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Abstract 

The research aimed to design and develop rice straw furniture to increase the product 

value of rice straw. Different rice straw was assessed in terms of its physical and chemical qualities 

and of its market values. The data will be used to guide the design and development of rice straw 

furniture suitable for daily use and to pass the industrial standard, TIS. 662-2530. 

The researcher studied and analyzed rice straw composition by adding different digesters to increase 

the quality of rice straw. These included the pulping of rice straw in Formic Acid, Acetic Acid and 

water as well as the grinding and mixing of rice straw with wood chip and paper. The result showed 

that the pulping of rice straw with a lid for hour and a half was better digested than when digested 

without a lid. However, there was no significant difference in solution digestion. As a result, the 

researcher decided to lower costs by using water to ferment rice straw overnight 

After the rice straw was digested and dried, it was smoked to remove bacteria. The rice straw 

underwent a cementing process in which different types of cohesive agents were used (latex glue, 

paste glue, rubber glue, resin mixed with hardener and other types of glues mixed by the researcher). 

The results showed that the mixing of rice straw and resin, which was compacted in the mould and 

left to dry in the room temperature, yielded the best results in terms of strength and resistance. 

Research 'was then carried out on consumers' needs for rice straw furniture. The result showed that 

consumers were likely to use rice straw for chair production. The researcher used this data to design 

a blueprint for a model chair and then asked consumers to report satisfaction levels with the 

blueprint. The consumers rated the blueprint of the chair at the good level. The same blueprint was 

later sent to be evaluated for industrial standards. The model was granted the industrial standard, TIS. 

662-2530. 
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"" .1 ""~'!V '1 'J),. 'J) 'I ~ it d "" ....
fl1111 'I1:IJ Vll'1f1'~lJ~ !Vll1~11uty'VI111 tIl!GJr!fI1'1 ffl1'1 A'VI:IJlflt'Wflfl1111U'IJ'IH1'1 'il~!fl\Oiff1U1'l1'1fl'IJfI1111\1111 

Ufl66 flU 'IJ'IJ'il~ c116'1!~ u~~'Im lR'I ff6 'I R'Irll.o'l1116~1Ufl11:IJVlfl~ bhUfl1111H~'IU';i 'I 'IJ6'1911N~l9lfiwcn!6 'I 
~ d~ ,ed • d:I G) ~QI Q,I ~ 31 G]:V ~ Q,I 0' , 

U U fl'IJU 6~VI fll166 flU'IJ 'IJ ltJn'lU~~fll'j t~6fl AGJr1ff~ U~~tJl~ fl6'IJfl'Uflll fl'fll:ll'IJ6:1d(;1flll ~GJrN t'l\91f1WC)'l11 
~ \V ,rQ.l I 3J Q) ~ OJ .t:!i liJ .4 i ' .J.! ~ !V

N(,'l\91f1WC)'l\Oi'l fl (;111\916'11'IJU 1'VI Ufl'VI16m~'VI'IJm ~U1'l fl6~ ~1'V11{) 11 'U'lJW~"lI'I1U flfl'l \916'1V1fl~{)\ltJ 1~flfl 'IJ 

fll'.i66f1U'IJ'IJ itJeII1~ U~6~1'1 h~19l111 fl1111U~\lUH'lJtN lf1Hfff1\1'V1l6911N~\91i1wcn Uflfl'illfltti6fll~ 
.1 .... 1 ~.,1 'J) Q! ~ 0 "'l .,. .1 '"' 'Q! lif.I!II
lJ1 ~!f1V11ff~ fl'j.:j ff1 1'lVlmlJ1~ff:IJU~1tJ'I\916'1f11U'Itl.:Jfl11lJ u1~'VIf.Jflfl1'IJ'!}flU ~lJ\Oi1tJ 

3. fl1111ff1~'1111 
'" ., 

N~\91i1wcnlUQfliJ 'il ~ lJUU fl1111 t'l'1tJ'Ill1U 'IJ"hiifl11:IJ rll i'ity iliv'l 'VI ~ fl U i tJ fl11'V1ti'111 l~ff{) m~tJ 
~ 6. d 0 'I !II '" QJ '" "I J( Q! 'I r 'J) .,1, ~ ... <!I lIJ ''J) 'I $I}

fl1111ff1~'I11l'il:;:ttlUff'l'VIVll Imfll9lflll\91\Oit'l'U t'il9$61Vl';il~lI):VI'IJ ~'il ff1U'VIU11'l GJrff6tJ'il~fl'VIltl !1I\916'1 ISJf 
'" ~ <!I 'I ~.I it d ",!II • '1 $I} .,1'1 ~ '1 ~ ~ ... "".,,, 1 

11(;116m:tJ~'VIU'Iflfl !SJf !lJt':ifltJ"l fl'il~!flfl'IJtl'IJflVl1fl'l !U'VIU1V1 AGJrfffltJ Am'VIU.fIl~'VI~'I N~\91f1WCVI'IJl'l6tJ1'1 

