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Abstract

The research work entitled “Study of Physical Properties of Flame Retardant
Finishing Woven Fabrics for Children Clothing” originated from the researcher’s
experience as a physician living abroad for several years and discovering that children’s
pajamas abroad have flame-retardant properties due to legal requirements. In contrast,
no regulatory standards govern flame-retardant protective clothing for children in
Thailand. Therefore, the researcher’s idea was to experiment with producing flame-
retardant fabrics that could be used in children's daily lives to serve as a guideline for
future legislation. The objectives of this research are 1) to study the effects of flame-
retardant concentrations on cotton and cotton blends; 2) to examine the flame-
retardant properties of fabrics before and after dry cleaning; 3) to test the physical
properties of fabrics after flame-retardant finishing; and 4) to create a prototype
product (children’s pajamas) from fabrics with flame-retardant properties.

The research method began with the preparation of woven cotton fabrics and
two types of blended woven cotton fabrics, namely CVC fabrics and T/C fabrics, to be
ready for finishing. Then, the 3 types of woven fabrics were finished with flame
retardants. In this research, Flamegard CP was used, with the amount of flame
retardants at concentrations of 100, 150, 200, 250, and 300 g/L. Phosphoric acid was
used to adjust the pH value of the flame retardants at concentrations of 10, 15, 20, 25,
and 30 ¢/L, respectively. The temperature used to bond the flame retardants at all
concentrations was 165 °C, and the time used to bond the flame retardants was set at
30, 45, and 60 seconds. Finally, the finished fabrics were tested for combustion and
durability in various aspects, compared with fabrics that were not finished with flame
retardants.

The results of the study found that the optimum amount and conditions for
applying flame retardants onto the three types of woven fabrics were 100 g/L of flame

retardants combined with 10 g¢/L of phosphoric acid, 165 °C of the flame retardant
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bonding temperature, and 30 seconds of the flame retardant bonding time. In terms of
combustion testing, it was found that the three types of woven fabrics finished with
flame retardants and dry-cleaned with perchloroethylene once still exhibited flame-
retardant properties comparable to those that were not dry-cleaned. As for the results
of the physical property tests of the three types of woven fabrics after finishing with
flame retardants, it was found that the fabric stiffness values increased slightly, while
the fabric tensile strength and abrasion resistance values decreased slightly. The fabric

tear strength values decreased significantly.

Keywords: woven fabrics, flame retardants, physical properties, children's clothing
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25-64 Vil$nsnsuiaiiusndign Sidedin 120 edeUluanssensnifedosiunsgalaling
ofnseningd . 1999 F9 2004 wmsgrueesursnierluldmuaunisinliuedeinfiaam
Tdluansgousnidaudd a.a. 1953
2.4.1 AUTULITWOIUIANA LY
2411 mnuAnvesuEa (Mwdl 2.1)
1) First degree burn/superficial burn V1aLNasEAUFY Ramilsdiduas
laifigrh
2) Second degree burn/partial thickness burn vrnwralndfifingg
VNANgYBIRIMITIIUE I Lﬁmﬂuqnﬁ'x
3) Third degree burn/full thickness burn Unaunaludinisvinaty
vosmderionun [Huds wievnda lifinnuddniiug

Third-degree burn

Vyy

1st degree 2nd degree 3rd degree

\ VvV / -

-
Epidermis
...... o

Dermis

Subcutaneous

tissue

AN 2.1 LEAIAMUANVDILKAINANNSDU [3]

16



2.4.1.2 YBUWATOIUNA (AT 2.2)
doswnludinaeddnamvesiuialiotuiing unniiflg)
Jedndudesddinaelunisussiliuauasuuu wanseiulumuteny silidianueinninves

Assess the extent and depth of the burn

Shade area - indicating depth
Ignore simple erythema

Superficial partial thickness
[] (brisk cap refill, painful, blisters, moist)
Doep partial ot full thickness

(reduced cap refill, loss sensation, pale,
mottled, dark, dry)

REGION %
Head

Neck

Anterior Trunk
Postenor Trunk
Right Arm

Left Am
Buttocks
Genitalia

Right Leg
Lefiteg

X £ Total Burn
Relative percentage of body surface area affected by growth.

Age (years)

0

1

5

10

15

Adult

A "2 of head

92

82

62

52

a'2

32

B Y2 of one lhigh

2%

3%

4

a2

C Y20f one leg

22

22

2%

3

3

a2

4%

32

oximates 1% of body surface area.

awi 2.2 msnildlunisussdiuanuguussusuraainausauluan [4]

242 wnalnfllwdn
unalvsfluiindinagfinnuguusannnitluglvg esann
1) inesdidndumesiuiivilannnitludlngidefteutudutng sl
Tuwwaimwawhiuludnagsussandglug Smsgadeansiilénnn
2) anuvvesiamdluiinaztiesniiluglvg vinbiilefnunalysfazd
Temafunaazdnniluglvgy
3) ANTNNIZALABUBINITHINATEY NITAIUANELMYTTINNY N1FATUAN

\ndeusfiavidungeu MIguainumiasiden wazisnzunedenii

2.5 nagnindiAnlvvesiandme

“” (fire) iluusng menifiinanuAAseneendinduiiiintusenesiniia (rapid
oxidation) ¥84¥an 13eNidnAuI “msmnlndl” Tnefinismeauieu uaziUdwaseanin
woiudu “wWadlw” (flame) ™
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osdUsenouiivilisanunludileg 3 egnisauiu Ao Weunds (fuel) arsoendlad
(oxidizing agent) 3sléun panFiau wazaudou (heat) mnvneglnogramils wiedsaiy
ognananfilushsdilimnzannds mawnlndfarlifndu

dledmeldumnuiou winnsaaies (decompose) nanerduleszive vidoufa
falwdre nszurumsiidendn nlslada (pyrolysis) GTE@LﬂuﬂismumiﬁLﬁmﬂgjﬁ%mg}mmm
$au (endothermic reaction) antulessivenieufadianliagiufaserduoendiaulun
omAuaztAnnsanll denaliiiAneyyadaseidesh dsazviliiAnUfAensuele (chain
propagation) aunszseyyadaszitieshilduruunnnediaziiny §ise1g nldvesnisiunlng
Inafinisaeanusou wavataisanuueuiunduali (flame) 3annszuIunsnanan
31 Aswlng (combustion) Fatdunszuiun1sminufazernieninuieu (exothermic
reaction) uazaufeuiAntuiifnenduluvinlvdmeseuiunazaasiniulonioudaiinnln
g vibinswlngdaiusielulugluuuvesias (5]

gnumniAnlu (ignition temperature) lugumgimanvesdiunansznineian waz
91nA Wiooendlauiiiliiangadallfiosdadunisiudures fAsornamnlnd gumad
nshnlndnansdsmuendeitanasiantsming ussfuniesdssiundanuiidodiud
Fanusazaiaiieliianurazaiaiinnsgadalndsasiidunnsiieiu Agamadiifisideaiuns
wrlniiuszneudie guvgiinisidsuaniuzadieia (glass transition temperature: Ty),
RN INasNlNal (melting temperature: T,), aadngilnlslad@a (pyrolysis temperature: Ty),
uazgaumgiin1nmlusl (combustion temperature: T) [6] fauanslunsnsi 2.2

2.5.1 Limit Oxygen Index (LOI) %38 Oxygen Index (Ol) s USN1auAIINLTNTU
9enBLaus1ga (Minimum oxygen concentration) fivilianifnnisanlniegsieiilasldniels
ussemefidnisivaveseendau warlulasiourandiu lasdilnginemenuduiosasvde
Wosidudnnnindnsdau lnsunfennailuiviunmeendiausvanuiesas 21 mseagily
ussemeUnFYandmedial LOI sndn 21 Fsdnluleine deghau fhefian LOI wihiy 18.4 &4
wandlunnsneil 2.2 azdnlWlddendnvudnd uazuenozasan A1 LOI Windy 25 uag 29-30
Uy isanunsulsriintagdmeniudl LOI fsil Yagdmedidian LOI desndn 21 dnegflu
winidalule (flammable) uaz¥andmefiian LOI unndn 100 Wunandilidalul (intrinsically
nonflammable) 9103 1u3deua1s 9 Fuiiiiusuandliifiuitfagdamedia LOI unndn 28
anunsasulnléies (self-extinguishing) d1umaniisl LOI 9E8NI18 21 Uay 28 %’mayﬂuwaﬂﬁﬁﬂw
1991 (slow burning) [5]
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M13199 2.2 gaungilnsialnvesiduleyilasing o [5]

wiule T, °C Tm °C T, °C T. °C LOI (%)
(soften) (melt) (pyrolysis) (ignition)

fe - - 350 350 18.4
LSHOU - - 350 420 18.9
VUe - - 245 600 25
WoRLOALNDT 80-90 255 420-477 480 20-21
luaou 6 50 215 431 450 20-21.5
luaou 66 50 265 403 530 20-21.5
EAIAN 100 >220 290 450 18.2
UonDYAIaN <80 >240 273 690 29-30
Uasuung 275 375 410 >500 29-30
Anans 340 560 >550 >590 29

252 ffomnmanigiuis 4 lunismeasumiuaiunsalunisinluesdme
Tngluginsgrunismagauniuanisalunisaalninnuadeusng 9 Ay fail Flame
application time: szazaitunstowalnfiunagsy

1) Ignition: nsfizunageuinlianely 1 unit wiounnimdantunas
aleen JeunefenisEuduresnisinll

2) Surface ignition: MsqalWifmthwesdunaaey

3) Bottom ignition: M3galilveudsesiunagey

4) Duration of flame %38 After flame time: sz8za17TagSansiiuadlu
auegndIntunasalneen

5) Glowing: M3fiTagdsnainnisauamdsannadliduas vislisiadls
Aetuvdannthuvasyelnean

6) Duration of afterglow %30 Afterglow time: waznmﬁi’a@yﬁ@ﬂﬁmLm
nasanadlnduas visenasaIndunasya lilaen

7) Flaming debris: Tudiutaniinaauensanuianniunaaouuazanasund
vovdwastunaauudissnsanindlunnginnasndaelneiiiutanlufnn il

8) Flame spread time: szozlia nsamveaUarliuuianluszoznied

My

9) Sustain combustion: mmﬂ%ﬁﬁmagjmu %Mﬁﬂﬁﬂﬂﬁﬁ%u%ﬂa@UQﬂ
IndfiAnwadlwlnesivadlwaweguiu 5 3undl wieunnimdsaniiunasqalilesn wiensi
Wanlwanilufaweuuuganelunarditosnin 5 duni
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10) Mean ignition time: 3oAadsra A IgnAnlnl Aladevesszezna
fromlnluitunaaoundiiliiunageuinnisgaialu
11) Char length: sggznsanUaein umisidudalnensstuunasgaly)
ugashumisiianansoueaiiuldindhgmianevdsindilsoonussdnin (vertical test)
12) Damage length: ATWEMIZIEATBsAIUTIgMYINBvR T UNARDULAAY Y
Tnedalunuafs vieuuuesudafoaduuuidifienuenvesdiuiignyinatmnnnin
13) Char yield: Usunawsadnfinaunde Inefaaintimdnveadiiounay
pdnfinssuiunmsuninifuanaudninaadusandnilaglians fei (7]
Char yield = W2/WL X 100 aunsi 2.1
Toe W1 uag W2 fe ththdeusazndininssuiunisunindifuanas
MUAAY

2.6 ANIFIUNINAFDUAMNENTALUNSAALWVDIEIMND
UINIFIUNITNAADUAINANITAIUNTAAINveIHAn SuditaTodavin Lok 1Hern

by gaueu gaupuAn wandlunisnei 2.3

o a a (% (3 = 1 |
M19199 2.3 W INTFIUNINAFBUANINAINNTOLUNSARLNYRINER S u9lATaLsiy [5]

