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Abstract 

The purpose of this study was to examine the properties and environmental impacts of 

hardboard made from agricultural residues and manufactured by a steam explosion process. This study 

was divided into two parts. The first part involved the selection of the most effective agricultural 

material to develop fiberboard using the AHP technique. It was found that rice straw was the most 

suitable agricultural residue to be used as a raw material for producing hardboard. The second part 
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of the study was the production arid the testing of the hardboard. In this study, rice straw was chosen 

as a raw material and was produced by a steam explosion process at a pressure level of 2.0 MPa and 

2.4 MPa. The results showed that the hardboard pressured at 2.4 MPa yielded the best property, 

having a modulus of rupture at 32.733 MPa, a modulus of elasticity at 13,097.83 MPa, water 

absorption at 37.37% and swelling in water at 26.02%. In terms of environmental impacts using LeA 

assessment, it was found that the total environmental affect value was 2.5726E-03 Pt. When 

comparing the hardboard with fiber wood on the LeA food database, it was found that the hardboard 

has a slightly higher environmental affect value than fiber wood. The production analysis found that 

the compressed heating process of hardboard has the highest environment affect value at 54.02% and 

that soil toxicity has the most environmental affect at 46.56%. 
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'VI'.i~~lJfl1111~U 2.0 MPa ua~ 2.4 MPa 'illflUU'VIlfll1'V1\PH'1'OlJfjW ff1llJl9ll9lllJ1I119I".i!lU~l9IfflVlm'JlJ 

" 180-2532 1~(J'VI~ffOlJ~1'Wfl11lJU~.:JU1.:J\9i~ lJtJ~"'ff£j\PlVl~U tl1'J~~9f:JJlll ua~tl1'J'V'I0;j19i1 
Q d .J. 9JQ 

4. fll'J1 ttl 'Jl~Vlll1~ IllUf!.la m~ 'VIlJ'VI1'l ff.:J U 1 \Pl a fl lJ 

o "" .1'" ~ ')) d Q .: Q. , 11) '))., ')) ""'" "".l! ')J
~1!'W'Wfll11J'.i~!lJU 1>1 a m~'VIlJ'VI1'l ff,m1 \PlatllJ'VI tfl\Pl 'U'W'illflfll'Jf!.l a 191 Uf!.lU· (J ~lJO\Pl\Pl1(Jm 1lJ11i'.i~ IlJ \PlWO\Pl1(J 

" 
'mll 1~(J1~t'VIflUfl1tml~"jUlJlJll'J~!ij'Wl9laO\Pl.um'lf1191 

.................................................... 
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0% 

'lion olilU li1l thiill '1hiivlFl 'lil,n'h" 11~'\'If,.) thu d'1miS il" d'1~"''' 
ihtl:ll1o)" lhli1l 

.dl I ~ ... 1 ~.c:! .d 0 G) 3J.::'1 QI GJQJ oC:l. 

~lflfll'Hl'fl1:l1'V'lU11 'V'lGIHflfl\9l':iu':i~tfl'YI'IJ11lJfl11lJt'Hm~fflJmfl'YI"l~ ffTH':iU ~'lftu'U1\9lq~U ~'U 

fll':i 19ieJ (JeJ~ ffTI'I'JUfll':iNil\9lUN'Ul(J 1rl'tl~U~\I 1~(Jil\lt !rl";h~11ii~~t~'U~1'Ufffl(JfI1'V'll'Ufll':i t'V'll~tJ~m~~u~ \I 
, " 

Cl "" "" <!I ") 91"" '''} "". I 0 "} 91"" "} "" 0 "" <!I 
nlJtI\I':i1f111\9ltl~Ut'\HleJ ~'lf'YIeJ(J ~'U':i~~Uu1'Ufltn\l 'YI1 ~l1lJfl11lJt'HlJ1~fflJ ~'U':i~(J~(J11'Y1~~'\..I1m'V'l\PJJ'\..I1t'V'leJ

q OJ 

l,*l..rtJ':i~1(J'lfU 

"" '''} IIJ 91"" d 91 "} "" 
2. Nflfll':iNfl\9lUN'U ~(J !lJeJ~U'IJ\I Ufl~\9l'U'VJ'U ~'Ufll':iNfl\9l 

