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Particle dimension ' Amount of
Average mesh "
Mesh Slenderness particle”
aperture Length Thickness Width
No. Ratio by Weight
(mm.) (mm.) (mm.) (mm.)
(%)
+5 4.00 24.63 0.43 1.85 57.28 6.87
-5+12 2.84 16.28 0.27 1.45 60.30 57.26
-12+20 1.28 12.02 0.18 1.10 66.78 26.35
-20+40 0.64 10.36 0.14 0.58 74.00 5.71
-40+60 0.34 3.84 0.09 0.43 42.67 2.05
-60 0.25 - - - - 1.76

1/ Each average value was measured from 100 particles.

2/ Percentage value based on the weight of total particles.
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Particle dimension ' Amount of
Average mesh "
Mesh Slenderness | particle
aperture Length Thickness Width
No. Ratio by Weight
(mm.) (mm.) (mm.) (mm.)
(%)
+5 4.00 23.52 0.33 1.13 71.27 15.23
-5+12 2.84 13.27 0.67 1.46 19.81 27.39
-12+20 1.28 4.76 0.39 1.12 12.21 36.90
-20+40 0.64 3.37 0.20 0.71 16.85 13.95
-40+60 0.34 5.11 0.05 0.15 102.20 3.96
-60 0.25 - - - - 2.48

1/ Each average value was measured from 100 particles.

2/ Percentage value based on the weight of total particles.
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16) - 7.2 218.8 63.4 150:03 1.295 (33°C)
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? 4.84 81.8 38.2 0:52 1.275 (32°C)
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pMDI - 45 157.2 91.8 * 1.240 (33°C)
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. ' . . Content
(%) $alue | ¥lue | ¥lue | $alue | (MPa) | (Mpa) | (Mpa) | (kg/m’)
(%)
UF 13% 116.15 146.37 150.56 170.53 593 828.84 0.033 812
735 N
ik n f n f f f n
PF 7% 85.21 111.82 110.34 129.61 7.36 1168.66 0.034 840
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! Y ! ! na Y Y n
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wazllsunu (%) (%)
MIRlF @) | umi1 24 | usiih 24 MOR MOE B Density
Frlue | 4 lug (MPa) (MPa) (MPa) (ke/m’)
pMDI3 % | 32.15(c) | 60.97(c) | 1543 (a) | 222336(b) | 0.12(a) 741 (a)
pMDI5 % | 14.57(b) | 3845(b) | 18.69(a) | 2223.09(b) | 0.32 (b) 751 (a)
pMDI7% | 11.63(a) | 3552(2) | 20.86(b) | 192627 () | 0.32(b) 724 (b)
JIS (18 type) <12 - > 18 > 3000 >0.3 400-900

* The difference between means followed by the same alphabetical letter is not significantly different.
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Produced from Vetiver Grass Fibers

y o 1
NAUL INANNFY Pattana Rukkwamsuk

1 a ao 2
AIBITU QUINAYY Worataham Oonyjittichai

UNAAL

2
Aauv A

IS @ wa a o a
udtetidumsiannaiamsdumumsa avagmsaiw il uazdsulgansguiumswan
A 1 Y 9 ) . o ¥ A
IMBAAANUNUILUY YBIRUIUANNITOUNINEAU lovigunn Borate salt 1ag Zinc Borate g1 laiive
2 wa y ¥ ) A o J a
mngutanmsdumumsam veudulenadudn  uaznmadszaunimniienssss vna anms
Anpawudn msurvgudnluansazats Borate salt Nnnmdudu 10% udnih ldonldudenouns
o & I~ . v 2 ) Y 3 , A
nwdugdidusdunuunnudon  szmumsdwmumsanslvesdulovduedn  daumsiiy
Y
audamsdumumsa lvesnlssauiuaunsah1dlae madn  arsazarsuviuase  Zinc
Y
Borate ANMWANAU 30% Tunnmiszanunnienssssuna
MIaeANNRLINYeAURLIUAN oY dmnsansi 1d Taemsieresnidszaiunin
3’ Adw 1 A Sid? 9 Yo 1 v oy ] 9
MINTITNHANDAIIAI 1:1 e lsvugUauIuanusou Taglsoasaiuseninnikauiige 1du
To iy 3:1 sgaunsonaanuiuanuieunianunuuniudgalanlszna 90 flansudoe
d = ] ] 9 9 A ~ 19 A [P}
QNUIARNAS FIFI0aAANNRUIHLYRIRUIUANUSoUAY IRLTzIM 45% iaifeuny msh lilinms
= Y g} dald' ‘3 @ 1 [ Y 9 = A [
99919018 UenINHNAN1IEMIVUUAINE1 Genelinuiuanusoulinnusanguiazaagll
Y (2=} 1 9 9 A ] L] 1 = a [ 1
laa hifimsngasrveudule auiuanudouianuruiuliuegszning . 90 99130 A laniu o
J o A I Y Aa 1 1 1 [ =3
gnuanuas duaasauiaanuiiuauiuanuiouna lasullsaoglusiauansg sening 0.0575 99

v d

9 E4 v P4 ] v v 9
0.0670 1961 ABLUATIADIU ﬁqﬁmmsﬁ1m13J%”auﬁuuﬂﬁ'uquﬁmﬁ@mmﬁumumwuﬁu UoNIINY

[

d' Y d‘o’ 1 1 = a A 1 = =\ Y 1
ﬂu’)uﬂllﬂll @]ﬁﬂ”l'iﬁ”lllUl‘l/\lVlﬂTiﬂﬂIﬂfJLL‘l]iﬂ”liZﬁ’JN 1.6 09 3.7 Haawasae i Tasiiuud Iriuaan

