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Abstract 
Bis srl& was carried out to arsm Be sulllrbfijp Ofsawnil1 w o d  ivartes w potential rwtv 111flrwrio1.r for Ihe poduertos 
~ I g u i p  and papet. kz Nigeriia. Sawmill wastos of three ~ o d  specie; Ani~tgeriu rohtsto, N~sog~rrlonia pnpirreI'#i.lu orrr/ 
Tcrt~titaaliu iw rer~sis were selecred fo P Il~e sfuay. mere were riare@ rest facturs; contmf, slta~blgs mrd A-av c!ruts. Tlre 
collected w o d  sarnpfes were macerated luing o sabttion of glacial acetic acid m ~ d  ly,$~'ogmt peroxide. Datn cnllecrp(i 
were analysd wing a combinntian qf ddscrlp!llre and mlolrlr. 17te result sfrowed thar rhe average ~Ibre lertgtJ~ of, the 
species /or flip conrr~f ~'aiged behveeh I .  I JElmm, I. 0660mm wd 1.5040mnl +for Anirgeria rnbt~~tn ,  Neogot-donin 
pgpawrqei-n an$ Ternri~talio tvorensis respective&. na j ibra  lengths 01 w a d  sltavings are I .  09781rim, 1.0361 1t1111 mid 
/. f 88Bmm /or A~ringeria tobusla, Nesog~rdonia p a p a ~ f e r a  and Temrinnlta hlorertsis respectively while ;he J%IV 
Ieng~Iu ofthe satidlrst nre I .  0391mm, 0.8694~nm and 1.1495mrn respectiwiy. dwragefibrm lengths of itnt~enled ~ w o d  06 
tlie studied specizs ceompnre fmrabty dith rlwse of Gmelittla mborea and fourteen Nigeriat~ Savnn~la species A~rrapc 
Jibres Icn&s of rtnrreurcd wood of the ~ t sd ied  species compare fuvornbly with those of Gnteiina arborea a~~dfo~tr lee!~  
Nigerian Savanna speeies R was however dhcovered that the eflec! of machlnlng of mod wl the fibre ferrgllr is 
sipi/ica~zt. Sawd~isf andshavings shotrid be ep io~ed for  paper production in Nigeria. Rmeatrl~ shatitd be carried our to 
estfiblish the prtlpblg characteristics of so wdmi and slrmings and the paper gmdes lor  which they are best stiitcd. 
Rm&wch slmsrid also reveal the Jor~rr degree 01 mud$calion like blending lvil11 long $bre pvlp that siiertld bc 
inrorpor~ tcd into the ntn~etia/,r in order to peject  thwt far the'desired USQ (s) . 

?key -Words: Wood Waste, Rmea?rlr, Raw marerinl, Fibre length, Pulpirrg 

Introduction. 
in Nigeria and>other parts d t h e  wodd, rlte utilization of wood wastes for gulp and paper production can be viewed 

from economic and ecological pdnl of view. From the ec~namic standpoint, it is imperative tlrat o huge arnou~~t aF wood 
waste is produced by wood based induslries notably sawmills. The ryastcd materials an serve as n readily avnilnhlt wd 
cheap fibm sourcp hr the pulp and paper industry B Nigttia. 9hottage bf raw materials Is the major cansmai~~t racing the 
industries in recent times in Nigeria; this is becauserhc industry depmds on wood pulp. There is q~eraforc cvcry need ta 
develop economic supplies of  wand pulp by using the abundant waste genmted by sawmills in the country The rising 

' demand for papet and paper products in the economy cal Is for the need to deyefop alternative mw maicrials or best 
supplemtnt available supplies. Imptarion of Wood pulp constitutes a drain on t b  cpuntry's Foreign exchange whicli qan 
in this wise be conserved by development of cheap and avail&le fibre source among which nre utilization of wood 
wastes. (Asabe, 1 889)1 

