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ABSTRACT

This research is in the subject of the study and the development from using
marbling technique on the clothes to design products. Besides, it has these objectives:
1) To study and develop the procedures of creating patterns with using Marbling technique
2) To design products with using the pattern clothes of marbling technique 3) To take
effectiveness assessment by using marbling technique and 4) To take satisfaction
assessment affecting to the products producing from pattern clothes by using marbling
technique. In addition, it has the method to produce by gathering information from
studying the basic subject with documents and practical steps. After that, the researcher
has tested the design by creating patterns for using Rotring Ink and water in the ratios of
6:1. What’s more, this testing with limited chemical has the good property to create the
patterns by using the concept idea of natural substances according to the popular trend
for studied designs. Thus, in this case the researcher has designed the patterns with the
concept idea of natural matter imitation by creating patterns and colors from natural
things. Similarly, this research has been taken to the assessment by the experts in design
patterns. In addition, it has showed that the good Means level of it is Zebra pattern as the
most way , (X = 4.53, S.D. = 0.18). Later, it has brought the result to test with the standard
of effectiveness, (AATCC).

According to the result of color effectiveness in the subject of the durability ,
it has showed that the durability of colors affecting to the lights was in the same level,
except for the durability of colors affecting to the changing of colors with being not the

same level. In this case, it includes with the durability of colors affecting to the sweat that



wasn’t in the same level for a little, the fading away of colors in moderate level and the
resistance from scrubbing the silk with equally to 3,750 rounds. Therefore, the researcher
has brought the result to analyze and design products in order to be taken assessment by
the experts in design. Consequently, according to the assessment result in this subject it
has showed that their patterns were imitated from the cocoon structure freely as the most
way, (x = 4.75, S.D. = 0.26). What’s more, the researcher has brought the assessment
result to produce for the model of the products. Finally, the last step is to take the
satisfaction assessment by designers to develop the products with 100 customers and it
has showed that there was the excellent level of Means from analyzing with satisfaction

assessment result, (x = 4.49, S.D. = 0.61).
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ponuuualnatgvesaIniuludneuzveinisauiduiueesseluy laseadrsvesdeluy

Y - v - v P~ | a w
Aanounmuaziiummlamy iwelilaguuuuiiuandaienisesnuuundngusi

a <
4.3 Nammnaauﬂszanﬁn1wmumm'|§'m AATCC 1329nvAdauau

amused lavanduWaungaavnssudme

ANSNAADUAIIUAINUVEIE AD N1TRTIVUTELUAMUAIMUTD AT DS oAU LY

- at t' ni-l al - 1 ] ar ar -d v 1 a ] 2

HaRAUYEME AlnaIININTEYANY LU nsdn nsdag wite was WWusiu mdiuda
v X - w  fa -l - ' v o

wailudy wdndueidmeiimsdsuwadluguuuule Wy 3eas Annuaziteudindug
[-] v - - i - o 3 . - 5 A

yilanunsausediuuseansamlunsldnundadusiane n1susediutudunisneasudes

1 4
AUAYUYDIERBNSIUAYULUAY

4.3.1 AuAMUYEsERanIsEn Colour Fastness To Washing A1uAIMUYEY

' = a
dviemsdniigaumgll 40 esmuwalua a1 45 uil

M3l 4.9 MIvedBUANLALTBERENTIEN ; VNAFDUANNINIIEIU AATCC TM 61 :
2010 Method 1A (40%, 10 Stainless Steel Balls, 45 W)

seeuANATUsEd (Colour Fastness)
AUAINY ATTUAIIUABNSANAAUURIYD
P LRRN fon1s (Colour Staining)
v o -l
ﬁ‘lmmmswmaau wasuwdas
s - = = | @ I ™
YDA = e c | © | w
T l=|S|[C| s |3
- @ — = @ &
LAY
1.n15a59aInateflevndnuuni
1.5 4.5 4.0 4.5 4.5 4.5 4.5
Ty
2.NMsasnananeimedRnuuiuy
i\ 1.5 45 | 40 | 45 | 45 | 45 | 45
PRI
3.0171585 989 A8A NN UUN
4.0 4.5 a5 4.5 4.5 4.5 4.5
the(uauana)
4.M5a5 NaRauMuARNWUAUY
_, 2.0 4.5 4.0 4.5 a5 4.5 4.5
wWEB(uANINa)

MU —ﬁﬂagjmi 200 3iaddns : 1993 AATCC Standard Reference Detergent Wob
0.37%
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NNAINT 4.9 nmTnazdunenulfiaunmudensidsuwaswesdiing
wasuwaslusyiuduasuwamnn wasnsindeuduuintnusazessegluseduitiun
fanniign Jauanvidteirdiludnigamailii 40 eswadea Liftymidems
wWasudnnidulunsadanasuuiiufiaeniinasuuiiheuauana) figwniesnis
dvuulasluszaudeutranlunisainasasmsdinuusuuideuauia) ftym
wasuwasnnlunsadaisaeseniinuuitlmiwasnsadeatnanoseaRnuuduusi

1=l F a v -
Iy wilifidgwiGesdandadvnluynyiiavesmsneaaey

4.3.2 AUAMUYDIARBUES Colour fastness to light AMUAINUTDIARDULANT

. . v 44 [ 2 1
20 Fading units or below waadlAaNAI1519%1 5 AT NEFUNALAIIANLAIMURBNNS

=

= a o ala =t ﬂ vd 1 A o a o ed
wWasuulasesdnniiu egluseduifuindedingn Jeuandbiiiuindiodwdniusign

3 s ‘4 a’ )
uauan aeiin1sdnanaluseauianuisasula

ATeil 4.10 NMIVAFEUATINAMUTEIERBUAN ; VAFDUAINLINTIFIU AATCC 16 : 2004
Option 3 (20 AATCC Fading Units)

o e FLHUAUAINUYDIE
Fodrefilevinsaasy o -
ndasuudasannau
1.M58319a29a8NLNIINULEN Ly 4.5
2.MIFTNaNALRLANNUS UL I 4.0
3. mMsasanavmeviinuuintho(wauaa) 4.5
4.nsasnanaeimudnRnwuduurhiheuaua) 4.5

VIUELNR -A3DIVIAABY : Xenon Weather Meter Model X75,Suga Test Instrument
-19 Gray Scale For Color Change Tumsuseidiuna

“swnsmaaeuitlilédfuses uen.17025-2548 Mndninaanasigi

s

HARTIgRAMNTIY

= @ ' i - a
10NN 4.10 91 nﬂ'ﬁ']\]ﬂza\jlnﬂ‘lﬁqf]ﬂqqu‘i\‘?ﬂUWB n1swa ﬂuuﬂﬁ\!'ﬂﬂﬁaaqﬂlﬂu

w o -l e v & - - .l o8
aglusydiundunnisdingn nsliinsalunismeaey 4.5 fedidiige dawanddisiuindeh

- a ‘: -f a ' 4
nanfusidgnuaIuan aviinsdaanslusesuitliivadsuulasvesd

Y
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4.3.3 AuAMUYEsARBNIITAY Colour Fastness To Rubbing AuAINY

ﬂaqﬁviami'ﬁ’ﬂg IimMsvadoudanfndnunan i wardnnfnsnvnanimien

a9l 411 mnevugesdsemsiag - VAADUANNNTIZIU AATCC TM 8 : 2007

AUAIIUARDNISANARUURNY

o & il (Colour Staining)
fhetinflgvinisnaasu — o
Annfnrnem dnnAndnym
AN anmden
1.AMsasnaneaemeninuuri iy 3.0 2.5
2.Msasnanausmeannusuusily 2.0 1.5
3.M5assanaeseviinuusntheuaug) 3.5 1.5
4.Msasanatensannuuduuriteuaulg) 3.0 1.5

WULA -l4f Gray Scale For Color Change lumsuszifiuna

semsnaaeuilil#Fuses uen.17025-2548 NNENINNUNATIFIURERTYIgRamMNTIY

-l v -l vy a [
NAITNN 4.11 nerssdunaladnuaniseasunnelglduufonisasa

L 4 =& - v <5 v 1 4 =5 v
AINAUA8NANUURUAT VY 5ﬂﬂaﬂu1ﬂ'ﬂﬂ'l'iﬂ‘i1\1ﬁ’.lﬂa'lﬂﬂ?ﬂﬂﬂﬂuu&ﬂﬂqEJ(LLﬂu'J'lﬂ)

sowunfensaiumememedfinuuiuuiitheauna) wazaaineAenisaiumnaty

mvannuuiuuen vy
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' -l 4 "
4.3.4 AUAMUYDIEABINID Colour Fastness To Perspiration A1UAINU
' - v oo ' - P -
U RGLRIED mmwgmﬁ"[mwwﬂaaummﬂmwmﬁmamiazmmmamau Tuannen

Wunse

< ' -
15199 4.12 NITVAADUANUAINUTEIARDIID ¢ NAFDURINUNTIEIU AATCC TM 15

2009*
seAuAUAMUEDd (Colour Fastness)

prwAy | AUAIMUABNITANRAUUNIYTI (Colour

T fionIs Staining)

DL 4

e Wasuudas

Aldvimaveaey s
vasdan = 2 = 3 = | ¢

S| = || E| & |=

WA @ = | g & g

L.Asaseananeseviinuuii
4.5 4.5 4.5 4.5 4.5 4.5

et

5
vy

2. MsaSHARaLMBARNLLUS
: 4.5 40 | 35 | 40 | 35 | 40 | 4.0
UUR

3.M5a519a0a8MEVINUY
o 4.5 4.5 4.5 4.5 4.5 4.5 4.5
WEe(wANIE)

4.75a3NaRNaNUNIBANN
4.0 4.0 4.0 4.0 4.0 4.0 4.0

wusvurnthe(wauna)

e -1 Gray Scale For Color Change Tumsuszidiuna
sremsnaasuilildsuses uen.17025-2548

MNEUNNUNRTFIURER YRR TIY

- [N ' - a W

AT 4.12 szdanaldnanunmudenisiasunlawesd uagnsanangn

o alal v o v W v v -

weglusziviingalunisaiianatsdmeniinuudilvy seaulunisa¥eaieaiededin
4 v o el v v = v o

wuduuinlu sedvangalunisainanaieimeniinuuideuaunauagseduilunig

asnananesmsannuuiuurnihewaung)
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4.3.5 AMUAMUNIUNNTIAG Abrasion Resistance
AMuALMIUNIEng Wunimegeuanuamusesiifinsmudenisinuiald

' ' - -
YuIalvy anmessinusenisanuanseulasiinisaasun 10,000 seU

A1efl 4.3 Audununtsing | MAABUALNIATIZIY ASTM D 4966 : 1998
(2007)OPTION 1*

o Y o
o e TuseuNItngaie
fotnetiildvinnisnaaey -

M lvidunaaauwe
1.nM5aseanaenleviinuusnlyy =3,000
2.Msasuamnaenluannuuduuri g : =3,750
3. M3asnanaemeniinuusntewaug) >10,000
4.M5asuaeaumsannuusuurntheuwAuIa) >10,000

P : : —
VHIGWR  LATDIAGDY : Nu-Martindale Abrasion and Pilling Tester

iminuagzusanayiu : 9,12 Alavraana
sumanaaeuilildfuses uen.17025-2548 ndinauanesigunandasei

QRAIVINTIY

AJ ¥ v 1 ar v o AJ 2
1AM 4.13 drlvuiduanunsonudenistnglasiuiugegai n1sadne
anaumedanRnuusuuEnlug WAy 3,750 SaU SesasNnfAenIsasNalfaufIsuiinuy
frluy Wiy 3,000 seu Teenisasalnaiedsuinuuritewanina)uaznisadng

ananemsannuusuuiEhe(uaug) uNInngT 10,000 58U

4.4 waanmidaTimMUItiunsaiananslaeinsnandl nMsussdiu
nanfuslnednsudinazysTdiuauiaweladasaaemadiaunduse

= ) a o ¢
L“ﬂuq‘lﬂaaﬂuUUNﬁﬂﬂm“

4.4.1 mylaTEiLuulITliumsasalnatslaswadauiiuswe vl
v = a < o e v o o o ¢
mafuaieane Fuinsusufiunaiisdudmeasildiniseenuuuuaraieadteassn

L

- Vi s o a e ¢ o ] - v -
ailuwuamebigideilusenuuundasiue s 5 v iﬂjszmu‘lﬂﬂgwsmmqw et
L] 1 L) :
ANSOONUUUAINATBIUIU 5 YU eail
(1) 97191580 Ys3uns ddenm o19sdanvivinisesnuuudweuazundu

AEERAMNTINEWE UnTInedumalulagvAan N
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(2) 81915685 lAnssan e19138a1v13vin1sesndaneuazundy
ArzgRAMNIINAMe i inedomeluladssusnangamm
(3) avafafiud Judu o1vrsdavnivinisesnuuuunduuardme
AgAAMNSIIAmELATBRNUUULINGY winerdomeluladsvusnanszuns
(@) asfoufiesd umduni e1vrsdarinimIsenwuuundunardme
AuzgAAMNITIAmeLareBnUUUINGY uinerdumeluladsvusnanseuns
(5) Aauliwus ayim guanuasimudilm guouihueda
Tnegiduamgiunisesnuuumemeyssdiupsimnvaunuinas fai
- AUALAIENY
- gudan
supudiusUselonildaos
MuANLADAARDINUNMIHER
Jemsanaudiia 5 viw lausudhilifnanumnzanvesanaisluusiazyanis

- - L A‘
DONUUY TS NRaMFIATIEiNsUsedivainans el



A13neil 4.14 HansUsudliuanarsveanatinuiuTlaegnsnandisunsesnuuy

FEAUAZUULY
wuudl 1 wuuil 2 wuui 3 wuufl 4 wuuil 5 .
Teazidunvain1sUssdiu AARI

¥ |SD| 5 |[SD| % |[SD.| 5 |SD | 5 S.D.
1. ATUAINY
1.1 awanefinusydin 4.40 { 0.89 | 4.80 | 0.45 | 4.00 | 0.71 | 4.60 | 0.90 | 3.60 | 0.90 Wil 2
1.2 mpaneiinuaisay 440 | 0.89 | 4.80 | 045 | 3.80 | 0.84 | 3.80 | 1.10 | 3.60 | 0.90 wuuit 2
1.3 mmansiinulanisy 380 | 0.83 | 460 | 0.55 | 3.80 | 0.84 | 4.20 | 0.84 | 3.60 | 0.90 wuuil 2
1.4 mpanedilonanwalianizau 360 | 0.89 | 4.40 | 0.55 | 3.80 | 0.84 | 4.40 | 0.90 | 3.60 | 0.90 WUl 2
2. fiudsn
2.1 annsendriamunldauliedgwanugal | 4.60 | 0.89 | 4.80 | 0.45 | 4.60 | 0.90 | 4.60 | 0.90 | 4.60 | 0.90 wuuil 2
2.2 finsidenldianldethamunzgay 4.60 | 0.89 | 4.80 | 0.45 | 4.60 | 0.90 | 4.60 | 0.90 | 4.60 | 0.90 wuuil 2
3. fuanudunususlovildeass
3.1 aansnguadndng 380 [ 0.83 | 4.60 | 0.55 | 3.80 | 0.84 | 4.00 | 1.00 | 4.00 | 0.71 wuuil 2
3.2 @NINANNATDINNY 380 | 083 | 440 | 090 | 380 | 0.84 | 3.80 | 0.84 | 3.40 1.14 wuuil 2

€01




a199fl 4.14 (sip)

FEAUAZUUY
‘I'Itlﬂztatlﬁﬁﬂ-lﬂ"ﬁ‘l]‘izl.ﬁu LI.'U'Uﬁ 1 I.l‘U'Uﬁ 2 I.l'IJ‘Uﬂ 3 I.I.U'U'T*I‘I 4 I.t‘lJ‘U'I-'II 5 m’mﬁmﬁu
¥ | SO | % |SD| 5 |SD| g |SD| & S.D.