] 1 Y
A DAL UUNNAY

1 a Ao . @ a o = v ~
ﬁ133%11ﬂﬂ1u1ﬁ8'3ﬁ@ ﬂszaQQWULLag"]ﬁﬂq NWTJ‘V]E”aEJW]ﬂIuIﬁUngﬂﬂnlﬂﬁ1ﬁuui

2 o a IR E} o Y o o {1 v o A vy
Wn3msih'ld 87 qmqmmwﬂiimaqwmmuh ﬂqmmwwmqﬁmwmm"lmmz aafusnuuile s

dnindsemssamsihlfuazraanarh 1 nsuihld

3 . ne . o v me e o , .
wens Tusisunau e Usgsil 2549 dnindsemssanisth lduazwaanaih 1l nsuhld (s¥a 1SBN : 974-7627-39-6)



2.2-2

Abstract

This research is aimed at developing the fire retardation property and reducing the density of
thermal insulation made from vetiver grass fiber. For fire retardation enhancement, borate salt and zinc
borate were used for vetiver grass fiber and binder made from natural latex, respectively. It was found that
soaking the vetiver fiber in 10% borate salt prior to matt formation of the insulation would increase the fire
retardation property of the vetiver fiber. For the binder, mixing a 30%-dispersed zinc borate with the
natural latex binder showed a significant improvement of the fire retardation property of the binder.

The reduction of the density of the insulation can be achieved by diluting the natural latex binder
with water at the ratio 1:1. The diluted binder was then used for matt forming of the insulation at the ratio
of the diluted binder to fibers of 3:1. These conditions can lower the density to 90 kg/m3, which translates
to approximately 45% reduction of the density compared to the case in which the no water was added. In
addition, the insulation still retains its flexibility and shape stability. No loosen fiber was observed. It was
also found that the product performed excellent thermal characteristics. Its thermal conductivity varied
between 0.0575 and 0.0670 W/m K whereas the density varied in the range of 90 to 130 kg/m3. It was
observed that the thermal conductivity tends to increase as the density increases. Furthermore, fire
retardation property was enhanced in which the creeping rate of fire was found in the range of 1.6 to 3.7

mm/min depending on the density. The rate tends to reduce as the density increases.
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A Study of using Leaves of Cat-tail for Particleboard Production
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Abstract

This research airmed to study the feasibility of producing particleboard by using the cat-tail leaves
as raw materials. The cat-tail leaved were peeled off and classified into 3 sizes, A(5.5x5.5 mm),
B (3.4x3.4 mm) and C (1.4x1.4 mm). The particleboard were made by high temperature pressing in the
machine with 7% isocyanate (pMDI) glue to produce single layered board. The compressed force used
150 kg/cm? with the temperature of 120 °c for 5 minutes. The desired density of the particleboard is around
800 kg/m? and the thickness is 8 mm. These boards were tested as specified in the Thai industrial standards
(TISI 876-2547) and thermal properties were compared with 4 mm thick plywood, 9 mm thick Gypsum
plasterboard and thermal insulation board.

The results showed that the cat-tail leaves can be used to produce particleboard. The physical and
mechanical properties pass the Thai industrial standards (TISI 876-2547) including density, moisture
content, thickness swelling, modulus of rupture, modulus of elasticity and tensile strength. It showed that
board B provided best properties of modulus of rupture 31.26 N/mm?, modulus of elasticity 3,109.4 N/mm?
and tensile strength 0.56 N/mm? When boards compared with plywood and Gypsum plasterboard, it
showed that the cat-tail leave particleboard yielded the modulus of rupture, modulus of elasticity and tensile
strength more than those of Gypsum plasterboard. In case of thermal properties, the board A provided the best-
fit thermal conductivity 0.204 W/mK which is lower than those of the commercial Gypsum plasterboards.

The above results suggest that the cat-tail leaves particleboard can be used for interior construction.
Key words : Particleboard, cat-tail leaf, isocyanate

A
o § A o I o [ 2 { A Y
Pagtiununth i ludszmaInegnimeduswauun  dilddSinaiuiih ldaaaed
< Y s o Y Y v vy ' ’
55 UNT1ZANVAIN svesuyrdmih Idumlspliluiaglumsdeaduaznuanunserns  wu
A A Y Y v v Y} Y Y (A A 2 ' a YN 1
n3ouTou 1ulszg vuntha Wudu duiuanudesns NS amumnnuuayFua 1
~ ] 9 4 Yo @ U 9 A [ o Jq 9
isanenonudosmsvesnysd maudlgvwazmstlesiuluilegiu Ao mssaasininens 1414
= ! Y 9 J 9 o 9 9 SO ' o '
iganoaenNudesmslumsldlsz Tominnld  Tasmasyezdesduniidmsmlumsdams  wu
' 1y o v Y ) 12 o o e R { o
msilgnih  msflesdumsdnaoudald Judu vadedidgarismmadeniiniu Tasmsmiag
A o )] ¢ 3 ayy A o v Y ¥
naununansnhnldlsg Teninaunuldnnsssuna 1@ iesrenovaussnnudosnis 14 14
9 . < A = ! ] a A
1o (Artificial wood) ifumadenvislumssenaunuldninsssumna  ionoudups
9 J Y o 1 9 a o 9) @ 9 A o
anudesmsvesuysd Tasms sy Towilumsneaaaznaunundaduails Hogtiu iy

