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STATIC BENDLNG AND MOISTURE RESPONSE OF CEMENT- 
BONDED PARTICLEBOARD PRODUCED AT DIFFERENT LEVELS OF 

ABSTRACT * 

'~oresrry Research I~slilute of Nigeria, J ~ M I o  lbadon 
1 &parl~~urt  q f F o ~  R i r s o ~ m ~  M~nagenren~, ihiim~p q f h d a t r  

'Dqw~fttmrt p / ~ a W r j l  mtd N t  T4jrdogr, F&I t/,liimi& flechrldogy, .&ire 

Astud~w W ~ S  w r f i J o ~ ~  to detertt~t;~ the optillla 2nd ofpei-~er~! addiiiw m c ~ ~ t i - a ~ l o r ~  for ~voodmrmi boordproddhtjhn~ 
u t k d  I M ~ ~ M I  h u r d ~ r d  p i e s .  Gght I m i d l d  specks trsedfir llre slut& are: Triplachitun s c I e ~ 0 1 1  K Scliwn ( M e ] .  
T e ~ n a I i a  i t w s l s  A. Chev. {Idigbp) Teminalia superbe Etrg. & djefs (A/irra) Bruc~wtcgia xt&erica HoyIe 6: A.P.D. Joim 
(Oknwt) KIqw itmmsfs d. Chm. (Lagos i%fh/togany) Nesagordorrlu p u p m e M J a r i  A. Clrw. (Da~ttu - OmJ Tecm~a p ~ x d l s  
Lir!rr. F. fleuk) Grrteli~~a arbow Rarb. (Gn~eI/trrrJ Tlte ~yperin~e~t~rrl boards were made uff iw clta11tI~t addlrh content 
levels of1.00%: 1.5QW 1MW 250% atid 3.00% based ott d y  nleighl ofm~ite?~t In bm~td. mrd three ter~rerrthd ~tliwi~tg 
 aria twls 01225: 1.0, 2-50: 1.0 arid b75:t.O. TIre arprin~et~~oldcsigrt b a r~~factorfactorial expetr'me~tf, a nontbimtio~~ 
afnlhich M I U I I @ S I ~ ~  I% I5 Itwttrteitt cm~rhirrafior~s. The mwrt Mad~tlI of Rtrplure g11d Ehsticliy (MOR o~td  MOEl oblal~ted 
for each of flrc I S  tmtu~ent roitibinutimts in !his arperiine~r iwn&fro]~ 3.28 10 10.46 1V/mnr2 ~tbik  AdOE I ' Y I ~ U ~  r a l ~ e d  
from 2 2 0  ro 4010 ~ h n 8  Vte meml perceni wter absorptlo~r (WA) ~ulues ratrgedfrtr~w 24.66 ta 46.37% wf~ile rlre thickwas 
sevIIi~ig fR?] rarrgedfml~ 0.98 lo 3.62% SlollicaI aw!isk sl~owed &entical od&tivc v~~~cenImlion attd tvodcemet~f  ratio 
IIW forr~~d slgrrflm~t at 1% level oJpmBablIIy on the /lerrrr~wl attd ttrai~t~rre p tPpwla  Smgec SII,BF utd w r e  
#ttier~dw~~~lly s~aMe baami% Imr pradr~ced at increasing Iawls of f h m  pradttcfia~r wtfirbtes. AAo percen~ chemical 
additive corttetlt i~'board QJ~.O% (Based WII Eptt~cn! ~wfg111 kbmrd} p ~ ~ o t w r e d  h t .  

t 

In order to erlsure proper setting of cement and cxlmequentty improve the strenglh characteristics of mufac tmd 
wood-cement boards, pre-treatments of wood prior to use have bee11 adapted. This exercise has incrtaH the 
range of wood species used for board production and the four major pre-treahie~it practices today an?, mild 