I 1 'J/ 'J/ 

~flfl W~'IJ eJ\I Nil\9lJ1W~Vi 1~~1 flfll':i 1'*'1"11\1 ~11til'Ul\9lq~UN 1'Um':ilJl1h~tD~ tVeJ ~1(J1 eJ 111 'V'lui 1iin1eJ 

fl~t~(J~~flflW~~'Uibu~\li1(Juii':ieJ(J111rl'!i1'U\9l1l1i!~!n~~lflm~u1'Ufll':itl~~eJ'Util'Uu1\1u1t1W ~\I~tJ~ 3 

eJ tJ ffnfll 'U fllm il\9l~ ri'lfit1J~'V'lU fieJ 1'Ufll':iN il \9l~eJ\ll '*tJ ':i~ ffU fll':iW Ufl ~i1flfl ~ fl11lJ 'lh'U1t1Jff \I 
q u u <u 

1~ml!'V'l1~ fll':ifl1UfllItfi ~eJ\I ':i~tD~!geJ~1(J1m.hvlll..r!i1'U~eJ ~1n~1'Wfll':iN il\9ltil'Wtl~l\1mfl
q 
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~U'fJUiu fll'H1ilI9lUNUit!'~-a~u~,;j iU'Hwi.ot!tl fllU1W 'illf1\!t'l~1'illf11ffYJ~ 111:tJ1t~'W119l Q~'IJ 
~lUH iUfll'H.hru'Wfll'j Ut'l~'Yli''V4t!lm~\lfIifl'll l\Omi:w111~U'fJU~1i,*~lt!~t~U~'W'fJUtH~ '~Hfi ~'W'fJlJ 

. 91 ,,;'" 1 91 91 ,: .A <V .A '19.1 'I I 

'illf1fll'jt'l.;j'fJumU'Yl~lJ/ H.;jlU I9lU'fJU'illf1fll'jt'l'l'fJUff'jl'1/CJ1eJlmfN'ilml'V4eJ &'If.;jllJ &um~'lJ1Ufll'jI9lH'l 

lJlftlU1W~1fJ 'V4'IJ';h'llJfll'JNilI9lHNU'lt!i~tl~U~'1'1lUl~fl11'1 30 lCJ1lJ~llJl9l'j £111 30 lCJ1U~LlJI9l'j 'VIUl 3 
I 	 1V I I 

iJt'lilllJl9l'j fl11lJ'VIU1HUU 1.2 g/cm3 thUH'I1UVii,*~H6':Hnfltll9l'jl~lUH,jU~hYi 160 'IJ1'Yl~tl1lJ til 
'l"Hh~ ~UI9lt'l~ 3 'lJl'Yl 'il~ii~U'fJuilJfll'jNill9l'j1m'Yilfi'IJ 26.28 'lJl'Yl ffl:tJ1'JflU(Jm~uff~ri1UI9l1lJ 

"l' 	 '" 9.1 '" "I"; "i' OJ 9.1 ='1 ";'1 9.1 9.1 'I '" 1 '" m)!j'IJ1Ufll'iNt'l19l t~~,;j~u'Yl 4 &~Clm~'lJ1lJfll'jeJ~'ieJUluUm~'lJ1lJfll'i'Yl !'lfI9lU'fJ'W !Ufll'iNt'lI9l~'1q~ ~UlJ 

\!t'l~1'J1lJl'Yilfi'IJ 10.42 'lJl'Yl~eJfn'jNilI9lUNUi£l'~-a~U~'1 1 UNU fl~t~'Wff~'t'bul'Yilfi'IJfeJ£lt'l~ 40 'IlfH 
V <V" d,.C':I,di. " 
I9lU'fJU'YI'I'VIlJ~'Yl!fl~'IlU 

htl\l::nnmnnUfm 
tiRtlr:unm'WI: (5 Ult1~ 19%) 

~mtll:nnm~UU!I'I11 
dMilu (10.42 mH. 400/0) 

.l'fll~flfun:tltnUrm 
'I"l9RId~'ltitU\h 
(J ,47 Ul". 28%) 

ftUW!U~lnn'U;1J'Wn~lilu 
(1.671"'0,6%) 

lufl 4 ~ll'iJ'W ''W rn:l Nil\llUNll'0irl'6~u~~hhl111iiUUllfJfllllllJm:::'U1'Wfl1':1{llfl1':1Nillll 