4. AMMuANEIAARINUNITHER

4.1 fimuazidunvesainane 3.60 | 0.89 | 420 | 0.84 | 4.00 | 0.71 | 420 | 0.84 | 4.20 | 0.84 wuuil 2
4.2 fipugnisamuuuuiiimualy 340 | 0.89 | 4.20 | 0.84 | 4.00 | 0.71 | 440 | 090 | 400 | 0.71 WUUR 2
4.3 wanaliliiulendnwalvesainany 360 | 0.89 | 420 | 0.45 | 400 | 0.71 | 4.00 | 0.71 | 4.00 | 0.71 wuuil 2
521 4.00 | 0.08 | 453 | 0.18 | 4.02 | 0.08 | 4.24 | 0.10 | 3.96 | 0.13 Wil 2

NI 4.14 aqUnansinsiInuUUUssEiunsiumeaslaegvsnandl wuiiinsinandavsaiiuliiieilusenuuundedus
Tnenaveansussdiuiiseasidondall §ed wuud 1 ama1eungs (X = 4.00, S.D. = 0.08) wuuil 2 ameneshany (X = 4.53 ,S.D. = 0.18) wuuil 3
Aamanefide (% = 4.02,S.D. = 0.08) wuull 4 aamanefuidldl (¥ = 424,50, = 0.10) wuufl 5 aeasvesiuialan (¥ = 3.96, SD. = 0.13)
Tnouwvufifisedurnadeiitgléun wuuil 2 aananuthane (% = 4.53, SD. = 0.18) wnfign wuuil 4 meaeiudaldl (¥ = 4.24,50. = 0.10) wn

< = v o - = v ety < < o
wuuil 3 maeaefde (¥ =4.02,50. = 0.08) weld lnef3delihnavesmsvszdiuluiuuil 2 aeaneshate Aliruadeuiniigaurlilunisi
winsueisialy

v01
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4.4.2 M3AATIRRVUUTEEIuNTSRRNUUUNARA ST
mMylATsikuulszdiunsesnuuurdndueiiaialasiainaismaiinniue
vesfnsanandinsuntseanuuurdnie Sainsussiiunaiieafunmsihanansvesh
ullunseenuuundndasiiildinsesnuuunaraiiainassd ieduwuamaligive
ihluduiunuuiasUssdiuafionelosie S 3 viw Feusidiulavgnsenandisunis
oONUUUNARANSITIWY 3 ¥ fail
(1) 919158 As¥INA aaATIEd 01919 IBENLUUKARALsTAmE
porgRamnIIIAmeLarenuUUINEY wninedomaluladsrenanseuns
(2) we.as.fnddn eluuAde ersdauivesnuuukandasidme Aoy
gramnssIdmeuarenuUUINEY uinerdumeluladsvaenanseuns
(3) AuoNs AMASWING Asst. Marketing Manager

s

U dnvies (Ine) darim
ug ) - & - ¢ o o
Ingglsrmgaunisesniuundnsiusiussdiupnumngaunanms fai
- UANUATENY
v a
- AR
-nupNnuduWusUseluvdldans
SFUANEDARAABINUNITHAR
Begnsaaavia 3 v ldssdiuldrmnumnzauvesainansluusiazyans

= - ) a g
DBNLUU Nﬂ'ﬁﬁ\mﬁﬂﬂ‘i'nﬂ'5'181??1'1'1‘51]73&1“?1’351313 MU



a3l 4.15 wansUssiiurdndausinnmshimetauniviantilumsiwansulasinsmuadisunisesnuuy

STAUATIUY
3 Ui 1 wuuil 2 wuuil 3 wuuil 4 wuuil 5 AMuARLIY
SUALIDEAYRINITUSELIIY
¥ S.D. X S.D. X S.D. b3 SD. b3 S.D.
1. AMUAUEILIY
1.1 aananuiauasu 3.00 | 2.00 | 5.00 | 0.00 | 4.00 | 0.00 | 400 | 1.00 | 5.00 | 0.00 Wuuil 5
1.2 mnavinnulansy 3.00 | 2.00 | 400 | 0.00 | 400 | 0.00 | 3.67 | 058 | 467 | 058 wuil 5
1.3 meansiiondnenianizay 3.00 | 1.00 | 5.00 | 0.00 | 333 | 058 | 3.67 | 0.58 | 5.00 0 Wil 5
2. fudang “liau”
2.1 imadenldfagldetrunuizay "
, o 3.00 | 1.73 | 467 | 058 | 367 | 058 | 3.33 | 1.15 | 467 | 058 WUUR 5

FENINNAMAUAUNARNUN
2.2 Jaquamitendnwalinunziy r

b 267 | 1.15 | 4.67 | 0.58 | 3.00 | 0.00 | 333 | 1.15 | 467 | 058 Wuun 5
IR BYIDDNLLUVUN
3. fuanuduwusiuuselevdldaes
3.1 annsaquainwing 3.67 | 1.15 | 3.67 | 0.58 | 3.67 | 0.58 | 3.67 | 0.58 | 4.67 | 0.58 wuufl 5
32 ansandoudeldazaan 3.67 | 1.15 | 333 | 058 | 3.00 | 0.00 | 3.67 | 0.58 | 4.67 | 058 Wil 5
3.3 grusogeuueuladney 333 | 058 | 3.67 | 0.58 | 3.00 | 0.00 | 4.00 | 1.00 | 467 | 058 Wi 5

901



a5l 4.15 (o)

FEAUATUUY
o a ) o
1qua=taunﬂanwssmu Wuun 1 Wuun 2 RUUN 3 wuun 4 I.I.Wﬁ 5 n‘nuﬁnmu
¥ |SO.| 7 [SD| 5 |SD| 5 |sD| 3 S.D.

4. AMUAMUFDAARDINY

N19ONUUUNAAN S

4.1 fipnunyanyeaguuuy 300 | 1.73 | 4.00 | 0.00 | 3.67 | 0.58 | 367 | 0.58 | 4.67 | 058 Wil 5
4.2 faruwmnvauvestuny 2.67 | 1.15 | 400 | 0.00 | 3.67 | 0.58 | 367 | 0.58 | 4.67 | 0.58 wuuil 5
4.3 fiamgndesmuduuuuityinly 433 | 115 | 433 | 058 | 3.33 | 0.58 | 3.67 | 058 | 5.00 | 0.0 wuuil 5
4.4 wamaliiiuendnualvawdndoue 300 | 1.73 | 4.00 | 0.00 | 3.67 | 0.58 | 3.67 | 0.58 | 4.67 | 0.58 wuuil 5
e 319 | 045 | 4.19 | 030 | 3.50 | 0.30 | 367 | 0.25 | 4.75 | 0.26 wuuil 5

-l - 1 4 a ot « L - v o v - = v oo -] o W t‘: o
NNAITNN 415 wamIUIzun A uRER U INgNIRAinuNTeanLuY  wuuiignssnaqdivsslivlfiiedrluydunuuaindu Al
el o @ v W a a o & o X <l e
mnaenfisnvaglassadvesiilmidusiuwuulunsiaungiuuumens Tesnavesmsussdiuiiswasdended fil wudl 1 (F =319, 50, = 0.45)
< — <l - < = =l pon
Wuum 2 (¥ =4.19,SD.=0.30) wuufl 3 (X¥=350,5D.=0.30) Wuuh 4 (¥=3.67,5D.=025 wuufl 5 (¥=4.75,SD. = 0.26)
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4.4.2 msuszdiuauianalalunisesnuuundnsueilasnisiidiannmaile

wsusuntglunisesnuuundnsogt

d - [ 3 =Y = - ar 2
A1 4.16 UansmallATenisusediupnuianelaluniseenuuunassueilessi

WATANISUSY 97U 100 Yy

o
NALEROULUUADUD Y g "
AUA Jouay
Giitd] 56 56
LN VR a4 a4
3 100 100
fnd1 20 D 0 0
20-309 38 38
31-40 Y 20 20
a1Y =
41 -501 22 22
51 Yauly 20 20
99U 100 100
#1nd1 8,000 UM 0 0
.. 8,001 - 15,000 U™ 12 12
el / Wou
15,001 - 25,000 U 46 46
25,001 U Tuly a2 42
574 100 100
1.6 (U7%.) wSemni 0 0
YU vsaiB LN 12 12
JEAUNTANY Uigyeye3 65 65
gy nituly 23 23
32U 100 100
NUNUUSTEMLONTUY 36 36
91T I —
Sudeviall 0 0
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a5190 4.16 (sig)

iR
NAUERBULUVEBUATY 3 :
AR Jovay

FunIms/Sgiamng 15 15

gInvdIud 4 4

Wity 0 0

21N unfinw 0 0
uneanuuY 50 50

duq 4 4
U 100 100

NNl 4.17 §ussiiumufionelsluniseenuuukandusivesinfiadedae
mnmedvie wasIngReusuuABUn il freuwuuaeunudumaeinnndy Gosay
56) Sslusaumemdaiisnau Gevar 44) Tavdrulvgjazeglutaseny 20 - 30 ¥ Fevas
38) 7090411 AD 9290190191 41-50 U (Fevaz 22) ¥29979 31-90 ¥ uax 51 ¥ Fuly
Wity (§eway 20) wardasengsindt 209 (Fevaz 0) Inesrelddlugjavegluta
15,001-25,000 v ($ovaz 46) 58981 A Twldlutag 25001 vw Sulu Gesar 42)

lalutae 8,001-15,000 v Yewiign (Fevay 12) IEAVTRINIANMATRYIEAUUTRN
n3 (Fevar 65) 309a91 Ao gandigyr (Gevay 23) vesiigade eyUigymyvie
Wisuwih (Gevar 12) mudndiu eriwiviiniseeuuuuaeunlaedanlvg Ao thesnuuu
(Fowaz 50) sosmundie winvuuismenwu (Gevar 36) Jussmydgiamia (Gevex

L a o - [ a = w
12) vesiigafe giziududivendwdug laun aninuagiemns (Gevay 4)

d - - - ar ¥ - 4:’
A9 4.17  wan1susEdiuAuNanelalun1seanLUUNAR AT IAURIMATALISUSY

- - n =100 FEAULARY
TYATLIBAYDINITUITIEY e
¥ | S0, AUARALAY
1. AnuiawalefuANaIB N
< a w  fal ]
L1 ameaenusnnguunaniueiiinnuussin 4.43 | 0.50 N
- a o sa -
1.2 dduiusnguundndusiinuasany 4.54 | 0.50 NV




A51ef 4.17 (dle)
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- - n =100 TERULARS
FUATIBYATRINTTUIEIEY .
5 | SD. | Anufauiiy

1.3 aananeiiusnguusdnisiiaaulansi 4.41 | 0.61 N
1.4 a'ma'lUﬁﬂi’lﬂ{]ﬁLﬂﬂﬁ'ﬂ'&ﬂigﬂlﬂﬁii)ﬂ’]ﬂ.ﬁﬂﬂ%@ 4.44 | 0.58 1N
BRG]

et 4.45 | 0.55 an
2. arwinawaleduyszlendldase
2.1 wansusindanussansailuldsslondls | 4.56 | 0.57 Nl
e
2.2 udafusiandaniusaioddfiauuduse 1| 448 | 058 un
21gnsldaueniuu
2.3 Naﬂﬁm‘r‘l‘\l’mﬁﬂu’15U§~1€1’1N’I‘5ﬂﬂ1‘§4%’ﬂU’ILLaS 4.36 | 0.60 N
LOHIT AT
2.4 wanfusindansussaunsadhiundndasisy | 4.50 | 0.59 N
Isipeinamanean

34 445 | 0.59 N
3. avwitanaladunisdefuandnual
3.1 wanfausiandnanduiedeiuendnualianzey 4.65 | 0.55 wniign
3.2 Jaglunmmhdefaondnualianizay 4.44 | 0.70 gl
3.3 ddunavarnaneiiusvyndtusnlmiannsededs | 4.45 | 0.76 gl
ndENwallanIzAY

52 4.51 | 0.67 1niign
4. anunaneladruaudndunazaudans
4.1 annsadrluanusanieluiesld 4.65 | 0.67 wniiae
4.2 mmm%ahﬂi’mumummﬁmms‘lﬁﬁuﬁ’usnm 4.46 | 0.76 Ty
4.3 7M1 awane @du denmonnvauiusdndueii | 4.49 | 073 N
iazdendeluldusylon