'" ~ :v dGt 3J J., I":::::' Q,I ,r:I .d 4 1 tI t I ~ tp,l .q 

fl1111ff1~'1111flfl6 'VIU1V1 !GJrff6tJUUm'l !GJrU N~\91f1WC)'l'IJ6'1V11~(;1fl 'IJfl'l GJr1\91flUI9l'l\911'1"l 1l]f'l~9$6!flflm111 

lh::: 'I1'IJ 1'illUfl111lff1~-:Jlll'IJ 6~N1ll9lfiwcn fl11:IJff1tJ'I1:IJ'il~tflfl:lJl'il1flR 'I ff6 'I R'I e111tJf)U~;j6 ltJ-i1'1 (Form) 

U~:::ff (Color) fll'Hll'V1Ufl1tJ-il'1U~~ff lUnU66mm'IJN1l\91fiwC)'l1lim1J6Utl'IJfllHll'V1Ufl ':ill-il~ ff iell 
~ ~ 

• ~lsalSlnFlTuTafiqCl81nnssu Unl0nEn8flS1ljrlbalLho 
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!II.d1 	 "'i "" '" I "" III "" IIJ IIIJ !II 0 £'ft III .d1 III '" 
~ llJfl11lJ'lHI 'U fl11lJI1:1'fl'U flfl ~'U f)..:l'U flf)f) flU'U 'UU~ t'Wtl..:l~t~U1 IlJ I~1111lJ'U~ f)..:l U~ 'Uf) 3;dTlU Tl~ fl~ tflW cyJ 

.1 I "" '" , III
N1:1'lJN1:1'l'UI]J'jl..:jUTl~'i:1''i:1''U 'Hl'I1lJl~'i:1'lJ 

f)'j1'i'iW l1'b'WlJl~~ (2550) 111flNTl-a1'i11l'Uf)~f)'ilJri~1'i:1'~lJfl1'iUUI~'i 'W'lrh 'U1,r11~'~i''U 
..:::., 'jJ 4, ~ <V Q ~ ~ 'f QI ~ c:v 0 9J

NTlNTl~'Ul1tllTlf)fl 1,000 fllTlfl'ilJ 1l~lJlI'jlJ1W'rJ1..:l'U11 'Ul'H'Uf) 1,300 f) lTlfl'ilJ 1~U'i:1'llJl'ifl1-.n'rJ1..:l'U11m 
Q.I cd 9J dc.s: ~ 'j) 1l\'!\1 1.rJ 51 0 ~ t lI) ~ Ij}QI QI 	 0

tlliuil'U'rJ1..:lflf)'U'YIlJ'U1'H'Uflf)tl'UTl~ 20 f) Tlfl'ilJ 1~'il1'U1'U 65 fltl'U 111'H'U11:J !~'i1f11 f)tl'UTl~ 15 Ul'YI 

o "I !II"" IIJ lII.1 	 I "" '" "''''' ..I III ,!II 0 11).11 !II ~I <:V m mlJ'ill:J 1~]J'i~lJlW 300 'Ul'YI U~'H1f)lJf)1'j'W~'U1fJW'i:1'lJ'U~'Utl~l"tl,:j'Ul1 'H'i:1'llJl'ifl'Ul m 'b'1]J'U1a'~ 

., "" A"l!i!'l"""".1 0", £'ft.1 't", d oll).llII II)lII• 

'YI~H'YI'U11:1'~nnJ'b'1~ t'Wf) I'b' ''U'b'1~]J'i~'il11'U fl1~1111~tlJ'U]J'j~ !1:J'b''U~tltflll~'ifl'i'YI1l~'U11]J'i:1''i1..:j'i1U !~ 

mfl f) 11f)1'i1-.1l '1I-a~'U lUl1aH1f)f)1'j t~'Ut~U1 

.., OJ 
mmtU'fhlJ.un (PIt! ) Rice straw (Tons) 

'il-3'H1~ 
2544 2545 2546 2547 2548 2549 

""L'lH.wnu 38701 41875 63224 69615 61978 71337 

'VtZWl 1587 1672 1117 1053 1059 1123 

~Tlh'l 5071 5033 5677 5309 3629 5281 

~1~'U 2162 1576 1466 3037 3188 3362 

I:JU~ 24550 14383 15935 23874 20456 22046 

'Ul'U 2972 1508 1225 1806 312 1120 

"" 
, 

f{ fl '.i ,lI'l t) 100499 77044 70837 77570 ·95772 96732 . 
u'Vt'.i 1050 917 1353 1352 1864 1905 

f d 3J 
1. 	 H'HTl..:l'YIm'UtI..:l'Utl3;dTl 

..:l1'U1.o1:Jrl'~'U,r'U!'~f)~WJ'U1Ni1~fiwCl'i't'rJtllulllf)lmf)'rJ1..:l1)1~ ~-31l11rJ'U~f)-.1flf)1l1,rf):Iq!Tl'llf)-311:1'~ Hti~fI11lJ 
'JJ III "'1 ~ 0 ""''''' "'i IIJ 11 '" ,1
~f)..:lf11'i'Utl-3~'U'i f1f1GJf-3ff1lJ1'iflfj)lU'Uf111if11'jflfl1l1 L'I'l~..:j'U 