YUANAANUIN | RUBLAVUINTFIY Yourmsgu RUELAG)
Lgaﬁﬂﬁalﬂ BS EN ISO 6940: Textile fabrics-Burning behaviour
(Apparel) 2004 -Determination of ease of
ignition of vertically oriented
specimens
BS EN ISO 6941: Textile fabrics- Burning
2003 behaviour -Measurement of

flame spread properties of

vertically oriented specimens

ASTM D1230 Standard Test Method for
Flammability of Apparel Textiles

AATCC 33 Standard for Flammability of

clothing textiles

16 CFR 1610 Standard for the Flammability of | snnsgiudsAuYed
clothing textiles (The general HANANTI19918

wearing apparel standard) luansgaism
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d' a a (% (3 d' 1 | 1
M19199 2.3 UIATFIUNINAGBUAINEINNIOLUNTSAN INveINEnSueinIadsny [5] (d0)

YUANAAN I NUIYLAVUINITTY %ammgm NN8LNR
YAUDY BS 5438: 1976 Methods of test for flammability | sasg1uUsAUYDS
(Nightwear) of vertically oriented textile NARSuaiTinee
fabrics and fabric assemblies Tuauswenandng
subjected to a small igniting aelel UK
flame Regulation-
Nightwear (Safety)

Regulations 1995

BS 5438: 1989
(1995)

Methods of test for flammability

of textile fabrics when subjected

to a small igniting flame applied
to the face or bottom edge of

vertically oriented specimens

BS 5722: 1991 Specification for flammability | 1usasguidiy
performance of fabrics and YOMUUAVDINGH
fabric combinations used in Aalnenadgouy

nightwear garments ANUNIRTTIU
BS 5438: 1976
BS EN 1103: 2005 Textiles. Fabrics for apparel. HuiSvaaeudild
Detailed procedure to Wuderimvunves
determine the burning BS EN 14878:
behaviour 2007
BS EN 14878: Textiles. Burning behaviour of Lﬁummigmﬁlﬂu
2007 childrens nightwear. YOANUAVDINER
Specification feuan
16 CFR Part 1615 | Standard for the flammability of | 11a5g1udeRuves
children’s sleepwear: Size 0 ARy
through 6X luansgaisn
16 CFR Part 1616 | Standard for the flammability of | 11a5g1udeAuves
children’s sleepwear: Size 0 ARSIy
through 14 luansgousn
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Inglullagtudulenfimnudelunisdeniuwdndedianusznese ki i1
U dnlelel WWusiu Tneawzinihe Wesandudayy ssutwenniad auldauns Fuduiels
A ldszAemasiivids wikanuniuauausalun1sndasinien

2.7 nalnn1svinauvasa vl
Snwrmaaiivesiuindmedienuvannvansunn duavansviaansialned
vannuanganuivuasdudoutui maaiiuazgnsimissinlidsdegununeg siudsenla
\wu voaneda lulnsiau wane Fawles Tuseu wavesAusznaudu 9 lusuuuuuaznis
NALNEUSS 9 31n318 Fanalnnisievesansmidlnaziivanenged lHua
2.7.1 nqufnsgaauieu (Endothermic Theory)
ngufiilosursnisrhauresasmiililazgaduauiouuisduainisuy
damalsiarsuihaliiAanisaaieflugiuuuresnisassuivaivienisssiiia Saazdivan
gaumgiinduleduda sulianansafesssuivhlinannsunlngils
2.7.2 nquiuiia (Gas Theory)
ngufildesuienisieuresaisvili Woasvadfouuasinln ans
wardsdsuduieiigadnlildenviohifnlies wu ufalulnsau (N2) ufaweuTude
(NH3) ufaansuaulaoanled (CO2) wRadamaslnoanled (502) uaglotn vilfidulels
ansafinnisbaglea
2.7.3 nguimiviasumal (Melt Theory)
nuiildesuisfiaitiasminditiedestulilifwosialn Weldfuainu
You ansvanilazazasuazunnszaeluihtag vilve Tuuag feannlnldannsossueeen
18 uenandl ansmislwdatiostulilfornamdnfaduleld Sxedestulalidulyl
2.7.4 vquin133Usyladasy (Radical Capture Theory)
nguiillfosuienisinuresamhilifidelnuanufeundiasineyya

YR a A a o Y | I3 &
@aigwaqﬂqiﬂf\]‘Uﬂ‘UaH%a@ﬂigmLﬂﬂﬁﬂﬂﬂqiLNWVL%NGIJEJQL?{UIEJLGZ]@@JI@& WU H, OH nanedunng

=

FaviliuAzen Free-radical chain propagation dugnnisanindiiezdugnas
2.7.5 ygufn1smen (Dehydration Theory)
ady v a o ' o v o [,
noufldesurgnisvitnuresarsmihinlddmividulowaglaa lagans
X a Y] ) >, Y a

wianflagluidouniasdunisnisaanad (decomposition path) vouduleiwaglaa ey
ganesililonazuiailifnlnlaig dwalmfanisgnluy Wasulunisaaiedimiausau
A1SUBY Lazi
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2.8 Ussinvasasniaaln
2.8.1 arsnuuslvmaadl (chemical agent)

asedfindazdaaauiilunissumuduneulunszuaunsdueny vl
§nsnmsduauitas vienszurumsdumungeanzinas ansiedfiflandalunismuaslilifign
16un veavieda aaslsd Tuslud Tuseu wazlulpsiau Feegluguarsusznouiiuandnsiu lng
o1uUIssvmuansUsznauldial 6]

2.8.1.1 Minerals faagnau

1) Aluminum hydroxide
2) Magnesium hydroxide
3) Phosphorus
2.8.1.2 Organohalogen compound A29e19L%1
1) Decabromodiphenyl ether
2) Tetrabromocyclododecane A (TBBPA)
3) Hexabromocyclododecane (HBCD)
2.8.1.3 Organophosphorus compound
1) Triphenyl phosphate
2) Phosphorite 1 dimethyl methylphosphonate
2.8.1.4 Halogenated phosphorus compound
1) Brominated
2) Chlorinated
2.8.2 armmuslnmenieniw (physical agent)

1 Wuansfidanuaiunsalunisvzaniniinllldedefiuseansaw
Tngamizdotiegluzuradle aranusogadumiuiouldfuastistheuieusenluainiiui
fiannsmlngd vilfangamgiluvinaniulfegiediuszaninm ogdlsfnu thiluseiing
geunn ﬁu‘]’mzifuﬁaLﬂu‘wsmazﬂ??qaaﬂiﬂdauﬁ%@J@sﬁ’umm%@ul@ﬂﬁmmuﬂ‘%mmmmqmm
Youdisuldl

Tl fnauautRlunsanuseiaivenii Yaelhannsonssaedniuuy
o uaranunsadudndlulugnsudn 9 vesTagdemas sihlvanusainzineglduiutu
agdlsiinnn msldlvuiidenasfie araliAanmsssmeifosmaniwmuasiovils aneignisld
suvesiaamil wageaneliiAnausunesedundeld

2.9 Flamegard CP

TusnAdeilfidelfidenarsniasliie Flamegard CP Saduansmitsliwdiomumu
dusuanussindne nantazdndimuielag uSEn mMuwing wafinea (Ussndlneg) 319 lng
Flamegard CP Lﬂumsmaﬂﬁﬁdauﬂszﬂauﬁugm Ao 3-methylol amino-3-oxygen propyl
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dimethyl phosphate s18azLdgntayan15lda1UNGA NN (technical data sheet: TDS) Wag
wnanseulaendeiediunansae (safety data sheet: SDS) wanslun1aNuIn A

Flamegard CP tJunilsluansmislniifeuiunanusmdnsusiameussinmdule
waglaaundigaudanidutiagiu dnsldnusrunivarsdmiundnimenidosnisauta
sl wagnedigiumandneglutsumalng vhldannsomaeldine Tusailiung
wniin suanduiidramedavmlnefifianng wiesldduuziifnfuisnsldauiignges 3a
Wonldansnialndinadlunisviinimeaes

2.10 AauUanEvasaIsuuIein
UymdrAgresansmhlnindundesiiunisarsfeauluiivrodawindon 1wy
= = = Ql' = a Y o w Ad oy a Yo
arsniildlugausn 9 Ao lasdey wrawen Tuse Fadnldluudy dwsuanseindsdeyldiv
aglutlaguu Ao wonludeudaun uazlawouludouneaminfudiaziiosdusenaulndifsiu
Jawinamsinensunn wimnldluuSuaunn lneamnzilea silazauegluuvaniy wean
il fdnansenuieuswiodaldinludl nmi 2.3
wenantuansminlifienvdwaidaseguainvosiyedlaluvats q ssuu loun

~ 8
Z y A Effects

" ! Endocrivg witem
L. Ne.rocgoal spatem
~ Q’ Aupeodoctoe spstem
[ ¢ Immoce witem
|
‘ ’ Cardiovascular syvtem
—~ ‘
‘
., ' |

Ml 2.3 wanssvuvesasuLalil Hexabromocyclododecane(HBCD) wag
Tetrabromobispherol A (TBBP-A) fiaguamuazauinaey [8]

HeCO *

Exposure

2101 Jgymifsafussuumadumela: Welaniinunsyuiunsiadouaismiaslal
gnlsl wanduazddesafufivuazounianieg sonulueina n1sganueTumaniidly
onavilimadumelaifanmsszaioides iliiAneinisle meled uazernismaiumela
\HU NoUauaEaBRaNdnLauUiISY

2102 m3sgaeifesianide: msdudalaensaiuianiiiunszuiunisadevas
wiagllenaviliiavdeszaieifies Isosuns AU waziinen swiluuteay nsdudaduy
nauvE et manenSieTl R Ay minmlfisewsendn
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2103 msngavzinvasszuusenlive: msmiasliuisviadasaifenasuniu
szuudewlievesinanie Fuimihfinuausesluu nsdudaansiedivardonatavinis
yhauvessesluu dwalviAntamiunsduiug simuinisand wasdamigunmdu 9

2104 wansznusoszULUsTam: MsAnwITounnsdlediiiiududenls
syminnsdudanuatsndsinussdaiulanmiessuuysyam Wy nMsYuTesENedanas
nswasuutamangAnsst uaganuandiluniswauinishudn

2.10.5 anudssionsiinusss: asmihdnudaduinnundeasdeinduans
fonwiSs Famneauianswaniidnennlunisteliiiaussls nsdudasvasindmeani
Dunaruuenadiuarnudsdunsfaussmatssiin Wy uedadug uesweulnsess uag
uzSerentmdaswia non-Hodgkin

1%
o

2.10.6 wansgMURpAIwIRdeL: arsuhslansnavadludanden Yueudu i
wagdn iUl a’mud’ﬁmu'ﬁama@ﬂu%ﬂLL’mé’am‘fluLam‘muLLazazaﬂuVi’N‘lﬁimmi nelfin
arundssogunmuesyudiumamsiivuiey

Fatuudaiievaendte wazauauga nadenldarsmidlnisiosdinruseunsy
dielimzauiunanssnunisguain wazdaandon madandifnuantaluntsmaslly
mrunnsgy lutlgtuuenanarsmidliiduansiedifndatum AldTEudinsiauians
w b lgansssusRnntu (bio-based fire-retardant materials) 14U polysaccharides,
proteins, deoxyribose, uay @15ainaINTiY (plant extracts) #9819 WU fAnnes, fnlaw 1Tu
A [8]

