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Abstract

This research aims to develop flame retardant textiles by using nano silicon
substance extracted from rice straw and rice husk by extracting and burning process and
based techniques. Then make the silicon particles are nano-sized by reflux and grinding
techniques. The extracted nano silicon is then decorated on cotton and silk by means of
dipping, compression, drying. The fire retardant test found that cotton fabrics decorated with
0.6, 0.4 and 0.2 mg/ml nano silicon and cotton do not decorate substances with the ability
to resistant to starting a fire of 6.925, 4.925, 295 and 1.125 seconds, respectively. The
burning of fire were 77.925, 61.925, 42.95 and 36.125 seconds respectively. The melting to
fire were 10.925, 7.925, 4.95 and 2.125 seconds respectively. The red when exposed to fire
were 78.925, 62.925, 43.95 and 37.125 seconds, respectively. It can be seen that the cotton
fabric decorated with 0.6 mg/ml nano silicon has the best fire retardant properties which is
different from fabric decorated with nano silicon at a concentration of 0.2, 0.4 mg/ml and
undecorate cotton with statistical significance (p <0.05). The decorated silk with nano-silicon
after the fire retardant testing, it was found that decorated silk with nano silicon at
concentrations of 0.6, 0.4 and 0.2 mg/ml and undecorate silk with the ability to resistant to
starting a fire of 1.942, 1.760, 1.360 and 1.242 seconds, respectively. The melting to fire were
4.306, 5.618, 6.572 and 7.948 seconds, respectively. The red when exposed to fire were
0.602, 0.733, 0.910 and 1.620 seconds respectively. The burning of fire were 1.606, 1.865,
1.932 and 2.034 seconds, respectively. It can be seen that the silk decorated with nano
silicon concentration 0.6 mg/ml has the best fire retardant properties which is different from
silk that decorated with nano silicon at a concentration of 0.4, 0.2 mg/ml and undecorated
silk with statistical significance (P <0.05). Also found that undecorate silk and decorated silk
had the average UVA protection values were 98.411% and 99.707%, respectively. The
average UVB protection values were 98.427% and 99.727%, respectively. It can be seen that
the silk that has been decorated with nano-zinc oxide has increased UV protection when

compared with undecorated silk, statistically significant at the level of 0.05.
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4.13 asazanefiinumssndndmeansazansluieulonsenles
AUINTY 2 UpIHBA

4.14 HeazBunFu T UNIUAZLATIVUIR 58 WY

4.15 @15FAAOUTITOUNTLAZUNTITUIN 58 1Y $1UI 2 58U

4.16 HamFIATRvIInYRIeyMAm T lUTARURNUNTE UM TINE D
Aneraewaia TEM

4.17 wamﬁwmzﬁmmmaqayﬂ1ﬂmiuﬂu%aﬂauﬁmuﬂizmumium
Aneiauwmaila TEM

4.18 uanioadUszneuvesans fillegluasuludaneudidansiziioinynading
WIndnglaglginaiia EDX

4.19 uansesAUsznouvesansiitleglumsunludaneud
afnannvsddewinsdanszisgiansun Tneldnada EDX

4.20 N3MIINIFINVBIES U UTRADY

4.21 ihiheiigulumsunludaeeuiaududud 0.2, 0.4
uay 0.6 HadnJu/laaans

4.22 MstudnasuIluganouasuURi Y

4.23 ffefinunismnussasun U aneuLE LB UL

4.24 fhihedldinunmsanussansunludaneu

4.25 fiefinunisanussansulluddneuiienududud 0.2 fadndu/dadans

40

41
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43
43
a4

a4
45
45
a6
a7
a7
48
48

49
50
50

51

52

53

54
55

56
56
57
57
58



4.26 fihefrunmsanussansuiluddneuiienududuil 0.4 fiadnsu/da

4.27 fihefrunmsanussansuluddaeuiirnududui 0.6 fiadnsu/da

4.28 wansesAUsznaUvssdegludine fiinumsnnussse
asuluddrou lngldinaia EDX

4.29 &nwaznanenmvesindedilinnussansunludaneu Tuwws 45 aa

4.30 Snwazmnameninvestniheiilinnussasunluddaou Tuwwn 90 a9

4.31 Snwagmameninvestnihefinnussasunludaneu mnududy 0.2
fadnsw/liagaans Tulua 45 990

4.32 Snwazmameninvestnihefinnunsansuiludaneu mnududy 0.2
fadnsu/dadans Tuwul 90 ol

4.33 Snvarnnameninvesiniefinnussansuludaneu anududy 0.4
Jadnsu/daaans Tuwul 45 el

4.34 Snvarmnsmeninvesinihefinnussansunludaneu enududy 0.4
Jadnsu/daaans Tukul 90 ol

4.35 dnwaznenenmuesndnefinnussansuudanou anududu 0.6

D) D)

a
8

Jadnsu/daaans Tuwul 45 890

4.36 Snwazyamuninvestnihefinnussasunludaneu AudLdy 0.6
Jadnsu/daaans Tuwul 90 el

4.37 MIANWAKENSUILLTARBULAY U LUTIRDN [YA LARASIULRN

4.38 nMsauuisdnluuiidhunisanuasansunludanounay
ansuiludeeanlenludevauiou

4.39 flvafiinunsanussansuiluddnreunnandudusing q uay
wluBadeanlen ANUTNTY 2% MEBNTLUIUNITTY BN BULIS

