e s t a b lis h e d  th a t  the p h y s ic a l p ro p e r t ie s  o f  

paper sh ee ts  a re  h ig h ly  dependent on f i b e r  c h a r a c t e r i s t ic s  

( l ; - 4 ^  In  v iew  o f  t h i s ,  FORPRIDECOM has emphasized the im

p ortan ce  o f  th is  phase o f  r e s e a rc h .  T h is  has been a co n tin u 

in g  a c t i v i t y  and r e s u l t s  o f  such in v e s t ig a t io n s  have in d ic a te d  

the p o t e n t ia l  raw  m a te r ia ls  f o r  pu lp  and paper p rodu ction  

(5 -1 0 ) .

—^ U nderscored  numbers in  p a ren th eses  r e f e r  to  
l i t e r a t u r e  c i t e d .
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Generally, long-fibered materials produce рарлг with high tearing 

strength. However, in the case of hardwoods, i t  is  not necessarily the 

absolute value of fiber length whioh affects tearing resistance but more

often the slenderness ratio (the raxio of fiber length to ^iner diameter). 

The higher this ratio, the higher is the tearing strength (¿1.

The Runkel ratio, which is expressed as twice the c e ll w all thickness 

over the lumen diameter, also gives an indication of the papencaking qua

l it ie s  of a raw material. Materials with a Runkel ratio of one or less 

is  considered good for papermaking (3) • Fibers with thin c e l l  walls (in  

relation to fiber diameter) collapse cn drying and give denser sheets 

compared to s t iffe r  thick-walled fibers . The higher the sheet density, 

the higher are the bursting and tensile strengths but the opacity is  

lower compared to low density sheets. Furthermore, the higher the fle x i

b i l it y  of the fiber, the greater is the folding endurance

B. Chemical Analysis

The determination of the proximate chemical composition of fiDrous

materials is  a continuing project of FCRiRIDECOM as this gives an ind i-
/

cation of the expected behavior of the material during the pulping pro

cess and some quality aspects of the pulp to be produced. Results of the 

chemical analysis of various fibrous materials such aa hardwoods, soft

woods, bamboos, agricultural fibrous materials, etc. have been published

Fibrous materials with high holocellulose, alphacellulose and hend- 

cellulose contents but with low lign in , extractives, ash, and s ilic a  are 

desirable for paper pulp production. However, for dissolving pulp pro

duction, high hemicellulose content is  undesirable. Materials with high 

lignin content would require mere chemicals for pulping compared to those 

with low lignin. Those with high s ilic a  content are undesirable as tnese 

w ill  give trouble in the chemical recovery system of a pulp m ill. Chemi

cal Dulp fibers with high hemicellulose content produce papers with high 

sheet density and, consequently, give high folding, bursting and tensile 

strengths.



C. Riloiag and Papersaking

In the evaluation of the d ifferent fibrous materials, the chemical, 

semi-chemical and chemi-mechanical pulping processes were used. The kraft 

or sulfate process has been used extensively since this process is suita

ble fo r most materials and the pulps produced have re la t ive ly  high strength. 

As such, kraft pulps have more f le x ib i lity  as to end-use as these can be 

used for almost a l l  grades of paper and paperboard. Studies at FCEffilDECCM 

have proven the versa tility  of this process for the various materials tes

ted (2Jr32).

The a lkaline-su lfite  and soda have been used successfully in the pulp

ing of agricultural fibrous materials and grasses ('3 'VAl). Results show 

that the strength properties of the pulps produced were, in most instances, 

comparable to those obtained from the kraft process.

Encouraging results were obtained using the neutral su lfite  3emi- 

chcnical (ÍSSC) process (L2-LL.). This is  particularly suitable for hard- 

wocds and produces pulp with high yield and pulp strength properties ap

proaching those of the kraft pulp from the same species. The principal 

use of this pulp is  fo r corrugating medium due to its  hard and dense sheets. 

Bleached pulps are also used for good-quality glassine and greaseproof 

papers. Printing and fine papers can «Iso  be made from this pulp when 

blended wit», softer pulps (¿ ).

The cola soda process has also been tried at FOEFRIDEQOM (¿5-52).