, 

saasaning of the woad raw nlaterials, biological approach, hot water pre-treatment and clremical pueatment 
(Bgdejo, 1988). The biblogical appmsch h t  proposed by Oav is (1 966) inwIves the lreatment ~f wood with.blue:- 
stain fungus (Cer~loqsllls pil$era). Blue stain fungus attach the sugar portion of the wood and sugar is one of 
the wood chemical substances identified as highly inhibitory to cement setthg (Bi hlis and to 1968). Following 
this biological treatment themfore, such wood species are mpected to -become more suitabIe for board 
manufacture. Attack by certain fungi on wood earmarked for wood-cement b a d  production has also been 
noted140 be beneficial, Raczkowski ef af (1983) wported that Pine woads wRic11 &bit brown stain t a d  by 
ftlngus Cytospom ,pint can be used for bmd pmdctction. Badejo (1 984) reported that Mdfu ntrrdimchta wood 
sm~ples dettrjorated by blue stain caused by fungus Bp(rpd1;9Iodi~ llteobrornae Pat. \uwe suitnbIe for boapd 
production. 
Pre-treatmilt with hot water appears to bo one ~ f t l i e  simplest methods for laboratory research and commercial 
scale produdon orwood-cement boards from inhibitory wood raw materials. Water soluble chemical s u h m  
such as sugars, cnrbohydrates, bydrolysable tannins and oils p w n t  in wood which tend to inhibit pmpwsetting of 
m e n l  when mixed with it am ktracted h m  the wood into the hot water. By applying w-I water, Sinwtupng 
(3874) reported that baard produclion @ante feasible from IS tropical hardwoods which had otherwise been 
reported unsui ble. Kavvauras (1987) delnonstmted the suptriarity of  hot wakr exlmtion over four oiltlwr pre- 
tmment me,& , In his study, fI&eboardls rnade'from a mixture of Oak and Pinc c . f  racted for 2 hours with hot 
water at temperature of M°C were stronger and more resislant to moisture upiake when tested lhet t l l o ~  rrtade 
fram 2% sodium silicate, 0.25% and 0.50% sodium hydroxide e x ~ c t i o n  for periods ranging f~ 90 lo 120 
miautes. The extraction was to remove hemicelluloses which are lnl~ibitory to ssning or cmiertt; thcrtby 
ensuring adequnte mmpatibi1ity o f  the wood a w  materials wifh cement. 
Applicatiqn of chemical odditfves in wood-cement board production is quite distinct From ikat of hot water. The 
hot water is appIied to facilitate extractioil of chemical substarices which inhibil setting of cement from the w d  
raw materials. The chemical additive on the other hand, acts as a~eelerhtars to speed up tlre setling process. 7 h y  
can be rppIied wih or without the hat water applicatioi~. Chenricat pre-treatment is~mbabty the most widely used 
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among thc pre-trea~ment practices adopted for laboratory reaearcI~ and commerciaI scale production of wood- 
cement hoards. The cllen>ical additives presently used include Calcium .chl&ide, ~ a ~ n e s k r n  chloride, Sodium 
silicale, Potassiun? silicale, Calcium fomliale and Calcium acetate (ChifteniFEn el nl.. 1975, Sirnatupaug el 01, 
1978). The early Gennnn board producers seemed to prefer Sodium silicate because o l  its eficiency and in ' 
some cascs Culcium chloride bemuse of rendy availability. Further investigations have sl~owed that rhe use or  
high concenlrations of Calcium chloride gives rise to blooming on the surfaces of the boards while the use of 
Sodiunr silicnte resullcd in the produciion o f  bl-iule boerds (Sudin and Ong 1983, Chittenden ct nl f 975). Shukla 
ct rrt(198 1 )  further rcl~nricd that boards made with Cslcil~rn chloride as additive showed gate l .  weight increases 
during swelling tests, a phenomenon they attributed 10 ille probable I~ygroscopicity of the chemical. I t  was 
s u w t a d  that boards @ e m  for use in we1 areas and humid locations sbould not contain Calciun? cl~loride 
(Shukfa et a/, 198 1 ). Other chemical additives which have been tried for board produciion are the cb brides of 
Zinc. Iro11 and ~Iuminium (Zliengtian and Moslenli 19851 as tvtrel t as Ferric sulpllate (Krekel 1972). OtI~ey foms 
of chemical pre-treatnrenks include use o f  bitumen to coat the particles of sudi unsuitable wood species prior to 
bkiding wilh ccmc~it (Kawantura rr (11 1979); use o f  oil liquid l~araffii~ (Ynrnagishi et crl., 1980): and use of esters 
of phosphoric ncid-ctby l phosphate or propyl phospbale (Yemagishi et 01.. 1982). 
Chemical additives are used st varying co~~cen[rrttiol~ levels based on the dry c e ~ ~ ~ e ~ l t  weight in the board. Biblis 
and Lo (1968) reporled tbat use of 1 % concenht~ion of Calcium chloride is adequate to bring about n significant 
reductioit in the setting lime of cement binder. Christensen and Lyncis (1949) earIier reported that 1 to 3% of 
Calciuni chloride would be required to neutrnlise the effect of 0.1% sugar concentratio11 811 setting time of cement. 
Investigating thc llydrnlion characteristics or Lal.is occidetrtals Nutt. (Western Larch), Zhellgtim and Moslenli 
(1985) applicd tlic clllorides o f  Zinc. Iron alld Aluminium at concentration levels of 5.0 to 6.5% to bring about 
an increase in rkc maxi~nurn hydration tenlpcrature of wood-cement-water nrixtures a b ~ v ~  @Jnq a wgll a 
rcbuetitm in the time required lo reach t11is temperattrre level. Generally, chemical additives are reporkedly used at 
most favoumblc cnrbcentratio~i levels of I '% lo 5% (Namioka el  a1 1976) out o f  which a range of 0.5% to 3.0% 
ia indicated to effcc~ively conlribute Lo tlie accelerating process o f  setting of the cement binder, The atudy is 
illeretom carricd out to delemine the optima level of percent additive concentmtion for wood cerne~~t b a r d  
production. 