4.40 Huiveshlvuiildsiunsanussansuluidaeuazunludadoanles

4.01 fufivesilmmdsihunsanussisansuludaaey Anududy
0.6 1adn5u/Aaaans wazasunludereenlen AUTUTU 2%

4.42 uanseafUsEnauYesasiBnnzuLtuRve s luuRladsunisanuss
AuasuluTdrouLasuludreanlyn tneldmalin EDX

4.43 LanDIRUsENOUYRIENSADAMEULRURIv0 e T un1SRNUA A
asunluddrounavuludeneanlan lneldmaiin EDX

4.48 §nwaiznanen e ufinnussisasuludaney arududy
0.4 §aan5u/Aaaans NaanNIsNAERUNISW UL TuluIsEaU 45 99N

4.49 Snwazynameninvestnlnaiinnunsigasunludanouy auduty
0.4 Jaansu/Aaaans waan1snaaaun1sWbug Tuluaseau 90 pefn

4.50 Snwarmnamen et luuiinnussssansunludanou auduty
0.6 Taan5u/Aaaans NaaNISNAFBUNITHINL TUlUITLAU 45 99N

BN
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4.51 Shvarnemenimuesitlnufianuasisasunluidaeu nudutu
0.6 Taan5u/Aaaans NaaNISNAERUNISH UL TuluIsEAU 90 99N

n-1 Yagnensinunsiiianins@nuide e vhadn

n-2 thwaitdaedeslfindsivieuazenn

n-3 ednmhaasanauanlius

A-4 thyhaiidreimnuageiaud thaneulugeu (Oven)

A-5 thahefioulasaudund i aiiowmIommn

n-6 Tanslude crucible iowm3oan

-7 tvieilddae crucibleldimnmn

n-8 U%quwgﬁﬁiﬂuﬂwsm 600 aFLATEd Warsanan 26 Falug

1-9 WeTEUATIHAT] 9aunQil 600 BeFLYALTEA L3an 24 #lug

n-10 Yy snandeimn

n-11 Fedminlmdealensenles Ui 30 nda
ewmdsuansazanslaioulonsenlasiimnududy 3 uesuea

n-12 wseuansazalofeulensenlan 3 ussuea
Tnenhladeslansenlos 30 nfu avangluthndulsunm 1 ans

n-13 Yuidilsunaaseansazansladoulensenlesiinnududu 3 uosuea

n-14 Aanzneudstifeu wdfuihdweneuiiowsoy
anpmgaTazanenInYanlsn

N-15 LANENTaza18nIATanISNANUIINTY 5 Uasua adly
asazanalodiendanelii pH whiu 10 AeblhiAmaa

n-16 Wnansazanedafisniduduaunseiall pH Wit 2

n-17 Wuedlueulensenlamiudu
195 pH Wiy 8.5 saitel3 3 Falug

n-18 1iledenidld 3 Falus udwhnisnses

n-19 feg19EsTHIUNINTO

n-20 thihegsilldlueuiianmgil 120 ssrniwaidoa

n-21 fegavsedanoufiniun1seu 120 ssrmaldud

n-22 thiegeilduuagielnssunans

n-23 ievihmsuniegnsaunseaunsaziBonaudnimndsu
oH #aenils pHwihiy 7

n-24 \ilevimsuu pH Wiy 7 fedudn
thansleuliuisfigamail 120 ssrnivaidea

n-25 Weshumseuudransesidnvas Junsden

-1 ¥mswSeudaneudilau 10 nfu

9-2 Ymsiiuansazanensalalasnansnanuudy 4 uasuea

95
112
112
112

113
113
113
114
114
114
114

115

115
115

115

116
116

117
117
117
117
117
117

118

118

118
120



U319 20 Jaddns Wiovnisinseusngng

9-3 Wevhmsiuansazarsnsalalnsrassnaududu ¢ yosuea
U315 20 fiaddns SaudunssuiunsIngng
gaumgil 100 esmwaldoa 1Ju ian 4 Falug