This is  a simple pulping method which is normally carried out under o id i- 

nary temperature and atmospheric pressure. This involves the soaking or 

impregnating of the chips with caustic soda followed by mechanical fib e r- 

izaticn in a disk m ill. The pulp from this process is  used in the produc

tion of corrugating medium, printing, tissue and towelling papers, and 

molded pulp products.

Chemi-mechanical pricing tr ia ls  on some hardwoods were also conduc

ted at FCRftilDECCfi (¿£-£5) • This process consists of mild chemical treat

ment of the wood chips followed by disk refining of the softened chips. A 

high pulp yield (about 90%) is obtained from this process and the pulp 

produced can be used for newsprint, magazine and some grades of book paper.

-  4 -•
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In its  desire to serve the lo ca l pulp and paper industry, FCRHJDcCGM 

has included in it3 development program research thrusts which are  relevant 

to the needs if the industry. These f ie ld s  of researches cover; (a ) search 

fo r  long-fibered materials; (b ) u tiliza tion  of mixed hardwoods; (c ) planta

tion and fast-growing hardwoods; (d ) lesser-known or non-conmerciai species; 

and (e ) development of f ib e r  extraction machine.

A. Search fer Long-F i  be red Materials

The ih ilippines, lik e  most developing countries, lacks the desirable  

softwood species which are the principal raw materials being used in  tempe

rate countries fo r  the production o f the various types of pulp and paper 

products. In view o f th is, FOKHvIDECCM in itiated  studios to determine what 

indigenous materials with long fib e rs  would be suitable substitutes fo r  

imported softwood pulps. Encouraging resu lts were obtained in studies on 

loca l softwoods, long-fibered hardwoods, bamboos, and agricu ltura l fibrous 

materials.

Based on the c l : - 'i f ic a t io n  of the International Association of Wbod 

Anatomist fiber*, vd *h length o f 1.60-2.20 mm are considered long 

fibers; 2.21-3.00 mm as very long fibers; and above 3.00 nm as extremely 

long fib e rs .

Below is  the l i s t  of the materials Investigated which have good 

potential for u tiliza tion  or are now u tilized  by the industry with cor

responding fib e r lengths;

fo K r l a l a Fiber Length
nan

l .  Sfltewgds (15, ¿2, g£, 22, 22)
a. Almaciga,/ Asa this dairniara (Lam.)

Rich.^/ ^  5.31

b. Benguet pine ( Pimis msuiaris Endl.) 4.38

c. Mindoro pine (Pinna merkusil Jungh & de Vr.) 4.00



f e t e r ia lg Fleer l-cnsth 
cm

a. Agoho (CflSUArtJia eculsexifolla Forst.) 1.67

b. Antipolo ^ArtcarPtts blancol (Elm.) Merr,_7 1.74

c. Apanit (Mastlria nMllopinenais *feng.) 3.40

d. Balsa /“Ochroma ovramidale (0av.) Ulbr,_7 1*73

e. Dita r ¿latnniw scholarlg (L .) R.Br.^7 1.71

i‘. Gubas (.Indospermam seltatum Kerr.) 1.64

Kapok /**Celba oentanara (L .) Gaertn._7 1.61

h. Ratmon (D-menia philiptrinensis Rolfe) 2.75

i .  Nato r Palaoulum luaonienae (F. V i l l . )  1.65

j .  Palosapja f  Anlsoptera thurifera (Blanco) Blume.7 1 *#

k. Bed lauan (Shorea negro sen sis Merr.) 1.72

l .  Toog / *Combretodendron quadrialatum (i-^err.)

Merr^J7 2.33

a. Tuai (Bischofia lavanlca Biume) 2.14

3« Sasifapcs {¿At 22, 22, 5J&
a« Sayog r Dendroealflinua merrlHAmis (Elm.) Hm.J7 2.16

b# Bolo r Giganthoehloa levis (Blanco) ^  1.80

c, Buhn r Srth^pataohvlum lmnamoao (Biume) Merr._7 2.42

d. Giant Bamboo (Gigantochloa asoera Kurz.) 3.36

8. Kauayan kiling (Bambuaa vulgaris Schrad.) 2.33

it Kauayan tinik (Bambuaa hlumeana Schultes f . )  1.95

g. Pole-vault bamboos (Fhvllostachys nigra Monro.) 1.86

h. Yellow bamboo /"Bambusa milgaH a var. striata

(Lodd.) Gamble^ 1.66

4. A gricu ltu ra l fibrous m aterials Qg, ¿Q, 25r23, Ll, 51, 52,
f c ,  ¿ 1)

a. Abaca (Musa textllla Nee) 3*35 -  5.43

b. Alinsanay (Musa sp.) 4.88

c. 3anana, Butuhan (f^Su balblslana CoUa) 4.56
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M aterials Fiber Length 
en