~ o & Ay 1 a Y A v ¥ o Y Y 1 Y] 3
1/1a@mmmmﬂummmiﬂlm@mﬂum meﬂiWﬁ@]ulllL‘VIFJ?JU\i@]ﬁ)\?ﬁ'ﬂlﬁlﬂ&lllﬂ’)%?ﬂ@ﬂﬂﬂﬁ%!‘l/lﬁ!"lﬂiﬂl,ﬂu



24-3

o A quad o a a Y A o A Ao Aqy Y Y YA o A
%']U'J‘L!iﬂﬂLW@i%Lﬂu?@lQﬂUiuﬂWiWa@]ull]lfﬂfm ﬂﬂﬂiuﬂﬁgl‘ﬂﬁqﬂﬂuﬂﬁﬂﬂﬁlsﬁﬂﬂl!ﬂuclﬂlm'}ulﬂﬂ@ FIYNY

a
£

a 1 9 9 9 I Y v A 1A 9J 9 =
INDTITUFIN LFU AUNYITAIUUAI WNAUBI Wuau dwnasvianid Tﬂmﬂwwmumymmuwmww

s o JY

a a ﬂjde'/ a & oA 1 Y] % a
ﬂﬁl%ﬁi‘gm‘UIG]ulﬂﬂﬂ’]nﬂQiJﬂWﬂﬁluﬂi%mﬁUlﬂﬂ canuLmamagmﬁmmzmwwu‘ﬁ ANIYUNAYFUA

E]

msivadungaauiaNtouriaei ldinauaisneema uadAuvesdurghaauraanile

o 19 Ya [ 9 YR a a [ 9 ] 09; o ¥ Y a I
ﬂ?@giﬁﬂuﬂu@@ﬂ?WﬂJﬁﬂullﬂﬁ]\iﬁﬁJ'liﬂLﬂiﬂJum‘UIﬂﬁ@vlﬂllﬂ muumiumuﬁﬂlummimaammamﬂu
Y ] Qy Y o = 1 a a 1 A 1 v A9 9
uliJWl‘c’JiJ‘]Jﬁ%Lﬂ“VlllWl!‘]fuuliJ@ﬂ ﬂ\uﬂuﬂ']ﬁ%')ﬂﬂ'lﬂﬂuﬂ']ﬁl‘ﬂﬁmulﬁﬂiﬁ BIWWNUANTVDIIBNTAUN YN

o A A 9 Yy ¥ a Yy Ay ]
ﬁa"l‘]J‘Via’NLm%ENIJJ‘L!ﬂ15LWNT]NLﬁ@ﬂlHﬂﬁT]ﬂLW]H%J ﬁﬂﬂ151%1115]1ﬂ‘ﬁ§51|“]ﬂ@]l,!,ﬁ$]’lm1/]EJNVIG]@QI"K

E4
Ay AR A 1

9 Y I v a [ o v A 9 9y 0 3w a
Lﬁuiﬂl!ﬂ?tﬂu?@q@ﬂ \1’]“3%81«!fl]\1llﬁ'lu‘]f')ﬂiuﬂ’liW@luYJ‘]fW“lfﬁu%iUuwﬁaTU‘Vfa'N Iﬂﬂquln‘]Ju')@]Qﬂ‘U

a ] Qy Yo 4 Y a 1 Y 1 Y
Glumiwammwvu"lmﬂ Lﬁammmullmﬁu%mimmﬂ’aﬁiw NuanuatoImsnaaagnssuuas

[

o 9 Y 1 {q ¥ a 9
aamariudniaaloudinnanlszmanlylumsnaa e

a

E4
(%

a = P=|
NMHIYUY

[

s A = v 1 A [ = 9 ~Aq Y 1 Y
aniszasniiie Anwiladesng Alnasemamssuvgndaiurals Nldluneadis
1 A A [ Y F2 a v a V" v 4
uazmsanuasemsinernuauaniasnssula  maldlasimsidamsuaausuTagnammiulidon
£ d Z Y} YV [ AN Y Aa v U v Y
Tithassiniu wwlsd vaz Taamasldmamsinuas  swuanddamsianngamnnssuiaanaunulsl
d Z Y] (Y] n: y . g.’/
an'lithasihdumwld v sTaquaeiismnmsinuasouq  (Sudamileu)szana 2549 — 2553)
A 9 a 1 9 1 A A [ Y =X
enaunu linnsssumnalussadaazmsanuaeoiasninerdunuaailaenssuld dApvivuiaves
9 1 [ wa va Aa I [y
lungnaawvalsiinaaenaruiianismenn guautiaganatazmsiuauiunFoufiounasnyas
vAa A [ 1 ay Y o 1 Y o ] 9 = =\ =
sazaaauiAarInanuudusy Idsauazuniule lisannuruunivthunarenemsAsmdalSeuiou

va o3| v @
ﬂmﬁilﬂ@ﬂ1ilﬂuﬂu3uﬂﬂjﬁﬂﬂu3uﬂ1\1ﬂ’lﬁﬁj']

aa =
IBNIIANH

E4
Av A

I Ay A a A a = =\ =\ [
MU UMINaFIUTnunanyusInaasuazsaumney Iﬂﬂﬂﬂ?i‘ﬂﬂﬁ@ﬂﬂﬂ!ﬁﬂﬂﬂw

9
va A 1A Y a o A 1<
AUTNUALFINAATUNINTIIU UBN . 876 -2547 (Llwu%u“lﬁ@ﬂslﬂlﬂ@ﬂﬁ'lﬂ ) Llazﬂmﬁuu@mitﬂuﬂmu