More so, ihere,is cornpaition between the pulp and paper industry and other wood using industries for waod froin 
the natural forest. Pulp wood plantations in the country me inadequate in meeting L e  pulp wood iLcquiremcnts due to the 
high cost of cstabli,shment and mainmme which w m e n  the p.uIp waod situation. The ~tilization of ~ 0 0 4  wssle for pulp 
@roduetion ders a pahal solution to tbe problem. Utilization of waod wmtes fm pulp pi+&luction is not detemrined by 
the possibility o f  processing it atone, othw factors such as economic availablli?y ryffeM an objective basis for its 
utilhation. The profirability af processing wood wastes will depend on its prices and availability in eornmrciri 
quantities. In view ofthiq hlitation.or sawmill wood $wt& proposed for the study i s  econo~nically feasible kcawe it is 
readily available and cheap. 

From the ecological paint view, the fopstla a ren~wabk mourn; its renewability depends on rhe trend oP its use. 
me farest which is h e  l ife wire of every ~d based industry is &st disappearing as o result of wantan expldra~ian nnd 
wastage in use which has' heen threatening the continuous availabiliy of ttie Tesouroes. T h e  forea estate can only be saved 
fmrri fhp d e g t a k d ~ n  through resemch a i d  utilization techology ivhich should also be utilized ill conserving fares; 
rtsources. This can be.aZhieved by reeyeliagof woods w a e a  for conrcntional and new products; the objective or which 
is to ensure fuller use of the forest wood rcso1In.e thus extending the raw material based as has been done for otller 
resource like mineral resource, ag. mycling af scrap iron and steel, 
For many yeas the.hardwoods were not highly Matded as raw material's for pulp, due in Isrge metsure to the shortness 
of ihFir fibres, but hardwood pulp are now becoming increasingly impbrtant in the papefindustry. Many wades of paper 
do not require the bigh strength chamcterishes fot their md-use appliwtions, and to these grades liatdrvood pulps b&~g 
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P~tedialr  ($Sawmill Woad Wast&for Paper Producfion,. .Adetog~nr el el. 
other desirable ~batactpyi&cs. Smoothness, opacily, and evenness of sheet fomtim arc important in the cullural or 
wllile pap- (printin& and writing &radegO and bardwod pulps offer definite advantages in ~ttainingrhese c~aracten'sties. 
The study is sd to examine rho suitability of sawmfll wood for pulp produEtIon in Mgen'a. It is d e e d  justified 
sinw thc end result is aimed ai improving ibc raw.rn~tt&al mtuerion of h e  pulp .md paper industry. 

According to FA0 (2003) waste in lumber production is high 4 n  tb order of 30-SO%, depending on the type ~f 
machina used, diame~er UP the logs and the.qulrli~ of &oad, Fibre iength is the mast important factor that detaminw 
paptr pmpertics notably strength and papa making potentials. 
The objective of thjs study is to &t-ne tb suitability of wood was- as potentials mtv m8:teriaIs for pulp and paper 
p~.gdurtion in Nigeria. In view of this, splintea, shavings and sawdust of Aningda mbusta, Nesogurdoniapapave~i~~ra 
and TwminaIia iwrensis from the sawnilking industry .were used. 

Materials and Methods I 

Pure wood samples uf shavings md saw dust of the *died species were collected from Bdijzi timtm: mrket. iberdaa. 
The sampla were kept in p~tythmt bags, IakW and stared in the cmdidaningroom until it's rtquired for u s  . 

Pulp Preparation 
Test malerials far mawration rn prepared by cutting &in slices (sli9ersJ frdm the samples using a btadt; this was - 

not done for sawdust which was already in smdl biw. The test materials were makratwl to isniate .tfie fibres. Maceram 
was dov byplacing the slivers in a solution of equl volumes of glacial acktic add and hydrogen peroxide,, the mixture : 
WBS then placed i~ an ovm fw six houis at 1W0C (Fig 1). The hydrogen peroxide Is to act as bleach while the acttic acid 
acts as the cooking mcdium with softening &ion on the silvers. The slivem were removed from the solution and washcd 
severaj timh with and Ieter shaken in wkr with glass beads, this separates the fibreg. 