2.11 nsMAFaUNITNUNINAIUNINTFIY 16 CFR 1610 [9]

dmuanAsgIL 16 CFR Part 1610 iussssuilimeaouideiniludmsuglng
onuiu wAndusiussnyian gedle wazsoadh dnsudediinsiiinaaouiidunamnn
warfoain1sdndietamageu 1 ase neunadeun1sinll winsguildinismunay
A3TUIUNISTALTIINTIFRInIsEnuiedieaisilosnaslsiefidu (perchloroethylene) Tu
Avuzidn unTunsFaLinIuIn 1 50U AmuInsgIu ASTM D 1230 fil¥arsesaaslaie
A Wit uidesiluedosdnuianansiuuuta

TnadeUAILLTATITU 16 CFR Part 1610 W30 AATCC 33 aystunadeuluuul 45
091 uazdelarliidunan 1 3undl Sunarfidunaasuaniniinun vioiatinauly audl

WEUIMENTUIAGT INTUIATUANNINVDIFIBENNABUAINNTINN 2.4
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A15197 2.4 mﬁm%’u@mmwsumﬁaaéwawmaauﬁmaaummmmgm 16 CFR 1610 %38
AATCC 33 %58 ASTM D 1230

) SaefuRaZey Aaadvuiinuin
(class) (plain surface textiles) (raised surface textiles)
1 - wWanlawdunal 3.5 3ud Wanlwawdunan 7 3wl ¥ise u1nni wise
Normal %30 UINNT AansulndiRai (surface flash) wiAau
flammability | - watesnivdewiniu 3.5 usweatar Tldunnwedigsilyfiui (base

Al Tivineig 5 3w fabric) anlvil

L ANNFNUINARIEN (surface flash) wan
IWaudunal 4 Fui useunnii watios

2 il

Intermediate

flammability N1 7 A9 waganulswesdailniiinn
weflazyhliiitui (base fabric) gnlvsf u3e
naou
3 Wadlvaudunanadedes  Wadlwanudunanedetesnit 4 3undl uae
Rapid and  [171 3.5 Ju mauswasUalwdiunwediazvinlaiug

Intense burning (base fabric) @ﬂlﬁﬁvﬁwaau

aegrandneglutui 1 (class 1) fadrunuaiinsg U kazasnsadmiie Tu
Useimpanizonsnila urdmanisvaaeudneglu 4un 2 (class 2) 3o Guf 3 (class 3) fiadn
Ldshunannisvageuliiesnndufianisinlilang waglivasndedmiugldau

2.12 NISNARBUAIINNITANNVDIAN

uenuileanauansalumsmiasinuga Snaudividduendediuinifeniy
NTLANUDIN

2.12.1 auiRAINAIUADNISIALSe [10]

muFdndensduiaaziduuiitoniiuansoonvesanizinvesnuilelidy

vioduiatundnsuaidme senslsfanudfiosdusznounans q Ussnisfiagdasliaua 4 T
Iduansamidnidelddudananfmsidmeazuanseant sninuyy vl udensede Ay
weu mshesadivindndudy mmifﬁﬂﬁuamaaﬂmmﬁ ldawnsadauavyUszdfiueenuniu
favle uenant AuFAnveusazaullmileuiu é’aﬁ?wﬁﬁﬂajmmmﬁwmmﬁﬁﬂmmmm
muuaduninsgiulunisnsiadale msesiatnnuant@nngn Fssnduszdeddndnnisuas
AEnsnaesauaiesilomaingimansivintu

26



2.12.2 asfUsznouiifnasienisifise

AufusonIsldage (stiffness) woarn auautitazifsadostunis
wanseandsauavanauslunsanld Jaladefifuaseaiu 1Hae Useneude

1) wiavoudule: Wlendangugs wilnnunszisdesnindulefidaveu
i 1wy adunseananit ude’ wieerdnefinRniwedeanes

2) wwevendule: dulefifauandengs agiwiniuduleiilug

3) indewendule: dlefiiinnsmuindengs aznszsenin

8) Tassadrevesdime W vmthuazaumu

5) TAS9E519999N1990 WU aneaed (twill) waganegAu (satin) TIN50
Youdusemuazra asissnnninlaseEdnefiuiy

6) NsnnuAsaFa: dfiTinsnuss frazgnafuniu vinlsdieasingg
nsYdanNTY

7) YuIATUNAdOU: AN bending length %%uagj TUAINEIIVBILAUAN AT
WOUANLNN AAUBINAZAN

< v
2.13 AISNAAAULUGLLITIVDINT [9]

Anuud e udminlusazd Ayeddsdunismadoununmuesinge
azdudadinleentuaziaummusanisiduleiduszazna Uil I9M9ANNLT LT
o & o o o 1% a v o aa | < Y oa v &
Fadudirmuusaniizveinisinluldnudnmie Jateniinanssnumennuwdawsavosing fadl

1) slawazauvivaadule

1.1) vfRaveuauly
P a P < A o A X | % a
wWulsiwaglagsssuyiaziianuudausaiialeniiudy dadulelusiu
% o & a 2 = a a v o ¢ a
waztaulduasignaziianundawsianadiolon luanisuniduledunsiziasiining
wlansannnindulewaglaasssuwd wandulelusiu eniuly
1.2) anug1nauly

a

dumeuaziiviunmndulosnesiianuudusannninduseuazi
yhanniduledu mudensdin “dulefien allanunien vierruudusge
1.3) unarsendazidundule
dledflvuadn M‘%@ﬁmmazLﬁamqqLﬁaﬁﬂmﬁwLﬁmﬁué’wuazﬁwzﬁﬂ
Thduse wozdiuinnuudausags
2) wiauazauUivetdung
2.1) slnveddung
fhilvhanndudelesn asfinnuudaussganidhdvhaniduielodusas
ﬁwﬁ'ﬁwmﬂLﬁué’wmmzﬁmwmfﬁqLLiaqaﬂdwﬁﬂﬁﬁﬁmmﬁuﬁmﬁm s ivhandusne
MﬁazﬁmﬁmlfﬁqLmqm’jw’hﬁﬁwmﬂLﬁuﬁﬁaaw
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2.2) Swrwndeseii
fhilvhannidusefidsununderetigusdaruudusamnnnitiivi
nndudedifisuuwndeotades
3) lAseasnann
3.1) anuvukduvesduaglugi
faifinnumuiniuveadusgluiuinazdinuudusedeusedliged
aaufnuLTaussionsdnuinazen wazaudiumiunsiagaziunans drudiiiiiaan
VLU REUA18UIUNA1992TAIAI UL TN IO TIAY wazn15aNUINUIUNaIuAT eilAI Y
Frununsinggean druiniifinnamuiuveadusetesazimanuuduswioussdnun
g9an AAILTausIriousIRs uazAALFUYUieNTngoeTign
2.13.1 MINAADUANLLILTIVBIENDADUTIFIVA (tensile strength)
Anuudausssiaussis Al AmnudumuggarenisiUasuulassuiswesian
fouflazAinnndegunsaanusis fhegnanasgiunsvaaeumuudusivesimeseussis
10 TALA ASTM D 5034 (grab method), ASTM D 5035 (strip method), ISO 13934 Part 1
(strip method), ISO 13934 Part 2 (grab method), JIS L 1096 sec 6.12 method B waz Uan.
121 18w 16
2.13.1.1 WENNIVAFEUANLTILTIVDIAADUTIA
dunsnadeuanuudusivosrinesoussis Tusuandudeduway
wunduienslastunaaouazgrmaaounelianizfitnasg uimuadieaiomaguay
uausestonssis (tensile strength tester) windnsinistindansit Instunaaousunisgniu
Bafefduiuuuiandouiituadld dudniuesdunnaeugnaud adesduduans dia
ogiud Daindomasouiafufuuuasadeudivy ﬁﬂﬁsﬁuwﬂaaugﬂﬁwuﬂszﬁ"ﬁumaawm
\3eangaauslusii snuaussiviliiueduAlansu Usud vietdunudeanis szue
mstindesneuviaduliaduns wiefouay (Wesidud)
2.13.1.2 N1SVAABUAIINLILIIVBINIVOFBLTITIVIALUULNTU (grab test)
Wunsvaaoumeauudusswesiinmaninnisldauais deg

a

MY USIRUTEIE B NAINN AN ITe NN TUTUNAdEUT I T UL IE TUES LA L e
oeffuiweduneasuitlignuiniuiunaaeudn nanadeusuLLNTURERBY 2 wuuldun
1) WUV Grab TvadeUANATUNIILTIRsURIIn AN NA T 1Y
milpeiivindureneiomasou Saanizuisdiu vestunadeulnednnuuuaning
2) wuU Modified grab MnageuAMuiumIULTR e Tiiany
gn videTAuuMuLIIRsgs Tnefiagdinsiain (stit) assnansdutneedugiisaes
Fudnly 1.5
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2.13.2 MIAaauANNLTLI BN eRawsIanYIn (tear strength)

nsnegeviidunsmageunussinusenisanuinvedin Tngazdunisvia
youduiefiaziduniovans 1 dumuiulunsdvendudenats o udendusieduloa
isaiunans q U Satnasintuiuihdillaswadraany Tnefimmawssuuiusazianiu
dugheiivng wu lunsmageumussiiusensanuiavenduieiusazdessntunaaoulsn
ATUEIVUIUAULUBAUAIENT LAZANIINBINITNAGDUNILIIAIUADNITANVIAVBUFUA N
szdesdntunaaeulidusvuufusuduieiy foganIgIunITaaaUAIY
WIILTIT0IAIMBABUSIANTIA LU ASTM D 1424 (elmendorf-type) 1SO 13937 Part 1
(elmendorf-type) JIS L 1096 uon. 121 tayu 18 (elmendorf-type) ) ASTM D 2261 (Single
rib) 1SO 13937 Part 2 (trouser-shaped; single tear method) ISO 13937 Part 3 (wing-
shaped; single tear method) 1an. 121 1@y 17 (trouser-shaped; single tear method) ISO 1
3 9 3 7 Part 4 (tongue-shaped; double tear method) ASTM D5587 (trapezoid procedure)

2.13.3 MINAADUANILLIIIIVBRIABNTSIUMIUNNSTRg (abrasion resistance)
ANuAIUABNIsdng vaneds anunmuvendule @use uazinidleding
Feond Taslunszuiunmsidenaufanisdagseniaduleassiaviessvihaduletutagdu
leRdanusiumusionisiageniiunlibmazanaldie
1) anwgYesnsng
1.1) m3daguusu (flat abrasion)
Junistngsznineing 2 Fu IneRvivesingis 2 Fuasdudaniu
Wunvuiunu fegremsdnguuusuldud msdnguinnudiuresameiidesdudatulfy
waziing leun wanide, avlnnnianadenselusmdeusnududatuniinveadig Wuduy
m%wﬂaaumméhumwiams%’@g‘[,ué’ﬂwmsﬁ 19w Rotary flatform, Uniform abrasion,
Matindale abrasion tJusu
1.2) msilnguuIreu (edge abrasion)
Junisdngseninedng 2 Fu Immawaﬁmq%uwﬁq%%gﬁu
FawiihwesTngBnTunils fogsvesnsdnguuutnyey lein msdnguinadiuvesiei
Foamdaulynann laud Usnaneeide, Usnaanswuy, Usnaangviniane wud
1.3) n1s¥aguullas (flax abrasion)

(% '
a =1

Junsdingseninegdng 2 du lneRanthvesingiunilaaziseudiu
Aauvesingdndunilaarlas dredunistnguuulaslaun n1sdagiinduuinadiuves
sunedesdudaiuldy wazimamnizduilas lown UShaderenuasiig nsemaaay