57U 4.53 | 0.73 Wniign




131

MMMINA 4.17 man1suszdiuauiianelaludiildainnisaiealnans
watianfuaminiseenuuukanine nanmsUssdiuiidetufoun 4 s fe
Danuswelasuanuaisny daenuiawelauin (¥ = 4.45 , SD. = 0.55)
2punaneladudsslowildaey flaanuieweloun (¥ = 447, S0, = 0.59)
3puianeladunisdofisendnwal ﬁﬁ'mﬂuﬁma'lﬂmnﬁqﬂ (X =4.51,5D. = 0.67)
4)mmﬁmahﬁ1um'xmi":Lf]uuasmwﬁmmsﬂﬁﬂm'mﬁqwahmnﬁqﬂ (X=453,SD. =
0.72)

el 1 =l

5 v vao o P v dar a w
Qa'lll'ﬁﬂa;UNaiqunﬂﬂqu‘lﬂﬁQu ﬂ'J']NWQWB‘LQT]nV!ﬂﬂ']ﬂ'ﬂuﬂﬂﬂamnmmuﬂqlaﬂﬁﬂ

pufanelann (X =4.49, SD. = 0.61) NFReULUVABUAMSIUIY 100 AY



o
Unn 5

d3UNAUY BAUTIENA wasUBlduBKUL

PNMsAnsasiaunsifinaianiusiuiufiniessnuuunds o ‘luﬂ%’q 98
1@’1’3':;1Jnss‘u'Jum‘i'lunﬁﬁ'mu"‘aé‘ﬂﬂ%'aumu"s’mqﬂ‘szaaﬁ
5.1 asunamsAnwuasimuinssuiunisasnamameinmemaiauiuss Tnesjaiiy
2 o] ;7 V¥ L ﬂ:‘
TumunszuiunsuayisnisaseainaudBmAtANISUS
- e vy a P4 v A
5.2 ayUwamsesnuuundndusilaliihanaieaemadeuisuse Tasgaduizenns
DONLUURIARIEAIENTEUILNISVDUNATALITUT
- - - L3 nv 1 di
5.3 ajunavszillunadaulssdninmmeaiinaniuie lasyaiuEeinisneasuany
pauvesduarn1snaaeunsiinglumslda MUNINTIFI AATCC
=y =f -Jql 1 - ar « £ 7 Y I3 :
5.4 ajunanisussdiunnuianelanfisendniusiaindrainaremaiauiiuse lag
jaduisesvesmsiudnanldlumsesnuuundadis
5.5 Yaiauauuy
- a o X a s v o ¢ - o v -
FIN135398ATUTUNITANBILALWRAIUINT L NATANISUSIVURAUAI N D88 ALUY

@ ¢ o

& mwnmmmna'ma'wmﬂumnw‘imﬂ'ﬁ'lumsaanuuuwﬁmﬁ’mv?

5.1 dyunamsAnwuasiauinszulaunisaiuatnateitdremalauniuse Tng

[} 2 b9 acd W W a & l{
qamu'lumunszu':un'lmaz':sn'rsa's'l JAAAYAWINAUANITUN

5.1.1 miAnwuaziususwdoya
= %) & Y o B W v v &,
MINUTIVTINTBYAINENATS wasmaiiusuTmdeyaain vinlideyailauniu
ANWLNNITIVULTIVNADY msnﬁusamw'ﬁagamiﬁﬂmumﬁmmmﬂﬂmiﬂméu‘%quuﬁuﬁw
A - s v - ar ¥ 1
Weeanuuunandne uidinisnaasudundn 919 1dud n1sAner nrsmeass
s 4 =i [ = cl o v v J s a v oas -ﬂ' l:d
mMIUTuldewisns dagau ansimiunld Wudu wemanuduiusvesanstuivdivesiie
T4lumsasrsanansuuiivda dnseenuuunasauImLTuouYeINITInaae isatnisudy
ﬂ‘ =) a’ - ar n‘: -3 2 ar « [=1 (-
winadiadAgylunsideedsd Tonsdunwaluvudunenisuaglailunienis nsveasiu
q“ Av - e s %4 at
Jumou AugasiRauIAuNIsAnYItaya L{‘mean'lumnﬁuﬁmga WUNISWRILILAY
- PR v v as % W e w W oW v ) -l o o
Answiteyalaunsaiateaguuuuguily wihidelauenvesloyaoanauuvasiisn fall

Ve a k9

5.1.1.1 deyavgugdl fe deifiasimiestasiduaiigidoiiudodaies v1n

¥

a w " v = ) aw
wnseenuuundniusidme fileingdudme fmssnaadidiunisesnuuy

q

eTe

NN



113

wanfaus fidevgsnuniseenuuundnis fnssaundidiuniseenuuumnay 1oy Yoya
o v, -
msdunwal msdans mveaes aglddnwuazvaasiionadeuniusingig AATCC
o a a A Y & a 4 = o vl [ v
5.1.1.2 veyavfuqll fAe Toiands wIeTwaduangdusIvTInteyal ieeuiy
svuu awnsniantudeyaldlaghidiesasdiaifiusiusudmedues 1wy deyanwidevse
o ' aw o d v 2 e
151 BAANTMISIHEUNS  wazlena1sNUITelieItesnITeaniuunIsanaIna s uuRuln

oy d4d vow a
N1399NLUUAINANEHALDIY Adu amaty Tneteenuiuive

&
5.1.2 nsAnenITaialInatsflswmatiaunsuse
Yo o M Vo & y ol @ e v a0
s“meﬂ.ﬂ'ﬂ1m'sﬁnﬂwumaunizmumiaswmﬂmsmumnmsuuwnmaqawmun'ﬁ‘?’lu
1 i ' - - - ) - ¥
NOAUILIUINIINTUGFUVBIUAAENTIY NadTauiuntaanisadainanemomaiauiius

Qs -]

thanldluniseenuuy Tnedeyadildugisodnndnwuarinseiieluimussnuuy
amanguuiudiitensiunahadundaiusiguuuuin Fueyaiidnwuuassausaeuin
Duwamslunsesnuuuaitanats §ideldfnwangnsinandliussdiumumngauuay
Wumuunhlunisadmeaesmaitelflunsineuasyiuupaguuuunsdramamedmiu
danldeenuuu sudiiauavaunsaiinussyndldesnuuundniueidldannsAnsuasns

121N

5.1.3 n1sisewideyaiiléannisine
- L v - L3 a" L4 = y =
mylnseideyanisaiaanaemismeiauniuie Tasldnsiesesideyasinded
s isonnsdunsuuuhiflassaiuwesmsdunvaluuuillassadte dunvaingu
o = o a4 o w Alv ' ¢ a I3 a e
Annnaailuddnluneyesa sthdeyailiuriunsduassitasmsinneinanside
luBaussern Tagldmsadrdrslunmsiiessidoyamutssian wazaunuanuam
o Allv o é v A\\Lun . o A
wanzauvesgateyanliinfnm Jeteyanlaiieswinmaaguiifei
MIATRINAFILNATIALITUT
Wnsasnanany
gunsailun1sainsainany
Fanstuitléinsmeass
d#lunmaaes
Tusaulumineaes
A vaw v ¢ a v v Yaw Y Vo v v 2
Weidelaazinaiiouiosuds {Ideldimanlduiadrsuumsluniseenuuy
v - 3 .: ° o &4 Yoo o - W ¢ o 1
awaenmalaniui dwiuiudinenilldluniseenuuundadusiiendulmanouas

= I
WevEeNaliLANNYaINYae



114

5.2 ayunaniseenuuunaniusiineliianarnaemadaunivie Tnesjadiu
< a &
1324N1592NUUUANAABNTZUIUN TYDIMATANTFUTS

Mndunsunsdinwuasinsideys §idldaiuumenisesnuuy dwmiuns
poNLUUAMINAEYBMAdiaNgUSY Fail

waAnfithanlilunuesnuuue msiisiradussud Seideldiuumedivin
senuUUaInaEmNLuImlddIy 5 a Tasudaryaiinisesnuuunartuneunsing
uanereiu usllduuamensesnuuuinileuty Inudilditulnudignivun Weumaden
Wapuvannvansuaziuyarlitud Tnegnsspandvssiiuieduwuamenisesnuuy
amane fail wuuil 1 amateungd (=4.00,S.D. = 0.08) wuuil 2 meaneihane (= 4.53
,S.D.=0.18) uuuil 3 amawiide (=4.02,5D.=0.08) wuudl 4 mamaeRuRIld
(=4.24,5D.=0.10) wuuil 5 smawvesiufalan (=3.96,5D.=0.13) lasuuuili
shuAnadeifigaldun wuull 2 awmatediane (= 4.53,SD. = 0.18) wnilgn wuuil 4
amaeiuialll  (=4.24,50.=0.10) ann wuuil 3 meawAde (= 4.02, S.D. = 0.08)
weld Tnefideldimavesnsusadiulubuuil 2 meanethane Aifduedeunniigauldluns
iudnsdusisoly

Taegnsenandivsydiundndusiietuuumidumaiiriiailasanansmeiaung
vidlul#luniseenuuy wuuitgnsspandvssiulfiiedluvhduwuuaintu Aifasnaneid
dnwurlaseairsvesivlnnduduwuuluniswauigluuuainate Tnonavesnisusaidiugl
Twauduadedl il wuil 1 (¥=3.19,50. = 045 wwufl 2 (F=4.19,5.0. = 0.30)
WUURl 3 (F=350,SD. =030) Wil 4 (X =367,5D. =025 wuuil 5 (¥=4.75 ,
SD. = 0.26) WsuvuiiilsziuAuadediiaaldud wuuil 5 (¥ =475, SD. = 0.26) wniian

- - ] A., . d
5.3 dyunauszdiunadeuussdvinmmatiauniuse TasseriuGesnsvasey
AUAMUYBsALaznmasaunsdaglunislden awunsigiu AATCC

a o a : I ar v
dulavimmeaeumunsgiy Ml Danuamuressdienisdn n1saduainais
o - as = ' [ - ' a
msninuuRi lvuranisaivdsuwyasluseduiinisasuutasdeutauin dantalianda
1 w J ar ]

2)AUAINUTBIARBLEY NS NalInaemeniinuuin lvurantswasuwlasluszauliiinis

- ' w v v - [
wWaguuUasresd 3)mnunmuvesddenisting nisainalaatesisniinuudlvanants
-l a W - v - W -
wWasuwlas danfarivnaninuiedanfanadunals danfenivnanindendeansn

' v o v va ' = ) v - [
ﬂauﬂ']ﬁu']ﬂﬂ'lﬂu'lﬂiiﬂuslﬂ.ﬂﬂ 2.0 Q)ﬂqqﬂﬂﬁﬂuﬂaﬂaﬂﬂlﬂﬁa ANTATNANAUAIUNUNUUNT



115

| - e 1 - - ' =
v anupmudensdsuwaesdvinidubifimsasuulawesd mnupwmusentsanin
vurymlilinian@auud1v1a Senuiuniunstng  nsaduanatemeniinuudilu
wiriu 3,000 seu lunmsvedilvy 2 Wu waanmsUssdliunuunasgiuiiedmiuny

Ao v v
wnsgunule

= =l ' = ar a :

5.4 djunanisuszifiuadnuianelaniivendniusiaindiadnatemaiiauifuse
oo ° v a o ¢
Tngnjaduzasvasnsinndunldluniseenuuunansioe

o

FIdelhguuuuiinsinandldussiiuisiumeauarduniseenuuunandosii

umsUsaiuvnnyiiun dwiulssdiummmoela % 4 du il
AnuielanuauEIBny (% =4.52,S.0. = 0.18)
arunanelasulselendldass (¥ =4.52,S.0. = 0.18)
awiaweladdeiiaendnuel (% = 4.52, SD. = 0.18)
anuianelanuausudukaraudens (x = 4.52, S.0. = 0.18)

AianeleTm (= 4.49, S.D. = 0.61) agluszsiuan
5.5 Yaidusuus

5.5.1 faeusuurlunniiidululd
5.5.1.1 annsaduwimanseenuuuainagluimuasyiuldiundasiusilungu
a o e a v & wo v v
vowdnisidug AnqugnAmiedinlulddosnis

Ve ot - «

° <l w @ 4 o v
5.5.1.2 awnsmhuuimnarnareigidelaesnuuuluimunieindudfuv
4 o o a s gl - -
ol lUviwdnsiueidusgiudy
v aw o 4’ o - e A:hl ] -ﬁ i - = v
55.1.3 gnaulaluanAdeiesd annsmhransideildluduiluduaiunieasn

i 2 ar - o - teaai q‘; o v o vas
yarlifundnde uasitewsunsisnsuaztunounsviliiduniin

- e 5 i)
5.5.2 Yaumuauuzlunninidenseisly
a EJ A [} L]
5.5.2.1 gidvaulaissimurGesvesamasbiilnuuanswazdduliiinaunmy
4‘ I - 4 o o - s (41 1l W o e
Wndunindn iensiluinndndusinlididednia
i ot - eV v ) Av l.: )
5.5.22 fidvaulainiiildanainareniseenuuulaemaiauniude duluanus
- fr} = (3 o a = s
duia uweaialannsefiuidniaieiulsedvsnmuesin

a P ° o= : e o o 4 4 vV a o ]
5.5.2.3 fidvaulansiunadauiusduldiuiagduiiilluriewmanaiveliiatanlni



116
UIUIYNIY

Tuns1 nindusieed. 2554 Anwuaswauinisainaaaeuuiiuddrsmeaia
meliudeudmiunaniusidme. nsunmuvuas
unTinenasmaluladsvenanssuns

failld dwnsised. 2552, @esnuuudme. njunmn : Teideualad

doand Jousaed. 2553, AnwAnadeassAinentseenuuy. Unusdl : didnetaun
Wwemaniuazmaluladuiad

N5l W, 2557. wannsdlesiziinentseanuuuRARusiARaWANN
HAAAMYIgAEMNTIN. NN : van. Tiu wedla dwnwane Srim

5UMT POEUNNTUL. 2557, NGBHAUNY. NFANNUNIUAT

Sy gadad. 2548, MIITBNTRBNUUUNAAAMIIGASMNTIU. NTINNUMIUAT :
lowoualns

wiauy hiafy. 2562, ammfFasduendul. njavmuvues : #du giady

Vi f0ifesAd1es. 2553, nszuaumsisniseenuuy. Unustil : dnfneuiann
Memaniuavnaluladunand

Wiawa 13YNINe1uY. na1sUTENaUNIEaUIYITTUUNITRUNL, 2. NFUNNUNIUAT :
wnIngasnaluladsvapanssuns

WUy a3en. 2549, MTBRAUUUAINAIY. njuVIWIVIUAS : leldoudlnd

WIAUDS WARMBL. 2550. MIBBNUUUKATRRILUWT LAz TN Y. nsuvmuvIuAS
;UM Tareuduines

widues eddmes. 2550. 38Imesideniseanuuundniug. Auindai 2.
NFANNUNUAT : PHIAINTAMING S

fuilng naeuu. 2557. AnwuasWmunAsusinanssufududmindnauasie
Uszgndguuanieniseanuuunaaist. njamwaviuns :
anualulagwszsunaidinummsaianszls

e 1FgIIMIA. 2542, sanuuuanuss. Ruviadedl 4. ngame : driiniun
faurussanms

Fvdng gaufiawnen. 2502 Imenmandidule. njanne : Tsfaiwiegwiasnsal
UG

anuimgaanvnssudme. 2558, IBTUWMTUANMTERNLUUUNTU-Bame1/2558.