Random snmpla of maweelated fibres wcrt mounted on slides and examined under a leitt stereogam microscope 
with a tracer reflector. Fibre was viewed undet the dO magfiificatjun tye piece. Magnified fibres were nleasured an thc 
se~*cn of the microscope with illumination from 60 warn bulb. Lengths obtained fmm measured fibres are tltc magnified ! 

lengths, these were converted to actual lengths by dividing its values by the rnagnif cation of the eye pime used. 

Data Analysis 
Tt~~tments in all experiments wae laid out in a c m p h l y  randomized Mock design with twenty replicates pa 

I ~ i e s .  Data collecred wercsubjtcted to aiialysis of variance to t s a l i s h  significant relationship between and among the I 

voriom t w m t s  mrnblpations. AverAge fibw lengths uf untcsated wood, sawdust and shav ing  of the shidied species 
were e m p a d  with those of Gmelina &rea md fourteen Nigeria Savanna species ns standma. Cornparism was done 
by sawdrrst and shaving6 together with those of the standards in different tabla, thus makihg Cornparim relntiveiy easy. 

Results md Discuooiqna 
The result afth findin@ is presented m tables 1 to 7. Table I presents the proportion &the average fibre Ian& 

qf untreated wood. while tables 2-4 mi thE' comparison of the a m g e  fibre length ~f the experimantzlf sample with 
- 

Gmelihd w b m a  Tables 5-7 prqcnt the cornparism with fourken savanna species. On 8 e  average, shavhgs and sawdust 
. 

represent 94% and 84.3% uf the control respectively; thEso vduas can dso be interpreted as 6,O and 15, 7 p~rnltage 
reduaion in fibre length for shavings and sawdwt respectively as a result of machining. The untreated wood has the 
Ion@ fibres of 1,1321mm, 1.066hm and 1.5040mm for Aningeria rubdo,  NesBgordonin pupavmfem and 

. 

Terminalin Ivurerlsis: resptxiively. The fib= lengths; of wood shavitw are 1.0978mm, 1 -036 I rnm and 1.2888mm for 
kinkeria robusin, Nogardonia papaver~wa and Tenninrrlia iwrmis i s r e t i d y  while the fibre lengths of the , - 

n pawdust art 1 .I339 lmm, 0.8694mm and 1 :I 4 9 5 m  respectiveIy (Tablm 2-44). . 
Table I: Prbportion of he average fibre 'lm@h of untreated w a d  that i s  rcp~t8entd by. that of the treated wood. . 

,Spwla u Treat mant Combinations Percentages (%) 

Anfngeria robw~u Untreated vcrsus Shaving8 97 
.Unmtcd vei-sus S W d M  92 

~ ~ ~ o g o d ~ n i o  papover$--r~ UntTeated versus Shwimga 
Untreated versus Sewdun 

FerminaIia iivorenrls U n m t d  vmus Shavings 86 
Untreated xersw Sawdust 77.3 
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Forest and F o m t  Prodtrcts 2008 

Table 8: Comparison d Avmge Fibre Lengths of Untreated Wood of rhe ~nrdied Species rvirh That of GmelIttu arbarm 

Specla Average fibre length in (mm] 
Aninsria rabustaj 3.1321 

r 
Analpis of variance wsJ based on Garment means. It showed that mstmmt and species have effect M fibre 

, le~gths, there wtlsa significant variation in fibre lengths f a  the diffeFinttrtahnents and to a lesscr extent with specie. 