Ausuniuseanistagludnwaesi laun Stoll tester, The impeller tumble, Inflated
diaphragm Wag Oscillatory cylinder
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2.14 uiReiiisadas

Chao Ling [2023] [11] fieRalWlddeunuwasiiliinmadngdldidesaniisad
panTLausAn (LON) e 18 fafusssndudeddiiniheflaudfinuinisaaly dasanns
Useemtuvestiniefindausie flame retardant Aldweanedaasiiatu waznisiinaiufuin
Fuluszninenszuruniswalvg luvasdt flame retardant fiuszneudelusounazdanoud
Uszansnmlunsusulsuaiuiinbey YaensouasUasnasiiv

Khalifah A. Salmeia [2016] [12] lgvins@nwnadnsnisansanussansdagluiivia
nueaneda (phosphorus-based flame retardant) Falinadnslunsiiutuvesdn LOI va4
fin 1wy file 910 18 1Hu 24-28 TuegFunssuAslunisanusisiivannvans wagdsfianvaiige
Tlafuivdetanuindu q 16 saufsnnhldufuldtuasviadusinduld wu lulnsiau
Faneu wisedaines

Abdullah Al Rakib Shiker [2023][8] laAnwinavainislaaisaninaininneau
anussEienaludunennlngadeilosig 5 1 SEM, TGA, FTIR uag EDX saudsauda
nsnulil Tnenslden LOI waziademaaeuaudiumualvluuuads (vertical flame
tester) Falgnadnslunisiiin LOI an 19 Fwiuile 29 Inesinalavdnienis dehydration
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uni 3
ASaiiunis

3.1 Yaauazaunsainldlunismaaes
3.1.1 61 3 9ia 9nUSEn deAstinsedinglng S1in Useneuse
3111 fnihe: Tassadedmeansdaniinndne 63 97 duseBududuse
fhe wes 40 $1uau 133 Wdudedn Wudeadududieiing wed 40 S1uau 72 udei
dnihn 136 nfusonnsauns
3.1.1.2 H1@3% (CVC) Uszneumeidulednesosas 60 wavidulenedioanes
Zavaz 40 Tassasadmeansdantiindne 63 1 WWudeBududusonauseniaduleihouas
Gulewedieawmas wes 45 S1unu 132 duded Wuieadududenauszriadulethe
wazdulonedieaned wes 45 S1ua 72 Wused 1t 133 niuden1snauns
3.1.1.3 /9% (T/C) Useneumeidulenedieanessesay 65 wasidulate
ovay 35 lassadrefimeansdaniinndne 63 7 WWudetududusonauseninadulonedte
awoswazidulethe wes 45 S1uau 132 duded uienaduduienaussrinaduloned
amoduaziduloihe wed 45 s1uau 72 Wusein taivtn 136 n¥usennsaung
3.1.2 @15unulsly Ae Flamegard CP 31nUS¥n nuwing wailiAa (Usvinelne)
elaly
3.1.3 niaWeana3n (HsPO4: phosphoric acid 80%) 91AUIHN @M1s VA LALlADA
duAdvsEa 3119
3.1.4 lgdgumsuaiun (Na,COs: sodium carbonate) 31AUSEN @Ans A Lpinea
duRELYTYa 3119
3.1.5 1A30sguenin (padding machine)
3.1.6 1A3090ULN (oven)
3.1.7 idesdsiminidneanaioy 4 sums

3.2 N1SATYURMNDNITANLAS

1
av A

fvis 3 wile ldlunuddeidudmenu (grey fabric) 91nlssIugnamMNITINNBRN

Usznaude fhihe (338 wazihiid Tnefiduneuluniswioudiged

321 nsaenudls £st 3 wila vhnnsaenuilsieansiiuazan ety fe 14
asaenuderiln laasuiuasdann (NayS,0s) Usinaunsly 1 nsusedng lngsnsnaiusening
thatetmiinddu 20 so 1 uadldgamgilumsasnutledl 80 ssmuwaidea Wuan 30 i

1) ANSANUALDINLALNENYIIALYINLYNANNSURNLARLIRANINITIN 3.1
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dl a 2 = o ¥ ! a
A15719% 3.1 arsafluazUsunanldlunsianuazenauazenuninuaazsin

KO
{Eey Rtigky ARV
asnuazUsunanisly
(NUADENT)

thany 1 1 1
Taanlviv (50%) 6 4 2
a1smuaunsuandvadlalasiauilesoanlys 0.6 0.4 0.2
lalasiaulosoonlan (50%) 6 q 2

Tunisvhenwazersuazrenuafii 3 wila agldarsiadinnuansiedi 3.1
Tneiududemevhauazeinlaonsliviayuasionln fuilgumgdl 80 ssmigaidea van
20 Wt ntuagvhmsenaselnesanseuaumauandivaslalanaudeseanled uas
lelasauasoonludasly auddy duftonmgd 95 asaieaidoa At 30 fi fath E1eth
2 ads Wariey (pH) vuirindunaneideld drlidunandiusuanmnlidunansiaensney
Fanuariawudluduledvinnznzias (catalase enzyme) Usunn 5 nSusedns nian 5 wdl
wWerdalalasiauedoonladfinndsuuiitoan

2) yhmsnTvdeunsTainvei AIUNIMTYIU AATCC 79

3.3 ASANUAIRIR8EITUUSIN

3.3.1 mimaaamgmuammwlummﬂLwiamwmalw&m%’uﬁwﬁy’a 3 4fiafi
mmzauﬁqm

ansefilflunsanudaadhisznausie Flamegard CP @aduansmialu

PMNUTIN Muwing wlinad WUsewalng) 3299 Wnelunisvinisnesesazldanududuve g
A15UUMINTIWIU 5 AIUTUYY Ap 100, 150, 200, 250, kaz 300 NSuAaANS warnsanaas
3p AudutuSosas 85 (HsPO, 85%) Beviunindivsuanimuesaisminslwlididuaniiznsa
Tnefiusinansldnsaneanesanndudosas 10 vesUSinauasmisInily fannsei 3.2-3.4
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A15199 3.2

mMineaesanskazanzlunisanussan g wsuidhefivangay

asiaiikazUsunansly gampfiildly | nanildluns
AR Flamegard | nsaneanesa | mswinanswiag | wflnatswiaslvl | s9fa
cP Watusosay o (und)
(nFueadns) 85 GRGRERIGER)
(nFumadng)
30 1
100 10 165 45 2
60 3
30 4
150 15 165 45 5
60 6
30 7
H{Ee 200 20 165 45 8
60 9
30 10
250 25 165 45 11
60 12
30 13
300 30 165 45 14
60 15
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A15199 3.3

nneaewgnskazanglunsanusisa s indmsuin Fenmvay

asndinazUsunansly gamgiildly | nandildluns

BUAN Flamegard | nsavleawesa | mswilnanswiae | wdnarswiasll | 5

cp Wtusosay 151 (uil)

(NSusiodng) 85 (parwaea)
(NFun9dng)

30 16
100 10 165 45 17
60 18
30 19
150 15 165 45 20
60 21
30 22
200 20 165 45 23
KRG 60 24
30 25
250 25 165 45 26
60 27
30 28
300 30 165 45 29
60 30
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] ] | o o ¥ aada
M13719N 3.4 ﬂ']ﬁ/lma@ﬂﬁqfﬂmiuagﬁﬂﬁngi‘l‘!ﬂqﬁmﬂLLGN?VWWU'NIW?"]W?UN']V]GUWL'Vill'\lgall

asndinazUsunansly gamgiildly | nandildluns

AR Flamegard | nsavleawesa | mswilnanswiae | wdnarswiasll | 5

CP [WNTUS oAy 51 ()

(nSurpdnT) 85 GNGREBIGER)
(nSusiodng)

30 31
100 10 165 45 32
60 33
30 34
150 15 165 45 35
60 36
30 37
il 200 20 165 a5 38
60 39
30 40
250 25 165 45 41
60 42
30 43
300 30 165 45 44
60 45

3.3.2 NIEUUNIANWAATIs i dHuRA
33.2.1 wisguan sl un1sen 3.2-3.4 lansau ks 3 vliandall
wagldsiia uguasluansniaalyl
3.3.2.2 dniaIesdusn (i 3.1) lneimnaulsieagniaansnuiin
Y o v 1 A Y] & v X | ¥ [ ) .
wanhdgesestudn 2 ass (lieansrusliidrluegluin 70% pick up)
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Al 3.1 1A3esdudh (padding machine)

3.3.2.3 ddnnun1sguseansnuasiiidiauludeuauiou (oven) auruis
wigumiinldeusedliiiu 100 ssrmwaiBed (Wil 3.2)

A9 3.2 govauieu

3.3.2.4 driouwisauadluviinisuiin (curing) wialviansvialwyiufise
manilfudulenauysalimeinissamunes (stenter) auninit 3.3 lagldaumaiilunisuiln
ansmiaaliiil 165 esewaldea daunadildlunisninasuilldulunumsensveaed
3.2-34
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] = so o = o B
ANN 3.3 Lﬂ‘i@\‘iﬁL@ULmaiﬂWMiUNuﬂ’dﬁMu’JﬂW

3.3.2.5 #asnuinaIsuieliliasadundn deevinnisenaneenviud e luln

vy A

= N5 A « | o % a ax & %
ﬂJ‘MﬂlIMEJ\W]lII‘ULﬂFJ&Iﬂ’]ﬁU’EJL‘UG]ﬁ%ﬂ’]EJ@Q 10 NFUFBUN 1 anT UYssuiad 10 UINIIN9UN

Y

Angaydeanuudsduiliosnainnsaneanesafildsiudvansviaeil Inenisudluugluin
9

n3aapuAt pH vuideslaAuseiiu 7-8 alilalivihnsdsdieinfeugamaiivszaa 80
asmgalded Nilefeuasuaunazateey 5 nfudeun 1 dns Wwnan 10 uii §1wu 12
A3Y LAINTIVEOUAT pH UURNDNAST Aadlamusyaed 7-8

3.4 mnagaunisiuaslnlaedSuandasazveadifivide (% Char yield)
fdunoussil
1) Aaruu1n 10x10 WURWNS
2) wtdgoudl 105 asmuaidua 30 uiit wihuldlulognAutu (desiccator)
Dunan 30 wiil
3) Wi leularutuudundedmiin Suiinua (w1)
4) 11Anu1evigy 45 aeen wanldgunsalgaiiggaliuiiagiuvesdduie 1

5) dunansalenludvssEnnadauaunseauanlnsuag

6) Utnd@uRmaNNSEN TN Tindn Tuiindmdnale (W2)
7) AUIUIANS DUALYDONMIMADAEUNITN 2.1
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2 3.4 msnanisnidglnlneidmeniesazaeuifivde (% Char yield)

3.5 nsUsElUAIANNANUYDIaN s INULEN TN N15Y N WA

1) @enanmzninualassiiudazeila (@nn1svaany 3.4) Ingfa1sawanis
nadeuSsazvondivEe (% Char yield)

2) ¥ffinaunisdadenludndunisdnuislaeldaisiesnaslsioniidu
(perchloroethylene)

3) diidgeudl 105 ssmuwaidea 30 i wdniuldlulagaeutudunan 30

4) hdhieulaanuauidndanndn Juiinaa (W1)
5) Wiuwigu 45 asen e ldaunsalgaiegaliusnugiuveadilune 1

Fu dwnenisalenluiivesinnagevaunseialalinduasinfd@uniasannnisen lugiun

U2
¥ o v v =

Fenin Tudindmdnale (W2)
6) AUIUMIANSDYALVDWINTLARBAIFUNITN 2.1
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3.6 N1INAHIUNTITNUININAIUNINGGIU 16 CFR 1610