'lli III 0

1.1 	 U'HTl-3'Uf)3;dTl~1'Uf)1'j'i:1'n11l 

• 	 -a1'i11l~'Ui,r11~Ul:JlJlI~f)'YI1..:jmfll'l1i1f) 'Uf)-3tT'U61J11.ij~'H1~U'W~ 
• 	 ff1'i 111 'i:1'i1~11~ lJ 1W 'rJ 1..:j 1)11 'U 111 i'..:j 'il1f)f)1'j ii~ 'U 1 fl 1'j 1~tlti ~ f) 1 'i.o ~ f) 1'j'rJ 1-:1 1)11 

1~t:J1:1'tn1r'U1.ol'JnTl~ii~'U1uri-:llJm1'Y1l:Jlal'Jtflllmfl1'i:1'~1 8 .ij,:j'H1~fl1f1l'11i1t1 
, ., 

• 	 tiu 1'lHl1fl f)~ lJ~'U~lf1 fI i1UtllJeMtlNa ~fiw Cl'i'ffUfl111~ fI f) 'j 'ilJ l'rJf)lUlIiHJl 11 ti ~ 
'IIf)..:l~ml~·nr1U'U.ij..:l'H1~t1~'i~~t1 1l1U1'U 150 flU 

• lII' 
1.2 	 U'HTl-.1'11f):Iq!Tl111f)1l'U'Ufftl'UtnlJ 

• It •••••••••••••••••••••••• It ••••••••••••••••••••••••• 

:::nSEnSlnATuTaEiqClEf.lrinSSU Ut"i15nrnaEJS1t:iJ'1QEhlJ10 
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!~m~'WU'W'J'VI1"l i'Wfll'Hlil fl U1J1J Ul:l~rr\w'W1Na91fttucri' 'illfllil"leirl'l l~tJjil'l1'W~fl~1J~'Jilal"1 
;/il ~1Jnflfl~i!CJ1J4ilNa\9lfttucri'a'WflTH\9I1Iml1J !liil1i!Llm1 "IJil"l91flU~"IU1'W''W')-1'H1~~\9I1~\9Itl 150 fl'W 

~ ~ 'I SI "" ~ 0 I "" ~ ... .,1 " """ r ~ 'I ... OJ "''' 'illfllij!"IJ'll"lf1Jl fll1'n'W'ill'H 'W lfJ ff'Wfll'H\9I1Ifl1HI, !Tlill'Wl'ilil1 U l:l~"IJil"l\9lflU91-11J 1'W t 'W'il.:J'H'J~~ \911 ~ \9111 
r <II 

"lf1.:Jt1l:l1 6 !~il'W ( fI.tI. 51-fl.'W. 52) 

1.3 'l1'il\!l:l'illflfl11'V1~t'lil"l 

• vilf11'j'VI~t'lil-1~'J(JfI11isNti1'WNfftl Ltt'l~1nfl11~1-1 IrJ l~m~tlf.ltufftlli~i,r ft1Jlil-1'l1'11 

, 0 lIJ.1 'jJ ..9 i ..1 ""'" "''''' !''If'W fI11'W1 tu\9Itlltlilll1J1J Acid pulping 'Wffl'jl:l~t'llfJflHlT1il1tlfl (Fonnie Acid) m\9lil~91\91f1 (Aertie 

Aeid) Ut'l~Jl i'Wtll9111ti1'W~1-:) IrJ l~il'Hlmltll'HlJl~fftli'WfI11isNffl1t'1~l:llm~ill,rlil-1eir11 ~il'W~1t'1-:) 
l~ili,r~lCJ~ilfl11tl\9llil.:jeirl'l 

01SEllSInATuTaaQClEllt'lnSSU ut'l10nmaEJSlufiQallho 
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A <!I 0 ,.d,

2. lflltl'llltl'VI 'Wfll1V1l &ftHfll'J 

'jI .. '" ..d"" ... 0 ••1 'jI l 'jI
2.1 	 U'U'UfI'tl 'Utllll ft11111ltl'lfll'J'Uij'l Nt;I I9IftW CVI'VIl.Ift 111ll'l1111~ fl'1I fl'U fIl,U'W 1n1'1'U11111 G]f 

, • 	 , 91 

IViij'H1N~llftwenVi~ft1111!'H1I1~fI'lIfll'Jtl1'W1'1~111l11,* 11lfn11flln"tl'Utl111~ll;lftftViutJlIc}ftlN~\9IftWen 
Q 	 g) OJ' ......1 o'Q tI t IJ! Gt QI QI Q (/

fI''Wft1'H\9Iflfl'.il1l Intl1'WI,\Hl'J Ut;l::::'Ut)'1l91flUI9I'I'U1'W ~'W~'1'111~~\9I1~\9IfI 

2.2 U'U'U fl'ij'Ufl111 ft1111 t1~L;hJ~ tlll1 U'U'U'Uij'lNiillft W crl~iift'1111!'I1111~fI'llti'U fll1 tll'Vh'l 
'jI , 'jI A .1 "'..... ••1 'jI

'U1111'1 G]f l'Wtl'l11ilJU'UtINt;ll9IftWCVI'il1fln1'1'UTl 
c!! 1 ~ (V clcL~ ~ 0 "".1" Gt 1JI

2.3 	 U'U'U fl'tl 1.1 tl1l1ft111J 'W 'I'W tl 'il'U tl'lNt;ll9IftW CVI'VIlI ft 1111!'H1l1:::: fl'1I fl'U fll1'W 1nH'U11111 &G]f 
, 	 ," 

IYitl '111ft1111VC.:J 'Wij l'il~tlilhL'U'UNiillftwen'il1fl'Wl.:J~11Vitllfll'!itltlfl!!'U'Ullt;I~-Wm'Wl~'W 

2.4 	 flllf1'!l.:Jlft~ij'l~ij~l,*,Uflll11ltJ 

• 	 fffnn11ifn'JfI'!H Lft ~t).:J ~tl~i.,*1U flU 11lfH~ij i ,*lri'W II U 1'V1H 1'W fl11~H 
SI ... c;f' c!!" 