NTINNY : anuiRuIgREINTTNRIe



117
UTIUIYNTU(siD)

#3ml 9173umn. U7 8. "Textile Auxiliaries” Aaaadiag. NFAVINUVUAT :
Design&Prinjed by

Srasms Iravgn. 2539. armddesdin. Ruvinfaiino. nyammumues : Fulnsnsiia

wnyd Jugliiad. 2551, 3 wAdTTeAvTuRanuuuanudsneluvaslve. nayme :
UTTUNSUIUMAZEIY

Broughton, Kate. 1996. Textile Dyeing. United Stated of America : Rockport

Publishers

Diane Vogel Maurer. 1991. Marbling. New York : Michael Frienman Publishing Group,

Inc.

Jill Kennedy And Jane Varrall. 1994. Fabric Painting. London : B.|.Batsford Ltd

Kate Broughton. 1996. Textile Dyeing. China : Rockport Publishers,ine

doveula

[Online]. http://www.answers.com

[Online]. http://www.tangti.com

[Online]. http://manastudio.net//

[Online]. http://www.1freewallpapers.com/butterfly-abstract-colorful-patterns/th
[Online]. http://titorolly.blogspot.com/

[Online]. http://forums.welltrainedmind.com/



AMANUIN

AMANUIN N Laﬂmsuawﬁaﬂmaﬁ'nuaqmﬂw'lunﬁﬁn’nﬁ'u

-‘ ] ‘1 o = ar
MAREIN ¥ ATedianlelunisyiniide
NMAKNUIN A NINOBTURDUNITANTUNITIVY
AMAKUIN 4 SILNUNANTITNAFDU

- ) - ' <

AAKUIN 9 T.uﬂszmnuavnwangnsn'rsausuﬁaqﬁﬂamsujauumjm
AAKNUIN 7 HASTUNITDONWUUAINGTY

MANYIN ¥ WAUNMIDBNLUUNERTUIN

118



119

AARNUIN N

r

lenasuazuiliiavanNaylATIERlun1sInITY



120

7l A5 odloc.ox/ 4730 MEATANERTYNAMNTIY
anfumalulagnszaeumndn
WIRMMMsAIANTEs
AUURABINTY  LlwmaaNnsUy

NPV @odloo

™ worimeu bdda

- Ve e
1998 veanueyA Tl uTnAnw
-4 - e 4 - -
BBU  WA.AS.ARRANA DS8uASe

MY UNANUYNITIU a3 unfinwszauuSegaln VANgRIATAANIgAaIMNTIY
umidin m'u'nmmﬂiu‘laamiaanuuuuamnmﬂqma'mnﬁu aovumalulagnseasuinga
mqmwmsawnszuq ummﬂssaaﬁﬂawagamsmmsuq H1 warvemun MYNEduN W]
LWE]U‘iuﬂEJUﬂ'l'i'ilﬂlﬁlitm'lﬂ‘]‘tli]I.LE!“I.ﬂ"IIﬂ‘N‘WIU'IUWUﬁ 309 “mMsfinwnisidimadanitauuiiy
mmaaanuuuwamnmwmnummuwnmé’ﬂ

o = - - w Ve s o J L " a U
Wanunielusavsanlimweyanilituindnndinamuasindueg et
Var J v E=d :ll
wlafumueyeseinnviudes uazvereURnIN o lemaiisng

-

VOUARIAIUTUDD

77,,,&/4“/

(309MERTINTEING qUNINUANIA)
TonLR Mivguanuiudnnisuastudindnm
UjuRmsunuamuud

dwaduayuivinig

ns. ob-mox-Gooo M mbele
sans. olo- mos-cgems
Anratndne ns.ocw-dme-ecion

(‘
‘5'\-‘ M;«A‘s‘ﬁuﬂ-%waww‘fﬂq.

e
MJU-:JP«;L)

Cooans.Aome



121

ALILATANENTERAMNTTY
anUuwmalulagwszeaund
WiRmsatansed
OUUAABINTY  LUmAIANsEa
NPT @odwo

Wi s odoa.oc/ 4730

he NOAINUY béda

Gee  vemmeymszilinulindnm
=l 1 v
SoU  wAAgYy Aaedey

M UNENLUYNTIN a1Rs TnAnwsERuiyyan VaNgAIATANEnTgRaIvng sy
uvinudio mm‘a‘mmﬂ‘[u‘iaBmsaanuuunﬁmﬁmﬁqna'mn's*m anumaluladwszeauindy
WRuvmsaIansel :um'tuﬂ's.,aqmaﬂagan'ﬁmuﬁua A uazvamen munsdun vl
maﬂ's"naun'1ﬂﬂmiaumﬂaua.,l.ﬂ'fiﬁsmﬂ'mwuﬁ Foe “nsfinvinsldivaiianidouuiu
AiiesanuuukAnSusinnusst ey ”

- = o - v Var s o " a . a
Saseanelusainsanbinnueygassiliiuindnwidinduasnluduegetein
Vas 4 v = -:
wlidummeyansinnvinded wazveveunaan o Temadise

Yauannuuie
“7/ /

(589ANANIINETGNS quNSNUNIA)
AR Miuguanuimdnnsuazdudindnm
URURNMsunuAnUA

duaduayuinms

3. ob-mox-gooo fD  mbalo
nsans. ol- mos-gamb
Ansalnfnw n3.oce-gme-cdlon

f _J' L] - ) - §
i M) MUT DLy P0sINo1 &Ly
2.5

| |
W e ) 5# Mo a)nu Mae G6e

J



122

fl a5 odtecox/ 4730 ANLATMANSRAMNTTU
anumalulagwszeeund
WRMIAaIANTEU
OUURABINGY  Lumananse

NPV eodloo

M woAIneu béds

- Ve w
1599 vemuayATlviuinAnwm
Fou  91WIEnIYUN ygns

AL uNEMYNTIN MRS dnAnvissiuuiygnin vangasagmansgraimnssy
widie awivivalulagnisesnuuusdniusigeamnssy antumeluladnszeeund
Wiguvvsatanseds nudsvasdvedayanisviunits f1 uarvedenmunzdunisel
Wouszneumsdmmiesadeuandlasdineniinug Fee “msfnumsldinetinuniteuiu
FrieesnuuUKARAusiRnuAsiuRnode”

- - -l - v Yo o w @ ' Y e e )
Jaduanielusainsanlianueyeneiliulin@nwndinanuaswinduegragein
Pas L4 ] i :
glodumnueyansinnviumed uavveveurun o lemaiisne

Yauanmutiude

Gofon’

e 4 L
(509MNARTINTEING” quNINUNWIF)
sovnudl AMfuguaruiinnisuaziudsindne

UjuRmsunuAuu@
duadvayuivins
3. clo-smlo-gooo D mbale
Wsans. olo- moe-gamd
AoratinAny Ins.oco-dme-aaon
—Iq - L
Tua T whss & s A3

eSS MsEwn

~L
<
:



123

il A5 odloc.oc/ 4730 ANIEATANANTAAMNTSY
anuwaluladnszeeungn
WgmMIaIANTEda
aUURABINTY  LIMaTIANTEUa

APNT @odlwo

Mo WAy béda

- Vo w
F8e  veAnueylATIwliuinAnw
Gou  Aoudm 2isy

MY UNANUYITIN. d1Rs UnAnwszauUiygnin udngasagmansgaamnssy
waudin avivunelulagniseenuuundnsusigravnisy anumaluladwsyasuindd
Winusaranssly Saruussasdveduntvaliny 1389 wuININISERNLUUKER T
anussiIuinefsuarveisnmunzdunvel ieysznaunmstawisuiideuasifnlase
Inendinug os “msAnvmsidinadaunidauuiudntessnuuunandusinnuseuin
27de”

- al o a v Vo oW Y ' W e
Juspunelusafnsanlimueyassiliiuindnwininanuasniaduegiedain
ar L4 1 el :l‘
wlafuanuayansininvimed wavvevounaan u Temaiifiy

YauanImuLUDe

o

(309PEANTINTEIGNS  qUVSNUNWIF)
s0eMUA fiuguanuandnmsuaziudindnw
UuRnsununnua

dvaduaiving

3. cb-moc-cdooo D mbxle
a3, olo- mot-g@amd
farunAne Ins.oce-gme-dcon

30 bidg fiun

Yasm :Jﬂ’?&\}



124

MYAANARTYRAMNTIY
anumalulagwszasung,
WRMYIITAIANIEYY
OUUAABINTY  LwAaIANTEUd
NPV @odwo

il a5 otlecoc’/ 4730

™ NHAINEU bdda

< Ve e

1599 vemnuayAIEvliiuinAnw
= [V v 3

Gou  Aulesiod Adme

MY UNEAUYITTU @A dnfAnwrszivtiygiin ningrsagmandgeamns
wnidin avivinalulagmsesnuuukdndusigaamnssy aoumaluladwszesundn
Wigumusaanseds finnudszasdveduniuaiviau (o9 wuamenisesnuuuransus
anudstuRnadsuazvedenmunsduneal eusensunisimnivumadeuazidlase
neriinug Foe “nisdnwinslimadanidiuuiudnitoosnuuundndusinnusaiuin
fe”

- a o - Ve w L ' a " -
JaSvunueluseiasanliaueyaseiliiudndnwdinanuasniatuegien
¥ « " 1 = :v
wlifumweymnsinnyiuied wavveveuamuun u Temailme

YauanInutule

(599NN 11TETANE qUNTNUNIIA)
SRR Mivguanuimdrinsuasdudinfinm
U RN sunuAUa

duaduayuivng

3. ob-ambx-dooo A mble
3873, oo~ mox-gembd
fomaunfine) ns.ocn-gme-cclom

”/J"r?l/@

/ "n,—.



125

AMZATANANTRAMNTTY
anfuwmealulagnszasungn
WAMIMTAIANTEU
QUURABINYY  LUAaANTEUY
NPVNT eodwo

ﬁ S odloa.oa/ 4730

" woriney beds

- Ve as
Go  vemuayATvliiutindnw
Gou AueNs AnfsuIns

MY UNENUYITIN A1As UnAnwseRuliggnin wangnsagmandgaaiunssy
wnUndin arvivmalulagmseenuuundnsiusigramnssy andumaluladwszasuinds
Wummisaanszda fruuszasdvedunivalviiy 1389 wuamnInsesnuuURAnTus
anustrunnefonazvemenmundunval eyseneunstawnisuiideuazidlag
Ingrfinug 13ee “msfnsnisldinaiinuniteuuiuiiitessnuuundndueinnusauin
?Ae”

o o« o - v Ve W a 1 [ e
Jadsunelusainrsantimueyaseilituinfnudinanuagniaduegdsin
v . ] v o & v
Qz‘lﬂ‘iUﬂ'TuJﬂqiﬂ‘i'\b’“ﬂqﬂﬂ'l'llﬂ']Elﬂ UasvavauAMNT U Iﬂﬂ'ﬁﬁlﬂ?ﬂ

YDUAMANUUDND
G

e 24
(59MARTINTEIANE  JUNTNUNWIA)
59ANUA MiuguanuinAnmsuaziudindnm
UuRnisunuAmui

duaduayuinns

5. ob-alox-dooo A mbalo
nsans. olo- mo-gamd
faraundAny) ns.oce-dme-ccon

EPRTSTEN W
.Dau:?ﬂﬂﬁsu.-,r&



126

#l 5 0524.0/ 0341 ANIEATANANTRAAMNTTY
anumalulagnszasund
WRamMmITaIAnTE -
QUURABINTY  LUAAIANTEUN

NTANW 10520

>>» unsAu 2559

- Ve et
(SO0 'Uaﬂ'l'u.lal{lﬂi']gﬂalﬂunﬂnﬁ"l

Gou  mhguivaaeu aoduiangRamngsudae

A28 UNAMLUEYIITSA a1AT unfAnnszauliggiln wangmsagemanigaaivnssy
umndin @arvimaluladnisesnuuundndudgaamnssy anntunalulagwszesy
ndndgavynsaanszds fiaulssadvenaasuussaninmeuaIAmue e i
a$nananefomaliaunsuse (Marbling) iethranadeuusznaun1smsiineting
3oe madnuuasiaunnsdinadaniviuuiiudiemsesnuuy”

JaSsuniielusaRvsaniiarueyasizibituindnyfanauasniatusg i
TeglATuAUBYATISHINYITUMEA wazvevauRui M lenalianig

YaUanNIANLLUND

S 0

(#5.9793 A3INUG)
sanmUAmiuguauATuITIMIuazTudinfng
UjiRmsunuanud
duaivayuiving
Ins. 02-329-8000 #io 3692
Insans. 02- 329-8436
fnrovnfinwa Ins. 087-831-4423

3l 35358 ofnd asors .