1) @enanmzvasnsanusamislivesiudasslnninouwasndnsdnuis ne
fsanandosazvendfiunge

2) YNIVAEBURMINNIATFIY 16 CFR 1610

3) snguaveInsanivdaa (Guiiniaiwlug)

4) FUUNTLAUVDINTRN NG

3.7 NMSNAFRUENUANINIEAIN
3.7.1 MINAABUANUNTEANYBINT (stiffness) MUNINTFIU ASTM D 1388-96

S &. ™5

= = % v
AN 3.5 LATDINAFBUAIIUNTEANNUBINA

3.7.2 M5NAEaUAULTILIIURIRIABLIIRIIA (tensile strength) AINNIATFIU
ASTM D 5034
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AN 3.6 LASDINAADUAIULTILTINDLTIRIVIAVDIHN

373 N1SNAEOUAIINLTILIVOINIHBUIIANVIA (tear strength) MINNIATFIY
ASTM D 1424

o dl' I3 J a £
AN 3.7 LATDINAFDUAINULUYILLTIFDITIANYIAVDIN
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3.7.4 MInAaUAULTLTITasian13dng (abrasion resistance) AUNINTFIN
ISO 12947-2

] = < ' Y v
AINN 3.8 LATBINAFDUAINUUUYILIINDNIIVAQUDIN

3.8 MInAaYausudmMSUANgYIBaIgIZRdng 3-6 U andnaniaslu

Tunsadrandnsasisuuuudmivmiaded {itodendmeriaduleeuliv
nAnSuTFuLUL TnonsihindhenelUfinianesedsueniin (reactive dye) wagthdniifias
meudusdnluynsmnussfiansinsinugnsfianan widahumandundndusiy
waunnlageenuuuilugausudmsunngaee1gszning 3-6 U lneguuuuresyaueuduuuy
Houruduuarniansnend smunnil 3.9 Saasvhnsudndiuau 2 g Ty 1 ga wBnINET
anusisshanslil daudn 1 gandnandilinnussansmislal

A9 3.9 wuugeuaudnSURNgYIEeeTEning 3-6 U FliaideuuuduLasNIBNIET)
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a o [y < % ] I~ 1 = Y]
3.8.1 nszviunsHanyaueudwiungearwiieenilu 2 @ Ae N13dn
< 1 n:l' < LY} dy 1 n:l' [~ 1 Y] ::ill v 5 ) (v a’l’
Wulugumdusigs wazaiumiun1and Ingaiuye9wd@ausenaumgdunaun1syinaIuaal
1) NNSINLUULAZNITAART ANUAWT 3.10

By

Ly hk- L

—

AN 3.11 nsfunszlnfnlEe

a2



3) NMSUSLNDUATULED AUNINA 3.12

AN 3.12 nstduysenavanulde

4) M3zl a1un wg 3.13

o

AN 3.13 msifunzidulva
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5) n1sUsenauun MUNNT 3.14

AN 3.14 nsUsEnauUn

6) NMILEUANLABLED AIUNTINT 3.15

3

Wi
7714

AN 3.15 ASfULzABLED

aaq



7) MIEURUAIADLED MIUATNA 3.16

AN 3.16 nsLdusiuAABLEe

8) N1siuAAUNLED ANUATWA 3.17

AN 3.17 nsiiudaunide

a5



9) NstnanziuludnEe aun1nd 3.18

AN 3.18 nsfulnanzduludnde
3.8.2 nsvvauntsrangaueudmsuinggludiuiiluniuns Sduneunis
YM9UR I
1) NNV ULAENITAAENFINSUYIINILNT NN 3.19

A 3.19 msidulitansidulusiGe
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2) ANSIRARZTUTE ANUATWA 3.21

AN 3.21 nsdulitensidudng

3) ASLEURSTUVISULUNINAG MIUNINT 3.22

AN 3.22 nsfunziuvieuluniang

ar



a) msduiundinians aunani 3.23

2 3.23 msunuadiniang

5) NSLEYINEAVBUNIBAT ANUATNT 3.24 LAZANA 3.25

2NN 3.24 nananauldensinueau

a8



I

A 3.25 NNINldeN9EnvauLa?
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uni 4
NANISNAADIUAZAITILATIEN

NATESes“mMsinwandAgiunienmaesimeiiniunsanussssasuuasu
dmsumandadeinin” Siaguszasdifiednwinavesaududuresasmiinifuasiori
theuasindonay WoAnwrauUAnisnislnesdinneulasndinistnuis ienaaeuaudd
\Benenmuesiin Mevdsanmsanussniaslil wazileaiisudndusidunuy @ausulin)
nfitiauRvasdil fansmeass waznsinsvinadelud
4.1 wanisnagaumsniasinlngdsuiAdesazvaadnfivds (% Char yield)

NNTNARDINUIIA1SB8ALVBLETIUED (% Char yield) vosdnne 3 vila 1Uuld
a
AIURIT19N 4.1-4.3
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a i ' ° o v v Y a
M19190 4.1 gmiLLazaﬂ7331Uﬂ7§@ﬂLLmﬁaqiwuqﬂlwaqﬁiUN']E]']EJLL&%?@?Ja%sUENLﬂ'ﬁ/lL‘Viaa

amsefuarUiinunmsld | sumgid | naniildluns Jovavves
Flamegard nsn Taluns | wilnansuiag whiimde
wiann cP Woanesa | wilnals I sWa | (Anade)
(nSuse | Wadudes | wulv ui)
an3) ay 85 NG
(nSumo walgea)
an3)
FEhedlal ; . . - C | 13.140
ANLLGANANT
AVON(EY
30 1 95.515
100 10 165 45 2 95.628
60 3 95.946
30 4 95.778
. 150 15 165 45 5 96.792
AR 60 6 96.491
ANWAIENT 30 " 96746
vl 200 20 165 a5 8 | 98060
60 9 98.124
30 10 98.059
250 25 165 45 11 98.336
60 12 98.272
30 13 98.169
300 30 165 45 14 98.320
60 15 98.255
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M5197 4.2 gnsuazannzlumsnnussansniilndmsuingituasdesazveaifivie
amsaarUiinunsld | eamgii | nandldluns Sovazves
Flamegard nsn Toluns | wilnanswiag Wilwide
Ak cP Woanesa | wilnans 51 s | (dnede)
(nSuse | Wuduies | wihal (uil)
ans) ay 85 (2971
(nSuse | LwaiTes)
ans)
G eCHTIRY - - : : Ve | 19.137
ANLLFIETT
gl
30 16 94.060
100 10 165 45 17 94.831
60 18 95.608
30 19 96.741
150 15 165 45 20 96.736
60 21 96.435
FATN 30 22 | 96.854
ANUAENT 200 20 165 45 23 96.637
W3l 60 24 96.748
30 25 96.565
250 25 165 45 26 96.913
60 27 96.760
30 28 96.720
300 30 165 45 29 96.271
60 30 96.175
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A15199 4.3

ansuavannvlunisanusisasnilnd wiuiniguas Sevarvedinvie

amsefuarUiinunmsld | sumgid | naniildluns Jovavves
Flamegard nsn Taluns | wilnansuiag whiimde
wiann CP Woanesa | wilnals I sWa | (Auade)
(nSuse | Wadudes | wulv ui)
an3) ay 85 NG
(NSum walgea)
an3)
Figilsl - - . - TC | 17437
ANLLGANANT
AVON(EY
30 31 94.090
100 10 165 45 32 94.630
60 33 94.622
30 34 94.956
150 15 165 45 35 95.823
60 36 95.658
. 30 37 95.462
AR 200 20 165 45 38 | 95.151
ANUANATT 60 39 96.049
il 30 a0 | 96413
250 25 165 45 41 96.088
60 42 96.043
30 43 96.253
300 30 165 45 44 96.727
60 45 96.449

t:{l Y @ o & a A I
ﬁ]']ﬂNaﬂ’]ﬁV]@ﬂE]‘UIu@]'ﬁ’NVl 4.1-4.3 LLﬁﬂQIMLMU’J']N'WlEWN 3 YUA NNIUNITANLLAY

meansndlynsfaliesesazvendnmasginininnliniunisanuasiiga sl du

961937 Ag HA1TerarveuiNMARaINdT UTsuial 5 11 LagaINamTILANINENT 3 A519

ibisdedulaudengasuazanizlunisanusisarsnuasidmsu dihe g3e wagdgn
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Page 1/3

Durable flame retardant for cotton fabrics

Properties and fields of application

- High degree of flame retardancy

- Durable to repeated launderings and dry cleanings for all kinds of cellulosics

- No impact on the strength and durability of the textile

- High heat stability, non toxicity and high safety

- Soft handle

General properties

Chemical basis 3-methylol amino-3-oxygen propyl dimethyl phosphate
Form supplied Colorless to light yellow viscous liquid

Density (25 °C) 1,15-1,25 g/cm?

pH-value 3,5-6,5

Formaldehyde (%) 0.1

Dissolving Dilute with cold soft water

Technical notes on application

General

FLAMEGARD™ CP is a highly performance flame retardant finishing to apply on all kind of cellulosics
textile including woven, knitted goods and etc.

FLAMEGARD™ CP is a durable, reactive finishing agent, therefore, FLAMEGARD™ CP is durable to
repeated launderings and dry cleanings.

The fabric which is treated with FLAMEGARD"'CP has no after flame and afterglow phenomenon as
well as no impact on FLAMEGARD™ CP fabric strength and imparts a soft hand feel.

The effectiveness can be retained after 30 washes.is a durable, reactive finishing agent.

It suitable for finishing cotton textile fabric (such as khaki, corduroy, plain fabric) knitting fabric,
bed sheet, curtains, decoration cloth, canvas net, tents and military uniforms etc. It also applied for
finishing linen, viscose, etc fabric. It can be dissolved with every kind of finishing agent.
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cHemilcALs

Application method

Product Information I FLAMEGARDWI CP

Page 2/3

The use concentration of may vary from 380-400 g/L depending on the fabric weight and residual
chemicals from the previous procedures

FLAMEGARD™CP 380-400 a/L
Resin for cellulose crosslinking 80-100 g/L
Softening agent(organic silicon) 20-40 g/L
H3PO.4 (Phosphoric acid 80%) 18-20 g/L
Penetrating agent 0-3 g/L

Dipping twice and padding twice there are 65-70% solution will be kept on the cotton

Drying under 100°C

Torrefaction 165°C-170°C 3-4 min

Washing off

The phospholic acid used for catalyst for crosslinking must be remove from substrate and should be washing off after

curing within 24 hours.

Washing off in open width washing machine not less than 5 boxes, winch machine or jig for smaller length of

materials.

Washing off on open width washing machine

Enter
Change liquor

Rinse

Washing off on jig
Enter

Change liquor

Rinse

Soda ash 35 g/l or 65 ml/l caustic soda 36°Be

at room temperature

Soda ash 12 g/l or 22 ml/l caustic soda 36°Be

4 ends at 60-80°C

water 10-15 liter water per kilogram fabric

Add 1-2 g/l hydrogen peroxide in last rinsing bath for avoid fish odor.

After neutralizing and rinsing and should be slightly alkaline and have a pH 8-9

Soda ash 35 g/l or 65 ml/l caustic soda 36°Be
Liquor ration 5:1

4 ends at room temperature

Soda ash 12 g/l or 22 ml/l caustic soda 36°Be
4 ends at 60-80°C

2x 2 ends at 80-85°C

2 ends at 40-45°C

2 ends cold, with overflow

Washing off on winch

Enter

Soda ash 20-40 g/l

40-45°C for 30 min.