3. 	 Nt'lfll'i'YI~ ffeJ'lJflW fflJU~'IleJ'IUNUit!i~-a~u~'1 

'illflfll'i'Yl ~ffeJ'lJflW fflJ 1J~'IlfNUNU'(I'~-a~U~,;j~ '~'illflfll 'J'j~tU~1~ij~1(1 iij,}1~'i~~'lJfl11lJ 
Q.I 	 QJ ~ I I G] i i/<v ~ 411) 91 ~ A dGi Q,I 

~U 2.0 MPa 1It'l~ 2.4 MPa ~'119l1'J1'1'Yl 2 'V4'IJ11I1NU!(I lJeJ~U'll\l'Yl 1~'illflfll'.i'i~l'IJ~Wij'Yl tU'i~~'lJmllJ 

~U~ff '1f1';h 'i)~ 'lflflWfflJ1J~~~fr:h ~,;jfl1~';hiifflml9l'illflfll'j U(lflij,;jflll'i~ flij'IJ~'i~~'lJfl11lJ~lJ ff'1~lJiiNt'l 
'U q '\ 	 'U 

, 9.1 	 1 i 9.1 ,J "'i 0 "I 9.1 I "I '" 91 OJ d";", 1 9.1 t '" cl
'VIffllJ1'iflU[lmCJ1t'l~ t'lffeJijfl:tJ1 ~:tJ1f1'1lU 'il'l'Yl1 t'VIUNU !£1 !lJij~U'll\l'YllJlCJ1tr~ t'lffUmJfl11lJfl11lJfl11lJU'Il,;j 

,J '" 9.1 "'i r: OJ.A r: I i 9.1", cl ,JI 

UH:tJ1fl'llU 11t'l~lJfl11lJI9l1U'YllUfll'j~~CJ1l1m Ut'l~fll'j'V4ij\l19l1111ml'lfUl'1lij'lUNU'(I lJij~U'll'l:tJ1fl'llU
~ 	 . 

19:~1Jrn111~U'U 
~~Sln: 

m11g:!1J~!tItlmtJ 8U1thg:!ill1m111~iX81J 1It111. 180-2532 

2.0MPa 2.4MPa . 
i'l11lJl1U1UUU (glem3

) 0.80-3 1.2 1.19 1.19 ." .G ., 
fI11lJU'lI-3UHFlFl (MPa) 20.933 32.733 'lJU6l'Jfl11 38 

lJ6~afffiFll1~U (MPa) 7095.46 13097.83 
; .:9:; 
IflTf'(!9il9t:1JUl (%) 53.15 37.37 ~iiU '.0." 4<l . "CIJ t4, ~ 

fl1'j'VHH~1!lJt)U'lttl1 (%) 37.96 26.02 'tllfh.! 'jeHJ'fI~ 30 

::nS81SlnFlTuTaEiQCl81l1nssu uri15nEJ18EJS1UrlQchl.hO 
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~ tu t'l'1I1J~ 'lJ tl-1 m-i 'U if! '~5~lU~-1~'~'illflfl1~ VI flt'l'tlU ,rltl tl1rh:JJ11t1'1 t:J'U '11 f!U ftU:JJ1~ ~ilU 
f , f" 

1'-1 ill9lilwcvl'fJ I9lt'l'TH mnJ 180-2532 'WU'hUN'Uif!i~5flU~-111Nil~'illflfl1~'J~dJflltitl1111~t'l'tln~~'Ufl1lll~'U 
" . 

ilu ij~Wt'l'1I1J~~lUfl111lU~~U'J~~fl~hfl'h:JJ1I9l'Jil'UNil~iltucvl'fJI9lt'l'111m~1I'~fhHUfli1 fhU~Wt'l'lI1J~ 
~ : OJ..! • ~ t .::! ,t:! 1, lII9JQI d d ~ ~ d QJQ 

fl1'j'~flC)fll'U1 U~~fl1'j''Wtl~~1111tlU"lfUl 'W'U1l1l1'Wt:J~UNU tI !lItlflU'lJ~VlN~~'iI1flfl1n~1'UflWtlVl'J~flumlll 