U'U'UfI'tl'Utl1l1ft111l\9lij'lflll, ft111lft~I'I1U U(I~mll1'W'I'Wtl &'il 
d Q .Q C\Q.I d d .Q cfde:tQJ QJ' 	 Q,I 

• ffflll1'YIt')1lt) Lijflfl'11 U'W1ft~Ut;l~nl"\1'ilU'YIlfltJ1fltlNt;ll9IftWCVI'VIlIft1111m1l1::::fI'llfl'U 

Q SI lSI 'jI t 0 c!! ......" 'jI dOl 31 A.I
flUU 1'WH'II111l1 'lI 'Wl ijll 'VI 'I VIlflllfffllllN(lllftWCVI'illfl'W1'1 '1111'V11H'ill'H U1U1l111'V1ij.:J\9I t;I l~IVfilfl'~lJ 

l1'i::::I~Ui.'Wfll1f1'ij'Utl111f11111~ij'lflll 
Q .1 	 'jI

• 	 fll'l1U~llJU'UtI'Uij'lU1J'UfI'tltltl1l1ft11111ltl'lfll1 
Q "" 'jI 	 'jI 'jI t 0 d 'jI .,f 
~ llU 'U fll 1 fl'1 1'1 U'U 1.1 fl'tl 1.1 tlll1 ft 111111 ij 'I fl1 'i 'W 1tlll 'VI 'I 'W 111'U 'U fl'tl'Utl1l1'V1 fI''i 1'1 'II 'WIfI''Utl 

"d.lc!!... "d.lc!! I A .... 1 1'1'1 
m 'ill'iU'VIlJ'i fl 111'Ht;I fl U(I~ij1~11 U 'YIlJl fl1:l111111'W tl \9111~ fl'ij'U U(I::::!fl'U ijUU~111'UlJ~ 'I IITI ~'U 

o I 'jI 'jI .. 'jI '" 'jI 0 I .... 'jI ... ..1 " "" ..
• 	 VIlfll'jfl'tl'Utl1l119Iijj)j L'Ul &<Jf'U'jfll'i'n'Um'H'W1UfI''UfIl'Hlltlm'j1l, !nij ';} UI~tl';} H(I~'Utl'l 

llflU~'1,r1'WiUll'l'l11'~~m~19I0 

2.5 	 fI'~tlN(I~lml'U'UfI'ij1Jtl1111~m~UUU1'V1Hlufl11tltlm'I'U'U U(l~-WmU1N~l9IftWcrl 

. 
ltlii 5 t)tlf1U'IJlJ1v1t)fU!~tl{~lf1'Vh~~n

/ 

c;f 'jI 

3. 	 fllllfl'Ul1'U'n1l'llij\lt;l 

tl1fll'iff1'J1'il'il1flfl'(l~fl1'i11~fl~11 ~lflN(lffl'i1'il'lltl'lmllrl'l!fI'111fll'ilflll~,;} 'W'Ul1 U1~11 . 	 "" Vi'~1'UN(lNiil9l~Y.lll1iitlfl 1,000 ;l1(1fl111 'il::::ii1111l1W'Wl'1~11 tlnnl'fl 1,300 fiit;lfl111~lfl'l1'W1l~'Yi1 
,"I.I'I 'jI ... 'jI 'jI i'jl "" 'jI 0 I ... P '" •.I.t.." I 'jI

U'U'U fl'tl'UfI1l1 &lJ &'lIflll j)j 1,\11 'lI'U ';} flU 'il U'ill'11U lUfI'U til 'H1l fll1 11, In tl 1 U! 'il ij 1 U(I:::: 'II tl 'I \91 flU\9I'I 'U l'U 

i U ll'l 'H l'~~ \91 1 ~ \91 Olrlij , ~U'U 'U fl'tl'U tl11111"'1'il ~ tl1flll1l'i 1 'il (l'ij 'U ft 1111(l'1l\!'i ru'll ij '1U'U'U (l'tl'Um11 U~t;I~il 'l1'U 

'il1fl1!U~'1tll~tl \I t;I~'~~lflU'U'U (l'tl 'U tl1111l1tl 1 fll'i11f111::::H l~ij'l11ft111l VC'l'W tll 'il~ tl i 11 U'U'UN iillftwen 
." 

