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Abstract

This research was to find the appropriate proportions of flame retardation silk
with Polydimethylsiloxane (PDMS) and Diammonium Phosphate (DAP), and examine
washing durability by measuring contact angle between water drop and silk surface,
flame retardation, and to analyze the surface by Scanning electron microscope. Coating
materials for silk cloth Polydimethylsiloxane : Diammonium Phosphate : Deionized water
were combined into three different proportions, that is, 10 : 2 : 88, 10 : 6 : 84, and 10 :
10 : 80 by mass respectively. For the analysis of the surface condition of the silk cloth
after coated with Polydimethylsiloxane and Diammonium Phosphate, before and after
the 5™, 10", 20™ and 30" washing with magnifying power at 50, 500, 5000, and 10,000
times, it showed that the surface of silk cloth was rough before washing, and less rough
when washed 5, 10, and 20 times. However, the 30™ washing it was found that there was
still coated material on silk cloth with smooth, not rough texture. For standard test of
NFPA 701-1 of 10 samples of silk PD1010, it was found that the average of lost weight
was 2.63 % and the average time of burning at liquid dropping was 0 second per piece.
As for durability to washing of silk, the findings showed that the contact angles on average
between water drop and silk surface before and after the 5, 10", 20", and 30" washing
were 138.45, 122.87, 122.73, 122.07, and 118.63 respectively. At the 30" washing, the
contact angle was between 90 and 120 degree.
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Table 1 Mixing ratio for 100 g

Code number #15 PDMS (g) &5 DAP (g) 1 DI (9
PD102 10 2 88
PD106 10 6 84
PD1010 10 10 80

2. Wmswavasuaziadauin
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2.1.3 Faanswedlawiialsaonwu (POMS) laweuluiieuviaaia (DAP)
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2.2 Sumsideuiilu
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2.2.2 ane bl

a
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2.3 SusSeutunaaoy

2.3.1 nMsnaaeuAnaudRaANTouAINNIATIIY NFPAT0L-1 ANuInsgIu
¥pdDepartment of Public Works and Town & Country Planning (2019)

W3EUENFI0ENS TR 40 x 15 Leuiung 1w 10 U thiudenaluinds
U pin bar d¥uuviu dredwmiindaeadvimin 3 nu (+0.2 n¥u) Tneuuduvesadvegniie
MnUaetunagey 5 Tadums (<1 Taduns) bl Funian 45+1 Junl (flame time) wazdiu
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Y oA 2 1 Yo . ' 19 [ v =
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2.3.3 naTiasgsian ni uiiadendesganssmisidnnseunuudedniin
(Scanning Electron Microscope, SEM)
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qammﬂ&ﬁnmamwudmrmm (Scanning Electron Microscope, SEM) A&98IY x 50 Win,
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53



NsaFIeIeaastasnalulad unninendeswigumasany U9 6 atui 3 (fueneu - Sunew 2023)
Journal of Science and Technology, Rajabhat Maha Sarakham University, Vol. 6 No. 3 (September — December 2023)
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1. naMsAATIRaNUATIANTIUY
1.1 maaseunsaalw titevngnsansindeuilumiishunisanslalligean a
#oaUFURNT AuzInemant sinendenudgEiug e lUinsgiaueandidu q doly

Table 2 Flame retardant behavior of silk after coating PD102, PD106 and PD1010 By
testing according to standards NFPA 701-1 which is used to test the ability to resist flame

spread in textiles.