'
A a

Y
1A o I~ ~ va Aa I~ o
youruFu lidannannn lunghaaiurais nlSeuiouauanias snavazanuiuauivveslion
o a ) 4 { A I~ @ Ao 1 o
dnuazsdsuvosanienlailurhmianelunismuienilllunowmaia
~ P 9 a ] Ja A 4 Yo a ~ Y Aa wua
anmiuazginssinldlumsndanaznaaeuuduiianavesa ldduiunuinesljiansves

k4
ugaamnssuiganaunu 1l nauauiangasvnssu ez flosnusnyuie 137 duinddenmsianms

thlfuazwaanaithldnsuah'ls

gunsallumsin
A ] QSI Y . A v 9
1. 195098083 U 13 (Hammer mill) 2. 15939 39U (Hot pressure)
i1 1 ' Y
3. 1AT04TOUNT DUALLATI(Screening Machine) 4. 150959111170 (Electric balance)

5.1A309NAADUAAY ’3?(@(Universal Testing Machine)



2.4-4

1. MsA3eanTaguaznsAnen

Hlunghaaumars fufagaulums waauiususa Tasdmua 191 pMpl i
Uszam Wsmannild 7% lumssaurdusorimiineundaves  Fu'l gyt usa 7l 1din
fSeumsuamemeantiauaznnagula AUNIATFIY NN, 876 2547 i lEariiasasn )
TaofmualFusuausatanummiu_ 800 kg/m’

anuinazqUnsaiildnaauaznaaey  udu suda Idduiuaiivew i ves
ugaamnssuiaanaunuld nquaiannaaamnssy e feafusnudie 17 dninide
misam3th lfuazwd anath 1l nsuthld nezquimaluladTanzuayJaaqurana dninausiaun

a 4 = ] a
Ineenaasuazmna lu lasuvasna

4

v
Y a E @ ]
ﬂjumumim‘%ﬂmm”lmﬂaumiammu

£
]

o 9 1 A a a Y 9 A A
1. ihluvahaauramuurasihminsniyay lnvesduranaaiunaiy lasaenini
Y A o A 9 9 9J y = 1 =
vinatazeglnameany Ao AurgnaaIunad 1 au szasadlulszana 10-15 T udazluiinnue
14 a <3| 9 A A
3.003.50 1A NIN1.502.50 ixudas uagulunadaruralNuedan
Y 9 A a1y U A 1y Qy
2. wenlungnaaiuvaesnandgy  usnluunnegaiuuenuazlugeuiagaiuluna
9y o ¥ 19 Y 9 a o o Y
wazuenlungnaaiuy awesnnnd1dn laeluldluvesanaaiunarunamsinee mszazild
M3SVUTIANTpEAY
° v A o & ' Yo 9 ' Yo =X
3. i lunanaarunalsiivensenainn uruaaurlulidng waglduawaadosldnang
Ay L Y @ D) v
e lannudueen lanaulunaaaiuraluis
o 9 ~ Y £ 1 Y A (]
4. I URENANUHANNUNININNTHIULAALITDIAIVIATOITOY
5. ihlunghaawnani ldnnmsdesmaauuin Arenioravug Fauuarimua
AIVUIAVDINLLUATITOU 1 3 YUA AD
-ywalng (A) Ianue1n 5.50aamas wazning 5.5 Taamns
- Y1Ana N (B) IANE17 3.4 Haamasuazndng 3.4 Hadwas
< =} Aa A Aa a
- YAEan (C) 1NN 1.4 Taauas uagnina 1.4 Jaamag
o 9 Ao 9 9 A A dy Y dy = 1
6. MlunghaarralnaavinauaIdIAIewLMannNFY Tag lianusumnased
1199 4-13 %

° 9 A o ' & g a 2 9 1
7. uﬂuwmmmuwmwmummmmmmmmwumqﬂigmumiwammu%u"hm"lﬂ



2.4-5

Figure 1. Leaves of cat-tail.
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Internal Bond (MPa)

Type of Particleboard

A = Particleboard from large leaves of cat-tail. =~ B = Particleboard from medium leaves of cat-tail.
C = Particleboard from small leaves of cat-tail. D = Commercial particleboard.
E = Commercial MDF. F = Plywood

G = Gypsum plasterboard.

Figure 2. The properties of particleboard.