\
& nﬁomm W s n outhn:\#

/" - '

(norgs mwe ,,,ﬁ,,e) ol )

™
Ma‘(d"\ M.A—?Cn LR i e Ty yﬁl‘l\



127

vV =K Yy

Uunnvanlu
wmm'm ﬂm.,ﬂqmamsqmmwnsmuavmﬂ‘[ﬂaa a%a. muauuaqmmms n3.3692
Wi #5 0524.04 / 1243 uit 28 fhunew 2560

3o4 vodyuinsgundinTsuuuasununazuuuysuiiy

Sou  asunedy e

A8 UNENNUYIITIU dIAT unfinssziuyIggin VaNgRIAIMIAansgRaIMNT Y
umudin mmamm#ﬂu'[aamsaanu‘uunamnmﬂqmmwnﬁu anuwvaluladwszvouindn
mqmwmsmﬂnsvuq aavinineniinug e “nmsfAinwuazauinsléinadaunfuiiuuy
AudiReeenuUUNEA e Thell nens. s Asudnis Wuewssiusnwineiinug uag
HA.ATNIIEA 1aNYanae Wuesdiudnuineniinudsay

ANZATAARTENAIMNTTY wmiunumwru'z’wnun“]uu:umm‘smmmmsmnmnu
Liaqmna'ntﬂuamaﬂ 'N'uaw:yvn'uL"L‘lunwsqr-]mqwmiwuuvaaumuua swuuUssidiuiiing
mamgnmamaummvaumnuaﬂmuﬁm mwamsamwammmma’lm‘mmv Y94 UNEAM
WY ang um'mampmﬂu'uu maunu&lﬂuuuuwaaumuua“uuuthumummu

w.'iuummaiﬂmwmam LL?}UM'N’.I’li]ulﬂ?Uﬂ’J']i.l’e]utﬂ'S']"’W-'\]'lﬂVl'lUﬂ’] vAlaY
QJEI'U'\‘JUFI‘CUIUHEJU'NENN’I 3] IE)ﬂ'lﬂUﬂ')U

;ﬁmﬁmwﬂvmb/mm Lt %

sRUAMAUUaNUAINATINsuUaz T udindnw
UHuRnsunuAuuA



128

v o= Y
UUnNnNvanIy
vmm'm ﬂmvﬂimﬂmqmawnsmuasmﬂTu'[au d9a. dumivayuivims 13692
#l 5 0524.04 / 1243 il 29 iy 2560

309 vedigiiugnsinandinnauuuasunmuaswuuyspdiy
Gou  evsdansd suiand

MY WNETUUYDITTU AIA3 unfinwsziuuignln wdngasaymansgamnssu
uUnudin aw'nmwrﬂTu'[aun'ﬁaanuuuwamnmmnma"mn‘sm anumalulagwszasuindn
mqmwmsmﬂﬂsvm mdwivineridnug Fes “msAnvuasiannislimeieuniuiwuy
Autuieeenuuundnsiasi” Tt waas siwa Asugns Wuomsdiuinuiveninug uay
HAATNINE Lennern WuesEivinuiventinugsy

ATATAIENTINAMNT T AvsanudwtuImihuiudiinnwiemwannsaiety
Limmnamﬁuamam wuaL'ﬂmmuLfJumrmﬂmnm's'Jmuuuaaumuuauuuuﬂ's.,mumm
mamgnmaau.avmmvaumnuaumue‘lﬂ Famansmsrsvemineriis i ves wean
WeyRIsIl @A dieuanysaiteiy wsannu'iflﬂuuuwuaaumuua.,uuml's..mumma

ﬁaﬁﬂumxﬁammﬁmsmuaswi’adws"lﬁ%’ummaumﬂw‘a'mvhuﬁwﬁuas
e & v
vevouRnilusgedaun o Tenatife

St vl

(M350 ATWLG)
IBRUUAMAUgUaTII AT MsuasTaudindine

UfUuBnmsunuamuf
Q/ )
67/-17&/ # ‘S\m}z.ﬂtbmnwwvﬁ QUFHY/
1L 113y 20 .Y 4 /

—~

cjf(?’”“

%)
( @ stb/ ‘Bl{’/wd— )



129

v o= W

UUNNYaAIY
MU Auzagmanigaamnssuuasmealulad ava. duaiuayuivims ns.3692
7 A50520.04/ 1943 Fuil 29 e 2560

G veldydudvsnandinsswuuasunuuasuuuysediy
ol e  f = )
BU WAATATINUY N TuaaAs

A UNEAUYITIN AT undnwszduuSygnln vangningmanignaivnisy
wiiudin avndvinalulagimsesnuuurdndsigaamnssy antumeluladnsyeound
Wigavsaenszds AMdwiineadinug 3es “msfinwuazimuinisldinadauniuiuuy
Aufiiteeenuuundndious” Tnuil wa.asswe Asudnig Wuersdiuineineniing uax
WAASNSNAl 1eniaam Wuesdiuinuiveniinugsa

ALYATAIENSTENAMNT T AsanudiTwihududiinmiauamsaieiu
Besdanarniuegieg Twalgvnuiugnsigandnwuuasunmuazuuuysediviing
ilemgndpauasimnsamsnniiostiissla damansmmvvoaiuaztelinuide ves weam
wysI mes drrwayseiiedu wisutuidlduuuussuaasiuuyssdiungas

ﬁqL?uumLﬁaTUmﬁmmnuasm"q'hfoz'lﬁ%’ummaqmswzv’;mnmué’wﬁua::
vevoupmuluagndan w Temaiise

S O

(n3.3703 ATAUG)
soRUUAMAUgUATIWIN T IMswasTudindnw
UjuAnsunuAua



130

AzAYanigRamnssuLazmalulad
aontumalulagwszassnndndrnu
saIansyll auuRABINgY
Wwramnszdy AgaMwe 10520

# a5 0524007 1321

F WU 2560

- - v - -

1504 'uaL-u:yl.flmdwsaqmwﬂszmuﬁmmsaanamam
-l ¢ o o 3 L3

WS8U  91913ENYTUNS A

A8 UNENUYDITIU A1As UnAnwrseduuiggaly WaNgAIATAIANTgRAIMATITY
wnUndin arvivunaluladniseenuuundnusigaamnssy anualulagwsyaeandnsnm
nsaranszs Adwiinerinug Ses “msfinwuazinuinsliinadanivwuuiuduile
eanuuURanias” Tnell arassium Asudnis Wuenanseivineineonus uas HA.AS. YT
e Wuensdiunwiinerinussan

AEATANANTERAMNTTH nsuudiuiviudugiinnuiauansadsitudes
aanarinluegied Swadgvinuduinssgundvssdiudunisesnuuuainats 18 wisan
YT AAs

= « a w @ ¢ ' =
mﬁuumma'[ﬂsmwmsmuazmnws‘lm"‘sun'nuaqms'}wmnmuﬁ'wﬁuawaﬂauqfutﬂu
" - & v
sgngun w lamaiishe

YDuARIAUTUDe

(n3.5793F ASWug)
sonUAMAugUaTUA I ITMswasTufindn

UfURnsunuanui
dwaiuayuivinig
ns. 02-329-8000 i 3692
Insans. 02- 329-8436 ¢

AnvienAnw Tns. 087-831-4423 evan

e



131

AuzATFARIgRaMNTIILazINAlUlad
aontumalulagnszeaundndian
IMSAIRNTEUN aUURABING
wRaaNsEUy NJUMNT 10520

#i m5 0520.04/ 1321

2 Wwweu 2560

d - - -

ey vedyulunsigandivsediudunisesnainany
= =l &

By 91913883 Tamsan

A8 UNEANUYIITIN @ns dnAnwrsziudSygaln nangmIngManigRaInITy
wniiudin anvivunaluladinsesnuuundnsusigaamnssu anUumaluladwszasundndinm
ymsaImnszds Mdsiving iinug (Fea “msfinmuasimuinislimataniviwuuuiuduile
sonuuUNERAs” Tnell nras.sium Asudnts Wuerrsdivinwineiing uas HA.AT.NTIY
el Wuensdivinuineriinugsou

ALZATAIARTRAAINNTTU Ansanudniuiviudugiiauauaansaferiuides
danarndusene Swedgrinududnisgandivssdiudunisesnuuuainats ¥e w1eana
WYNTIN @RS

- a - a w 1 [ ¢ ' v =
qmuumma‘[ﬂwwmsnnuazmwmz‘lmumwaqmswmnmumummwavauqmtﬂu
- &
oW o lenmatse

YBuANIAULUD

(935797 A3nug)
oRuUARTUUAII I INswar Tadindnw

UHURnsunuamud

duaiuayuivinig

Ins. 02-329-8000 sip 3692
Insans. 02- 329-8436
fasioundnwn Tns. 087-831-4423

s



132

AuzATManigRamnITILaTnalulad
anUumalulagwszeaundninm
MMIAANTEU UURABINGY
waaIanszdd ngavme 10520

# 5052604/ 1321

F vy 2560

d - -

509 veldguludvsnandusudiushunisesnainane
= o - ¢ w d

Sy asadanun Tudy

M7 unaugnsIn @1es dndnwseduuigyln wingesagmanigraimnssu
wniudia anvivnalulagniseenuuundniusignamnssu anumalulagwszasundndnm
nsaanszds Mdwihineriineg Fes “nsAnuariauinisidinadaunduiuuuiiuiudie
penUUUKNERANe” Taell nassiue Asudnns Wueneseivineinertinug uas HA.ATNTI
ey Wue9seiunuineninugsan

AuzAIMAnigaamn I forsanudiiuivindudiiaudmuaansaieafudes
dndriduednd Jevedgrinuduinssnundvsaidiuiunisesnuuuainais vee U
WY @RS

o o - - @ Ve ¢ ' v o=
mwuuu'uwawsmwmsmuazmnwz‘lﬁs'ummaqmﬁwmnmumaﬂu.awa-uauqmu’ju
pgngun w lanaisne

YauanIAUUDe

S 0b

(m3.5797 AIWug)
sownauAifuguaruinArnsuasSudinfnwm
UuRnsunuauuf

duaiumpivinig

Ins. 02-329-8000 siw 3692
Insans. 02- 329-8436
AesievinAnw Tns. 087-831-4423




133

7l w5 052000/ 1321 paATMARTYAAMNTIILAzIMALLlAE
aoumalulagnsyasundidinm
nnsamnseds auunasngs

WwAaIANsEls NN 10520

2 WWEu 2560

J - = -
1389 uawmﬂurﬁ’mmmqmﬂszmw‘ﬁummanmnma
Bou  asdeufiesh uvnduns

A28 UNAUYDITIN @RS TnAnwsERuYIgeln wangmIngrmanignamnssy
umUinidin avmivunaluladnisesnuuundniasigaamnssy anumelulainsyeoundauda
AEMMIAIANTEUY AdniTinginug Ses “nsAnwuasimunnisldimaiiaunudiuuuiiugy
WesenuuuRanius” Taed naassiue Asugnng Wuensdiuinuinering uas we.as.
NIl ey Wuensdiuinurinerinudiay

ARIEATAARTgRAIMNT TN Avsuudatuivhududiaudmisaunsadefudes
sanarndusdai Swedigrinududnsigandivssidiudumsssnuuuainans v UNEAN
WY @ns

- - - - [V ) ¢ i v -
w.suummai'u'smma'1-5muasmmas‘lnsummaqmﬂwmnmumunuawwauqm
' q' :

Wustdan « lenaige

YauanIrUTUDe

Sme b

(m3.3793 ATWUG)
nUimfuguanuiinnsuasTasindnw

UfURNsuvuAUA
duadvayuiving
Ins. 02-329-8000 sip 3692
Insans. 02- 329-8436 Mlﬁm
AnsiounAnw Tns. 087-831-4423 fb‘u‘);m(jag&"fm

wi/Aa .

‘\W\
&g .



134

7l #5 0524.00/ 1321 AuzATaRgRaMnIIuLazmalulad

aoiumalulagnszeomndushan
MSAANTEUY aUURABIN
weaANsEUs NjaMM 10520

Fweu 2560

(309 vogydunsinandivsudiudunisesnainany
a ¢ o
Sou Aniwus uyine

A8 UNANNUYIITTU aIAS UnfinwiseiuuIggan nangmingmanignamnssy
wnliudin aviviveluladniseenuuundniusigravnssy aofumaluladwszaaundndnw
vsaanszds Manhaneriinug Fes “nsAnsuasiauinisléeiiaunsuiiuuiuinie
sonuuUNaAAMs” Tnell nrasswe Asudms Wuenersdivinwineriing uas HALAT NI
e Wueesdiuineineniinugson

AREATAIARIgRAMNTI Avsaudatuiniududiaudmnannsoffudes
Anarlueded Swedgrinudugnisgurdvsadiudunisesnuuvainais 1e9 DRLERY
WYITIL A1AS

- = < - o o ' -
wsuummaT.Umwmﬁmuasmnms‘lﬁmm'maqLﬂsqsﬁmnmuﬁ’wﬂuawa-uauqmtﬂu
b el & v
pEvBwn w lenmailme

vauannuule

(m3.5793 A3ug)
AuUimiuguaruiIvnsuarTusinfnw
UjURnmsunuaui

duaiuayuivinig

Ins. 02-329-8000 #e 3692 M
7

Insans. 02- 329-8436 ;).l p "{’

dnsiounfinw Ins. 087-831-4423



135

AAYMAnTgnamnIsuLasmalulad
anumaluladnsyasndidnm
mmIaansTlt auuRABINy
\wRaIANsEdy AJIMNT 10520

il M5 0524007 1321

7 wweu 2560

301 vadgtugnssgandivssdiudunsesnuus@nsdos
- - e o .
38U AR anauasIe

M8 UNENIUYDITTH a1AT nAnwrseduUiggaln VaNgAIATAENIYRaIMNTIY
wndaudin avivunaluladnisesnuuundndasigaamnss anfumalulagnszesuinduda
AammIaIanasda danivineriinug Fes “msfinvuariaunistdinetaniud wuuiu
weoenuuusdniani” Tned neasowe Asugnis Wuenasiuinuinering was weas.
Nl M Wuenesdivinwinetinugsay