A9819 AR SN8azID8n

H1lnugns PD102 ndeaIn
nagounsarulnvinliiisee
Pl Indifndu wuaulanuiely
PD102 L s
= \Raswiniu 10.87 %

H1lvugns PD106 wd4a1n
nagauni1sadiny i dses
TnfiAndy wuiwnadinigld
PD106 WAty 10.57 %

Hlnugns PD1010 nd93n
nagoun1sarulnvilvises
TnsfiAndy wuiwnadinigld
Wwaswiiu 7.90 %

PD1010
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Table 3 Results of fire retardant test after coating PD102, PD106 and PD1010

ﬁﬁli/%u&’]uﬁ’)aﬁi’]\i man'auvmaa‘u mawé’wwaau N?aﬁ‘l’nﬂlﬂ
* (9) (9) (%)
1 12.00 10.00 16.67
PD102 2 13.00 12.00 7.69
3 12.00 11.00 8.33
Aade (X) 12.33 11.00 10.78
1 13.00 11.00 15.38
PD106 2 12.00 11.00 8.33
3 13.00 12.00 7.69
A (X) 12,67 11.33 10.57
1 13.00 12.00 7.69
PD1010 2 13.00 12.00 7.69
12.00 11.00 8.33
Aade (X) 12.67 11.67 7.90

Mnmsnegeun1sadlnvesilnundauaiougns PD102, PD106 way PD1010  duIugnsas
3 §es wuingas PD102 ldrnafimeluuniiande 16.67 % tesiigade 7.69 % uay
Anadevesnaimely fie 10.78 % gns PD106 liamnaiivgllunndiande 15.38 % tee
fignde 7.69 % uazAadsvesnaTivnely fie 10.57 % gas PD1010 dAsnaiimelunniian
fie 8.33 % tosiigne 7.69 % uazAnadABvesNATMElUAD 7.90 % Fudugasiidumunis
aulldunitan Fengnsilumavaaeunmantisy q deld
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1.2 MMAgaUNATFIU NFPA 701-1 Tudnlnugns PD1010

Urlvsiafiougns PD1010 naaeusasgrun1sansln NFPA 701-1 ey andu
Waungmamnssudame nsluus Araany njawwe Tagnanisnadeufanistei 3
Table 4 Fire retardant test results according to standard NFPA701-1

2 uanau UIANAY o viann1sanlvgd
Juau waimeld | - v el s
v . GO NagaU fvaunallsy LneuaiNeL
28819 (%)
(9) (9) nen (s)
1 13.60 12.40 8.82 0
2 13.40 12.70 5.22 0 o ;
3 13.40 13.20 1.49 0 ﬂ’]Li‘JiTJEJ:U’eNiJ:JaV]
melUtioani
4 13.30 13.10 1.50 0
40 %
5 13.70 13.50 1.46 0
6 13.10 13.00 0.76 0 v
LaINIANLNN
7 12.90 12.90 0.00 0 =
YBINRAISUNYA
8 13.30 13.30 0.00 0 o \a A
o8N 2 I/
9 12.80 11.90 7.03 0 2
U
10 12.90 12.90 0.00 0
Aade 13.20 12.90 2.63 0

NnMsnaaeunsaaliiinnsgiu NFPA701-1 Tuilusiiiedeugns PD1010 $1uau 10 et
wuinaneunaaeuinniiande 13.70 niu Tufegned 5 desitgade 12,90 niu Tufeenei 7
Lagfegneil 10 mandmageusniiande 13.50 n3u lufedaed 5 desiigade 11.90 ndu
Tushegnadl 9 uazanadimeluanniiande 8.82 % luseteil 1 teuiiande 0.00 % lushoens
77, 8 warinegned 10 uazAadevesaiimeluis 10 foge fe 2.63 % fnanedsves
ﬂ’ﬁqﬂlwﬁﬁﬁuaqma’ﬁwmﬂgﬁ 10 Feg 19U 0 it Faunedadowuds dn1svenves
YDILNAIVIUT]

2. NANIINAFBUAIUAINUABNITTNA 281AF 09T AL uFUHE (Contact Angle
Analyzer: OCA20)

Slothilnuiiedeusegns PD1010 nadevantRmldreuih denadeununmy
gasasiidiadeudnumunisarnlvainnsdn Taenshdegandmduuin 1x1 wufiuns
Aadualad udanhluinsneaeusieiai esiinszviyududa (Contact Angle Analyzer ;
OCA20) 11 #oaUfoRnsivenaans wminendouses fensveatasluvufiudiilv wd
’Lﬁzﬁ‘dsLmiu’a’mﬁimué{’mﬁaﬂuamamﬁwﬁmﬂaa"l,ﬂuuﬁyuﬁﬂmmuuﬂ'au%’ﬂ wa9gn 5, 10, 20 way
30 59U