'ill fl'Wl'l ~11f1tllfl1 'i tl tl flll 'U'U II(I::::-Wm U l~U 
' 

01salSInFlTuTaEiQCIffll1nSSU uI115nrnaElS1JjriQeill.l10 , 
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... "''' 4. fll~11f1~1~11'IJ6\l" 

tl'1-«fl \la~fffl1n 'D1fU6 myU"":;Hi!1,)tI~lrlU1.u'fl-nJ11m~ l:;"yua:;tl' 1Na ~,~'D1f1-«fl\l" fll ~ 
() ... I.d. 9J q d'd4 <v 0 lUI" i ~ I iJ 

a'1 ~1 'illJ lU lJ ~N" 1'Wfl Vll1lJ f111lJ \9Ifl ~ fl1'.i 'IJfl ~N" \91 fI
QI

f,U onVllJfl11lJ m lJ l~ fflJ fllJ fIl~ h! 11'11~ 'II 11lJl 'Jf\91 fl fI!:J 
t 

lJ fj 
"'1 t 0 tI 'QI JtCJ} 31

lJ ~ flfI 1'4 'JfllJVI~\9I'J1 '\'I a'fllJ'il1h! 1h!fl11lJ fflJ\!1f,U 'IJfl~UlJlJ ff6lJmlJU\9I"~'inJ lJlJ lull1N" 11'4 6a'11l 'IJfl\l" 

" " ~1,,:)'1 1~Ufll~tllh!1f,U 'YI1fhf60":;'D1f1il'h!1Lfln:;"yN" fll'JVlfU'fl":) ~1":) '1 11-3fll1Vl~fH)-3fll~clflU, fll~ 
" lh~a'1h!'IJfl~~1-3.u'11U":;fll'JVI~fffllJUH~'I UHfI~ ua~UHUfl'IJ1~ 'IJ6~ul'ih!'~t1~;nfl~H-«11 'Wf6lJl1~ 

fflllNafll~Vlmw'l 

ff1'j1'ilUlJlJff6lJfl1lJfl11lJ~~n1h!~fll11UlJlJ'lJ6~Nill9lflf,Ucrl~ijfl11lJ!11lJl~fflJnlJfl1'jtl'1~1":)
" ," i" "'" 0 '" • Al <!I AI"'II 11:1.1 1 'If 1'41 6lJ VI,,:) \91 'J 1'il ff6lJ '\'11 h! 1h! m llJfflJ\! '.i f,U 'II fl 'I U lJ lJ ff6lJ flllJ U\9I,,:;11lJ01lJ lJlU lJ 'j N"11'4 6 ffllJ 'IJfl \l" 

~1":)'1 1~tlfll1tl1h!1f,U 'YI1fhfmla:; 1'I1fll'Jff1'J1'ilfl11:1.1-W'l'Wfli ll~fl Nill9lflf,Ucrl~1'I1fll'J flfl fU!1JlJU"~vr~.ww1 
~ 9J ~ 0 ~ I .:It ~ ,Q.) 

'Ilh!1'4 'J 6lJ VI,,:) 191 'J 1 'ilfffllJ '\'Ilh!1h! f111lJfflJ\!1W 'IJfl 'I U lJlJff6lJflllJU\9Ia ~ 11lJlJlJ1Ull~Nal'Wfl fflll'IJfl \l" \911,,:) '1 

1~(Jfll'Jfllh!1f,U'YI1fhl11~Om'llflW\9lU"~fhLrlO":)llJh!:I.Ill91'J!1h! 

"'i 0', d i" tlQJ~QtfIf,Uon h!flU11f1'J1~'YIf11m"U 'lftflf,Uon~":)h! 

4 d 
4.50-5.00 l1lJ1Ufl'l lJlflVl'l~ 

4 
3.50-4.49 'YIlJltlfl'l lJ1f1 

2.50-3.49 l1lJlOO'l 11lh!flal-3 

<!l "1.50-2.49 l1lJlutH h!flO 
4 ~ d 

1.00-1.49 l1lJltlfl'l h!6t1V1'l~ 
<!l 

N0fl11~fllIl 

QQI ~ ef~OJ 11131 0 fJ} ctlJlP rI 
fll'J11ltlfl'.i'lh!N11ltl &~h!l'IJfllJaVl ttl1l1f1fll1fflJm'Wwua~\9IfllJUlJlJff6lJflllJ" .. 

QI 

., 
U~';lthlffh!flih!111UlJlJfll~lJ'J'JU11:Jl~tluu-3flflm~h! 4 \9I6h! fl'lU 

... '" " 1. Nafl1'j11fl'Jl~'YI'1l6'1UlJlJff6lJflllJmllJ\9I6'1fll'.i 

" d ...1 91 0 ~ Q 0'0 QI

"lJlJfffllJ fl1lJ f111lJ\9I6 -3f11'.iVlll ~'W 1 1'1 1..:j'IJ 111'11 fl1166 fI U lJ lJ llJh!Na I9If1W on 'il1f1 

UlJlJ fffllJ flllJ1'I1 i,f~fllt'W h!1f1 1 -3 fll'.iVl'.i llJ11flqlJ~lJnflflL~h!1'WfYl1tY'IlJlfl fI'hL'WfY'lf10 1~mhh!:I.I1 flijfll~ 

lJlflfl11 50 11 fllG)}'Wri1h!i'YIqj1'l1fl1~'W.u'n1'lffl1'.i ij'JlU'~ 6~'.i~1111'1 10,001 - 30,000 1J1V1 ua~ 
" do 'JJ od a-.QI fI'j/ef d 4~'3J .at ~Q