L11 ANNHUMUY
4 A
MmN UYEAUFUsA N TunEdaIuMaee 3 vue Ao vualng)
< 9 IS @ ' - P 9
yinananuazvina@n 1 leTalasuua 7% iludnlszany wuhuiugudainaannluveg
ANUNANVLIANANTANUHU LUV IHUGINGA T09a90A0 uduirdaanlun  ghaaiumad
' < o w 4 (=~ = @ 1w [l Qy @ [l
e luguazvnadnadiay wenls suieunuurusa mamsi erudn ldoanemsaazieu
9 k4

Tolddannunuuniuthunarmemsa ) wunudusudannlunghaaiumaieia 3 vua Jnnw
WUMUUVDIHUFINTIWAUDA NIMIAIaIna1 TaeaunsniFesd vy uiuddanuvusiugs
] 9 A A I~ = Y &£ o Y
ANUHUIUYLRY fin B> A >C>D >E uaziion/5sumeunuuaggiu uen. 876-2547 &amvualv

1 4 1T Aa 1 1 Qy @ 3 R Ja o
ﬁmmmﬂmmﬂﬁau”lumu 10% WU UAUBUDANY 3 YUIA UAMHIAUNNANTIUA

v A v -V a
1.1.2 mmaﬂﬂ%mmmmwunauaﬂmmuwuﬁmammawuﬂ
k4 Y Y
NI NATDU mmmfvumawuhwmfmamwmaﬂaumiwammu W“]J’ﬂ“]ﬂ.lslﬂﬂiih
S A dy A A Qy 1 Qy S
FAIUHANVUIAANUATINNUFUFINGA TDI03IN1 AD %uimumiwmuawuhmum [LGEN IﬂEJ‘JJﬂ1

Y
ANUPUVBIUHUNINY 6.48 6.25 UAT 6.07% MUAIAL

1.1.3 A agfSinamnurunasoa v MHUT U AN Az ¥ Hia
Y Y 9
1 T A @ @ 1 <
MsANEIMANNFUYLRUFUSA N TUMENEAIUWAINT 3 YA WuVIAERnLAE
T A 491 Y A o A A = ~ Y 1 [ Y
v lvg Bmanudu Indimesiy se9amn As vinanan  enlSeueununHuda 190 15

' Qy 9 o Y ' Y o ' Y 1 1 Qy @ Y
(LLN‘I,JG]ﬁJllﬁJ’f)ﬂ‘VINﬂ”lSﬂTLlaglmuiﬂhlllﬂﬂﬂTJ"IﬁJW‘L!"ILLuu‘IJWUﬂaN‘VINﬂTiﬂW) W‘]J'JTLLWH"BM’E)@%TﬂGlUWﬂJUW



2.4-8

9 Y ]
ANVNAIING VA TANIWFUGINIALEAN MM uaion)SeufeuiuuasgIuuen. 8762547

Y
1 J 1 o o 1 1 1
nunimanuruedlunausiunasgiuimua A IAegizning 4-13%

114 AURAYNIINBINIHAIMIUYINVBINUTUOAUNZ T HA
Y 4 k4
AuauansnesiInaImMsunivewHuFUsA N lunghaaiurae 1 3 vua fim
Y 1
MINDINNANUNUT AD B <A <C uruFusaanluvghaaiuvanvmananiniosigs uaaaii
= A o o ' : A A = = @ LY a A i Yo o a o
Hauauiansnedd naesmsuani anga Weonlseuieunuunudastiaon  (uiu ldsadnuaz gy
k4 Y

VBSAAZNIATFIV WON . 876-2547 WUNDIT N 3 YAdlAINITNEIAD naInsuaii gandumuda

9 '

a 4 1 1 1 J o
wiiaou ualimeglunasiniasgiuiimua as Ianiosndn 12%

1.1.5 AUNAUANNMUMUIIIAA
A I [ [ Qy
auauiannaduauudsoiy  wums 1 sulu vehaaiunalsuuae
I @ a Aa 1 = ° Yy 1 A a YA 9 o [ ~

nanudluiagaulusdauduzinai iuiuinga laiaanudumunsaveurugainga 50 98917
A Qy 9 1 1< A = = @ oA
Ao Fulvvanunalvguazvamn Wenlfsweuns  VNIATFIU BN . 876-2547 WU UAHIU

Y
WIATTIUAHUANG 3 YA A9 UAWIANI 14 MPa

I~ = ] [l Qy o 9 ] Qy Y o 9 v Y v
MsfSeuieuny uAUFUTANIIMTA  (UHUTY 1Toan1emsa urulelidaniu

[

[l Y ] Y o a [ 4 1 (] Qy [ qs;l a 1 1 1 Qy
nuwUuthupa1mIensa uwu“lmﬂaﬂuazﬂﬂ%umm) WUIMHNUFUDANN 3 BUA ﬁmqqmumu%u

Yo 9 a Y 4 1 "9 1 1 Y o ] Y Yo o
"lmwwmimuazﬂﬂcmuam LmﬁﬂTLl’OEJﬂ’ﬂlLN‘L!Glﬂllllﬁlﬂﬂ31uﬂu1uuuﬂ1uﬂaN“l/ﬂ\iﬂ'liﬂﬂlﬁ%ﬂﬂﬂﬁﬂ