-4 ndnhansesarasiete aunseial pH Wunans

9-5 1&am 2 ndu Aldrumstessensalelasnassn

9-6 yNsiANaEnsazaneluneulansenlenmuliNy 2 wasuea
oV seSesInEns

9-7 devhmsifuasavary arsavareludoulensonlan
AUINTY 2 UpSHea USUMS 20 Hadans

1-8 ndamntiuriimsuiu pH Weglutgs 7.5 - 8.5

-9 YNIANAENOULIALUITOU NT8 LaraUTgmail 50 asrLyaLTed

Huan 18 Falug

9-10 LAIMTOUNTUALULNTIVUIA 58 LU

A-1 UansZameudsunm 4 SN WYinIsUAMIELASIuAENS
qunsziadunsaziBundun

A-2 1Na5TaAoUTHIUNTUALED 11SOUHNURZUNTIVUIN 58 LY
U 2 50U

a a

3-1 Fe@an luusuna 0.05 nsu Talufiniiamsila

Y
a a [

s-2 FeaAnluuTinm 0.05 n3u ldluinifensiida vheesay 3 61
-3 neansadaisnduduasuusieg sl 10 en
s-6 thlulmnudeuvuwiulienuseulmnusouaunses
lovasnsadaiisnuuald
-5 iladeulansenles 1.5 n$u ilevasudaneuludiets
-6 ihlunasunsifsadudusuiungBidasouuns
Uszana 20 uit WilelAiAnnsvaeuaiysal
37 ﬁwuﬂg%tﬂatﬁu Sadptindu 120 fadans
-8 Mntuseinegaddutnnoduuin 150 Tadans
thdnnesludsuusnslianudeu (water bath)
-9 vhnsnseafieeaznaudsenn
3-10 Wansazaneiegeiilduusu pH W 7
fealsazarensalalasnassn 1 lua
11 Y3uUBunnsaetnnauasy 250 daaans
312 geldvinnanainwediesau tiluwmundifienUsnnadanou
4-13 Ymansazareiegsiigosuwdrusuinns 20 Jadans
TdluvanUSunnsuunn 50 Sadansyndnogias 5 91
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120
121
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121
121
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126
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126
127

127
127

128
128

128

128
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14 @uansavarsuenludouluduinsnluiiegnsas 3 Jaddns
415 vmsaainald 10 undl
$-16 MNTURNENSaTaNEE AT UEIIWY ag9TIAEY 15 Tadans
USuUsanmnssethnduasu 50 Sadanssunaiasy 3 $alus
17 arnsganduuasil 810 uiluing feLAdos
UV/Visible Spectrophotometer
3-1 yhmsdadiievhmsneaey Taedadurueaninsga
817 5 x 14 L9UALLAT
9-2 WW3eNansEangleAISUBLUR 5 NSUABARS
2-3 wssulanln 5 nSunedns
3-4 fmaaedUrmuazeadIsMssuivasazaneiwiouly
a-1 wisuasuludanou Aflanudududisnetu Tned
At 0 0.2 0.4 waz 0.6 fadnSu/Adadans
a-2 WdsuaTaranailowIsuflasnanTuasuludaneu
a13sodium hypophosphite (SHP) AUty 4.5%
a-3 WSsuansazansiilowssuiiasnauT A vasuludaneu
a3 silicone emulsion TuAMULTNTU 1%
a-0 W3suasazaneiiowssuiasnauTfvasuludaneuans
acrylic binder 372U 5 UadnJu/laqans
a-5 Mnduthimageuiissedliuhmsiuasuuasazany
fiwFoulidunan 1 $alu
2-6 Wiuvnssamglsinaududiuau 20 seu
-7 T unsIade ldnauudatily
suwidludou Migamgdl 120 esmwaldea Wunan 45 wil
%-1 W3 Tinunsanussasuludaneouil 0.2 fadnsu/adans
0.4 Hadn3W/Nadans way 0.6 Haaniu/laaans
Y-2 ﬁmaau?qmamiqﬂﬁmlmmL?Taﬁﬁ MINNINTFIURNEATUNRPAIMNTTY
%-3 INSBUANTIIEYNSVAEB UASULLTIUNAEEY
¥-4 Yihinsuuwiuneasukdnslugitowioamaaouluyy 45 sam
¥-5 Yrinsuuwiuneasudnslugitowioamaaouluyy 90 aam
¥-6 Bunpaounsgnivsiuesifiiunisanussfiuasuluianeu
1AEN15NAFOUNITANIMLRILLLT 45 B3
¥-7 Buvpaounsgnlvsiuesinfiiunisanussfeansuludanou
lagMInAaaUN1TAN MERIUKLT 90 B9M
-8 Snvasiivewindildldnunsanussansuludaneu
nadauNsantndluwiseiu 45 adm
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134

136

136

136
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v-9 dnvazidesnitlilldiunsnnuiensuluddaeu
nadauNMsantndlukuIseau 90 adm

9-10 dnwaiziinvesniiumsanusia sulugaaeu

AT 0.2 Tadnsu/Tadans neaeunisanindluwuisedu 4589
¥-11 dnwaziivesrniniumsanussansunludaneu

ANt 0.2 Tadnsw/illadans nedeunsanindlunuisedu 90 aeen
9-12 dnwaipiinvesiniiiunsmnusiansunludaaeu

ANUTNTY 0.4 TadnTu/Aadans nadeunsantvdluiulsedu 45 8
%-13 dnwaziinuesiiniunsnudsansuludaneu

ANUTNTY 0.4 TadnTu/adans nadeunsantrdluiulsedu 90 8
9-14 dnwaipiivesiniiiunsmnusiiansuiludaaeu

ANUNTY 0.6 Tadn3u/adans nageunsantrdluiulsedu 45 a3
¥-15 dnwaiziinvesniiiunsmnusiansunludaaeu

AULTNTY 0.6 TadnTu/adans nadeunsantndluiulsedu 90 8
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