\91 fl'l fll'J'YI11 ~h! 1~ 1,,:)'11 l1lJ1V111ilh!Nal9lflwonlfllfllJ 1 flVI'l~f1~l'Uh! 'J t)(Ja~ 18.0 1fl '10,,:) lJ lf16'lfh!11'1'11 fl..:)fI ~ ,ilh! 
" : Q.I~~?l3J O(l;l

1fll:Ja~ 15.3 'lfh!11'1'Y1U..:j'ntlf1~1'Uh!1flOa~ 12.6 19I1:1.1a1~lJ 
~ rI .c::. ~ ' ... 1 Q QI <I 

2. Nafll'.i11f1'J1~11'IJtI'IUlJlJfftllJflllJfl11:1.1f1~mh!\9ItlllJUlJlJNa\9lflf,Uon . " 
UlJ1JfffllJflllJm1lJ~~,lth!~t1111UlJlJNil\9lflwcrl'h11fll'.itltlflUlJlJ ua~vr\PJlh!1~h!~1h!1h! 150 'li~ 

1l1f1UlJlJa'fllJflllJ 1'h1,f~fl11Uh!'I1h!1')U 'YI'.i1lJ11f1qlJ~lJnflfl 1~h!1'WfYl1tY~lJ1f1f1111'WfY'Jf1U 1~tlri1h!lJlfl 

ij61~lJlflfl11 50 11 t11G)}'Wff1h!1'YIqj1'l1fllG)}'Wfl1'IJ1t1 I ~'.if)'il ff11J~1 ua~ij·nl:J'fi'6d1~'YI11..:j 5,000 
<!l 'Ii AI d ...... ~" I ",d='I'" ...

10,000 1J1V1U"~Tl11lJ 1'4'11'4 tI t11 h!1lJUlJlJVll11J '1f1~1'Uh!'.iflUa~ 39.3 ff1h!lJlfl'lffllJUVlllJh! ff1i'.i'.i:l.l'lf1\91'1lfl'l 

~1":)-«11f1~d'Jh!f6t1a~ 30.0 '.itl'la'llJlfifliYfljlJfI~1~h!ftJfn'l~ 21.4 \9I1lJfllfllJ . " 
a. Nafl1111f111~"y'IJtI..:jUlJlJff6lJflllJm1lJ-W..:j'Wfli'il~flNil\9lflf,Ucrl111'11fll~flflmLlJlJUO~-W\PJlh!1~h! . " 

fl11lJ-W'l1'46, 11 ~fll11UlJlJNil\9lflf,U crl111'11fll'.ifl tI flUlJ mla~vr\PJl1J 1~h!t1~'h! 1~flm111lJ 111lJl~ 

........................ ., ............................. . 
~ 
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l:l'lJlllfl fl\9lt1:l'W~lm~~ (X =4.25) ff1'Wtfl~'mrWlJl\Ol';j!1'W (SD =0.78) U~trlu~l'W'jlm'l~t~tI\9IU~';I'I'l1J 
11 ft11lJn1111~l:l'lJ'lJU -3ffff'WU~~~1\91tn{J'lJtl-3 ~ ~ \9U)WCl1' nmllJ Vf-3'J'1tll'iltl~l'W 'i~~1J:tJ1fl~~\9I fl\91 t~'W~lm~l'J 

- ,d. Q) I ~ Q,I' c:t't::::i 

(X = 4.53) l:l'1'Wt1JtI-3L1J'WlJl\Ol'i!1'W (SD =0.69) ft11lJn1:tJ1~l:l'lJ'lJtl--1'lJlJ1\9ll:l'\9Il:l'1'U'lJtl--1~~\OlflW9'llJfl11lJ 

Vf--1'J'1U l'i1tlgl'W';j~~1J:tJ1fl fl\9lt1:l'W~lm~l'J ( X =4.35) ffl'tufltl'it1J'WlJlm!l'W (SD =0.72) fI11:1-1n1:tJ1::;fflJ 

'lJU,:j~11'Y1H'lJU'i~~\OlfiwCl1' nfl11lJVf'i'J'lU l'ilugl'W';j~~mJlfl fl\9lt1:l'W~lm~fJ ( X = 4,31) ff1'WtflCl--1t'lJ'U 

:tJ1\Ol'j!l'W (SD 0.86) fl11lJn1:tJ1~l:l'lJfll';ji~'il'W'lJU,:jN~\OlfiwCl1' nfl11lJVf'i'J'lUi'iltl~l'W'j~~1JlJlfl flfl!~'W~l 

tU~{J ( X = 4.07) ff1'U!fl~--1t1J'W:tJ1\Ol'j!1'U (SD = 0.84) U~~mllJn1:tJ1~l:l'lJ'lJtNN~\OlfiwCl1'~'Yll:tJ1'i11mh~ 

'l1'11nft11lJVf,:j'J'ltll'i1tlgl'U'i::;~1Jlllfl fl\9l!1:l'U~lm~tI ( X = 4.01) "h'U!fl~\l!1J'Ulll\Ol'j!l'W (SD 0.75) 