56



MIETIeImansuazialulad univetdesvigumansain 97 6 atun 3 (Hueieu - Sunau 2023)
Journal of Science and Technology, Rajabhat Maha Sarakham University, Vol. 6 No. 3 (September — December 2023)

Table 5 Contact angle of silk PD1010 before and after washing 5, 10, 20 and 30 times

U AsuFURE (29A1) o
. 7 = T2 ARy
nsdn ATN 1 ASIN 2 ASIN 3
- ” ” (24971)
(s9U) 4 YN 4 N 4 N
0 137.50 137.70 138.00 137.60 139.80 140.10 138.45
5 121.50 121.90 125.90 124.70 121.50 121.70 122.87
10 121.50 121.90 125.90 124.70 120.50 121.90 12273
20 125.70 126.90 120.40 121.10 118.90 119.40 122.07
30 117.90 118.00 117.60 118.10 119.80 120.40 118.63

Apduiavesmeaiuuinlnufiindeugns PD1010 deudnyuduiiasnniiando 140.10 am
Tunmsvnaeunssd 3 uuduan Heefianie 137.50 asn lunmaaeundadt 1 yududne was
Aduiiaads Ao 138.45 per ndsdn 5 soU yudulaunniigafie 125.90 e lunsvageu
adsfl 2 ypdudneg teslanfio 12150 esm Tumsmaaeuadeil 1 yududne wagnsmeasy
adafl 3 yududne uasAnuduiaade Ao 122.87 osrn udndn 10 sou yuduiawnigade
125.90 a3 lunsnageuased 2 yududne Yosfigafe 120.50 o lun1smnaeundsii 3
yasuge wazAsuduiiaade fe 122.73 a3 wandn 20 soU yuFuiaunTiande 126.90
oern Tun1svaaeuaded 1 yudiuen Yesfiaado 118.90 oean Tun1snaaeuaded 3
dudne uavANddaRas Ao 122,07 asm wdndn 30 soU yuALdANINTidaAe 120.40 e
Tunsvegounsdl 3 yuduwn tesitgnfie 117.60 osn Tunsmadeuasadl 2 spdudne wa
Ayuduiande fo 118.63

3. wan1sATgianmiuiafiendasganssriBidnasouuuudadnsia (Scanning
Electron Microscope: SEM)

¥msiaseian iy lnundundevaisnealawdfialvasnisy (POMS) warans
minlnlanenluilouneamn (DAP) gns PD1010 foudn uagnasdn 5, 10, 20 uag 30 ToU
A f1&99818 50 111, 500 1%, 5000 111 way 10,000 V1 srewanaly figure 1,2, 3,4, 5
iy Tu figure 1 wudranmituitvesilunoudn fdnvasrguseiAnmnansilivey
11 (PDMS) Lﬁaﬁﬂmﬁmﬁauaﬁqm PD1010 tuN159N 5, 10, wag 20 58U ViR
Gu?mwu‘ﬁuﬁaﬁamaa &1 figure 2, 3 uay 4 waziilevinsdn 30 sou anmituivesdinluudu
fansuanidnunzvsstundovey fdnvueiiufinfiFsuuaslivgusy & figure 5 ag1lsfnu
mibi'fﬂ?iamaiﬁmamﬁauﬁagjuuﬁﬂmamm anavilvsgavsnmlumsmiliduanasnialy
fe
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Figure 1 Surface of the silk after coated with Polydimethylsiloxane and Diammonium
Phosphate PD1010 before washing a) 50X b)500X ¢) 5,000X and d) 10,000 X

Figure 2 Surface of the silk after coated with Polydimethylsiloxane and Diammonium
Phosphate PD1010 after washing 5 times a) 50X b) 500X ¢) 5,000X and
d) 10,000X
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Figure 3 Surface of the silk after coated with Polydimethylsiloxane and Diammonium
Phosphate PD1010 after washing 10 times a)50X b) 500X c) 5,000X and
d) 10,000X