, . , 
Q g}..QI ~ Q Q t I Q..I .:::l<={ 

I'Hlm::::VI'U'YIl~t'l"Unfl~tlllVl1flfl'illflfl1~~H'~1If11'J1111'Y1lfl'U 2.5726E-03 Pt m~'U1'Ufl1'JVllI 

fhN~m::::VI'U~~'ilfl;}tlm:::'U1Ufl1'J5flftl'U ij~l,'VhftU 1.3897E-03 Pt flfl,rJUfffl~buf()f.l~:::: 54.02 'lJt'l'l 
~ A ~ 

N~m:::Vlul1..:Jl1l1fl 'j'tl~M:JJ1;}tlm::::u1Ufl1'J'J::::liJflmtl~1t1'mll ijnilftU l.i099E-03 Pt flfllrJ'Uffflri1U 
" " 

ftll'.m:l:: 43.14 'lJtl..:J~lN~m:l::VlUl1~l1l1fl Ut'l'fl..:J~~~lln:j11 3 U~~'j't111 5.. 

..,I I•
f)~:::'l.Jl'Ufl1~ 'tt'Ul£J fllNi:Ul~:l:fl'I.J «~«l'UNI,lfl'.i:l:fl'I.J 

, 
~fUJVCJ'lJU1~ Pt i\ 0.000/< 

'" A , 0 

'j:;m~WV~1CJ f)'\.n Pt 1.1099E-03 43.140/< 
. " 

lllUNlIlfflllCJ Pt 5.9456E-05 2.310/< 
v <I 
f)~WlI 1.3555E-05 0.530/<Pt 

t1~'jf)1I 1.3897E-03 54.020/<Pt 

~1i1 2.S726E-03 100.00%Pt 

NRn'i~'U (Pt) 
1.40E·03 

1.20£..03 

1.00E..(I3 

8.00£..04 

6.00£·04 

4.00£-04 

2.00H4 

O.OOE+OO 

1.3897E-03 
~------------------------;=== 

.JL-------,------,....------,--------;------"1 

Q t/ t £!:); t l1J 3JQI d 9J ~.::'!:Id ~ 9J.<:":t ~ 
'illflfl1'J1!ml:l::11 'WU11i'Ufl1~N~\?HLNU if! 11ltlflU'lJ-1~1(JTli'U 1flflN~m~VlU ''Ufll'Ufl1'J1flfl'W1:I 

iu~u~ri-1N~~tlll'41:16 (Human Toxicity to Soil) 1I1fl~'ilfl ij~lN~m:::VlmYhftu 1.1979E-03 Pt fl~lrJ'U 
" .

ffflri1'Wftltl~:l:: 46.56 'lJtl..:JN~m:::VlUl1-:jl1l1fl ~-:j'j't111 6.. 
. . . . . . . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . 
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,.uu...,~u (Pt) 
1.20£-03 

1.20E-03 .,.---------------------------- ---­

4.00E-04 

2.00E-04 

1.00E-03 -1---------------------------

8.00[-04 -1---------------------------

6.00£-04 -1---------------------------

t--'==-------------------------

0.00£+00 
O.OOE+OO 

CD g; ;J: s;'~. ~ '" R'" 0 =e: 
'g-
:i ~ i ~ 8 " Q. 

!!. l!. ~ r ~ ~ if ~ !i ,i' ~. S' S'g g ! ~ e!. ~.IS 5: o... !!. ~.~I if g. ~.~ 
~ 

'" ~ '" ~.. <1t ~ ife. 
g If <> 

'LI'$::ln....,.,.An'$~u 

I J' !II 

ltlil 6 1l11J1Wflt1m:;'i'l'lJ'i'l1_3a'l1l1~i\'61Jil!ftVl;j'IJlwfl1l1:;1ft'i'l'lltl_3f1t1m:;'i'l1J 