\Ollmh~1J 

h. N~flTJ'YI\9l~U'ifln~~\Ol '~6\91'i11fl~1'i'l1'11 
"1 1SJ '1 " I"" I I <V i ~.I I SJ "1 'j) 'I SJ"Q
t'Wfll'j 'lfl:l'nt't::;t'tlfJ !'UlJ'jlJ1W\Oll'i'1 'J'I1J11fll'J1J\9I1l:l'~ \9lfJlJ\9lwlUt't::;Nl'Ufll'j\OllJ !'If!1t'tl !'Ufll';i\OllJ'H'W'i 

i1i lJ'ifl~--1~ l'i'l1'11n fll'j ~UtI'~~fl11fln ':wtlflNl lf1fJ~ fll'i'H1!fll:l'nt't::;t'tlfJ~l'i 'J'I1J';hl:l'n~::;tnfJmfl 
riA Q"Q : 0 9J 31 • (I Q..I

~mlJfl (Formic Acid) mflU~95\Olfl (Arctic Acid) m\9llJ::;lJ11 Ut't::;'Ul 'YI11'H~1'i'lJl1t1Utll:l'tn{J\OlllJtnfl1J
'" .

lf1t1vll'i'l1'11~tlfJ'fftnfJ i:WU\Olfl~l'it1'WlJlfltrfl 'Yll '1H' tr~ltU'U'il'U1:OtI'~tIlt11~l1'Ufll'j'H1!m1:l'W!1~1'Hif-31'U 
<u 

tqtl~Hlfll~1.j)tI 

'ill fl fll'i ~l!U'Wflnffml1 l\9lm~lJ'illflfll'iffml1.u'UlJ~ t~tlUrrl'lJl1U1'Hl Ut't::;'H1U'W1'Y11'i ''Um'j 
<u "'" . vrWI'W lnh!1J1J ~~ \OlfiW Cl1' l'U fll 'J'YI \9l t't U'i!11U\l ~'Utr~l!U'U 'il'W1:0fJ'Yl1 fll';j 'YI fI~U\ll\91 Ufl1 'i tIl vll-3 'l1'11 Virh'U 

~ <u 

• SJ 0 'I SJ SJ SJ, SJ <V "I i!I d 0' _9.1 '='1 d 
fl'J::;1J1'Wfl1'JfJUCl'ff~lClU~1'U1lll\Ol lfl m U'H'iU~1 'If\Ol11J'j~l:l'1'Ufi U fll1tnt'YIfl95 fl11U lJ 'i!lJfJfl Ut't~ !'iC)5'U 

l\91t1~t't fl1'j'YIfl~W\lfiU ~1'i.u'11~l:l'lJt11Jfl11~ltltflCJf 1\9lfJi~U';j 'ifl 'U''Ufll'i N 'fflJ tIl '1116\91 i 1t11J!vl 'ilJ'lJ'W WI 

45 X 70 cm. l\91Cl11~ul:Jl,ru,r\l''W~W'HiJiJ,rU\l l\9lfJ~l'i.u'l1~bl~ nt1fl1:lW~ lri'i\9l1 1:wu~'im 'i ,tIl itl6f1 

O'1J!fI~U--1~\9I ~~fiu tn~tl\l~\9IUfJflfll1O'1J~1\l.u'11UUfl'illflO''W'Yll1,r~'H.u'11 '1:W~\9IO''W~'i ':W:01J\9l1O''U!~'U 
U~'U,tIl'1hJ\9IO'1Ju:WrllJ~'lJ'Wl\Ol 30 X 30 cm. l\9lCl11~t)(J,,ru,r'i''UUWlYfliJH'U'i lf10~1'i.u'11~i~nfll'j~U'W

• <u 

'" 
\9l1 !'VIU{11 nflnlri'i\9l1tnfl:U'U ~1-3.u'1'"ml:l'lJO'1Jfll1ul1'i!tlofll\910'~uHfI'W''Wfll';j~l:l'lJfll1Ut't~tIl1116\91O'1J 

'''' 0' 1 I 'I SJ SJ 1 '" 'j) I SJ dlfl SJ ~ dlfl IdUlJ'J'IlJ'J'I'Il'Ul~ 30 X 30 em. flO'I.J'fIUfJ !'HU'H--1 'W~W'VIiJlJ'VIfN 'J'I1J11 ~1\l'lJl1'Y1 !\9IUUfllll'W'WlJ LlJlJfl11lJ 

U~--1U'N !11';il~ ':wnft11lJti~'HQ'U vll'i.u'11~'fflJO'1J!'i~'W l~tI1~uHft'U1'U fll'J~l:l'lJ~1'i'l1'11~ l:l'lJ O'1J!'J~'W 
o lfI_1 '" '" '''' 0' 1 .1 1 , SJ 51 1 '" SJ 1 SJ dlfl SJ :: d

'Ul LlJtl\9lfl1JUlJ'J'IlJ'J'I'lJ'Wl\91 30 X 30 cm. \9lfJlJ~UtI 'HU'H'i 'W~W'HiJlJmN 'J'I1J11vll'i'lJl1'Y1 LIOH1Ufllll'W'WlJ 
d 'd ~ c:f .4. 