Rinse, 40-50°C

Rinse,Cold

4 ends at room temperature
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Change liquor Soda ash 12 g/L or 22 ml/l caustic soda 36°Be
4 ends at 60-80°C

Rinse 2 x 2 ends at B0-85°C

2 ends at 40-45°C
2 ends cold, with overflow

Stripping

Treat on the jig with liquor containing
Hydrochloric acid conc 10 ml/|
Penetrating agent 5 mi/l
30-60 min at 70°C (repeat if necessary)
Rinse until neutral
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Storage stability

12 months from delivery ex plant TANATEX Chemicals in closed containers. Stir before use. If frozen,
thaw at room temperature. Then use as normal

Note on safety

Information on handling and ecological and toxicological behaviour is contained in the safety data
sheet for FLAMEGARD ™ CP.

Specifications
For further details, please refer to the product specification for FLAMEGARD™ CP.

Disclaimer for Commercial Products

This information and our technical advice - whether verbal, in writing or by way of trials - are given in good faith but without warranty, and this also applies
where proprietary rights of third parties are involved. Our advice does not release you from the obligation to check its validity and to test our products as
to their suitability for the intended processes and uses. The application, use and processing of our products and the products manufactured by you on the
basis of our technical advice are beyond our control and, therefore, entirely your own responsibility. Our products are sold in accordance with the current
version of our General Conditions of Sale and Delivery.

for Guide ip

The above formulation is intended solely as a guide for our business partners and others interested in our products. As the conditions of use and application
of the suggested formulation are beyond our control, it is imperative that it be tested to determine, to your satisfaction, whether it is suitable for your
intended use(s) and application(s). This application-specific analysis at least must include testing to determine suitability from a technical, as well as health,
safety and envir | star Further, al h the ing q thereof and properties of compounds or finished goods mentioned
herein reflect our recommendation at the time of publication, this guide may not be subject to continuous review and/or updating, and you agree that use
is undertaken at your sole risk. All information is given without warranty or guarantee, and it is expressly understood and agreed that you assume, and
hereby expressly release us from, all liability, in tort, contract or otherwise, incurred in connection with the use of this guide,

BAYGARD®, BAYPRET®, BAYSCENT®, EULAN®, PERSOFTAL®, TASTEX", CURITE™, FIBERMATE™, FLAMEGARD™, TANACARE™, TANAFINISH™, TANAPUR ™,
TANASIL™, are a trademark of TANATEX IP B.V.

Copyright © 2021 Tanatex Chemicals B.V. All rights reserved.
Edition: 2021-06-08

TANATEX Chemicals (Thailand) Co., Ltd.
WHA Eastern Seaboard L.E.1.

500/107 Moo 2, Tambol Tasit,

Amphur Pluakdaeng Rayong,

Thailand 21140

Phone +66 33010460

Fax  +66 33010462

com

E-mail:
I T www hemicals.com
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| 1Identification of the substance/mixture and of the company/undertaking |

- Product identifier
- Trade name: FLAMEGARD CP

- Article number: 878518

- Relevant identified uses of the substance or mixture and uses advised against
No further relevant information available.

- Application of the substance / the mixture Textile auxiliary

- Details of the supplier of the safety data sheet
- Manufacturer/Supplier:
Tanatex Chemicals (Thailand) Co., Ltd.
WHA Eastern Seaboard Industrial Estate 1
500/107 Moo 2 Tambol Tasit, Amphur Pluakdaeng
RAYONG 21140
THAILAND

- Further information obtainable from:
Product stewardship & Regulatory Affairs department.
E-mail: PSRA-Thailand@tanatexchemicals.com
- Emergency telephone number: During normal opening times: +66/330/10460

| 2 Hazards identification

- Classification of the substance or mixture
Acute Tox. 5 H333 May be harmful if inhaled.
Skin Sens. 1 H317 May cause an allergic skin reaction.
STOT SE 2 H371 May cause damage to the central nervous system and the visual organs.

- Label elements
- GHS label elements

The product is classified and labelled according to the Globally Harmonised System (GHS).
- Hazard pictograms

0%

GHS07 GHS08

- Signal word Warning

- Hazard-determining components of labelling:
Dimethyl [3-[(hydroxymethyl)amino]-3-oxopropyllphosphonate
methanol
- Hazard statements
H333 May be harmful if inhaled.
H317 May cause an allergic skin reaction.
H371 May cause damage to the central nervous system and the visual organs.
- Precautionary statements
P260 Do not breathe dust/fume/gas/mist/vapours/spray.
P280 Wear protective gloves.
P304+P312 IF INHALED: Call a POISON CENTER/doctor if you feel unwell.
P333+P313 If skin irritation or rash occurs: Get medical advice/attention.

(Contd. on page 2)
uN —
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Trade name: FLAMEGARD CP

(Contd. of page 1)

P405 Store locked up.
P501 Dispose of contents/container in accordance with local/regional/national/international
regulations.

- Other hazards

+ Results of PBT and vPvB assessment
- PBT: Not applicable.

- vPvB: Not applicable.

| 3 Composition/information on ingredients

- Chemical characterisation: Mixtures
- Description: 3-methylol amino-3-oxygen propyl dimethyl phosphate

- Dangerous components:

20120-33-6 Dimethy! [3-[(hydroxymethyl)amino]-3-oxopropyllphosphonate > 80%
Skin Sens. 1, H317
120-93-4 2-imidazolidone 1-3%
Eye Irrit. 2, H319
67-56-1 methanol 1-3%

Flam. Lig. 2, H225; Acute Tox. 3, H301; Acute Tox. 3, H311; Acute Tox. 3,
H331; STOT SE 1, H370
- SVHC
Candidate List of Substances of Very High Concern for Autherisation (SVHC), Article
59(1) REACH regulation 1907/2006/EC
The product does not contain any listed subtances in concentrations > 0.1%
- Additional information: For the wording of the listed hazard phrases refer to secticn 16.

| 4First aid measures

- Description of first aid measures
- General information: Do not leave affected persons unattended.
- After inhalation:
Supply fresh air and to be sure call for a doctor.
In case of unconsciousness place patient stably in side position for transportation.
- After skin contact:
Remove contaminated clothing and wash affected skin with water and soap. If symptoms persist,
consult a doctor.
- After eye contact:
Rinse opened eye for several minutes under running water. If symptoms persist, consult a doctor.
- After swallowing: If symptoms persist consult doctor.
- Information for doctor:
- Most important symptoms and effects, both acute and delayed
No further relevant information available.
- Indication of any immediate medical attention and special treatment needed
No further relevant information available.

un—!
(Contd. on page 3)

76



TRNAYTEN

cHemichALs
.% Page 3/8
Safety data sheet
according to 1SO 11014:2009
Printing date 19.07.2022 Version number 2.0 Revision: 19.07.2022

Trade name: FLAMEGARD CP

(Contd. of page 2)

| 5Firefighting measures

- Extinguishing media
- Suitable extinguishing agents:
Use fire extinguishing methods suitable to surrounding conditions.
CO2, powder or water spray. Fight larger fires with water spray or alcohol resistant foam.
- Special hazards arising from the substance or mixture
No further relevant information available.
- Advice for firefighters
- Protective equipment: No special measures required.

[ 6 Accidental release measures

- Personal precautions, protective equipment and emergency procedures
Wear protective equipment. Keep unprotected persons away.
Use personal protective equipment (chapter 8).
Use respiratory protective device against the effects of fumes/dust/aerosol.
- Environmental precautions: Do not allow to enter sewers/ surface or ground water.
- Methods and material for containment and cleaning up:
For small spills add absorbent (scil may be used in the absence of other suitable materials)
scoop up material and place in a sealed, liquid-proof container for disposal. For large spills dike
spilled material or otherwise contain material to ensure runoff does not reach a waterway. Place
spilled material in an appropriate container for disposal.
- Reference to other sections
See Section 7 for information on safe handling.
See Section 8 for information on personal protection equipment.
See Section 13 for disposal information.

| 7 Handling and storage

- Handling:
- Precautions for safe handling
Ensure good ventilation/fexhaustion at the workplace.
Avoid contact with eyes and skin.
Prevent formation of aerosols.
- Information about fire - and explosion protection: No special measures required.

- Conditions for safe storage, including any incompatibilities
- Storage:
- Requirements to be met by storerooms and receptacles: No special requirements.
- Information about storage in one common storage facility: Not required.
- Further information about storage conditions:
Store in cool, dry conditions in well sealed receptacles.
Store container in a well-ventilated place.
- Specific end use(s) No further relevant information available.

UN—
(Contd. on page 4)
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| 8 Exposure controls/personal protection

- Additional information about design of technical facilities: No further data; see item 7.

- Control parameters

- Ingredients with limit values that require monitoring at the workplace:
The product does not contain any relevant quantities of materials with critical values that have to
be monitored at the workplace.

- Additional information: The lists valid during the making were used as basis.

- Exposure controls

- Personal protective equipment:

- General protective and hygienic measures:
The usual precautionary measures are to be adhered to when handling chemicals.
Immediately remove all sciled and contaminated clothing
Wash hands before breaks and at the end of work.
Avoid contact with the eyes and skin.
Do not eat or drink while working.

- Respiratory protection:
In case of mist, spray or aerosol exposure wear suitable personal respiratory protection.

- Protection of hands:
Protective gloves
The glove material has to be impermeable and resistant to the product
Selection of the glove material on consideration of the penetration times, rates of diffusion and
the degradation

- Material of gloves
The selection of the suitable gloves does not only depend on the material, but also on further
marks of quality and varies from manufacturer to manufacturer. As the product is a preparation of
several substances, the resistance of the glove material can not be calculated in advance and
has therefore to be checked prior to the application.

- Penetration time of glove material
The exact break through time has to be found out by the manufacturer of the protective gloves
and has to be observed.

- Eye protection: Safety glasses

- Body protection: Protective work clothing

| 9 Physical and chemical properties

- Information on basic physical and chemical properties
- General Information

- Appearance:
Form: Liquid
Colour: Transparent
- Odour: Weak
- pH-value at 25 °C: 6-8
- Change in condition
Melting point/freezing point: Undetermined.

Initial boiling point and boiling range: > 100 °C
- Flash point: No data available.

(Contd. on page 5)
un—
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- Flammability (solid, gas): Not applicable.
- Auto-ignition temperature: Product is not selfigniting.
- Explosive properties: Product does not present an explosion hazard.
- Density at 25 °C: 1,15 -1,25 g/lem®
- Evaporation rate Not applicable.
- Solubility in / Miscibility with
water: Miscible
- Other information The above information is not intended for use in

preparing product specifications.

|10 Stability and reactivity

- Reactivity No further relevant information available.
- Chemical stability
- Thermal decomposition / conditions to be avoided:
No decomposition if used according to specifications.
- Possibility of hazardous reactions No dangerous reactions known.
- Conditions to avoid No further relevant information available.
- Incompatible materials: No further relevant information available.
- Hazardous decomposition products: No dangerous decomposition products known.

|11 Toxicological information

- Information on toxicological effects

- Acute toxicity

- LD/LC50 values relevant for classification:
Oral LD50 > 5000 mg/kg (Rat)

- Primary irritant effect:

- Skin corrosion/irritation No irritation at the skin will be expected.

- Serious eye damagefirritation No irritation at the eyes will be expected.

- Respiratory or skin sensitisation Sensitisation possible through skin contact.

- Additional toxicological information:
The product shows the following dangers according to the calculation method of the General EU
Classification Guidelines for Preparations as issued in the latest version:
Irritant

[12 Ecological information

- Toxicity
- Aquatic toxicity:
EC50 > 100 mg/l (Waste water bacteria)

LC50 > 1000 mgfl (Fish)
- Persistence and degradability No further relevant information available.