d. Banaruv., Giant Cavendish (îhsa CavanHi «h li Lamb 

Var. Hawaii ensis Tecdorc) 4.10

5.42

î r " ,  Hat sing banksii f .v .  Muel) 4 #4C

, Pakol (£Siaa balbisiana Colla) 3.99

h. ” , Saba Otoa Daradlsiaca var.

CcT.-.ressa glaflgo) 4.95

i # K.enaf (Hibiscus canabinus linn .) 

j .  Maguey (Agave cantala Roxt.)

It. Sabahon (ftisa sp.) 4.94

2.55

B. Utilization of Mixed Tropical Hardwoods

biner the early  sixties, FORffilDfiCOli has been actively engaged in 

investigations to determine the pulping characteristics of naturally- 

occuring mixtures of Philippine hardwood3 and other wood mixtures.

Studies were also conducted or the production of newsprint, kraft wrapping, 

and other grades of paper from pulps of mixed hardwoods and/or mixtures of 

other materials (2 i, A3» 5k, 52, ¿&). These studies have shevn the

fe a s ib ility  of using mixed hardwoods for pulp and paper. In fact, there 

are now three integrated pulp and paper mills in this country, using mixed 

hardwoods in their production.

C. Plantation -ind Faster owing Hardwoods

Realizing the importance of fast-grewing species to the pulp and paper 

industry, ECRfftlDcEOM started preliminary investigations on the potentials 

of these species for the industry. These studies have indicated the fea

s ib i lity  of using the following species fo r pulp and paper production

2&, X ,  là , kâ> là , là , i > i Z )s

1. African tulip (àpathodea camnanulata Beauv.)

2. Anabiong (Tréma orientalia L. Blume)

3. Bagras (âiffalTBfrtf deglucta Blume)
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4. Balsa /"folgggIS Pvramidale (Cav.) U lbr._7

5. Binuang tOctomeles sumatrana Mi<j.)

6. Giant ip i_L -ip il r Leucaena lencncenhala (Lamk.) de Wlt_7

7. Gubas Ithdoscermum peltatum K err.)

8. Hang—Hang odorata (Lam#) Hook f *  4 Thews.

9. Kaatoan bangkal / "¿nthnoarhalua chlnensis (Lamk.) R ich. £% Vklp.^.

1C. Lumbang L A leurites mnluooanA (L .)_ 7

11. Moluccan sau r AJbigi.. fa lca ta r ia  (L . )  Sosb^^

12. Yemana (Gmellna arborea Roxb.)

There is  now an on-going p ro ject on the fu rther evaluation o f bagras, 

Kaatoan bangkal, g ian t ip H - lp d l,  Mo luce an sau, and yemana fo r  pulp and 

paper. Upon completion o f th is  p ro jec t, i t  i s  expected that mora complete 

information on these species w ill, be obtained.

D. Leaser-Known or Non-Commercial Hardwoods

This group o f species, a lso sometimes known a3 lesser-used or seconda

ry  species, have net been l e f t  out in  FORPRIDZCOM’ s pulp and paper develop

ment program. Studies along th is  area have shown the poten tia ls  o f  the f o l 

lowing species fo r  pulp and paper production (¿2, 3Cf47f 48. 68) :

1. Agobo (Casuarina eauisetifolia L. )
2 . Anabiong ]_ Trema o r ien ta lis  (L . )  Blume,

3. Apanit (K astix ia  ohilinninenals Wkng.)

4 . Balakat-gubat / *Sapium luzonicum (V id .) Merr.^7

5. Balanti / " Homalanthns nncul ceua (G aasel.) Pax^_7

6.  Balsa r Qchroma pvramidale (Cav.) Urb,_7

7 . Basikong (Ficus botryocarpa Miq.)