Prequet~cy kistributiomi of Dafn 1 

F i h  lengths fall into fdur class limits of Q . S m  class irrterxak they are 0.00 - O.Sinm, 0.50-l.QOrnm, I .OBrnm- 
1.5rnm and 1 .::0-2,00mm Disttibutian of fibres into class limits *es wiYh treament. The untreated woad (control) and 
shavings Imve the rnajan'ty o f  their fibres in the higher dass limits, i.e, 1.00-1.5Qmm. The proportions represented in 
these class I i n k  is however higher for the c o m l  than the shauings. The sawdm fraction ha most of thcir fibres in the 
Iom c1m Iirlits Of 0.50-1 .Ohm. Tnbie 2 reveals that the average fibre len& of the unt read  of the studied species and 
fiat of 6nrelFilru arbarea arm very close; fibres d both wu grater than 1 .W)mrn. Fibre Iw&hs of TermfnaJlo ivart~mia is 
longer than OmeIina arboha but those of Anlngeria mbustn and N~~ogord~nia papawrrfern are shoner than that of 
Gmelha orbarea. 

Table 3: Comparison a f Average .Fibre Lengths of S h a v i n ~  of the Studied Species with that of Gmelina arhrca 
Species Average fibre length in rnillinieters (mm) 
Aningerin robmfa, , 1,0978 
NiEsogordorria papaw@ra 1.0361 
Ter~nfnaia t wrmis 1.2888 
Ginelinn arborea. 1.2743 

Table 4: Comparison d Avmge Fibre Lengtbs of Sawdust of the St died Specis with that of Gmeiinu orboran 
Species Average fibre length (mm) - 
Anfng~rla mbrssra, 1 -0391 
~ k d o ~ o r h n i a ~ t p a w ~ e r a  " I - 0.8694 
Tumfdiu iwred 2.1495 
Gmeha arborea, . 1 2773 I 

Table k'(=ompatisod o&Avmge Fibre Lengths of Untreated Woed oftl~e Stni$ed Species with those of fourteen 
Saxanna Specie 

SM SPFCLES Average Fibre Length (mm) 
I B a m b ~ a  yulgatjs* 2.66 1 
2 Acacia $p. 1 330 
3 Albiza sp.' 1.351 
4 tdlrneu &i&sima 1.446 
5 Ajkiiu af I'cann* 1.608 
6 Prgsupis africana* 1.331 
3 Butmpeir~rrum pur.kii* 1.599 

Banleila aliw~-F* 1.249 
9 Pakia sp * 1.498 
10 Parinad ke&ngrngri 1.550 - 
1 1  Mirapu sp. 1 .544 
12 dnogrisus Imcarpus * 1,442 
13 hvbtrJitla daka* 1.351 
14 Dewiitm seneguIennsis * f .275 
I5 Ani/r&e~ia r o b ~ f a ,  1 . I  321 
16 hlwogordonia pc~pfl~tr$cm 1 .WO 
I7 T ~ r m i n d i ~  i\~rmsfs 15040 

I 

Table 3 s h o e  that &e average fibre length of the shavings of the studied spesies and that of G?~re/ina arbom 
ure vtry close; fibm of both are &ter than 1 .OQrnrnd F i b  IengthS' of Tcrf~tinulm iwi-ensis is slightly longer fhun 
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Pamdafol) of S-iU Mil Wmtwjvr,Q& and Paper Pmd~c~ivn ... Addogun el al. 
Gmelina arborea but those of Ani~rg~ria rnbuslir and Nw~gordorrta papmwrfwa are shatter than that of Gmdtta 
arboma. Tabk 4 shows that av- fibm length d helitto arboxea iar longer than those of the fibem af the studied 
wCI'CS, Only the fibm lengths of Aningeria robus& md Temqnd& ivormis are very close to the fibre length of 
Gmdha wborea. The fibre length of N ~ ~ o g o r d o n t u p a p a w ~ ~ a  is less than I.OOmm. 