Eiglil hartfwood species use J Tor the study are: TI.iplact1if~11 scleraiyfotorr K. SHIIIII! (Obeche). TP~III  irrolia fil w ~ r r ~ s i s  
A. C11ea (Id igbal Tc1.11t itruliu s1qwr6o Etrg. & Diels ( A  fara) Brncl~~alegicl rrigrricn Ifovle & A. P, D. JOIIL'T 
(Okwcn ) h'lrq!ur ii+ort~~rsi,r A. Cl~c.~! (Lagos Mahogany ) Nesogoriiu~~in pnp~er ! fe l~ i  A. Clret: ( Dantu - Om) 
Tec1011a gru~tdis Lirtll. I;. (Teak) Gt11eIi11n ai-l~areo Rarb. (GmeIina). Wood wastes of the above species were 
colteclcd fmnr ~i~wnti l ls  ,wlrich ol~eraie around Ihda~i ia Qyo state Nigeria. As gathered from tlre sawmillers. 
log supply to t l ~c  n ~ i  I Is originates within the same ecological zone. BI view of this therefore, differencd in tlie 
diernical co~nl~ori~ior~ or the wood species arising h n l  tnvironrnentaI differences in tree growtl~ were ignored. 
Tlre coarse sawctusl collcc~cd rronl snwn~iIls were po led  together accordi~~g to species type. The pile from each 
species was scmncd [lirougl~ 6mm mesh but retained on 2mm mesh t o  remove fine par(ic1cs. The coarse sawdust 
parliclcs wcrc sprcad oui iu open air for four weeks in order lo allow for gradual degradation of starches and 
sugars present in thcm that could i~npede setring of  the cement binder. After seasoaing. 25 kg by wwglght fivrm the 
sawdust pilc or cuch or  llie cigllt Irardwood spcies was weigl~ed out. These were mixed togetl~er lo provide tlle 
200 kg or sawdust prlicles uscd as mixed species for board production. The air seasoned particIes were then 
subjeded lo hol water p1.e-trcalcd and drained. The treated particles were thereafler put in a sieve to allow for 20 
minulcs drippink of thc water. They wcrc later air seasmled for two weeks to a moisture content OT about 12%. 
hgged nnd siorcd untii ncedcd. 
Experit81cntal desigrrs rrtd proccdul-es 
The expcrimenial boards were madc at five chemical additive content levels o f  1.00%: I .SO%. 2.00%. 2.50% 
asd 3.00% bascd an dry wcighr or cemcnl in board, and three ce~l~entlwuod mixing ratio levels o f  2.25: 1 .O. 
2.50: 1 .(I and 2.75: 1.0. Thc cxpcrimcntal 'desigo is a two-factor factorial experinreat. a combination of wlvllick 
manifested in 15 trcatmen! combinations. Tlie model for this type o f  experimental nrrangenwd (Hicks 1973) i s  
8iven as: 

M + Ai + Bj + Abij + Ek (ij) ..................................... (I) 

A t111d /I typ-ca.vcvtf /Itc* 11t.{~,fitcftj1:~ of c~ I~t~nt~c( t1  <~tii/i/i~v c<)~tte~tt U I I ~  I I I ~ X ~ I I ~  ri~tiu ~ ~ s ~ ? @ c I ; ~ ~ P ! ~ ~ .  
Yijk =i~tcl iviJ~~~il  t ~ l ~ . v c v + ~ ~ ~ t t i t ~ t t .  

hl - , ~ c ~ t t ~ t . c r l  ntatrl. 