8.  Binuang (Cctomeles sumatrana Miq.)

V. Buntan (Engelhardl? r ig ld a  Blume)

1C. Daha (Macaranga caudatlfo lia  Elm.)

11. C u lit hlrsutum MLUd- asp. hirautum var.

hlrsutum forma (31 .) Leenh_7

12. Haglmit r Ficus minahassae (Teijsm . and de V r.)

13. Katmop Phil in ’linens Is n o lle )



1% Kupang (Parkia  roxburzhii Don)

15. Malakalumcang (Ster-ni-i* m ram ica a, 3r.)
16. Malapapaya /~Pnlvscias nodosa (Blume) Seem._7

17. Sprang r Rrvthrina subumbrans (Hassk.) Kerr^ 7

IS . Tan-ag (Klelnhovia nosoita L .)

19. Tangisang-bayawak (Ficus varlegata 3lume)

20. Toog (Combretondron ouadrialatum (Merr.) Merr._7

21* Tuai (3i3chofia iavanlca Blume)

Develoouent of Fiber Extraction Machine

A new, efficient, and economical method of fibe r extraction, deve

loped by FChiRIDlCCK researchers, was awarded letters Patent No. 9200 

by the Philippines Patent Office (69). This invention is  expected to 

revolutionalize the abaca industry as this can continuously extract 

abaca fibers with a fiber yield higher by fjO-6C^ compared to the other 

fiber extraction processes.

Due to its  novelty, importance and relevance to countryside develop

ment, this invention won the top Presidential Award (F irst Prize) during 

the "Best Invention of the Year Content" held in 1978.

TRANSFER OF appropriate TECHNOLOGY

FOR FR EEC CM has not been contented with Just conducting researches 

and confining its  work to the laboratories. This agency has been active

ly  involved in the transfer of appropriate technology not only for the 

pulp and paper industry but also for the other forest products and a llied  

industries. This has been carried out by working in close collaboration  

with the industry through cooperative and/or technical assistance pro

jects, consultancy, and in manpower' training/development for the industry.

Available technologies a t FCRPRIDECCM are a lso d e live red  to  end- 

users through publications in  s c ie n t if ic  and technical journals, popular 

a r t ic le s  fo r  laymen, releases in  lo ca l and national newspapers, radio and 

te le v is io n , and lo c a l and in ternational conferences.
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I t  is  worth Mentioning here that the Ph ilippine pulp and Paper 

Industry is  represented in  the FGhPRID5£CiM Council. As such, we have 

a continuing dialogue w ith the industry and our research program has 

always been geared to or is  guided by the needs o f the iiilu s try .



1. Dinwoodie, J.I:. 1965. -’he rela tionsh ip  between fib e r  morphology and
paper properties: A review  o f lite ra tu re . TAPPI 48 ( a ) : 440-447.

2. Food and Agriculture Organization. 1953. Raw m aterials fo r  mors
paper. FAO, United Nations, Rome.

3.  Runkel. R.O.H. 1949. Papier 3:476-490.

4.  Tamolang, FCN. 1968. Hardwood f ib e r  strength and pulp sheet p roperties .
TAPPI 51(1): 19-25.

5.  Aaay, J.U. 1980. Long-fibered Philippine hardwood species. The P h il.
Lumberman 2 6 (l):5 8 , 6C, 61, & 77.

6.  Tamolang, F.N.. e t a l .  1957. F iber dimensions o f certa in  broadleaved
and coniferous woods, palms, and bamboos. TAPPI 40( 8) :  671- 676.

7 . f e t . a l .  1958. F iber dimensions o f certa in  broadleaved 
and coniferous woods, palms, and bamboos. I I  TAPPI 41(10): 614-621.

8. r e t a l .  I960. F iber dimensions o f certa in  Ph ilippine 
woods, bamboos, and agricu ltu ra l crops and wastes and grasses. IH ,  
TAPPI 41(1$:614-621.

9. r e t  a l . 1962. Fiber dimensions o f certa in  Ph ilipp ine 
woods, agricu ltu ra l wastes and other plants. IV . TAPPI 45 (2 ): 135-142.

10. Forest Products,Research In s t itu te . 1968. Some medium and long-fibered
species which are promising for pulp and papermaking. FPRI. College, 
Laguna 3720.