ANYATAARTERAMNTTY Ansaudivivinudugiiauiauansadesudes
sanarinduetred S dgvinududnssgandvssdiudunisesnuuusdniost veq uNam
WU A3

= - - o o '
w?uumma'['u'snwmsmuaswmws‘ln"wm'maqmﬂw'ﬂ'mmuﬁ'huﬁuawwauqm
1 oa &

WuethBan w Temaiise

YBUANIMIULUDE

(3.5993 ASWug)
IIRUUAMAvgUATIUI TN suasTudfindnm

Ufudmsunuanud

duaduapSyims

Ins. 02-329-8000 sip 3692
Insans. 02- 329-8436
ansiavinAnw Tns. 087-831-4423




136

ATATMaRSgRamnIsIkazinalulad
aofumalulagnszeounddnw
mnsamnszll auuRaBIngy
\wMAIANIEUY AFAVINT 10520

i m50524.04/1321

7~ Wweu 2560

Gor  veidyduvsenandusaiiudunsesnuuranias
-l - J o <
eu  uAAsAeRdnd o3uuede

A8 UNANIUYITIU dINS UnfAnwsziuuSygaln VANGASATAARTYRAIMNTIY
wniaudin aeivinaluladnisesnuuundndusignamnssu anumelulagnseasnnduda
AuMIAIANTzYs AMdnhinetiinug See “msAnsuasianunnisldinadaunudauuiug
WWeoenuuunARA” Tedl we.as.owm Asuens Wuemrsdiuinuinerinug uay ue.os,
il el Wuemseivinuineriinugsay

PZAYFARTERAMNTIY Asanudwiuivhuduginudmissunsadetudes
And1uedned Siwedgvinududvsnandvszdiudunisesnuuundedast vos unan
WYNITIN @ns

- - -l - @ Vs ¢ ' v
13 uuwmahjssmq'mnu.azmma=‘lmumma~qmﬂ=mwnmumaﬁuawmavqm
i S8
Juedntun « Temaige

YouaRIMILUDe

S~
(35797 A3ug)

InUATiUgUariATIMswasYadindnm
UURMIunuRnUA

duaduayuiving

Ins. 02-329-8000 sie 3692
Insans. 02- 329-8436
Ansietinfinwn Ins. 087-831-4423

3 o
PUIRS): 1o Twp)j‘:_a RN >eN
7 N - i

o |
(N?\’-o\s.ﬁ\-{ryde\m o?a:tﬁgé)'



137

rzATanigRavnIsuLazvalulad
aoualulagwszasundudnm
msamnsEdl auuRasIng
LwRaMNsEUl NJUVINT 10520

il m5052¢.04/ 1321

F wwsu 2560

3o volglunsepandivsuifiudunisesnuunands
Sou  Aueus Anfsuins

MY UNSTNUYIITIU 8RS unfinwsziuUiggaln wingnsagmanigramnssy
unUinudio aviivunaluladmseenuuundniusignamnssy antumeluladnsssemndud
AUYMITAIANIEUY Mdwihinerdnug Seq “mifinmuaiannsliivedeanduiwuuiiud
iWeosnuUUKARAws” Tnufl ueas s fsudns Wuewsdivinuineriinug uay umas.
ninal el Wuemseiinwiinerinugsay

ANEATAARTERAIMNTIY fosaudwiviviudugfiaudmuannsaifudes
sanarudueerad Ywadgvudugnssgondussiudunsesnuuundnios vos UNENM

WRYITIU RS
- - - & [ ' -
Nt‘s‘aummalﬂsnwinsnnuazmma:'lﬂsummaqmﬂsﬁmnmuﬁ'wmuawqum

" - &X'y

WuetnBan o Temaime

YBUARMI NN

S

(5573 A3wug)
InuURfUgUaTIUiITINSuas Tadindnw
UfURNMIunuAUA

duaduayuiving

ns. 02-329-8000 sip 3692
Insans. 02- 329-8436
AnvivinAnwn Tns. 087-831-4423

oS R
Aven, L.

Sl A I



138

AARNUIN U

P o a w
winsdlefldlunisinise



139

o ¥ “a L 4 a & - : < ¥
wuuduMeaignsInailazid g uRamsldmeiiauniusuuiiui

v
J - “
\WOBDNUUUNARAI M9
¢ v o v a ¢ a .
FunmwallFnmngmumaliauiviuasdme)

d ot ¥ - 3 -" L d - s '3
FOIN AN LA ARILUINS IEMATAN S USSULAUR D DB LU UKER S 09

Aduaq

r-a‘v (-] Ag 4‘ ar 1 4 - 3 : - i J
wuvUduN EINIRYYURaNSANYILaLRRILINSIWATIANISUS sULauE e

9

a w = as ¢ d v v% d [ ) ¢
onuuuRanfasilasilinguisasdiiiuusadeyaandidenagdeidelduuudunivel
- » v ' o &
wieLiudeyanusineg dail

L L4 & v = ar - L3 -:
1.ﬂ'l'ﬂ'!lmilﬂl.U'ﬂ\mutﬂU'JﬂUL‘VIﬁ'lJﬁlJ"I'iU'N

2.9umatin/nssuAsmsviumatinuniuse

Tnsldnansiineatrtislumstuiinnmiaznisduiindeslunisiusiusiy
Foyanndidsrmngiumedauiuie

o o &
wuudunwolyaiiifaedu 3 aeu weil
=l 2 W o o vd
meuil 1 : deyaviluineiudierngy
- L3 - s - < : .
meull 2: deyauafiumalinnivsiuazdme

- v - @ a ¢ o y
naun 3: ‘Uﬂlauauuzlﬂﬂ’]nULWﬂuﬂu’ﬁU‘Nuﬁga\l'ﬂﬂ

UNENMNUYITI 8AT
unfinwUSygln ervunaluladniseanuuunndue
AuzagAranigaamnTsy sovumaluladwssesundidrnummsatanszds



dunwal W wou U ... S S
o ] b :
APuas : wuudunenl wiseenidu 3 aey Al
o v ™) v o
moul 1 Yeyavluvesideavgy
- 'Y - v a ¢ - .
aoun 2 deyaiuafiumaiimuniusiwardme

< v 4w - ¢ -
faUN 3 ﬂal.auauuzlnﬁ'}nUlWﬂUﬂu'171]5\1“335@“9

aoudl 1: Foyavluiieafudiduavey
ﬂa/ana

o d o a y
aouil 2: deyaiefumadiauniuiauazime

L
=

2.1 Usgiuavanuluinvewimatiauisuse

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

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

[

z =l s A o
2.2 YumpunsessuTannsndusioly

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

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

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

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

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

140

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

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

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

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

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

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



141

L
o

Y o w a ¢ o
2.6 TI'E]Q"Iﬂﬂﬂﬂi&'flﬂUﬂuqu'ﬁ\iﬂuﬂﬂ?ﬂﬂ

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

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

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

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

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

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

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

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

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

o W n‘ v v - 3 nv V¥ o = r fz o o LY §
2.11 mMsumaTunswmataususlulevinansuetuaiunsatluvinmesiwesvse

w3amnusslavdels

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

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



142

wwudunweifiemgsuiannsliinedianiuieuuiui
- = o «
IWDDBNLUUNARAS
¢ v ol v a v .« o < Vv
(unwaltldnrngauniniusive sl suazvsannusnig)

GJ s L - L3 -" J - @l
138IN15ANWN LLHSWWU'Iﬂ'ﬁI'UmF’I‘NﬂN"ﬁUNUUEI‘UF.J"]LWEJB‘BH WUURARAUT

Auaq

e o o4 o @ v P ¢ oo a v oo
uUUﬁun’lﬂmuQﬂ‘ﬂqﬂULwan'ﬁﬁﬂ\‘.ﬂuagwmuqﬂ']ilﬁlﬂﬁUﬂuqi‘Ui\!‘UHNUN'\L“a

a W = s - P » = w
sanuuundniue TasilTaguszasditeiivunudeyanindidervgiisatudeanis

9

a W - ¢ - ' o vaw g v
pNUUUNARAwe niseanuuumesiined niseenuuurIowmausitiu Feidelduuy

¢ d & w v ' o &
dunwaliveinuteyasmusineg Al

1.ﬂ"l'l.J'lliJl‘J‘ﬁLUB\‘IWULﬂEJ'JﬂUﬂ’ﬁFJE]ﬂI.L'U'U

2 Muguuuunazmsthusegnalinmsesnwuundngdoed

loglindesnimeaiirtdelunstuiinamiliuazmstuiindedumsitusausudeya

MNFFIRYIUINATAIITUTY

‘ ar e
wuudunuolyaiififaeiu 3 meu il
- 1 v - LA
meuil 1 : Yoy luiAeiugidenegy
< [ o a w ¢
meuil 2: YeyaluniseanuuuuasiauInaniue

- o
MOUN 3 : UBLAUDLUY

UNENUYNTIM EAT
unfnefiggyin evmaluladniseenuuundasius
auzajAranigaamnsy andumalulawszaundidquvmsannseta



143

fumwenl W wou U ... Y O N
o ] ar ‘
fduae : wuuduneel wiseandy 3 aeu dail
-l [ ) v
mouil 1 deyavialuvesiteIuigy
-4 L ar - Ly L3
moun 2 deyaluniseanuuunasWaLIkEn e

P v
AU 3 VDULAUDLUY

mouil 1 doyaialuiieadudideavigy

< ar - e 4
aaun 2 YayaluniseanuuuuasNIHAR MY
= L3 qy = o [ - @ v
2.1 LVIﬂUﬂ!J']‘iUi\'!ﬁﬂ'J'INLWJ']BHNLlﬁﬁﬂ']’lllﬂ’l!d']‘iﬂ?i‘i]-‘iu’m’]YI'IRE‘WII\E\J‘ﬁlﬂ1ﬂUN

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

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

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

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

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

o w aa J s v @ ' - a 4 ar
2.5 dedrianiinaroniseenuuukazianludueudiiussewirmdadusifuiannis

Wueenals

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



144

v o w da | W v '
2.6 tedrianiinadeniseenuuukazialuduguuuumsuedaals

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

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

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

a

v = = o o - q’ ¥
2.8 YoyareuUIIAANANNIATRINMIHEAKGAT I IMATAUN U WY

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

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

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

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

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

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

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



145

wuuUsEdiumsInasisuNITeBnLULAINATY
@ v a & | a  w
dwiunisldimelipuniviuuiiuiunesenwuundngdus
i o o
NLHRPRLTTE LR

™) a ¢ - o - «
AsANYILaENAINSIEWATANISUSIULRUA D DB NLUUNER S9!

frdua
a Ao o & 4 o v - ¢ & I |
wuuUssiliuiivainduiienisdnsuasauinsldinatiauisussvuiuduie
a w o« w < a -
pRNUUUKARIY TnoTnquszasAlioyssiliun e zanysInIsoenwuUaInaTe (e
o td - o « - v a a -
inluldeenuuundnine Usufiulasdnsigadiiosnisesnuuuainaiy iiemguuuy

= L3 G:‘ = - o o
uu’:m’n'lun'rsaanu.'u'umﬂa'w'[mumﬂuﬂmmimmmzau'lumuaanuuunamﬂmm

Too¥aqussasduasenidde wail

1. wefinyuagimnnssviunsaianmoidomeiinniuie Tnejatudes
mMsAnwuaznTiRIATAUY fumnae #ud dudumeunisvih

2. \iteeenuuundndusilaslitanainaismeiauniuds Taegautuienis
sonuuumamelasnsldinadeniuis

3. iileusudiuyszavBammadiannduie Tneyududesnsnadeuuasyssdiy
Uszavsnmienmahlulsluniseenuuundndos

4. ieUsaiiumufimelefiidendndnusianndianaremedauduie Tnesjat

- ° . a o
Gaansiuimeiladnsanldlunisesnuuundnsoe

wuuUszidiuyaiifidaeiy 3 nau Al
o 2/ ) = e W =
mouf 1 : Teyamiluiefiugnssnendl
= L @ [~ «
moudl 2 : deyaluniseenuuuuasiauInGn e

P (Y]
AOUN 3 : UdLAUDLUY

UNEAUYNTIU 6IAT
unfinmUiggyin arvunaluladnisesnuuundnsus
AuzagAEnigaamnIsy sortumalulagwszesundndguvmsatanseds



146

o - ] ar 3
ftuas : wuulsniy wisesn@y 3 seu feil
-l v ™) (Y] 3
aoull 1 deyaviluvesrnTinendl
- a 'Y -
AeuTl 2 WuuAeUMNATINARIUYBIENTIABA
FTUNTERNLUVAIAANEINATIALITUS

= Y]
MOUN 3 VDULAUDLUY

aouil 1 doyaluiferiuinssgand

moufl 2 wuvdeunuALARTUBIEMsIRANEsUMIEBNkUUAIARBIMATANSUSS
TWsnvinia3aamne []v adludasszdumuAniuiicvuslinasinslimeuu

AZULUL winefls  SauAadiuiumngaussduanniigs
ATLUY weie  deuAamiuimanzanssauaan

et danuAadiuivinyaussautey

5
a4

TWUU 3 et danuAsuiuiivinsauseauUiunans
AslUY 2
1

= P a ' v v oo
ATLUUY Wieung :um'l:uﬂﬂLﬁu'nmmsamzﬂuuaﬂnqm



147

AW IO Vel Indans e rew Wl
‘ a0 samnoing ]
nab i) Samd Vhrmonds menad ks et
sacnnolraialulan

" WA e vy a1 v i
Aensbilusodusind) doti mdavonedvim
wilimabi . ek wacaine onenilo v
SumlBondnonan el

o el u e resdes unaSoa
inlibrarmes b cmls Smiisminiy A Alme
ihind D Y msies G man il al e s

i OV C U BT e

ik

e mmebvlainart obien | ¢ ot Fion b 3 i s v i) w0
L T T B A
350 01 0 il e PEEY P i D
ey ows i weffion ol usDheendow man ol