, W' -=:I I , Q,.I 

fl';j~'¥llH'¥llfll1 2.48E-03 Pt Wood board llmr"H'lfl';j::J'¥l1Jl'¥l1fll1 1.58E-03 Pt Medium density fibreboard 

iifllW{;'lfl';j~'¥l1J!'vhfi1J 1.10E-03 Pt Particle board iifllW{;'Ifl';j~'¥l1J!'Vhfil1 7.73E-04 Pt ~'lUff~'llu~l1~ 7 

f111~UNU '(1'l1't1~U~ \I~'~'illflfl1~111Uf11n~!ij~!g~~'JCJ1~Jl1,rfllW{;'Ifl'j~'¥l1J~~ \I fl11 ~1.ij£Jm~11ii 
'JJ 

ffl!'11~!fi~'illfl !'Vt'j'1~ lufl';jnJ11if11'j'wiil9l~1(111if111il1~'Vta\l\llu1rHhtrlu ff1U rllfltylu111lJ1wlJ1fll~(I1U 

flTmiil9l'Vta\l\llU 

3.00E-{)3 

2.S7E·03 

2.50E-{)3 

2.00E-{)3 

1.50£-03 

1.00E-03 

Fibreboard Mediluu d ..... ityfibrebo ... d Particle board Wood board 

..................................................... 
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1~fll'111:1':nJ'i~1'VIfl'i'VI(l~rf'j~(l1~lrJU~lu"'m~a1Um'i11fl'i1~,"1.h~lJ1aNalummlJ lhrfl'hlw~m'iNii~mfl 
~ 	 ~ 

'Ma1mllrci~VHr~~lU'Ma1(JUlJlJ11~'il1flU'Mrl,',lVf"'~,',I1Uff~mfl !'lfU V'li;l~~lU\.I1 Vl""~~lUfl11lJfel'W'#i'iIlf1Vl 

'i1lJ~~U'Mrl~Vl""~~lU~lifll'irlOlJaill'hl'll~ lW Vl""~'11Uihuliu ~~lmrl~Vl""'1'1iU1Uri"lUifli~flri1U 1 'Wfll'iNii~ 
1uu'i~!'VIfl"UU1lJ1WlJlfl ~~ ri 'INa 1 ,n~~lNam~'VIlJl9i fl ~~u1fl~fl lJ~tfifl'il1flm'i'1~~fl1 '11..1 U1lJlW~'ll 'I 

tquNafll111lU 

'il1flm'iflfl'hl1l~0r1fll~1:Ifl1~fil~mh'Mi'lJNii~lrJUUNU1(1l~efl ~1m'VIfI'Wfl AHP VllJ'hw"lflfl'hl~'i 
• 1 'jlJ::I1 <!I dlJ( 'jlJ., '" 'jlJ 	 "" • 'I ..i 'jlJ", d 'jlJ """ '" 
u'i~Iil'VI'll111uU'VIl~taflfl'VI ~fl'im~fllJfl~UUU'll'lt1fl fl1Ufll'i'VIfla1:l~fll'iNa{9JUNU!CJ lJ1:I{9JU'll'l{9J1(Jfl'i'ilJ11i'i~tlJ{9J 

!rlfl~1(J1m!1 VllJ'hNii~fiw~~Nii~i~ih;fl'hlW~lifoa~1~(I{9Jlfufhu~~5(JlJ lh.h'\1'w1J1~9J{9J'il1mfl(J1'M~~lflfl'il1fl 
QI 9J ... I GJ Cl ~ 0 QI 4 3J CJY-I c' \lI 0 CJ 

m~lJ1UflUfl{9J'i1:lU 1:Iuff'i'ifl tUfll'iNa{9Jl1ff1fltu flfl {9JO'l ~'Du'i~fflJfll'iW Ua~'VIfl'hl~m1lJ"lflU1rnff~ ~Ufll'ifl1lJfllJ 
If tI 	 ~ 'CU q 

'" 't 'I. 'jlJ d! '" d! 'J) lJ( 't • I d 'jlJ 	 """ • "" ... " 
fll'ma~ l{9JmllVll~ lU{9J1Ufll'ifl1lJfllJlfl'i1:l'l'i~llJ{9Jl(J1:I{9J1(J 11:11..11 u'i~lflU{9J1Ufll'j'VI{9JfffllJflWfflJlJ{9J VllJ11~a~f1WCVI 

q 	 • 

~Nii{9J'il1fl1~fil~lJ~N1Um'i'i~tiJ{9Jtrl1:l~'i~~lJ 2.4 MPa ,,r'lWfflJiJ~~~~t1fl lfl(Jli~lfl11lJU~~UH~fl 
~ 