11. Escclano, E.U., a l .  1978. Proximate chemical composition o f g iant
i p i l - i p i l  wood from d if fe r e n t  sources. FCRPRIDECCM Digest 7 (1 )} 18-22.

32, t e t a l .  Proximate chemical composition o f  some com
m ercial grades o f  abaca (Mjsa t e x t i l la  Nee) f ib e r s .  P h il. Jcur. o f 
S c i. 100 (2 ): 107-114..

13# t e t  a l .  The proximate chemical composition o f sugarcane
bagasse, f ib e rs  and p ith . The P h il. Lumberman 22(12):4, 6, 8, 1C.

14. . and J.A. Semana. 1978. ^he proximate chemical compo
s it io n  of nine hardwood species from Davao O rien tal The P h il.
Lumberman 24( 12):1 6 , 18, 20,

15. Francia, P.C., a l . Proximate chemical composition o f some Philippine
coniferous woods. The P h il. Lumberman 16(H ):25> 28, 30.

16. , e t  a l .  1973. Proximate chemical composition o f sogse 
fast-growing woods from the B islxg fo re s t . The fh i l .  Lumberman 
19( 12) : 16, 18 & 20.

17. Monsalud, N.R. and P. M. N ico las. 1958. Proximate chemical analysis
o f some Philippine barks, bamboos, and woods. P h il.  Journal o f 
S c i. 87(2): 119-140.

18. Reyes, A.C. 3960, The proximate chemical analysis o f some Philippine
woods. The P h il. Lumberman 6(1): 18, 20, 22,

19. Semana, J.A. 1966. Proximate cnemical composition o f P h ilip -
pine mahogany woods. The P h il. Lumberman 1 4 (2 ):2C, 22, 4 24.



12

20. __________________ i .ei 1976. The proximate chemical composition o f
the f ib e rs  o f  some Ph ilipp ine bananas. The P h il.  Lumberman 22(11): 
¿6, ¿ 8, 29-31*

21. Bawagan, P.V. and J.G. Lscolano. 1963. Pulping and papermaking o f
naturally  occurring mixtures o f Ph ilipp ine hardwoods. The P h il. 
Lumberman 9 (l)s  76—S3.

22. T and J.O. Lscolano. 1967. K ra ft pulping o f some 
P rilipp in e wood mixtures and th e ir  pulp hand sheet q u a lit ie s . The 
rh i l .  Lumberman 13 ( 2) :2 0 , 22, 21, 26-27.

23. , A t  a l . 1965. Bag and wrapping papers from Bsiguet 
pine (Pinus in su la ri ¿nd l.) The P h il. Lumberman l l ( 3) : 50-52.

24. Escolano, J.O., a l . 1964. Pulping, bleaching and pap-ermaking ex
periments on kauayan t in ik  (3 ambus a blumeana Schult. F . ) . The 
Philippine Lumberman 19(4): 33- 36.

25. _ _ _ _ _ _ _ _ _ _  and J.A. Semana. 1970. Bag wrapping papers from
kauayan-kiling (Bambusa vu lgaris  Schrad.)

26. t and ?« V. Bawagan. 1975. K ra ft pulping ani paper
making evaluation o f mindoro pine. FQRPRIDE Digest 4:45-52.

27. ___________________, £ t  a l . 1974. K ra ft pulping evaluation o f some
Philippine non-conmercial hardwoods. The Fh il* Lumberman 20(7): 
3^40.

28. is tu d illo ,  C.P. e t 1972. Su lfa te pulping studies on ysmane
i'C-melina arborea ^oxb ,). The P h il. Lumberman 18(4): 18-32.

29. Monsalud, M.R. a l .  1965. K ra ft pulping and papermaking characte
r is t ic s  o f some P h il,  connercial hardwoods. TAPPI 48( 5) :  3C4-3C8.

30. N icolas, P.K. e£ ¿ i .  1967. K ra ft pulping o f some Philipp ine hard
woods. TAPPI (50) (5 ): 113A-115A.

31. Semana, J«A. £ t 1967. The k ra ft  pulping q u a lit ie s  o f some P h ilip 
pine bamboos. TAPPI 50(6): 416-419.

32. Zerrudo, J.V . 1975. Pulp and paper from  Philippine con ifers . Pre
sented a t thePnilippine £ orest Research Society Symposium cn 
H iilipp ine con ifers , Sept. 18, 1975, FCRFRIDSCOM, College, Laguna.