Ai = t?/fi~*/ /&fi,ctor A 
oj 5 &fliY/ pf ~ t , f i / ~ / ~ l I *  11 - 
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' ABg = Eflecl ofa tw-~qy irrre~ulciion benwetrJocors a arriiB 
E m ]  = Rar~don~ error iuil l~ii~ cell. 
i = Level ofJactlor A ( I ,  2, 3. 4 atrd 5). 
j 

- - ~e~d'oJficrorl3(1. 2 ot~d 3) 
k F h n h r  of obser-va/i~/rs per cell. 
Each test paneel was Gmm thick and 3-layered comprising of 4mm thick flake-cement core layers and 2mm thick 
sawdust-cenlenl face layers (1 mrn on each side of tIte COIZ]. All boards were made wit11 nominal 1200 kdm3 bpnrd 
density and ceinenttwater ratio of 0.60. The quantilies of sawdust and flake particles needed to make a panel 
were separately nieasured and put inside separate plastic bowls. To each material was added the needed 
quantity OF water in which has been dissolved, t l~e required quantity of cliemical additive (Aluminum chloride). 
Thorough mariual mixing was done until a well blended wood particle - chemical additive solution -cement mix, 
free of cement lumps, was formed. 
The mats formed were passed illto a cold hydraulic press and tamped to the required thick~less of Inin1 with aid 
of a wooden stopper which was provided around the four sides of the mats. A pressirig pressure of 2,23 
bJ/rnn12 was applied Tor a period o f  24 hours. Replicate panels were produced in order lo provide adequate test 
specimens for the wperiment. Following the expiration o f  the 24-hour pressihg cycle. the panels were removed 
from the press, stripped off the caul plates and kept inside polythene bags for 48 hours. They were ihereaRer 
trimmed aiid cut into test specinten sizes in accordance with  he ASTM sta~ldard Dl937 - 78. The bending 
strength tcst was carried out on a Tensonleter maclii~~e while the water soak tests were done following prolonged 
immersio~~ ill cold Water For 144 hours at room tenlperature. The'prolonged soaking was considered 
essential in view of the Tropical climatic weather condirions of the country and the proposed usp of the 61nm thick 
panels for ceiling. 

RESULTS AND DISCUSSIONS 

Moduli o f  rupture and eiasticlty 
The mean Moduli of Rupture and Elasticity (MOR and MOE) obtained far each o f  tlie 15 treatment 
combinations used in [his experiment are as summarized in Tabte 1. MOR values ranged k o n ~  3.28 to 10.46 N/mm2 
while MOE values ranged from 2200 to 4010 ~ t r n r n ~ .  The results obtained for some of the treatments are very 
.favourable and compare well to previous studies reported in literature. For example, the mean MOR values of 
(I46 ~/nirn', 9.5 1 ~ / m r n ~ ,  8.89 ~/mm'. 8.88 ~lmm',7.42 ~ l r n m ' ,  7. I3 ~/mrn' and 6.52 Nimm- obtained $or 7 out 
of  the 15 treatnlenl combinations wl~icli applied in the experiment compare favourably to rilean value of 1 1.3mmt 
(Dinwoodie 1978); range value of 8.8 lo 12.7 ~ l n t r n ~ ;  (Bison-Werke 198 I); range value of 5.22 to I I. 12 N/mm- 
(Badejo 1988); and range value o f 4  to 15 ~ / n i n i ~ ~ u w a ~ e  1995). In a similar manner, the MOE range vaIues of 
2920 lo 4010 N/mm2 obtained in 10 out or the IS cxperimentd treatment cambinations used in this particular 
experiment compare favourably to 1nea11 values of  2940 ~lrnrn' and range value of 1 149 to 3297 N/mm reported 
by Bison-Werke (1981) and Fuwape (1995) respectively. 
Shown in Table 2 is the factorial analysis of  variance carried out to test the effects of tk ct~e~nical additive + 