Figure 4 Surface of the silk after coated with Polydimethylsiloxane and Diammonium
Phosphate PD1010 after washing 20 times a) 50X b) 500X ¢) 5,000X and
d) 10,000X
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Figure 5 Surface of the silk after coated with Polydimethylsiloxane and Diammonium
Phosphate PD1010 after washing 30 times a) 50X b) 500X c) 5,000X and
d) 10,000X

A3UNaN1337

mﬁ%ﬂ%ﬁlﬁﬁﬂmLﬁmﬁ’vmﬂﬁmamauﬁawmﬁmiam"l,%luuﬁﬂwu Wlevndasdnd
wineau lagldanswedlawiialeaoniguiazlawenlallouneans Inetilruedeuwuuds
1 Junan 1 4l Fsananseinszhanuideldssd

wan1snadeunisatuliuudiluudiadovarsnedlaiialeasniou (POMS) uaz
loueslafioumoain (DAP) sie 3 gos léud gns PD102, PD106 waw PD1010 LleEmandw
fifian wuiresazvesradsiadiveluldiviniu 10.78 %, 10.57 % uag 5.29 % suddy
Tusks 3 gns inafimeludosnit 40 % uanviiagasiiuanasgu Tneflnufindougns
PD1010 Wugnsiisumsanillléiian esniidiedemnaiimelutesningasdu

amInERan LR lmdaniedeunsiesgian it lmmdiadeu
arswedlawiialeasniwu (POMS) uazlaueuluideuvieain (DAP) gms PD1010 foudn uay
w&sdn 5, 10, 20 way 30 58U NIMaw@ee 50, 500, 5000 way 10,000 1 LanaEean L
vosrilvuroudn fdnvusasussiiinanasillisoui Wedlnufindeuarsgns PD1010
{1un13dn 5, 10, uag 20 50U ﬁamwﬁuﬁaﬁﬁuqﬁussﬁ'aaaa wazienisdn 30 soU anw
fufnvesinlmniy Snuansdnunzvesiuedovey wilfnfidsuuarlivguse asliilunis
dndnnufiinniudes q evdmalianadoufioguuinluanas wasshlviszansaimlunns
smisliduanadludae
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HANITVAADUNINTFIU NFPA 701-1 veernlnuans PD1010 9113w 10 f79879 wuin
Apdvesimiinfimeluniiy 2.63 % uaziinanedsvesnsgnlviifivesvaiiumeasinty
0 3unit feuedsvenimiindimeldesnin 40 % wazilnaadevesnisanludifivesnaiy
veatiosndn 2 Fudidetunu uaneh gns PD1010 tu shunasiinsgu Ssduanismeaoud
find eiSeudiouiuauidsveansiiug yysssuds (2555) MwFouihihefifarsnisdnle
gns PDS152 firadsvoniminfvmeluvindy 55.64 %

NanSYIAAeUANLATILRBN1sTnYeshlnugas PD1010 sheinsesinyuduiia wudien
qmé’mﬁTaLa%"U%aqmmﬁwuﬁﬂmﬁau%’ﬂ waegn 5, 10, 20 wag 30 S9U WnAU 138.45, 122.87,
122.73, 122.07 way 118.63 89f1 AUa1AU aiqﬂlﬁdﬂué'hasiNﬁﬁﬁi’mums%’ﬂ 30 50U fAn
uuduifaeglusendng 90 fa 120 pern vosvazduveauagliloniiuiy Fond1 Audald
south uazlufetsioudn uagndsin 5, 10 uay 20 JoU deyuduiaunndi 120 8 o)
10 Bonh fuildveutheands dufudleyududatoras asviliussamamuesnisuislal
anasuluse Jsaenadosiueuidures Boonthamsong Korrapin (2012) fn3eufinfeds
asmhadnli Teuduiaedovesgns PDS152 Aeulazndsdn 20 5oU Wiy 127.27 o
wag 121.80 09A7 ANEIAY
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