33. Nicolas, P.M., et ¿ 1 . 1965. Pulping studies on sugarcane bagasse.
Proceeding o f the Ph ilipp ine Sugar Technologists 13th 'rmual Con
vention, Manila pp. 284-292.

3 4 .  ----------------------- £ t  1969. Pulping and papermaking q u a lit ie s  of
cogon grass ( Imoerata c.vlindrica (L inn .) (L inn .) 3eau v . ) .  The 
Ph il. Lumberman 14(2): 23, 28 Sc 30.

35. Tillanueva, S .P ., 1973. Some Bleaching patterns .applicable to
abaca soda pulp3. FORFRIBi; D igest 1( a ) :1 2 -x8,

36. , .....  ... , £$ a i*  1970. Parchment paper from abaca fib e rs .
P h il. f orests 4 U )T  26, 27, 30-34.

■ — , i- i  1972. Chemical pulps from giant cavendish
banana fib ers : th e ir  properties and bleached requirements
FORPRIDji Digest 1(2& 3 ):1 > 1 9 .

37



38

r
f

i

. Visperas, -t.W  197?. Ilaguey i ^ v a  can o la  Roxb). a source o f
long fib ers  pulp. Presented at the National .Science i  Tech. Week,
c--.-— T fU 10*70-¿-J —■a^u«.w w** w ■ ■« y — / / x •

39. Tnalvez, L .A ., .gt ¿1 . 1967. Sene aspects o f long f ib e r  research.
The P h il. Lumberman 13(6):23, 26 & 28.

40. Zerrudo, J.V. 1977. Indigenous m aterials fo r  paper packaging. I I .
Sugarcane bagasse (Soda pulp). NSDB Technology Journal 3 (2 ): 2^-39.

41. _________________ , and J. 0. Iscolano. 1976. Indigenecus M aterials fo r
paper packaging. I I I .  Abaca fib e rs . NSDB Technology Journal 3(1)* 
5C-56.

42. 3awagan, P.V. f ¿ t  a l . 196?. Semi-chemical neutral su lphite pulping
and paperboard making o f gubas. ^he P h il. Lumberman 14(2)*25, 23, 
30.

43. ¿scolano, J.O. &  ¿ 1 . ' 1971. NSSC Pulping and papermaking o f a
hardwood mixture. Philippine ^orests 5(2 & 3)* 16-16.

44. Garayblas, L.L.Ui., ^  1970. xhe production o f  newsprint from
sugarcane bagasse. The Chemists Quarterly 9 (2 ):26-42.

45. 3awagan, P.V. and J.V. Zerrudo. 1969. Pulping variah les  o f gubas
cold-soda pulps. The P h il. Lumberman 15( l l ) .

46. Monsalud, M.R. 1956. Standardized cold-soda pulping evaluation o f
three wood species: African tu lip , almon, and paper mulberry.
Forestry Leaves 10(4).

47. ,, ¿ i .  I960. Standardized cold-soda pulping evalua-
tion  o f some Philippine ce llu lose  raw m ateria ls. Forestry  Leaves
12(1): 43- 66.

48.  N icolas. P.M. and J.E. Navarro. 1964. Standard cold soda pulping 
evaluation o f Ph i l i ppine woods and bamboos. TAFPI 47(2): 96-105.

49.

50.

and C.H. Ballon . 1969. ^old-soda pulps from
Kaaton bangkal. ^he P h il. Lumberman 15(3)*

_̂_______ t e t a l .  1969^_ Natoprint from pacol (Musa balbi3iana
C o ll. )  and Kaatoan bangkal 7~Anthocephalus chinensls) (Lamk) Rich 
ex Vfelp_7. T rop ica l Forestry and Industries 1 ( 3) :  46, 48 4 50.

51. Villanueva, £ «P «, ££ 1978. The properties o f h igh -y ie ld  bleached
pulp from abaca fib e r s . Selected abaca Research: Fiber Properties,
In ternational Documentation Center, UFL3, C ollege, Laguna, P h ilip 
pines, pp. 193-20C.

52. Zerrudo, J.V. and J.C. Eacolano. 1977. Indigeneous m aterials fo r
paper packaging, I .  Sugarcane bagasse (Cold-soda pu lp ). NSDB, 
Technology Journal 2 (2):44-50.