fl11lJU'Il--1U'i--1 'YI'WUHm::;U'YI'Jfl Ul'llJfl~'WmlJ'U'lJ'fl\l!'J95'W 

6ihJ.ntlN12 
'" '" 0' • .1 SJ d 0 OJ 0 "1 SJ di 'I SJlfI 'P 

UlJlJl:l''fllJmlJfl11'lJ1'Hm::;l:l'lJ'Il'fJ--1~~l'lflW9'l'illfll'll~'lJ11'Y11'Hlll~l:l'lWmfl1';j'Wl111 t'lf 1'J'I'fl LVI LI'l 
~ <V ~ ~ ~ (/9J 1 ;v ~'1 d. d I 

fl11lJ1'H lll::;'ff'lJ'IlU'i~~ I'lflW9'llJ lfl'YI ~~ 'illfl~t't fll ';j 11fl 'J 1~ 'VI 'lJ U\!'fIU1J 1J l:l'tl 'UmlJ ~ ClPj1J'J Lflfl 'YI'lJI'l'fl 
, '" 

~ill'lfituCl1''iI1fl~1~.u'11 nmllJr:fj:O(J tl'fl flUlJlJ 'J'IlJ11fl~ lJ ~lJ~l.f1f1~U \l fl1';jtIl~1\l.u'11:tJ1'Yl11~ 'W ~ ill'l i1WCl1'!fi'1~ . 
:tJ1 fl 'YI '" ~~ 

.................................................... 

::nSEllSlnFlTuTsBQClEllnnSSU unlOnen8fJSll5nochL.llo 

OM 3 atTuM 1 IUl:JlfJU 2553 - riUfJlfJU 2553 



Industrial Technology, Lampang Rajabhat University 

, 'U fll';i tltl fH~1J1J I!(;l ~Yr\PJI'U 1~ ill9lxlWC!'l'rvl tl {Ut,Hl{1l1f1Vh'J,ij\;Hvlmrf1,nqJ(;l ~ lt~lJ d 1~\h111'tl\9l 
'J} d "" cv 0' 'J} ,1 II) 'J} 'J} 'J} "" II) 'J} d I '" 0 cv 

vJ l'J'lJlllJltltl f11!1J1Jtll'U~(;l19l flW c}'Uflltl ~\9l I9ltl1J(;I''U tl'JfI11lJl9ltl'Jfll';i'IJ tl'J~1J';i1m! ~\9ltll'Umn'J\9l (;I'l'11';i1J.. 
fllnl1illffmJ1~tl fll';iJj f11';iffmJ 1 fll';i f1';j';ilJ1nfll';i' 'U fll';itl\9lvJl'J-«lll!(;l~fI1';i ~ ll~Jj tfl~tl'Jtl\9l111'tl\9ltt'ltl'J1l1 f1 

I , I I " 

11 ~(;l\9lI'i''U 'VI'U''U f11';i~ill9l tl11l''*~ (;I'lJ~ (;I'l'U illJ il1Jl(;1'\9l~'U!'V'lmVllJfll1lJ(;I'lt1'J llJl!(;l~U l(;1''U'lllJ1f1tJ'J~'Ull~. . 

lJ'l'nU1'!J ina.! 
" . 

fll';iYrWl'U1t'VIfl 1'U 1(;l£ifll';i~ilI9lI!N'U~'UI!y,jf1tl\9l~1t1flll''U ll';i~t'VIfl'. ';i~tJ1Jtltl'U1mf. I!mi'J-vilJ1 

http://www.forest.go.th/forprod/research/abstract/1184.htm. 

f1~ml'U1.utlfl11lJ 'Q\9llJ(;I'lJ1J 1W'lJtl 'J~ 'UI!(;l ~~tI-«lll!(;l~iqJ.yj'lftiJtl'J'I1'U1l. (2551). vh\l.unijll'l~If.l'lf'U11l'lfl 

t:I~1'th'tllf.l. f1tl'J1l~Vl1'V1t11, f1';jlJ1'lfl!f11:JI9l';i. 

U1'lf ~\9lff\l.ij. (2548). fll'l1.uf.lfn'lt:lt:lnHlJlJNl1\9lJltl.!cYi~\9ltrl,"in'la.!. f1l\lt'l'1'VlC!] : 1'elt~tI'U(;I'1\9if 

~fll'Vl';j';jW (;I'fJ(;lJ'U I!(;l~ 1l1lW 1l(;l'J1lJ6. 2549. a.!'tlriWIH.u11,"~\l!~f.l1qvh1a.!1l~i\9l{ ~Jjm~'Vltl\9lvJl'J 
1!(;l~'lJlt1vJl'Jtl\9l ,'U.u'J'I11\9l'Ufl';i1l~lJ 

~\9l\9l11(;l6 f1';j';iW'4'lf.2550. N'tl'lJt:I\lfll'l1:t.i!NlvlH.u11H'tl~fll'l1.u1l'l~If.l'lfumnvlH.u11. ll'I'JlJ'lilit ~'U61.utl 
'J) " I '" 'lJ1lu 'I'J lJ 'li1'U. 

~::nS81SlnF1TuTafjQCl81nnssu unlOnmaEJS1Url081Lho 

'On 3 atJun 1 IUl:I1EJU 2553 - numEJu 2553 