80 wwaowgeIIm ams Raiedom 5760010

. s
i g =t
(AR A mwllofin riacnsnmdoninetood wearrm ‘llﬂ“n
oty T T T T ) T T T 0 e Ao st |
m‘h"“ Shoeatie: W0 DSt :;:"mwnr:‘mﬁ-m-imm'm'm-mn--alm‘»‘wu\ o 0 UL B obnd 9 e £ mensby 3 01
¥ i
s, ~ e
ITAUASLLUU
& o
YaAINIU

5| 4 3 2 1

1. AMMuaInae

1.1 avsanedlimnuyseain

1.2 ananednuasdy

1.3 aanansdmnulanay

1.4 avnareilenanwallaniznu

2. fuian

2.1 annsadrianguldnuldetsauugal

2.2 fimsdenliaglsogrumunyay

3. pudunusuasuselovy

3.1 dmnudnauaisany

3.2 fimnutniulafvesiaguazainansy

4. ATUANMUFINARBINUNITHAR

4.1 dANUaLduNTeIaINAELATAINY

=i * L A o v
4.2 fipugnAssmusuuuunYill

4.3 wamliiulendnuaiveainans




148

i Fearheri | mOHIRMOIE
\Al wn wnilvrﬂ‘mlm el on oy
Toav

e ISV sy i O

Ambdansnmatanel

[ R TSI T, S

msmhn

mulwr-'mnm 0 Tnkdnormathie v om |
VovmaliSonfidiiamiusysund o 3 5% 1 YT BRI 11 1 LIS VAMICED WS 131 1 145 A. T .

v i hgBosiun mad s odt: rubmmmm
T N R o e

v el 5w DBt i e nsedad wiruiki o
irdiinnarvay bl uls Giismini ar . A

Frrifsn embod s e o o satie | rben 1 Arniiln

u lum.lnl,flllhlrmfl.lhmdmni\unn!a'i'unm;\

v v syt et wime T aed o
At weona un s i o s om il
Viscon] g sy sarthion s s e § 0

g

B fa wvaoasyoIsn ame sAaanfingi 560310
#ia )k iy mwbakao roonmumdalineiood mn s

UHHN

. Sinsad’ 100 ol !:v-?::“\:i?u\:!qu whovt wpanebl il Yan a0 | ! AT O3 RTINSV
o3
FTAUASLUU
v_ o
AN 5 a4 3 2 1

1. Auanay

1.1 avmanediauuseain

1.2 aafanedinualsany

1.3 aananeilmnulaniay

1.4 ansansdilenanwallanizay

2. fuisn

2.1 annsairiagunldnuldetvauugal

2.2 fimadenlyiaglnegamngay

3. Arudunusuasyseluvy

3.1 AANUTALIUAILIY

3.2 fianutriuladvesiaguazannany

4. AUAIUFDNARDINUNITHAR

4.1 AU EATDIAIAANULATAINY

i L L A o v
4.2 uﬂ".nugnnammmuwunwﬂ?

4.3 yamliiuendnvalvasainany




149

i Stomest il rsnocdivineodner:
wwlnjo wdava s
AN Arches § lin S isanatn

O ¥ VRV
fovry o dUOoBU ) WdoRts s lavonmoivi) m
S T B TR P SN
AilRanZnon Rl

L kR s T e
irdibnmiarraashibivnls fadinming R dunn
hriieg Svoer 00 el i b sy w1 o el e
el amitiad v WL o mrvamabihe e s wlobnielln

wihmhn

it il 15' i | Ol cana

M o s o avksssrsey v et £ e
at Mﬂuuﬂwﬁo&ﬁ}f\mrma ok Tkl
i

[ oy P 4 a2
s 2 W fa waoumyoTae e sAaaniog 5760310 '
m T T P e AR vl (11 1 71 2
S W i WD O | o srwnecieas e

e
L‘@"um“"‘;’!‘:"'hh" overmarbiuilialagnuaind | N SED amiirabiluie:wmn shaoma ian:iv | 03

STAUASHUY

YaA107U 51813121

1. AMualnae

1.1 amnatedimnuyseiin

1.2 aananedimuaisany

1.3 aananediaulansiu

1.4 awanuienanuailanisau

2. fuian

2.1 annsairianunldnuldeganugel

2.2 fimadenlyiagldptnamnyan

3. pudunusuasuselovy

3.1 daudauansen

3.2 fimudniulafvesiaguazalnany

4. AMUANUEIAAABINUNITHER

4.1 HANUABIATDIAINALUALAIN

- L L d o v
4.2 fpnugnABInuRULUUAYiNL]

4.3 wanaliiiuendnenivealnany




150

AW s O T ) ke
Ly s o “
N O R T R el

i ( Arches ) B e viuiion vl

L i L1} 1]
Frory v o ursads Wity welovoneciv) we
Wl s S e Y e
Sdldandnnouarin

I e T i
chiumiarruss b s e i M A sines
e dierf ey 007 pokmi e ek s maloitl 4 ol e e e
el s enthaed o s R s mvaarmaledn i s s vinaiihi
wikomdary

! .th)m v nna

w
At v i it ek e 58N
AV wang mredafaflehiciiossas 1 o i s odadiuiin
vanneari kv wiaey sl sk sk o)y

Ba wnva g e awe sRaindioe 5603170

T h ozl
j_!-_l‘jﬁ,. [ am vl 1o U IOTINNRQOH 11 5 llHHn‘

Y SO L M ik b T
m':"‘;’l'""'"" slovawmimdinnlbada o e o A | anfutmmlidadrecsoed i woemn sy 04 !
S 1@
FCAUATLLUU
14 ]
AN 5 q 3 2 1

1. Aualnae

1.1 anaedimnulseiin

1.2 aRa8iimualsan

1.3 anaansiianulanay

1.4 aaneillendnualianizny

2. AUTEn

2.1 annsahiaguildenliegnanugal

2.2 fimsidenldiagldegramnzan

3. Arudunusuazuseloyl

3.1 dAnudauaisay

3.2 fimudnfulafvesiaguarainans

4. ATUAUFIAAARINUNIITHER

4.1 IMNUALLDIATDIAINABUATAINY

- Y v al oy
4.2 IANUYNABIMUAULUUNYINL]

4.3 wamlviiulendnunivesalnans




151

lmmﬁJ\hi]m\wa'h Bai m&mx-k)m
st nens s malove o
LlsanSnnusn i

L e e bl
Irvhlnnun-anl sfelionds Biuidimila Mo A8 tar
hried vmow o remciimler ey welat .-uhnmu
s ety s 0T e vt s Ve
ok el

Js I A I‘_I_

T [~
A0 rnrsenid wisalivibe ) pisiasiani wdve owwt e evinin
AV ok bl lerieam 1 T a Tl
sannan] T PR v

88 WD 3R Radin 5260350 |

i bkl o muondoiog R T llHHn

W ST .!.mm-r. W

EL ﬂinwn ch Wy

;‘m"&.’l""‘“‘“‘ st | 0 7 A S s T ‘ 05
ot
TTAUATLLUUY
oAU
5 4 3 2 1

1. Aualnae

1.1 annanedinnuussain

1.2 aanudnuaIsy

1.3 aananedanulanay

1.4 arnansiienanwallanizay

2. fuien

2.1 e iaguildnuldegrsanugal

2.2 fimsidenlgianlaegramunzay

3. uduwusuazuselvvyd

3.1 fAudaualsany

3.2 fimnunfuladvesiaguazainany

4. AUAMUFINAFDINUNITHER

4.1 AMmUadunYeIaInaELaATAINY

=i L4 L 4 o L4
4.2 :Jﬁ'.rmgnnmn*luwuuuuwm'h

4.3 wanslviiuendnualvesainane




152

™|
aoun 3 YsiEuBuu

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

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

vevounsaauuategeivimiliiarusauiielumsneuwuuasuay

(WENUYITIU a1As)

unfnwszdudiggnin svunalulagnisesnuuundniusignamnssy
AuzAgAanigamnssuLazvalulad anvuwaluladwsvasundndnummanansedy



153

WUUUTHEIUR Y IRANRAIA TN TORNLUUNARS el
< aw o
WWBN1TITBIT0

@ - -:' 4 - s (3
NSANYIAEHAILINS IWATIALNTUSIULRLAIN DD NWUUNER A tue!

F1tua
a do o X 4 o o a ¢ & 4 v o
wuuUszillutidayhduitensfinwmwasiauinisidinaiauisussuuiudiie
- a « o - - e LY = o
sanuuURARine laginguszasAiieysuiliuanumuizauveinIseonuaniusinuii

- ¢ - a v - a W F
amanswaianivianldlunisesnuuy UsudiulaednsinadliSesnsesnuuundnsiosi

Tnuinqussashvesddy dail

1. WefnwuayiaunssuIunsadumameitdemaiianivis Taesjuiudes
msfinvuazmsRauWedaf Fumeay dud Futuseunii

2. vieesenuuundniasilaglifhainanaismeiiauiiuie Taesaduideanis
sonuuumamelasnsldinaipniuis

3. lousuliuysEansammaianiuie Teegatiudsinimeagevuarusadiu
Uszavsnwiienmirldluniseenuuundnstousi

4. Wevssdumnuiianeleiifinenaniusiondmnaewmeadeuniuie Tnesjudu

I o eﬂ . - «
LIBINTTUILUINTIN ﬂﬁﬂﬁ"l&l‘ﬂﬁﬂﬂﬂ‘iﬂﬂﬂﬂUUNﬁﬂn&l%

wUuUssliugauinIenuy 3 Aeu ALl
P v v < LA -
moun 1 Yeyavaluineanugnsmand
= » - v - o 4
AOUN 2 WUUADUUYBIRVSIABAINTUN1TODNLUUNERIYI

= v
ADUN 3 : UBLAUBDUUY

UNENUYNTIU 6185
unfAnwtiggiln arvunalulagnmsesnuuundniue
AuzajAEaigaamnsy aariumalulagwszasundudtgaummisananszls



154

) ' o 4
Aduae : uvuuszdiu wiseenidu 3 aeu Al
i L ) v# =
mouil 1 Yeyavidluvesdideamsenaal

= a v - a w ¢

BTl 2 WUUABUNTAAINARTIYEINTIRANAR LN TORNKUURER s

= v
DUV 3 UDULAUBDLUY

pouil 1 deyamiluiieaiuinsinand

AR 2 UUUABUMLAIARTILTBI IR UNTEBNBUY

Tseviedeamne v [ Jadudesszaummudadiuiitmuslinasinnsliaeuu
pruuy 5 wnete  Senwdasuiumnzaussdunniige
Az vanetia ARty u ANz U

vete  danuAauiuinvunsausssutioy

q
ATMUY 3 wuedy  dauAniiuTmanrauseauUIunaa
AT 2

1

- - 1 ar d
ATUUY winglia  dmuAniuinsaussautiosiige



qq1



961



157

o
wuunm 1




158

A0

SEAUATUUY

4 | 3| 2

1. ATUANUEILINY

1.1 ananedlfnualsany

1.2 aanansiimiulaneu

1.3 asnanedionanwallanizau

2. gwdag “ldau”

2.1 imsidenldtagldedrumuizaussninainaleiu

NANHUN

a - ) « s =
2.2 ']ﬁﬂuaﬂ\lﬂ\uﬂ NANWULVRUIENUAINATEVIDBNLLUUNN

3. Auanuduwusnulslevildaae

3.1 ansaguainwdng

J v 1 4
3.2 aunsawndsudulaazain

3.3 @unsnteunguladne

4. AUAMUEIAARDINUNTTIDNWUUNARN ST

4.1 fianumunganveaguuuy

4.2 AANUMUITAUYDITUY

= v v o o yw
4.3 fimugnapsmusuiuunyili

4.4 wanslyiiuendnuniuewansinue




159

o
wuun 2




160

dadnu

STAUAZLUY

q

3

2

1. AMUANEIBIY

1.1 annaeilaualsany

1.2 avnanediaulaniay

1.3 annandionanwallanizay

2. pwan “liau”

2.1 iimsidenlyiaglasgramuivaussninalinaioiy

- a &
WARNEUN

o =t o . o -
2.2 ')aﬁ!LLaﬂ\'lﬂ\'llE]ﬂﬁﬂwWlu'lgﬂﬂﬂ'lﬂﬂ'\ﬂwaaﬂu,UUu"l

3. AuauduwusiuUselevildase

3.1 ansnguainwing

- v
3.2 annsorasudnylaagain

3.3 aunsndeungiladne

4. AMUANEDNARBINUNITIBNWUUNARN ST

4.1 pnumnzanveIguuuy

4.2 fANUMNEALYDIBUNY

-l v v A o v
4.3 Nﬂ?’lﬁgﬂﬂi}dﬂﬂﬂﬂﬂ&UUﬂﬂﬂ'J

4.4 wamlituendnualvondnsioue




161

o
wuun 3




162

YAy

SEAUATHUY

4

3

2

1. AUAIUEIBIY

1.1 anansdlanuaInany

1.2 awaneiinnulaniau

1.3 ananeilienanuaiianizay

2. fwiag “isu”

2.1 fimsdenldiagldediununzaussninainaisiv

NANAUN

ar - a P ar -
2.2 QﬁQLLﬂﬂQﬂQlaﬂa AWLLAHIZAUAIRAEVIBDNLUUUN

3. Auaudunusnuyselevdldaae

3.1 @unsaguainwdng

- [ o
3.2 ausawasuinelaagain

3.3 d@nnsaveunsuledng

4. AUAMUEDAARDINUNITIBNWUURARN S

4.1 Innuvsnganyeguuuy

v
4.2 HANUMUNTAUTDITUIIY

¥

P v Y e
4.3 ummgnmmmmuunuwm‘h

4.4 wansliiulenanwniueINan e




163

o
wuun 4




164

A0y

FEAUAZLUY

4 | 3| 2

1. AMUANEILIY

1.1 anaediauansany

1.2 awansdnnulanay

1.3 arnanedionanwallanizay

2. gwaag “ldeu”

2.1 iinsidenldiaqldediumngausyvinanaieiu

NANNUN

. = ot ar =
L2 ']EW}LLEWNENLaﬂaﬂﬂﬂjLﬁll'lxﬂUﬂ'lﬂﬂ'lﬂﬂﬂﬂﬂI.L‘U‘Ull"l

3. Aruanudunusnulslevlldase

3.1 aunsaguasnedny

J v v
3.2 ausawmasuinulaagain

3.3 aunsndeuusladne

4. ATUAUEDAARDINUNITIDNUUUNARA ST

4.1 Tpnumangauvegiuuy

4.2 TANUVLNTANYITUIY

o v v oo My
4.3 Mﬂ'l"lﬂfi]ﬂﬂﬂ\lﬁ']uﬂuuUUﬂ'ﬂ'ﬂ?