53» 3awagan, P.V. , £ £ ¿ 2. 1965. Groundwcod-type pulps from gubas
Deltaturn Merr.) fo r  newsprint manufacturo. TAPPI 

48(12):696-699.

1 - 9 }
54. t-scolano, J.O., g t  1972. Philippine pulp m aterials fo r  news

p rin t, The fh i l .  Lumberman 1 8 ( i l ) : 25-3C.

55. N icolas, P.M. and C.B. Taciena. 19jZ0. Bleached chemi-mechanical 
soda pulp from jiaatoan bangkal / Anthocephalus chinensls (Lamk).

erman l 6(lC ): 14, 16, 18.Rich, ex W a l p T h e  P h il. Lumberman



-  Ik -

56, In ternational Association ox -,fccd Anatomists. 1937. Cocnittee on
Nomenclature, IA’7A. Tropical ’weds. 41:21.

57. Iscolano, J.n . 1959. Production o f bond and wrapping papers from
Philippine woods, bamboos, and agricu ltu ra l fibrous m ateria ls. 
Science Cuarterly D igest 1 (2 ): 3-1°.

58* S émana, J.A. 1976. Bamboo pulp and papermaking. Presented a t the 
Symposium on Bamboo sponsored by the Ph ilipp ine Forest Research 
Soc iety  and the National Research Council o f  the Ph ilipp ines, Sept. 
29, 1976, College, Laguna.

59* N icolas, P.M., ¿ t  a l . 1971. Pulping and papermaking q u a lit ie s  o f 
alinsanay f ib e r s .  The P h il. Lumberman 1 7 (4 ).

60, Sscoiano, J.O ., 1976. Prospecta o f w ild  bananas (Musa spp)
fo r  p lantation and pulp and paper. Proceedings o f the F irs t  1UFR0 
Conference on Wood C uality  and U tiliza t io n  o f  T rop ica l Species, 
Colle s, Laguna, Ph ilipp ines, pp. 256-270,

61, Monsalm, K.R., .££ . 1965. Pulping and papermaking o f kenaf
(Hibiscus caabinus) L inn.) The Ph il* Geographical Journal 9(3 &
4 ): 45-53.

62, f ¿ i .  1965, Properties o f wrapping papers from
Philippine fibrous m aterials as re la ted  to pulp blending. The 
Lumberman 11 ( 3) ;  1C, 12, 14, 16, 54-55.

63, Sscolano, J.C ., ¿ 1 , 1974, Prin ting and ’Writing papers from
three-year old Kaatoan bangkal. FCRPRIDE. D igest 3(3 & 4):4 1 .

64, _ _ _ _ _ _ _ _ _ _ _ _  and 2 .P . V illanueva. 1973» African tu lip  fo r
prin ting and w ritin g  paper manufacture. FCRERIDE Digest 2(3 <Sc 
4 ): 41.

65,  5émana, J.A. 1978. Fast growing plantation hardwoods fo r  pulp and
paper production. Proceedings o f the In ternational Conference on 
"Improved U t iliz a t io n  o f T rop ica l Forests", Madison, ^sconsin ,

usa. pp. 3U - 330.

66, Semana, J.A. 1974. The characteristics  o f fast-grow ing hardwoods
fo r  pulp and paper. Proceedings o f the F0res t Research Symposium 
on Industria l Forest Plantations, Manila pp. 49-58.

67, Vil la n ueva, L .P ., 1972, Pulpwood poten tia ls  o f some P h ilip 
pine re fo res ta tion  species, ^resented a t the Seminar o f the 
Ph ilippine Forest Research on July 20, 1972.

68, Cruz de la , R.Z. and S.C. Fernandez. 1973» Study on the f ib e r
morphology and pulping qu a lity  o f balan ti Homalonthus enonlneflw 
(Gais e l )  Rcxb). The P h il. Lumberman 1 9 (l)î3 4 , 36, 38, 40, & 42.

69, Amio, E.C0> 1975. PTocess and machine fo r  extraction  and
processing fib e rs  from fiber-bearin g m aterials o f agricu ltu ra l 
and minor products o r ig in . L e tte r  Patent No. 9200, Philippines 
Patent O ffic e , Manila.