1 d‘ v A |
1.1.6 AlNagudaTeNYiEg
Y
MmNl Negaddangu vowmusudannluvdiaaIuals 3 v Ao
] <] ' ] QSI @ { a 1
5111!1@[114’&]0 VUHIANANUATUVUIAEN WU Lmu“lﬂlﬂﬂﬁWﬁﬁ%?ﬂiﬂﬁﬂiﬁﬁﬁ?ﬂﬁﬁ’NﬂllﬂﬂﬂﬁN ‘ﬂ%flﬂ”l
wAa @ L] 1 { [ { a [ < o o
ﬂmﬁummﬂaﬁ?}ﬂwqummuwuqqﬁqﬂ TONONUN ﬁ@ LmuﬁWammmum“lﬁmuuammma N ANy
A =) =1 [ £ o Y [I=U v A (=] [
LN@LﬂifJUWIfJ‘]Jﬂ‘UiJT@iiTH uon. 876-2547 "“]Nﬂ”l“l"ii‘!ﬂelﬁLLN‘L!?JﬂTlI’[’)ﬂaﬁﬂﬂﬁqu&lﬂTNTﬂﬂﬁT 1,800 MPa
9 9
WU LHUFUSANAINIULIATIIUMHUATII 3 YUIA
=~ = @ ] Qy o Y 1 Qy 9 o Y 1 9 o
MsToUNIUNY UAUFUBANNITA (LLNH“I)'uth’E)ﬂVINﬂWiﬂ”I LLNuGlfJ]lll an Ny

v 9 ] Yo o a Y] 4 =\ VoA T oAA 9
nUWUUIUNA1INIIMTA LR llu@ﬂﬁﬂlmzﬂﬂ%llll@iﬂ )LifNi]1ﬂLLNuVINﬂﬁJTﬂ]l‘]JLLNu‘VINﬂ"IME’)EJ

= = =
wamsJeuney e F>E>B>>G>A>D>C

A v Y a ] )
1.1.7 AURagAIIUATHIIIAICNAINNINHIVIINNUTHOA
E v
uiurud annlungndaunalvianaeliaaNuA LT RIAIINA VAT
A A A ] Qy @ 9 1A <
nga Av 0.56 MPa 39303941A9D Lmu%u@ﬂmﬂﬁlqu‘naamwaawumﬁlwﬂg A0 0.48 MPa LlaZuUIALAN
v v '
9 0.42 MPa M4 3 VUIANAIANUATULTIANAIMINAVAIMTIRIUINATTIURNUA  WBN. 876-2547 &
o 9 1 qy v A 9 = eaj v A Y A 1 A = = [
ﬂﬂ/iuﬂul’aﬂﬁ!,LW‘L!GI)"LJf]@Mﬂ1ﬂ31hﬁ1ulliﬁﬂdﬁﬁﬂ1ﬂﬂﬂW’J“H’HWilﬂnﬂﬂﬂ’ﬂ 0.4 MPa LLﬁ&iJ’EJL‘]J‘iEJ“]JLﬂEJ“UﬂU

1 Qy [ 4 ] ay Y v vy 1 9 v ] 9 M Yo o
LLW’H"HL!@@‘V]NﬂTiﬂKLLNu“]fuuliJﬂm/]Nﬂﬁfﬂ uwusl,sl”lm’e‘)@mmwumuuﬂmﬂmmnmim LLWﬂll’éJﬂ’dﬂ



2.4-9

a o 4 J [} Qy @ qa; 1 qa; v A 1A Y J
Lm%ﬁlﬂ“ﬁll‘ﬂﬂ'iﬂ) WUNLNUFUDA N33 GUu1ﬂﬁﬂ1ﬂ31ﬂﬁ}1uw1u!ﬁﬁﬁﬂﬁﬁﬂTﬂﬂUW?WﬁTQQﬂ?WﬂﬂWNU@ﬁﬂ

T a1 9 1 1 Qy 9 o 9 1 Y v 1 9 19 o [}
LWIEN?JﬂWL!’E]fJﬂ”J'lLLNuﬁﬂ:!liJ@ﬂ‘VlNﬂﬁﬂ1 uwu“lﬂ"luaﬂmmwmuuuﬂmﬂmﬂmamﬁmuazgi}uﬂﬂﬁﬂ

1.2 gaantiannaduauiu

] d
1.2.1 aundganilszansmsinnudou

0.40 7
0.351
0.301
0.257
0.207
0.157
0.107
0.05 1
0.00 T T T T T

.2040

02075 0-2200
yi
Zall

Thermal property (W/mK)

Type of Particleboard

Figure 9. Thermal conductivity of particleboard.

Note : = Density of Particleboard from large leaves of cat-tail (A) 821.28 kg./m3.

= Density of Particleboard from medium leaves of cat-tail (B) 842.86 kg./m3.
= Density of Particleboard from small leaves of cat-tail. (C) 815.59 kg./m3.
Density of tolerated moisture Gypsum plasterboard (D) 796.76 kg./m3.

= Density of aluminum foil Gypsum plasterboard (E) 751.33 kg./m3.

= Density of perforated stripes Gypsum plasterboard (F) 775.00 kg./m3.

= Density of tolerated fiery Gypsum plasterboard (G) 775.00 kg./m3.

— o m O g o w »
I

= Density of commercial Gypsum plasterboard (H) 775.00 kg./m3.

Density of plywood (I) 775.00 kg./rn3.