(Contd. on page 6)
unN —
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- Behaviour in environmental systems:
- Bioaccumulative potential No further relevant information available.
- Mobility in soil No further relevant information available.
- Additional ecological information:
- General notes:

Water hazard class 1 (German Regulation) (Self-assessment): slightly hazardous for water
Do not allow undiluted product or large quantities of it to reach ground water, water course or
sewage system.

- Results of PBT and vPvB assessment

- PBT: Not applicable.

- vPvB: Not applicable.

- Other adverse effects No further relevant information available.

|13 Disposal considerations

- Waste treatment methods

- Recommendation
Must not be disposed together with household garbage. Do not allow product to reach sewage
system.
Hand over to hazardous waste disposers.

- Uncleaned packaging:
- Recommendation: Disposal must be made according to official regulations.
- Recommended cleansing agents: Water, if necessary together with cleansing agents.

|14 Transport information

- UN-Number

- ADR, IMDG, IATA not regulated
- UN proper shipping name

- ADR, IMDG, IATA not regulated

- Transport hazard class(es)
- ADR, ADN, IMDG, IATA

- Class not regulated
- Packing group
- ADR, IMDG, IATA not regulated
- Environmental hazards: Not applicable.
- Special precautions for user Not applicable.
- Transport in bulk according to Annex |l of

Marpol and the IBC Code Mot applicable.
- UN "Model Regulation": not regulated

un—
(Contd. on page 7)
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|15 Regulatory information |

- Safety, health and environmental regulations/legislation specific for the substance or
mixture
- GHS label elements
The product is classified and labelled according to the Globally Harmonised System (GHS).
- Hazard pictograms

GHS07 GHS08

- Signal word Warning

- Hazard-determining components of labelling:
Dimethyl [3-[(hydroxymethyl)amino]-3-oxopropyllphosphonate
methanol
- Hazard statements
H333 May be harmful if inhaled.
H317 May cause an allergic skin reaction.
H371 May cause damage to the central nervous system and the visual organs.
- Precautionary statements
P260 Do not breathe dust/fume/gas/mist/vapours/spray.
P280 Wear protective gloves.
P304+P312 IF INHALED: Call a POISON CENTER/doctor if you feel unwell.
P333+P313 If skin irritation or rash occurs: Get medical advice/attention.

P405 Store locked up.
P501 Dispose of contents/container in accordance with local/regional/national/international
regulations.

- Directive 2012/18/EU
- Named dangerous substances - ANNEX | None of the ingredients is listed.

- Inventory Status
- The components of this product are listed in or exempted from the inventory lists of the
following countries or regions:
USA (TSCA)
Canada (DSL)
Australia (AICS)
New Zealand (NZloC)
Philippines (PICCS)
Taiwan (TCSI)
China (I[ECSC)
Korea (KECI)
- Chemical safety assessment: A Chemical Safety Assessment has not been carried out.

|16 Other information

This information is based on our present knowledge. However, this shall not constitute a
guarantee for any specific product features and shall not establish a legally valid contractual
relationship.

(Contd. on page 8)
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- Relevant phrases
H225 Highly flammable liquid and vapour.
H301 Toxic if swallowed.
H311 Toxic in contact with skin.
H317 May cause an allergic skin reaction.

H319 Causes serious eye irritation.
H331 Toxic if inhaled.
H370 Causes damage to organs.

-Version number : 2

- Department issuing SDS: Product Stewardship & Regulatory Affairs department.
- Contact:

Specialist Product Stewardship & Regulatory Affairs

E-mail: PSRA-Thailand@tanatexchemicals.com

- Abbreviations and acronyms:
ADR: Accord relatif au transport international des marchandises dangereuses par route (European Agreement
Concerning the International Carriage of Dangerous Goods by Road)
IMDG: International Maritime Code for Dangerous Goods
IATA: International Air Transport Association
EINECS: European Inventory of Existing Commercial Chemical Substances
ELINCS: European List of Notified Chemical Substances
CAS: Chemical Abstracts Service (division of the American Chemical Society)
LC50: Lethal concentration, 50 percent
LD50: Lethal dose, 50 percent
PBT: Persistent, Bioaccumulative and Toxic
SVHC: Substances of Very High Concern
vPvB: very Persistent and very Bioaccumulative
Flam. Liq. 2: Flammable liguids — Category 2
Acute Tox. 3: Acute toxicity — Category 3
Acute Tox. 5: Acute toxicity — Category 5
Eye Irrit. 2: Serious eye damage/eye irritation — Category 2
Skin Sens. 1: Skin sensitisation — Category 1
STOT SE 1: Specific target organ toxicity (single exposure) — Category 1
STOT SE 2: Specific target organ toxicity (single exposure) — Category 2
- * Data compared to the previous version altered.

UN—
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REPORT NUMBER : BKKT24017571

Intertek Testing Services (Thailand) Ltd. Page 1 of 7
1285/5 Prachachuen Rd., Wong Sawang, Bangsue, Bangkok 10800, Tel: (66) 2 765-2999 Fax:(66) 2118 2312 E- : thailand.softlines @i com,
http:/Avww.intertek.co.th The report shall not be reproduced wholly or in parts without written app of the lab Y. ion is drawn to the terms and

condition for testing printed overleaf.
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TEST REPORT

NUMBER : BKKT24017571
DATE : 04-Dec-2024

APPLICANT : RAJAMANGALA UNIVERSITY OF TECHNOLIGY
PHRANAKHON
517 NAKHONSAWAN RD., KHWANG SUANJITLADA,
KHET DUSIT, BANGKOK 10300, THAILAND
ATTN ! DR.RATTANAPHOL MONGKHOLRATTANASIT

SAMPLE DESCRIPTION : THREE (3) PIECES OF SUBMITTED SAMPLE SAID TO BE
WOVEN FABRIC
A) NO.1 COTTON

B) NO.2 CVC
C) NO.3 T/C
DATE RECEIVED/DATE TEST STARTED : 25 Nov 2024
DATE CONFIRMATION : 02 Dec 2024
TESTING PERIOD : 25 Nov 2024 TO 28 Nov 2024
FIBER CONTENT vl=
ORDER NO./PO NO. Nl
STYLE NO. A
ARTICLE NO. it
COLOR : (A)WHITE, (B)WHITE, (C)WHITE

TEST CONDUCTED : AS PER THE REQUEST OF THE APPLICANT. FOR FURTHER DETAILS PLEASE
REFER TO ENCLOSED PAGE(S)

AUTHORIZED BY
FOR Intertek Testing Services Ltd. [Bangkok]

THANATE KHONGYAI
OPERATION MANAGER - SOFTLINES

Intertek Testing Services (Thailand) Ltd. Page 2 of 7

1285/5 Prachachuen Rd., Wong Sawang. Bangsue, Bangkok 10800, Tel: (66) 2 765-2999 Fax:(66) 2118 2312 E-mail: thailand.softlines @intertek.com, http//www.intertek.co.th The report shall not
be reproduced wholly or in parts without written approval of the laboratory. Attention is drawn (o the terms and condition for testing printed overleal.
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TEST REPORT

NUMBER : BKKT24017571
DATE : 04-Dec-2024

CONCLUSION :
BASED UPON THE SUBMITTED SAMPLE AND TEST RESULTS REPORTED,

(a) (B) (C)
FLAMMABILITY TEST - US M1 M1 M1

NOTE : M = MEETS THE PROVIDED REQUIREMENT C = COMMERCIALLY ACCEPTABLE

F = BELOW THE PROVIDED REQUIREMENT U = UNACCEPTABLE
* = NO SUBMITTED INFORMATION # = NO COMMENT
D = DATA ONLY NA = NOT APPLICABLE

(s) THE TEST WAS PERFORMED BY AN APPROVED SUBCONTRACTOR.

M1 = BASED UPON THE RESULTS OF THE FLAMMABILITY TEST REPORTED, THE SAMPLE
SUBMITTED FOR TESTING IS RATED AS A CLASS 1 MATERIAL (NORMAL FLAMMABILITY)
WHEN TESTED AND CLASSIFIED IN ACCORDANCE WITH PROCEDURES AND REQUIREMENTS OF
THE FLAMMABILITY REGULATION 16 CFR PART 1610 ORIGINALLY EFFECTIVE FROM
JANUARY 1953 AND AS AMENDED IN 2023.

Intertek Testing Services (Thailand) Ltd. Page 3 of 7

1285/5 Prachachuen Rd., Wong Sawang, Bangsue, Bangkok 10800, Tel: (66) 2 765-2999 Fax:(66) 2118 2312 E-mail: thailand softines @intertek.com, hitp2//www.intertek.co.th The report shall not
be reproduced wholly or in parts without written approval of the laboratory. Attention is drawn to the terms and condition for testing printed overiea.
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TEST CONDUCTED (AS REQUESTED BY THE APPLICANT)

1. FLAMMABILITY TEST - US
16 CFR PART 1610 (AS AMENDMENT IN 2023)

CLEANSING CONDITION : THE SAMPLE WAS FIRST UNDERGONE DRYCLEANING IN PERCHLOROETHYLENE WITH
CATIONIC DETERGENT AND THEN WASHED ACCORDANCE WITH AATCC LP1-2021, TEST NO. (1)(IV)(Aiii),
MACHINE WASH AT 120°F, NORMAL CYCLE, FOLLOWED BY TUMBLE DRY PERMANENT PRESS.

SAMPLE (A)

E PLAIN SURFACE D RAISED SURFACE
BURN DIRECTION: E LENGTH BURN DIRECTION: [X] LencTH
|:| WIDTH |:| WIDTH
PRELIM PLAIN SURFACE : PRELIM PLAIN SURFACE -
LENGTH DNI LENGTH DNI
WIDTH DNI WIDTH DNI Requirement
ORIGINAL (SECONDS) AFTER ONE DRYCLEANING/LAUNDERING (SECONDS) CLASS 1
1 DNI 1= DNI
2: DNI 2. DNI
3 DNI 3. DNI
a. NA 4. NA
5. NA 5. NA
CLASIFICACION: g CLASS 1, NORMAL FLAMMABILITY

D CLASS 2, INTERMEDIATE FLAMMABILITY, RAISED SURFACE

D CLASS 3, RAPID AND INTENSE BURNING

Intertek Testing Services (Thailand) Ltd. Page 4 of 7

1285/5 Prachachuen Rd., Wong Sawang. Bangsue, Bangkok 10800, Tel: (66) 2 765-2999 Fax:(66) 2118 2312 E-mail: thailand softiines @intertek.com, http-//www.intertek.co.th The report shall not
be reproduced wholly or in parts without written approval of the laboratory. Attention is drawn to the terms and condition for testing printed overlea.
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SAMPLE (B)
PLAIN SURFACE D RAISED SURFACE
BURN DIRECTION: [X] Lencr BURN DIRECTION: [X] LencT
E] WIDTH [:] WIDTH
PRECIM PLAIN SURFACE : PRELCIM PLAIN SURFACE -
LENGTH DNI LENGTH DNI
WIDTH DNI WIDTH DNI Requirement
ORIGINAL (SECONDS) AFTER ONE DRYCLEANING/LAUNDERING (SECONDS) CLASS 1
1 DNI 1= DNI
2% DNI 2% DNI
3. DNI 3. DNI
4. NA 4. NA
5. NA 5. NA
CLASIFICACION: [ CLASS 1, NORMAL FLAMMABILITY

D CLASS 2, INTERMEDIATE FLAMMABILITY, RAISED SURFACE
D CLASS 3, RAPID AND INTENSE BURNING

Intertek Testing Services (Thailand) Ltd. Page 5 of 7

1285/5 Prachachuen Rd., Wong Sawang. Bangsue, Bangkok 10800, Tel: (66) 2 765-2999 Fax:(66) 2118 2312 E-mail: thailand softiines @intertek.com, httpz//www.intertek.co.th The report shall not
be reproduced wholly or in parts without written approval of the laboratory. Attention is drawn to the terms and condition for testing printed overleat.
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DATE 04-Dec-2024
SAMPLE (C)
E PLAIN SURFACE D RAISED SURFACE
BURN DIRECTION: [X] LencT BURN DIRECTION: [X] LencTH
D WIDTH D WIDTH
PRECINM PLAIN SURFACE - PRELIM PLAIN SURFACE :
LENGTH DNI LENGTH DNI
WIDTH DNI WIDTH DNI Requirement
ORIGINAL (SECONDS) AFTER ONE DRYCLEANING/LAUNDERING (SECONDS) CLASS 1
1 DNI 1. DNI
2 DNI 2: DNI
3. DNI 3. DNI
4. NA a. NA
5. NA = NA
CLASIFICACION: E CLASS 1, NORMAL FLAMMABILITY

D CLASS 2, INTERMEDIATE FLAMMABILITY, RAISED SURFACE
D CLASS 3, RAPID AND INTENSE BURNING

EXPLANATION OF FLAMMABILITY RESULTS :

*IBE IGNITED , BUT EXTINGUISHED, THE ASTERISK (*) DENOTES A BURN THAT GOES UNDER THE CORD
WITHOUT BREAKING THE CORD.