Table 5 shows that fibm of he untreated wood of the studied specids andthose of the standard are greater tbm 
l.00nhn. Fibrcs of Terminalio ivoranris compnrea favovrnbl y with those of Lonne~ oeidisshta, i t t r y o s p m ~ m ~  parkii, 
P a r i m  kstingi, and Mitema spp. Fibres of the remining tree species aar longer than those of the studied species 
especially Bnrnbassa vuIgwCF which has vmy long fibres. On the average fibres of the studied species -paw favourably 
with those of the savanna speci w 
T&Je 6 reveals that fibres of the standard are Ionger than tho* of the shavings; t h ~ .  differences between them are not so 
g m t .  Fibres of shavings like those of standard are greater thao 1.00mm. Table 7 shows that fibres of sawdyt of  the. 
studied species arc less than those of the standard. Onby bbr- of Aningerio mbusia and Te?mfnuCto iwfl~1~9s are about 
haIf as long as those of the standard. R bres of I\r&pog#rdonia p q m ~ e r ~ r a  is less Lan 1 .QOrnm. 

Table 6: Camparison of ~verage .~ ibre  lengths of shavings of the srudied species with those of fourteen Savmna Species. 

WN Sp.&ies Average Fibre Lenp$h (rnrn) 
1 Eambura vulgarh* 2.661 

Table7 Cornparism of Avemge fibre lengthina Spmies. 
$fN SPECLES A v ~ g e  Fibre h g t h  [mm) 
1 Bambrrsa vuCgmb* 2661 
2 Acracia sp. * 1.330 
3 dlbina sp. a L 3 5  I 
4 h ~ n e a  acidtrsirni7 * , I A46 
5 Afidiu ujriwna* t .600 
6 P r w ~ p t s  aficnna * 1.331 
7 Butrpspermtun parkii* 1.599 
a mid10 q l w *  1,249 
9 P W s p *  1.491( 
10 Parinari kerstingii I ,550 
i 1 , Mitagyna sp. i 546 
12 A/toge&w leocapw * 1 -442 
I 3  lsoberiina doh* 1 -358 
14 Detrium ~megali?nsis* 1 .275 
15 AningerIa Fobus fa, I .a391 
16 N&ogordo@ia papaver gem 0.8694 
17 Tennidia iwpz~s&- 1 . I  495 

, Discussions 
The rermlts of the study revealed that the hydrogen peroxide had a bleaching effect on the silvers, i t  turned the 

: slivers te white; the acetic add actod as h e  cooking medium with softening action on the si1Vki-s. Machining had cfftct on 
the fibrcs Icngths, Some of the fitrrts art crushed or broken in the proass of machining, his accaunts for the disparity in 
fibre lengths of Treated e2d Untreated wood. It was observed that fibres ofunt~~ated wood were longer rhan those of 
Proceedings of the P Er'dtqttol Crnf~~~t~~ce ofthe Forest and For&t Products SoEieiy ofafigeriu ,168 
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F~t-esr nnd Forw A*oducLr ZOOS 
Trated wood This is because some of the fibres of tbe trkatcd woad h G - L  broken while flbtes of untreafcd wodd a= 
whole or camDlere fibres. 

Wood shavings have longer fibres than sawdtlst thm average films lengths of wood ahavi~lgs rtprtscnk a hi&ctr 
pmpottl~n of that of the untreated waod or cont~o1 &an eawdusr (Table 2), this is due to rhe fact thar sl~rtvings are p e  

. off the wood, thus crushing effect of thc planar machine an fibres of shayings is minim1 as them is  very low mdanv fgr 
mosl of its fibres being crushed. Crushing effect of the circular saw m ,fibres i s  greater, majority of sawdm fibs .arr 
broken which accrtunts for shorter lengths of its fibres Machining &feet is almost unifom for each trealmenl that i s  w l ~ y  
fibres length measuremen@ cluster mound the mtsn or avmge fibres Im@ for each mtmmt. Analysis of vadencc 
c o n f h o  h a  Fact that machinirlg h e  eflect an fibres largths It revealed that m e a m t  or machining effect may v v q  h m  
s p i e s  to spccics due to rhe fact that different species may have different capacity to witl~stand  rushing effect of t k  
mmhines'on its fibres. 