—
Il

J = Density of Gypsum plasterboard (J) 775.00 kg./rn3.
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The Thermal Insulation Material Fabricated made from Natural Agricultural Wastes
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Abstract

The study on property of heat insulator made from natural agricultural wastes such as coconut peel, husk,
corn cob, water hyacinth and mixture of four substances. The boards were investigated with 10% urea
formaldehyde at 200 400 and 800 kg./m3. The products were characterized as single smooth plate with size of
350x350x10 mm. The properties were tested by JIS A 5905-1994 (Fiberboard).

The results showed that the insulation boards made from husk were the lowest heat induction value. The
insulation boards could compare with commercial standard (Aluminum foil and cellogress). The physical and
mechanical properties showed that the thermal insulation boards at high density had better quality than boards at

low density and the insulation boards made from coconut peel at density 800 kg./m3 had best properties .

Keywords : Thermal Insulator, Synthetic Material, Mass Insulator, Natural Agricultural Wastes
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Figure 1. Raw material from agricultural wastes.



Coconut peel, husk, corn cob and water hyacinth
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Figure 2. Production and test of thermal insulation.
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Figure 3. The preparation of thermal insulation.
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Table 1. Conductivity of thermal insulation compared with other type

Density Conductivity
Type of material R . Note
(kg /m’) (W/m. C)
200 0.0454
Thermal insulation from coconut peel 400 0.0531 Result
800 0.0806
Thermal insulation from husk 400 0.0416
Result
800 0.0554
400 0.0675
Thermal insulation from corncob Result
800 0.0753
Thermal insulation from water hyacinth 200 0.0489
Result
400 0.0583
Thermal insulation from mixture of 200 0.0640
4 substances 400 0.0670 Result
800 0.0911
Refractory gypsum 885 0.3533
Aluminum foil gypsum 745 0.3215
Gypsum 725 0.3058
Tolerated moisture gypsum 775 0.2973
Perforate strip gypsum 745 0.2888
Plywood 907 0.2290
Commercial
Cellogress 608 0.1143
thermal insulation
Cellogress form 377 0.0728
Resin insulation 74 0.0483
Gypsum plasterboard 800 0.0483
Aluminum foil glasswool 130 0.0460
Glasswool 69 0.0410
Foam 20 0.0408
Polyurethane form 55 0.0303
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3. amINagaUaNLAMINEMNUAZNIING (Physical and Mechanical Properties Testing)
Table 2. The properties of thermal insulation form Natural Agricultural Wastes compared with JIS A

5908-1994 (Fiberboards) type 15, 25 and 30.

Thermal insulation Property

Board density Material TS WA MOR MOE IB Density MC
(kg/m’) (%) (%) (MPa) (MPa) (MPa) (kg/m’) (%)
Coconut peel 22 309 1.50 54.1 0.03 216 5.99

Husk* - - - - - - -

Corncob* - - - - - - -
200 Water hyacinth 26.9 360 0.55 17.6 0.02 268 12.4
mixture of 19.5 470 0.34 10.3 0.03 245 7.94

4 substances

Coconut peel 38.1 194 9.93 404 0.10 464 6.13
Husk* - - - - - - -
Corncob 10.4 134 0.64 49.6 0.24 478 7.19
400 Water hyacinth 343 187 2.84 182 0.13 470 10.8
mixture of 27.1 199 1.81 95.9 0.15 434 8.12

4 substances

Coconut peel 32.7 54 59.5 3012 1.83 881 6.84
Husk 127 104 6.12 1093 0.04 784 8.24
Corncob 44.9 89.9 9.82 1398 0.71 810 7.40
800 Water hyacinth** - - - - - - -
mixture of 58.3 96.2 22.8 2556 0.74 853 7.21

4 substances

JIS A 5905-1994 (Fiberboard) type 15 <12 - >15 >1,300 >0.30 350-800 5-13
JIS A 5905-1994 (Fiberboard) type 25 <12 - >25 >2,000 >0.40 350-800 5-13
JIS A 5905-1994 (Fiberboard) type 30 <12 - >30 >2,500 =0.50 350-800 5-13

Note : * Can’ t production because low density.

** Can’ t production because high moisture.
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Figure 4. Sample of thermal insulation form Natural Agricultural Wastes.
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The Development of Woody Bamboo as Roof and Wall Materials
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Abstract

The objective of this research was to study the local materials, bamboo, in the form of bamboo
mat typically used for a temporary purpose. The production process was developed to produce the bamboo
mat to be used as wall and roofing materials with enhanced properties and suitable for construction.

For wall materials 3, 4 and 5 layered bamboo mats were constructed with Phenol
Formaldehyde resin for comparing with the 3 layered bamboo mat plywood constructed with Urea
Formaldehyde resin, generally found in the market. The results showed that 3 and 4 layered bamboo mat
plywood constructed with Phenol Formaldehyde resin passed the GB 13123-91 Bamboo-Mat Plywood
standard including moisture content, modulus of rupture and remaining strength for exterior wall. They
were classified as Grade 3 thin bamboo mat plywood (2 - 6 mm. thickness) with medium strength. The 5-
layered bamboo mat plywood did not pass the standard tests due to its thickness. This resulted in bonding
strength loss due to the fact that the heat did not spread entirely over the layers of bamboo mat. Therefore,
more time should be provided to press the bamboo mat with more layers. For the 3-layered bamboo mat
plywood found in the market, it was not suitable for exterior use due to the lack of durability for inclement
weather.