concentralion on sfrength (MOR) and stiffiless (MOE) of the experimental boards, The concentration levels at 
which rhe ~ l u m i n h  chloride. uhed as chemical additive, was incorporated into tllc exlxrimental boards w e ~ e  
found significant at 1% level of probability on MOR and MOE. Cen~tntlwood mixing ratio, which bdicaies the 
cement binder content in board. was similarly found significant st 1 % level of probability on MOR and MOE 
of tlie boards. The two-way interaction between these two variables was not significaat. At each of the three 
mixing ratios of  2.25:1.0, 2.50:I.O and 3.00: 1.0 o f  cement lo wood applied in this study, MOR and MOE of the 
test panels i~~creased as the content of chemical additive it1 board was steadily raised fiom 1.Wo to 3.0%. This 
means that stronger and stifler experinlentat cement-banded parliele boards (CPB) were produced fi-onr mixed 
sawdust and ffake particles of the eight Nigerian hardwood species as the conten1 o f  the cl~ernical additive in 
board increased, Percenr cltemi~at nddi~ive content in board a t  level o f  3.0% ~na~~i res t ed  in the  llroduction o f  
strongest and stiffest CPB fivlln mixed particles or the eight Nigerian liardwood,species. 
Applying Newman-Keuls test (Hicks I973), the mean MOR value o f  8.56 M/mm- obtained ai the additive content 
level of 3.0% was significantly different at 0.05 level iron1 the mean values o f  4.79 ~ l rn rn '  and 5.66 ~ l m m ~  
obtailied at the levels of  1.0% and 1.5% respectively. However, the general improvement observed belween the 
additive content levels o f  2.0% and 3.0% notwi1hstandi;g. comparison of resuii data by the Newman-Keuls 
test showed that the mean MOR value oi 8.56 Nlmm- obtained at the c o n t ~ ~ t l  level of 3.0,% was not 
significantly dimeren~ at 5% level of probability from, the mean values of6.65 N/nm- and 7.37 Nlmm abtaitled at 
tllc levels of  2.0% and 2.5% respec~ively. Compar~ng the means from the MOE dam, the cl~en~ical additive 
content level OF 3.0% n~anifested in the production of cement-bonded particlehard pnnels which were 
sig~iificu~tly sliffcr at 0.05 levels tllan lliose abtai~~cd at any of  lhe: rest four levels of  1 .yh, 1.5%. 2.0% and 250%. 
The influence of cenienllwood mixing ratio on MOR and MOE of the tcsl parlets IS similar to lllar of percent 
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I 
ckmical addilive conlent in hard. The higher the cement binder cante~lts in board, ihe stronger and stiffer the 
experimenlal panels. The MOR and MOE mean ~ l u e s  o f  8.56 N/I~I#I' and 3560 ~lmrn' obhined nt the highest 
cement binder content as indicslted by the mixing mtio Iwel of 2.75 : 1,0 were significant difkre~~t  at 5% level o f  
probability fi.0113 those plvoduced a1 the loiver levels of 2.25 : 1 .b atd  2.5: 1 .O. The increasing favolrrable 
infiuencc orpercent cliemical additive co~ltent in board ut increasing levels on MOR appear lo  be in confornlity 
will] previously published studies on cement-bonded particleboard productio~~ from tropical hrdwwds (Badejo 

'. 19891. Siinilarly. increased sirength and sliffi~ess oblaiiied tor the ~mnels at increasi~~g cemeiit binder content level 
(as indicnied by iniati~ig mtio) confon~~s to published results an cement-bonded Particlebo~rd (Prestemo~l .,. 1976, , 

Xla 1 982. Oyayade Wgade et al. 1895, dmole and Badejo 1999, Qmole and Adelogu1120 10,) 
Tlre regression analysis 1rrTormed on (he iest data, showing the correlation o f  he MOR and MQE with the! 
significn~rt varinblc inputs - perceni cl~e~nicsl additive coqtent in board and mixing mtio lvere listed in Table 3. 
Fronr the m u l e  obtnincd. percent chemical addithe cenrentlwd mixing ratio were highly 
correlawd willr MOR and MOE or tlrc rurperimenial ~mels. Percent chemical additive content in board was 
positively ca~rclated wit11 MOR and MOE. I11 line with Statistical practice (Wonnaatt and Wonilacott l9?2), 
mdllipIe regressions or MOR.nnd MOE a t  perm11 cl~emical additive content in board and cemenf/wood mixing 
ratio were cornpuled, tbc multiple regressision equalions obtained 4 t h  their mrrespondmg correlation coeflicicnt 
R values arc, 
ti) U. - 15.669+7.524.\; -I+ /.d93.Y2 ................ (3 

. H u. 989 [MOR) 
{ii] 12 - 2SJY.330+ IY80 X, +326 44d: ................. 13) 