Average fibres lengths of untreated woad of t h ~  studicd species campate favorably wi tk those o f  ~ m e h n o  arborua 
and fouttm 3igcrinn Savanna species (Tabb 5-7 3 because their average fibres lengths like those OF the standards ofe 
grater than 1 . O h m  and are within very close range will1 those of the standard. Averagb fihre lengths of s h ~ n g s  aim 
m p m  We I with those df the standads, they sm only aiiglrtly 1%. 4veragt fibre length of sawdust of the studied 
spmies ex-r t k g o r d b r t i a  papawrJm are about half as iong as hose of G~nfflina wborea and fourtmn savanna 
spltcim h a m ,  sawdust fibre lengths can therefore be said fo be comparable with those of dze standard. Wood s h a v i a ~  
can be said tr* be suitabIe materid far making pulp and that the reduction m its fibre lengths due to crushing effact of the 
planar rnacili~e is within limits that can. be tolerated fur paper production, 

For sawdust.nnd shavings to be u s ~ d  Iikc the standards, it may therefire be essential JU mix tl~eit fibres with long 
pulp in order to m a k  up for loss m strength and other phiysicel properties that may rcsult fro& Bre presence of broken 
fibres in their pulp. Wood shavings can be wed much l i h  the standards for pdp rizalring with very little modification 
sin- its fibw are almost a~ long ss those of the standards. Analysis of variance has shown thal there is significant 
d i e m c e  between the fibre lengths af rhc standard and h e  of circular saw treated wood. The fibres ,pmduced fm~n 
sawdurn armat be used Tor h i  qualSty papers and thtrefore pulp from such souree may be directed towards the 
production of Iw qudity papen such as toilet rolls, containkr I 5 n q  pressed board, etc. this will retieve ths pressure 

on high quality pulp and wood species u d  for producing this type of pulp products. 
The, u n m d  (unmachined) wood of ths studies species have nor b m '  previousty Investigated for pulp muking; 

xhb study Itas therefore estabt ished thar they can be used mwh like the standards ,Gmelirzn arborea and fourteal savmlla 
specim for paper qaking ns they compare. fav~rably with them. In the final analysis, i t  can be said that sawdust and 
s h s v i ~ s  are mitable materials for paper mmaking. Also the untreated of un-machined wood of the studied specia art 
suitable for paper making, 

Condusions and recommendations 
Machining has effect on fibre Iangths, the crushing effect Af the planar machine circular saw reduces the lendh 

ofvfibres. Tbt untreated wod Iw long& fib'tzs than the tteated wood because, the Iatter have some of their fibres crushed 
tn t h ~  process of machining, Fibre lengths varies within the w t e d  wood; w q d  shavings have longer fibres than sawdrtst 
due io the fict that mwhing effect of the planm rnaahine an films is vcly mild, while tlrc mushing e f k t  of the circular 
saw on fibre lengths is greater. The fibre Im@s of h o d  shavinge we only slightly less khan tliose of the untreated wood 
or  calntrol. The reductioa in fibre lengths wj a mult of muchining arc w i t h  limits that can be tolersted hr pulp 

' prqiuetion far planar shavings. Ptrlp from sawdust may be used for low quality paper produntion. The uncreared woad of 
the iudicd species are suitsbk skies  for paper pmdwtion. 

Recommendation 
1 Sawdust and'shavings should be explored for paper #aduction in Nigeria. Research should be carried out to 

establish the pukping chawcteristics of sawdust and shavings and the paper ipadw for which they arc best mi@. Resea1331 
shou1d also reveal tho.form the degree of modification like blending with tang fibrepuIp that slrauld be incorporaled into 
the ;mar&ls in order to p.erfect illern for he desired uses. Appropriate technaIogy should be developed to process tlle 
dcdale ,  this kcawe handling by the conventicmdmethods may be unsuitable or difficult. The untreated wvood of the 
studid species have not been previously investigated for paper making this study has themfore showed that thcy are 
suitabh species. Thwy ghould hencsforlh be included in thc list of Nigerian hardwoods that rare suitable for p ~ . w  makin& 

-r 
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