Regarding roofing materials, the results also revealed that the bamboo mat corrugated sheet
was stronger than both Asbestos cement corrugated sheet and corrugated galvanized metal sheet, with the
bending strength of 1,647 kg/mz. Also, the bamboo mat corrugated sheet is lighter than the Asbestos cement
corrugated sheet, making it more economical and easier to transport. For the leakage test, the result showed
that there were very few points of leakage.

In economic perspective, when compared the layered bamboo mat plywood to teak plywood
with similar thickness, it was found that bamboo mat plywood production cost was cheaper than the teak
plywood. The bamboo mat plywood not only functioned as an exterior wall but also had the esthetics of
wood carving design.

However, the cost of bamboo mat corrugated sheet was generally high, so that, it was suitable

for middle class market.

Key word : Bamboo mat , bamboo mat plywood , bamboo roof, Phenol Formaldehyde resin
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Figure 1. Bamboo mat before process.
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Table 1. Standard of thin bamboo-mat plywood , type bamboo-mat plywood of category 1 form

GB 13123-91 Bamboo-Mat Plywood standard

Wall form bamboo-mat plywood category 1.

Testing
Grade 1 Grade 2 Grade 3
Moisture Content (%) <12 <15 <15
MOR (MPa) 290 280 260
Remaining Strength Through Boiling
Water(Soaking)-Freezing-Drying (MPa) 260 250 240

MOE (MPa) - - -

State Standard of the People’s Republic of China, 1991.
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Figure 2. Moisture content of wall form bamboo-mat plywood.
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Figure 6. Density of wall form bamboo-mat plywood.
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Table 2. Capital of bamboo-mat plywood materials compared with material of teak plywood.

Price per
Size of wall Price per
Thickness square
Wall materials Per board board
(mm.) matre
(cm.Xcm.) (Baht)
(Baht)
1. 3 layers bamboo-mat plywood, PF resin 3.28 120X240 234 82
2. 4 layers bamboo-mat plywood, PF resin 4.36 120X240 312 109
3. 5 layers bamboo-mat plywood, PF resin 5.10 120X240 390 136
4. 3 layers bamboo-mat plywood, UF resin
2.51 120X240 200 70
(teak plywood)
5.4 mm. outside of plywood 4.00 120X240 1,296 450
6. 5 mm. outside of plywood 5.00 120X240 1,464 508
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Table 3. Average of highest pressure and MOR of roofs.

Size of roof Highest Moving from
Test Pieces Width Thickness Pressure MOR side to side
(mm.) (mm.) ) (N/m’) (mm.)
5 layered undulation
bamboo roof 440.00 53 12,357.0 16,140.3 1.27
Asbestos-cement tiny
corrugated roof 440.00 4.5 3,184.2 4,159.2 0.46

Galvanized undulated

tiny iron roof
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Table 4. Results of 5 layered undulated bamboo roof not leaked testing, time 24 hr.

Specimen of

Time of testing Quality of under roof area
roof
(hr.)
1 24 Not absorption and drop under roof area
2 24 Not absorption and drop under roof area
3 24 Under roof area absorb but not drop
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Table 5. Compare weight average of roof per square matre.

Types of roof Average weight of roof Weight average per

size square matre. (kg. /m’)

44 x 45 cm. (kg.)

5 layered undulated bamboo roof 1.0 5.0
Asbestos-cement tiny corrugated roof 1.5 7.7
Galvanized undulated tiny iron 0.4 1.9
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Table 6. Result of thermal property of undulated bamboo roof and fiber stone corrugation cement tile.

Thermal
conductivity Heat resistance Conductivity
Types of roof Thickness (k) (R) ©
(mm.) (W/ mK) (m’K/ W) (W/ m’K)

Undulated bamboo

roof 5 0.305 0.016 61.0
Asbestos-cement

asymmertrical section

corrugated sheets 5 0.839 0.006 167.8
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Table 7. Result of Thermal capacity of undulation bamboo roof and fiber stone corrugation cement tile

Types of roof Thermal capacity
(MJ/ m’K)
Undulated bamboo roof 1.436

Asbestos-cement asymmertrical

section corrugated sheets 1.970
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Table 8. Thermal property of undulation bamboo roof compared with general material roof.

Thermal conductivity Thermal capacity
Types of roof Y]
(W/ mK) (MJ/ m’K)

Undulated bamboo roof 0.305 1.436
Asbestos-cement asymmertrical

section corrugated sheets 0.839 1.970
Clay plain roofing tiles * 0.860 2.012
10 cm. concrete roof * 1.870 2.012
Undulated aluminium roof * 115.310 2.280
Undulate iron roof * 108.100 3.286

Center for Development Technology, 1971.
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Table 9. Capital of undulation bamboo roof materials compared with material of general roof.

Size of roof Price per Price per
Thickness
Type of roof Per board board square mater
(mm.)
(cm.Xcm.) (Baht) (Baht)

Undulation bamboo roof 53 55X135 117 156
Asbestos-cement tiny corrugated

roof 3.0 54X120 34 53
Fiber stone corrugation cement tile 4.0 50X120 38 64
Galvanized undulation tiny iron 0.2 57.5X150 70 82
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Figure 8. Wall form bamboo mat plywood. ~ Figure 9. Undulation roof form bamboo-mat.
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