0. Y 93 (MUE] R - 
Wbcrc 1'1 ant! Yz reprcscilt thc dcpendclll wriablcs, MOR and MOE; while X, and X2 represent the independent 
variables o f  ccmcnl/~pod mix i iy  ratio and percent chemicaI additive conten! in board respectively. For the two 
cases or MOR and MPE, rhe multiple ~~gressivns performed were liighly significant at 1% level OF probability 
(Table 3 ). I 
The correlaliolr bchycml perccnt chenlical additive caltcn( in board and MOR as \vet1 as MQE yas foynd to k 
weak (con?l;ltion coclficicnl, R values of 0.608 and 0.495)- The coeficienl o f  determination. R' values $0.370 
and 0.245 werc obtained rrom Ihc sin~pls regressioa equations which relnte it to MMOR and MOE. These R- values 
imply in eTTec1 that only 37.0% and 24.5% o f  the total variations of  these t h  static bending properties are 
exptained by !he percent cl~emical additive co~ilent in board. These proportional vnlues are too low for any 
mcnr~i~~gruf ~~rcdic l ion or MOR and MOE from this indepcnden~ pa-inble; and suggest itrat ollrer vital SOUI.C~S of 
variable inputs nced to h explored. Cealcnl/wood n~iving ratio is  howvev~ well correlated with MOR and MOE 
(sorrclntion cocKcicni. R values of  0.780 and 0.861 rrspctivcly) with R WILES of OA09 and 0.742 respectively. 
I! means Werclbrc thnl ns much as 60.B1% and 74.2% o f  the total variations of MOR and MOE are explained by 
cemenl/wood mixing mtio; wl~ i lc  3% I W and 25.8% respectively are still due 14 other vital sources.Qiver56 
As already indicated, tbc mul~iple izgwssion equations which relaic tlie combined effect af the two i n d ~ n d e n t  