DNI DID NOT IGNITE.

1BE IGNITED , BUT EXTINGUISHED.

0.0 IBE ACTUAL TIME OF BURN FROM IGNITION UNTIL THE FLAME SEVERS THE CORD DIRECTLY ABOVE THE

SPECIMEN (RELEASING THE WEIGHT WHICH IN TURN STOPS THE TIMER) WILL GIVE A NUMERICAL
TIME IN 0.0 SECONDS.

*0.0 SFBB POI TIME IN SECONDS, SURFACE FLASH BASE BURN POSSIBLY STARTING AT THE POINT OF IMPINGEMENT.
THE ASTERISK IS ACCOMPANIED BY THE FOLLOWING:" UNABLE TO MAKE ABSOLUTE DETERMINATION AS
TO SOURCE OF BASE BURNS." BURNING.IT DOES NOT QUALITY AS A BASE BURN UNDER THE CURRENT
INTERPRETATION OF CFR 1610.

0.0 SF ONLY TIME IN SECONDS, SURFACE FLASH ONLY.NO DAMAGE TO THE BASE FABRIC.

*0.0 SFBB TIME IN SECONDS, SURFACE FLASH BASE BURN.BASE STARTS BURNING AT POINTS OTHER TAHN POINT
OF IMPINGEMENT.

0.0 SFBB POI TIME IN SECONDS, SURFACE FLASH BASE BURN.BASE STARTS BURNING AT POINTS OTHER TAHN POINT
OF IMPINGEMENT.

SF PW SURFACE FLASH, PART WAY.NO TIME SHOWN BECAUSE THE SURFACE FLASH DID NOT REACH THE CORD.

SF UC SURFACE FLASH UNDER THE CORD , BUT DOES NOT BREAK THE CORD.

SF POI SURFACE FLASH, AT POINT OF IMPINGEMENT ONLY(EQUIVALENT TO "DID NOT IGNITE" FOR PLAIN
SURFACE )

NA = NOT APPLICABLE DUE TO THE LIMITATION OF SAMPLE SIZE

## END OF THE TEST REPORT #i#

Intertek Testing Services (Thailand) Ltd. Page 6 of 7
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This report (including any enclos: and ) are prepared for the exclus:ve use of the Customer(s) named in the report and solely for the purpose for which
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Study of Physical Properties of Flame-Retardant Finishing
Woven Fabrics for Children Clothing
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Abstract
The research work entitled “Study of Physical Properties of Flame-Retardant Finishing
Woven Fabrics for Children Clothing” was conducted because there are no regulatory standards
governing flame retardant protective clothing for child in Thailand. Therefore, the researcher’s idea
was to experiment with producing flame-retardant fabric that could be used in children's daily
lives. The objectives of the research are 1) to study the effect of flame-retardant concentration on
cotton and cotton blends, 2) to examine the flame retardant properties of fabrics before and after
dry cleaning, 3) to test the physical properties of the fabric after fire retardant finishing. The
research method will begin by preparing cotton and 2 types of cotton blends, namely CVC fabric
(CvQ) and TC fabric (TC), then finishing each type of fabric with Flamegard CP. The study was found
that the optimal concentration of Flamesgard CP was at a quantity of 100 g¢/L, phosphoric acid
concentration was 10 g¢/L, the suitable temperature used to seal the flame retardant was 165 °C,
and the appropriate time required to seal the flame retardant was 30 sec. Experiment result
revealed that the flame retardants finished on the three types of woven fabrics still adhered to the
textile materials and did not come off even when treated with a dry-cleaning agent
(perchloroethylene) type. which is the main dry-cleaning agent used in the laundry industry.
Physical properties of three types of fabrics after finishing with flame retardants. Whether it is the
stiffness, tensile strength and tear strensth resistance of the fabrics, there are a slight difference

from the physical properties of the fabric before the finishing of flame retardants.

Keywords: woven fabric, flame retardant, physical properties, children's clothing
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Fabric
Chernicals and amount of use (g/1) Cotton cvC TC
Nonionic surfactant 1 1 1
NaOH (50%) 6 4 2
Stabilizer for H,O, 0.6 0.4 0.2
H;0, (50%) 6 4 2
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Chemicals and amount of use Temperature Time
Fabric Flamegard CP H3PO, 85% (°O) (sec.)
(/0 (s/V)
Cotton, 100 10 165 30, 45, 60
QvC 150 15 165 30, 45, 60
and TC 200 20 165 30, 45, 60
250 25 165 30, 45, 60
300 30 165 30, 45, 60

P - PRy - 2 I = - € o o
A 1 wesesdudn A 2 davauieu amA 3 ASesduImeiE vy
uiinaiswuaalu
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Char yield = W2/W1 x 100 (@aun1si 1)
Ty W1 war W2 As dminneunarndininiinssuumsunimidugaamudidu

2.5 Msvieaauauasalumsanlivendniusinionjviunuunsgiu 16 CFR Part 1610
(AS AMENDMENT IN 2023) vhmsénidengnsuazannizmsanussansminsinivanzandwiviusiazviia
Tnsfinrsunanisvaaeuiosarvaudfivae wauidlslignsuarannznmsanuasinfivanyanuds widhi
Hunsdmdeniuvinsdnuis 1 afs Tasldarswesmaslsieniiau udwinismaasunuunsgu 16 CFR
Part 1610 TieuaweINsanlnian (Tuiinnanuuilw) uardndunuamussiuneasy
2.6 MInAdeUaNUANIINIEN
Tuniddsifasvhnmmessvanifveshiiiunsanusisarsmiadly Tu 3 vade Ae nsveasy
AUNTTANIVDIN (stiffness) AUNIATEIU ASTM D 1388-96 N1sMAauAILLTILTIDdsDUSIAIvIN
(tensile strength) M1UNIASFIU ASTM D 5034 kazn15NAdauAINudnsIvasd1sausiinein (tear

strength) MUNIATEIU ASTM D 1424
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YSunaumfiwdevenssudsnisw fthe (1337 wazfiniid vanauwasydnnussansuiaalvi
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Chemicals and Time % Char yield
Amount of uses (sec.) Cotton fabric CVC fabric TC fabric
Flamegard  H;PO, Untreated Treated Untreated Treated Untreated Treated
CP 85%
(e/0) (80
- - < 13.14 3 19.14 = 17.44 =
30 ~ 95.52 ~ 94.06 & 94.09
100 10 a5 % 95.63 - 94.83 = 94.63
60 = 95.95 7 95.61 - 94.62
30 - 95.78 & 96.74 - 94.96
150 15 45 - 96.79 = 96.74 2 95.82
60 = 96.49 = 96.44 = 95.66
“uiansnniiomanyas uargunmdatulugaiaia” 422
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A15197 3 man1snegaun st ilaeBuiAriasazveudiivie (da)

Chemicals and Time % Char yield
Amount of uses (sec.) Cotton fabric CQVC fabric TC fabric
Flamegard  H;PO, Untreated Treated Untreated Treated Untreated Treated
cP 85%
(g/1) (g/V)
30 - 96.75 - 96.85 = 95.46
200 20 45 - 98.06 - 96.64 - 95.15
60 - 98.12 - 96.75 . 96.05
30 = 98.06 = 96.57 2 96.41
250 25 as - 98.34 96.91 = 96.09
60 - 98.27 96.76 - 96.04
30 - 98.17 96.72 - 96.25
300 30 45 - 98.32 96.27 = 96.73
60 = 98.26 96.18 ) 96.45

3.2 wanmavageuAMuaIuTolunIialviuenEnSusiAioiiinnuuinIgu 16 CFR Part 1610

UAAIAIMNITIN 4

o a 1 a o . . : w o
M13199 4 wannaaauANaTNIalunsAnluaiana 3 vled anudsarsuiidlineunasudanisdn

ua

Fabric Specimen Result (sec.)

Cotton Original DNI

After one dry-cleaning DNI

CvC Criginal DNI

After one dry-cleaning DNI

TC Original DNI

After one dry-cleaning DNI

Note: DNI = Did not ignite

3.3 NANISNAADUAIUNTEA TR Ussiunaa nAIAue118insiaee (bending lensth) waa
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=
AT 5 HENTNAFGDUAILNTEATDIN

Fabric direction Bending length (cm.)

Untreated  Treated Untreated Treated Untreated Treated

cotton cotton CcvC QvC TC TC
Warp direction 1.85 213 1.95 2.18 197 2.15
Weft direction 207 233 207 2.34 2.10 2.38

' . . = = - T v o .
34 uamiwmaaummmLL%au'iqﬁaeu.sammauua:‘szuzmsummaaﬂ TaNdunBgULasIEUAIET

w )

3ty (T waziniid ManeuwarudmnuAsansvdly wanaannsan 6

= ' 3 ' 4 - e i Y & -
AN 6 Haﬂ"ﬁ?’lﬂﬁ'ﬂUﬂWﬁ'}'}uuﬁﬂu‘i%ﬂa&i{ﬁﬂkﬂaﬂLLﬁ%‘ixEJzﬂﬂ‘iﬂﬂﬂ'lﬂaﬂmaﬂﬂi}ﬁuﬁﬂﬂﬂd 3 UUR

Types of Fabric Breaking load (Newton) Elongation (%)

fabric direction Untread Treated Untreated Treated

Cotton Warp 323.30 299.45 19.89 16.99

Weft 207.25 196.00 8.50 7.55

QvC Warp 470.37 a53.37 23.95 23.70

Weft 276.40 251.35 14.60 12.93

TC Warp a04.15 372.80 21.89 19.59

Weft 249.75 221.10 10.82 10.04

3.5 HANTTNARBUAINAMLTBEINABUTIENTIA YD uAmBBULAndUEY vashihe Tid

v e 8 o . f a e
Lazei® ManaularndInnuAIaIswLIlY Lanasans1ein 7

= v =
AN 7 HANTTNASDUATILAIVNUYDHIFNALTIRNYIA

Types of fabric Fabric direction Tear strength (Newton)
Untreated Treated
Cotton Warp 5.54 4.40
Weft 7.49 5.60
cVC Warp 9.62 6.38
Weft 13.95 9.62
TC Warp 7.91 6.38
Weft 11.93 8.94
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