QI.C;i, 	 ..::20 'QJ QI

32.733 MPa lJ1:I~afftl{9J'M~U 13,097.83 MPa m'i~{9J<:]flJU1'il1flm'i'VI{9Jff1:l1H'VIlfllJ 37.37 % Ua~'tl~'ilm'j 

Vl1:l'l~1 	 26.02 % m'i'VI{9Jff1:llJt~{Hm(J1H.yj(JlJfilJlJl{9J'j~lUNii~fiW~~{9Jff1'MmnJ 180-2532 TllJ1iN1U 
rI 9J QlQ .td ': Q.I Jt I ~ I 

lflW CVI ~llJlJ1{9J 'j ~ 11..1 ~~ ffmm 'jlJ mTll~fllU'lW fflJlJ~ m'i~{9J<:]flJU 1 ua~m'jTl1:l'l~11lJ1:IU"lfUl'11'tl'lUNU1(1 
• , • 	 SI 

1~e{9JU~'l.yjNii~'il1flm'i'i~!iJ{9JtOfl.yj'i~~lJmllJ~U 2.4 MPa Arhuu ri1U~lUfl11lJU~~U'.i~fJ'Ili'lWfflJiJ~ 

~11..1 fl11lJ U~ ~ U'i 'I ~{9J~1 fl11lJ 1 ~ 'j ~lU~~ ffl'M fl'j 'jlJ 19 mY1:1£1 ~~ li U1..1 TV! H~ ff1lJl 'j t1-Wmu lUi'lJU ~ ~ 
iJ 	 • JJ J1 1 

'lW fflJiJ~'111:1'lNii~fiw~',r'll'1~Ui.~ milt'lfu fll'i 1riffl'itilllJ'lWfllVl 'U'uU{9J1:I'Ufl1'jNii{9J~u1U 'M;'6fll'jlilllJ 
.1'" .1 ...'" 9! 'I di.'jlJ <V '" d! ~I" .1 d 'J)

m~lJ1'Um'ju'jlJ1J~'1'lWfflJlJ{9J'II1:I'Ilff'U ,U'VI {9J'Ma'l'il1flfll'j'j~l1J{9JWfl luU~'U 1J'j~lflU{9J1UNam~'VIlJ'VI1'l 

~'1U1{9J~1:IlJ TllJ11 Nam~'VIlJI9i1:l~'1U1fl~1:IlJ~lflfl~'U1ufll'.iNii{9JUN'U1(J'~eflU~'1ii~11"hfilJ 2.5726E-03 

Pt·1{9J(Jm~lJ1Ufll'.ie{9Jf1:J'lJNii{9JtlW~lrJum~lJ1ufll'j~rl1:l,,rlflflNam~'VIlJ'll'lt1flmfl'l'lflm~lJ1Ufll'.i lifil 
Q ?I Q) f 9J 	 ~;:I -=! • q tiJ!J}QI d.d ~ J

Nam~'VIlJflfl!U'Uff{9Jff1'1.,\'ifl(Ja~ 54.02 '111:1'1Nam~'VIlJ'VI'I'MlJfl fll'ilU'.i(JlJl'VI(JlJUNU!(J IlJ1:I{9JU'II'I'VINa{9J'IIU 
QI .eo. Q.I cf'4 I' '1 \11 'JJQ.I d d t:!\ & q 9J • ~ 9J d. 4 e::l QI

fllJNa{9JflWCVlflU TllJ11UNU £I IlJ1:I{9JU'II'I'VINa{9J'IIU 1'MfllNam~'VIlJm'lff.;jU1{9J,mlJlJ1fl'VI'll.:tt1{9J llJ'fH'VI(JlJfllJ 

Fibreboard, Woodboard, Medium density fibreboard ua~ Particleboard 

, ~ ~ Q.I ~ Q.I t!Q,I lIJ v 1lJ 9J QJ .ct ~!iI 
[1] 1'.i1i'i'.ilJ tlU'iI~~"lfU. 2550. Na~flWCVl1ffli'J'VI{9JU'VIU IlJ'illfltfl''hl &lJ Ua~1ff"Ii'Jl'\1afl &''If'VI1'lfll'Bfl'hl{9J1. 
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