.P. variables (ndditivc conceatmtion nnd mixing ratio) on MOR and MOE gave R- values a i  0.978 and 0.987 
reslwcti\*cly: mcaning thai ns high as 97.8% a i d  98.7% of the total variations of MOR and MOE are Jointly 
explainerl by Ihe two produetioil variables; rvhilc cementlwvood mising ralio co~irributed highly and significanlty 
to thesc values. 
Water absorption and I hickness srvelling 
The rnm prccnt watcr absorption (WA) and thicknesr swelling (TS) i s  ns listed ia Table I for each of llle 15 
rrcarmcnl combinuticms. WA \*alu~s ranged rrom 24.W to 46.37% while values for TS ra~rgetl rron10.98 io 3.62%. 
In botll casts. measurcmcnts wcrc n~ndc ro t lowi~~g 1 4 ,  llours soak in cold water. Tlro WA mngc vell~es 
recorded fbr this cxperirncnt compared favourably with figures of 28.08 to 77% 18.50 to 39.85% and 32.95 
tb 415.00%~ rcpuriccl by t'rrstenlon (1'176) aild B~dejo (1986) and (1988) respectively an senlent-bonded 
particbbu;rrds pwduc(ion irom mixcd l>arliclcs oidiITcwnl wwd raw niateriuls. Sin~ilarIy, llle TS rallgc values of 
0.98 to 3.62% obhinc(l caa~prtwd kvounbly will1 ligut-es of 1.2 to 1.8%, 0.67 to 3.60%. 0.50 I.5O1K. 3.4 lo 
26.2% and mean vnluc or 0.75% piously relwrted by Bison-Werke ( I  981 ), P~estcnlon Denisov d NI.) ( 1985). 
Fulvape ( I  992) and Dinwoodic t 197s). 
The factotizll analysis or wriancc carried out to 1-1 ihc erects of the ircairnent variables on WA and TS of  the 
tesl panels k prwnied in Tnblc 2. Bokh varinbta werc found significant ut 1°/6 Iwe1 o f  probability on the lest4 
pmpcrties. Thc ~ivo-way intcrnction betwren tires two variables was not significant. The nlmn WA ~ r r d  TS values 
dcclij~ed wit11 incrc~sc ill tlic conccntr;~~ion of A lun~ i~ ium chloride and cement binder con ten1 the in b a r d .  11 
lwrctore mcilnr drat iltc ability orthc cxperirnentnl hards to take up moisture under the plonged soak ia water 
d~crcoscd \vitll inc~casc in tlic perccnt chcmical additive conknl and celuenllwood  nixing ratio Icvela resulling in 
il* produclion uT inclrc dima~sionally stable CPB on expmuYe to water.. These findings te11d 10 follow 
prwiously published rcscurch invcs~iga:arians on cement-bonded particleboards (Manliokn el .~t l . .  1972 ulld 
1976: P ~ r a t c n ~ o ~ ~  197b: Badcjo 1989). 
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Applying Newman-fouls test (Hicks 1973), the mean WA value of 31.73% obtained at the percent ehernieat 
additive content in board level of 3.0% was significantly superior at 5% level of probabiIity to the mean values 
of 38.43% and 37.13% obtained at the concentration leveb of 1.0% and 1.5% respectively. Although use of pwcent 
chemical additiie content in board at increased levels generally lad to rnanifeshtibn of improved dimnsional 
stability, the my WA values of 31.73% obtained at the concentration level of 3% was however found to be 
insignificant at 5% level of probability from tbe mean values of 34.03% and 3583% obtained at the l ~ w e r  levels 
of 2.5% and 2.0% respsctively. Cornping the means h r n  the TS data, the mean value of 1.57% optaiaed at the 
chemical additiva concentration level of 3.0% was found significantly lower than the mean vaIue of 2.31% 
obtained at the lowest level of 1.0% but insignificantly different to the mean values of 2.12%, 1.93% and 
1.77% obtained at the wnr;entmtion levels of 1.S%, 2.0% and 2.5% respective1y. 
The mean WA value of 28.41% p d u d  at the hi&d mthd mixing d o  level of 2-75: 1.0 was 
significantly lower at 5% level of probability than the mean valuea of 34.84% and 43.04% obtain~d at the 
mixing ratio levels of 2.50: 1.0 and 2.25: 1.0 respectively. Similarly, the value obtained at the cernenVwood 
mixing ratio level of 2.50:l.O was significantly Ioww than that obtained at the cementlwood mtio level of 2.25: 
1.0 and this wend was also experienced far TS. In general, the results of this experiment showed that tbe lowest 
mean WA and TS values of 24.66% and 0.98% respectively originated from experimental pmek made at the 
highest percent chemical additive content in board Ievel of 3.0% md cementhood mixing ratio Icvel of 2.75: I .O. 
The regression analysis performed on the tesl data showed that the percent chemical additive content in board 
was negatively correlated with t h e  two dependent variables o f  WA and TS and the relationships 
were linear. Similarly, cementlwood mixing ratio was negatively and linearly correlated with WA and TS. 
The niuItiple regression equations which relate WA and TS to the two production variables used in this 
experiment, with their corresponding correlation coefficient, R values am shown below: 
(i) y = 115,009 -29,264X1 -3.17?x2 (4) 
R -0.996(WA). 
(ii) Y 12.935 -4.1 04X1 -0.366 XI 
a - 0.94 I (TS) 

6)  

Wilere Y represents the dependent variables, WA and TS; while XI and XI repixsent the independent variables of 
cementlwood mixing ratio and percent additive content in board respectively. For the two cases of WA and TS, 
the mulliple reqssions performed were highly significant at 1% 1eveI of pmbabiIity (Table 3). 
Similar to the situation observed for MOR and MOE, there was a strong correlation between cemen~wood mixing 
ratio and WA as welt as with TS (correlation coefficient, R values of 0.933 and 0.899 ~pect ive ly) .  ;Coefficient of 
determination, R' v e l u ~  of 0.870 and 0.809 were given by the regression equations which relate cementlwood 
mixing ratio alwe with WA and TS respectively. This implies that as much as 87.0% and 80.9?/. of the totaI 
variations of WA and TS respectively were explained by cementlwodd mixing ratio. There were however very 
weak correlations between percent chemical additive cantent in*baard and WA as well as with TS (correlation 
coefficients, R V ~ ~ U C B  of 0.35 1 and 0.2 17 respectively). b f i c i c n t  of deterrninrltion, R* vatuea of 0.123 and 0.077 
were given by the simple regression equations which relate chemical additive eoncenlration with WA and TS 
respectively. From these mutts, cementJwod mixing ratio was strongly correlated with correlated with WA and 
TS while percent chemical additive content in board was a weak predictor of these [wo moisture response 
properties. The low R' values obtained from the regression equations which relate pertent cl~emical additive 
content in board to WA and TS impiies that there are other sources of vital variable inputs which need to be 
explored. This is confirmed from the high R' values of 0.993 and 0,886 obtained from the multiple regression 
equation which reIate both percent chemicai additive content in board and cement/wood mixing ratio to WA and 
TS; which implies that 99.3% and 88.6% of these dependent variables respectively were jointly ucpIained by the 
two production variables. To these high values, the cementlwood mixing ratio contributed more significantly. 
Furthermore, the R' values obtained from these multiple regression equations showed that W A could be more 
accurately predicted from the combined pair of percent chemical additive content in board and cemenVwood 
mixing ratio than TS. 
GeiieraIIy, the noticeable improvetl~ents in the static bending (MOR and MOE) and moisture response (WA 
and TS) properties of the test panels with increase in the concentration of the chemical applied as additive is 
very much expected. Application of chemical additive by itseif is  a pre-tmtment method made of to ensure 
compatibility between wood and cement and serves as cement setting accelerators. It therefore showed that at 
increasd conceqhtion Ievel, the degme of confornubility and inter-participle contact beiween the sawdust 
w i c l e s ,  the flake particles and the sawdust - flake particles were improved. Tlie increasing positive influence of 
percent chemical additive content in board on properties of 1Ite test panels follow previously pub,lished studies 
on cement-bonded particleboards. It is noted that for MOR, WA and TS results, llic mean values obiained at the 
eoncenlration level of 3.0% was not statisticslly significa~it at 0.05 level from  he vaIues obtained at the lower 
level of 2.5%. $or MOB property however, the concentration level of 3.0% was significantly different from the 
level of 2.5%. It is therefore concluded that percent chemical additive conlenl in board and board density 
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signifieanlly influenced the MOR, MOE, WA md TS of the exprimeutal cement-bonded parPiclehads. 
. Stmnger, stiffer and more dimensionaIly stable bards w m  produced at ihc& levels of these two pivrduction 
varirblm. Also percent chemical addjtive content in board of 3.0% (Based w dry cemetit weight in board) 
pwfornled best. 
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Table 1 : Mean valuq of MOR. MQE, and water response of cement-hnded particleboard produced at different 
levels of percent chtmid additive antent in bmrd. 

1 > -  

. . Treatment c ~ m a t m n s  of M O R ( N I ~ ~ ~ )  MOE (NJrmn2) 
Chemical additive Cement/ wood rntio 

WA(%) T S O  I 
cotltenl in wood 

1 

1.0 2.25:l.O 3.28 2200 , 46.37 3.62 

Ti~hlc 2: ANOVA od effect of percentage chemical additive on the tested board pro~jexties 

Sources of vaFitllioib Degrcc o f  Mean squares values (MS) 
' h d 0 1 ~  Mnff WF WA TS 

Additive coconcentratio~~ (AC) 4 21.55** Q@** 0%8** 1.W' 
Mixing rotio (MR) 2 72.17*+ 4 p  10.81** 23.63** 
ACxMR 8 024 0.03 0.02 0.W 

AT 6 7n 071 n 3.l n 76 

Tabb 3: Regression analyses showiilg correlation of board properties with percsot cliemical additive content in 
board 

Sowcw of variation Degree of Mean squaw values (MS) 
freedom MOR MQE 1 WA TS 

kgmsion  2 28.44** 1.63E + 06** 30S.4Sa* 5.77** . 
Residual 12 0.10 3440.0 0.38 0.12 

*%igninmt a1 1 # tcvd olpmhnbllity 

NJA FE VOL. 7 No. 4,2201 1 118 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



Ni@m Journal of Agriwllurr. F d  and Environment. 7(4):11I-120 

P G I ~ J ~ ~ W ~  ~ , 2 0 1 i  Badejo ef a/., 201 1 

-3.0% Additive 

3 -5% Additive 
/ .  

.l.OOh Additive 

MIXING RATIO 
4,% 

bounded 

!j? 
P 4 
m-- 3.- 2s 
B 

2.0 

- 

NJAFE YOL 7 No. 4,2011 119 

*.0% Additive 

.OOh Additive 

- 
1 I I 

2.00: I -0 2.25:q -0 2 . 5 0 : l . O  2,75:1.0 
MIXING RATIO 

Fig. 1 Influence of percent chemical additive content in board on MOR and MOE of 
boards made fiom mixed particles of the eight Nigerian hardwacd species. 
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MIXING RATIO 
Fig  2 lnnuetlcc of perccd chemical additive content in board on water absorption and thickness swelling of 
cement bondcd pmtide boards made from mixed particla of llre eight Nigerian hardwood species. 
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