4.4 wansliiuendnuaivendn e




165

o
wuun 5




166

v o
YaAaInd

STAUATUUY

4

3

2

1. AMUANEINY

-
1.1 anna1sdlmUEBU

1.2 ananeiiaulaneu

1.3 meaeillendnuallanieay

2. fudan “Uisu”

2.1 fimsidenldfaglaegramunzauseninainaeiu

NARNNEUN

2.2 TasuansnuendnualinziuainalefesnLuuin

3. mmuanuduwusnulselevildass

3.1 @WTaguaInEnde

& 1% 'Y
3.2 awnsownasudnaldazein

3.3 @unsnveuusiledney

4. AUAMUEDAARBINUNITDBNUUUNARA S

4.1 InnumngauveIguuuy

4.2 TAUMLNZENTDITUIIU

= v o oo My
4.3 Uﬁ?”luf‘]ﬂmﬂqm']uﬂuuUUﬂﬂ'ﬂq

4.4 wanaliuendnualvomaniue

o
AauNl 3 YsiEusuuY

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

' - 2 ' -
voveunsyAniduagngsvinlinusuiislunsreuwuvasuny

(WNEMIUYITIU @A)

unAnwsgivsiggin avmeluladnisesnuuuriniusignavnssu

AzATEnigramnssuLazvAlulag amtumaluladwsyssunandnaummsainnszda



167

=% e = s & o v :
LL‘IJUﬂE]Uﬂ'TMﬂ'J'INwQWIil‘ﬂuﬂﬂNaﬂ.ﬂEU'ﬂ'i]‘]ﬂﬂ']‘iiu’lﬂ’]ﬁ'lﬂﬁ'lﬂil'ﬁ‘lﬁiﬁ.ﬂﬂﬂﬂLL‘U‘U
- aw o
LWBNI3IVULID

ar - av = L% nJ - a
NSANWILASHRILINST L NATIALNSUSSULR LA D DD NLUUNER et

Auaq
- X o 4 4 @ v a £ -
wuvdeunuAMUNIne laldnynTuNe M sAnwIkasRauINSIdATALISUSIULRY
2 4' - at '3 ar & AJ - = 1 Ad ]
AeeanuuUNaAnimY lagTngUssadiieussilivanuianelavasnguitmuneifise
- s ¢ & e W v =% o = 8 o 1 [ A’
JUMUURERS e m@'mﬂmu,waaun'mm"mmwa'lqmenwmvjamumq-] flatl
L.AnuNanelasumIuaIs a8 uazalinaie
2. anuianelasulselevdltasy
3.anuianelasnuiaguasnisuda
= - ') a & -
4. anuNanelasouenanyaivestinalInauwATALNITUSY
s [3 - L7 d’
InoTngusvashvesnide fadl
l.. o v w - : 1 A
1. wefinwuavimnszuiunmsainanaisindismaiaunivse Taoyjatuses
ASANHILALNITNRUUNATANITUTY Auanans dud autuneuniIsyn
J - ar v v - « : 1 v J
2. Wevenuuundniueiaeldd1ainalnatemaiauisuse lneyjauiuiians
gankuvaIna1elagns lowmAlANISUS
4 - - - « 4: ] 4 )
3. edsziliuUsedninwinalinanivie Taeyatiuisenisveasunazysaidiy
- A o - ar
Usgansnmienisiiluldlunisesnuuundasioun
- - - a1 a @ ¢ I a g - " v
4. weouszdiupnuiiawelanildendndusinndainatemaiauivie Taagadu

= ° nllyq a W ¢
LIBINTITULUINIIN ﬂﬂﬂ'l!ﬂﬁ'ﬂ.ﬁuﬂ'l'iaﬂﬂuUUNﬁﬂﬁﬂJ‘n

wuulsziluyaillidenu 3 mou Al
= 2 ) a o ow
mouil 1 deyailuinefiudmeunuuaeuany
A b
AOUN 2 LUUABUOMAUARALAY

< 1]
POUY 3 : UDLAUDLUY

UNENNUYIITIU §1AT
unAneSygyiin arvunaluladinisesnuuundndue
AuzagAanigaamnIse aartumaluladnszeaundndiquvmnsaianseds



168

=] o
noui 1 dayavaluvesdnaunuuaauniy
] d d o ]
WsnldwSaane / adlu () Anseeuanuduasvesvinu

1. A
() e () v

Z.E]’Tq
() Mnin20d ()20-309 () 31-40%
()a1-50% () 51 Yauly

3. 578l8 / oy
() éni 8,000 um () 8,000 - 15,000 UM
() 15000 - 25000 UM () 25,000 um July

4. STAUMSANEN

() w6 W) viesndn () eyliggmideiisunn

() Uiggws ( )qaniwﬂ‘i:y:ym‘%’%u‘lﬂ
5. DIYNMEN

() winnuussvenyy () FUTYNI/AFIamie

() Fuhaily ( ) gsnadaus

() withu () dnfinw

() vnesnuuu () BN QUIATEY oo )



169

d -
ABUN 2 LUVADUNNANARLIIY

o ld ) a - d o
TUsaviasoanune ] v adluTRITEAUAUARWILNAMUA LN YINT IRz LY

ATy 5 vaned  dmAaiiuiuenzaussduinniige
ATlUY 4 el deuAaiuImsnsausEauNIn
ATMIY 3 ety denuAauivimngaussauuiunan
ATMUY 2 ety demnuAaiuivingauseauties

= = - 1 ar A
AU 1 WU JJﬂ’J"IJJﬂﬂL"?TUT] h“lJ"ISﬂMizﬂUﬁﬂﬂﬂf“lﬂ




170

sren15UTEdiuAIuNINe e

LAUATLUY

4

3| 2

1. AUNIN TR LANNEIBAY

o a o ¢a <
1.1 82918 MU INQUUNERNNLANUTEUR

o o a w  ea
1.2 Adunusnguurdndausifiauaisau

= a w fal |
1.3 mmaneiunnguundadueidinnulaniau

= - Y v )
1.4 aQﬂﬂqﬂﬂﬂiqﬂ{]NLﬂnﬁﬂUm ATUEAIBIY Qﬂlﬁ]ﬂa

= J‘ = ot «
ANTEDNYDNANNUN

2. aunaneladudslevdldaay

2.1 panduginenusussannsathlvlguselomilaae

YV =l

FI T v ¢ o & - ] a
2.2 HARNNUNITINHILITUTIUDHIAUAIULYILTS ll?.]’lq

ANSLE9IUEIUIY

2.3 HandusINRINTUSEInsaUsh vy YLy

1oy

= a « v [3 ﬂ:’ ¥ oas = ar o« L
2.4 WANAUNNRINITUTI@ TN URER gD ula

gAY

3. auianelagun1sdedvenanwnl

3.1 wAndusinniusussdsiuendnwaiiawizay

s o d el a [ 3
3.2 Tanlumuihdetuendnusiiowzay

] 1 '
3.3 Adunaralnareivuszendduunlviaiunsodeds

lONANEALANITAY

4. anunawalasuausuduuazaanufonis

4.1 asnsatihluanuaanisluvesle

J’ L V¥ ar
4.2 aunsavelulinunurudoinsiaauiusm

r - ar IJ
4.3 5901 a19any Adu ﬁmmmmsﬂununamnm 1l

unazidendelUlduselon]




171

=
AauN 3 YolEuDuuL

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

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

1 d 1 L4 1 I
vavaunsAnlueggaivinulirusufislunmsmeunuuasuay
(UNEANUYNITTU A1AT)
unfnwszduliggin awmelulagniseenuuundnsiusignamnssy

AuAsranigaamnssuwazmalulad  aniumaluladwsvasundndraammsaiansyls



172

AMARNUIN A

' & o = = o
AMNATYVUABUNTITATLUUNITIVY



= ¢ v ol w o a w €
Eﬂ'ﬂ A 1 alliﬂ']Hm%rﬁﬂ?‘ﬁquﬂ"l'Uﬂq‘iaaﬂLLUUWﬁiuﬁlﬁaﬂﬂmﬂ



174

JUN A2 gnsegandisudmeuasvaiinuivie



175

<l a v
JUN A3 EMTIAMNAIAUNTERNWUUAIARY



176

AMARUIN 3§

FUIUNANIIVNIAGTDU



THAILAND TEXTILE INSTITUTE
doidudmuigoainnssudong

177

F-017T Rev.17, 1 1.0, 57, 11

5 I 'I Foundation for Industrial Development

Thailand Textile Institute / Textile Testing Center
Soi Trimit, Rama 4 Road, Phrakanong, Klong-toey, Bangkok 10110, THAILAND.
Tel: (66) 2713 5492-9 Fax: (66) 2712 4527 www.thaitextile.org

NSC = TISI - TIS 17025

TESTING 0110
TEBNUHANTINATDUY

Hueiuuims: WYNITIN MIAY MIOIDYTIEITHAD ; R 0068/59

44/4 ﬂdﬁ 8 A sunethninda mnuayludwenasey: -

vuumd 11120 Fufieansioanuma : 09/03/59
Jufifudaede : 240259 wih: 173
Fufinacoy - 24/02/59-09/03/59
HINUIBYAIB Forswnzidunsanthe (muﬁé’wi’uu?n'n:zu)
R 0068-1/59 msaiasnmodaeniinuud Iny

[ R 0068-1/59

ATUAINUVBITFADUE: NATOUANBATFIM AATCC TM 16 : 2004 OPTION 3 (20 AATCC FADING UNITS) ™

Fulaunindu (szdu)

| Iy

4
Wng . -IATemaNBY
- 19 GRAY SCALE FOR COLOR CHANGE lumsilszifiuna
e emanadeud hildnsiuses wen 170252548 nindninananasgruniatusignemas s

: XENON WEATHER METER MODEL X75, SUGA TEST INSTRUMENT

ANUAIMUYBITABNIIVN: NATBUANINIATFIH AATCC TM 61 : 2010 METHOD 1A (40°C, 10 STAINLESS STEEL BALLS, 45 wiil)
nlAounniy (sxdu) 1.5
fanAarvun (szAv)
- ACETATE 45
- COTTON 4.0
- NYLON 45
- SILK 4.5
- VISCOSE RAYON 45
- WOOL 45
wnomn: - vhen#l4 200 Taddnas) : 1993 AATCC STANDARD REFERENCE DETERGENT WOB 0.37%

Cc991T

Hoyia

oS sundhan/

(UmITII Mtyms)

(A¥amavamaneudmounziniiiins i)

This test report refers to the submitted sample(s) for testing/examining/analyzing only. It is not certified for the advertisement or reference of the products/
goods. The total or the part of this report may not be reproduced without the written approval from Textile Testing Center, Thailand Textile Institute.



THAILAND TEXTILE INSTITUTE
andudmuigoainnssudana

178

F-017T Rev.17, 1 .8 57, 11

& I 'l Foundation for Industrial Development

Thailand Textile Institute / Textile Testing Center
Soi Trimit, Rama 4 Road, Phrakanong, Klong-toey, Bangkok 10110, THAILAND.
Tel: (66) 2713 5492-9 Fax: (66) 2712 4527 www.thaitextile.org

NSC - TISI-TIS 17028

TESTING 0110
TFNUNAMINATOU
MUBIAYTIIUNE : R 0068/59
oy ludwenaaeu : -
FuRponsrvaumna - 09/03/59
wihh: 23
R 0068-1/59
AMmIRaNuVBsERomID: NATBUATIIATEIM AATCC TM 15 : 2000"
an1EnIn
Flfouninidu (seiu) 4.5
fandnd1v1a (s2dv)
- ACETATE 45
- COTTON 45
- NYLON 45
- SILK 45
- VISCOSE RAYON 45
- WOOL A3
ATIUNIMUYBITABNITTAY: NATBLANBIATEIM AATCC T™ 8 : 2007
fiandAad v muda (szd) 3.0
fnnAndvnanmdlon (szdy) 25

wineg : - 19 GRAY SCALE FOR COLOR STANING Tunsiszidiusa

EEI9IT

Aulfounindy
szfy 5wt WiflmsalReunaevesd
et Andoulaudnios

sy 4
du 3 wneils fufeunamedunald
wfy 2 el fReuudasreudiann
EEL TR weds falfouulaann

-Aandn
sgAy 5 wnedaLilmsanAavesd
iy 4 wmneda Bandmdmiey
sEAU 3 ol dandAanedunald
sTAY 2 winoda fenAadeudiann
szhu | wineds FanAnun

This test report refers to the submitted sample(s) for testing/examining/analyzing only. It is not certified for the advertisement or reference of the products/
goods. The total or the part of this report may not be reproduced without the written approval from Textile Testing Center, Thailand Textile Institute,



179

F-017T Rev.17, 1 .9, 57, 11

N : I 'l Foundation for Industrial Development
Thailand Textile Institute / Textile Testing Center
Soi Trimit, Rama 4 Road, Phrakanong, Klong-toey, Bangkok 10110, THAILAND.

TE
b R L Tel: (66) 2713 5492-9 Fax: (66) 2712 4527 www.thaitextile.org

NSC - TISI - TIS 17025

TESTING 0110
FENUHAMTINATOY
VUBAYIIBITURD ; R 0068/59
mnoavludwenamey: -
Sufleensrvanunn : 09/03/59
wh: 33

[ R 0068-1/59
AdumMums¥ag : nAaBUANNATEIM ASTM D 4966 : 1998 (2007) OPTION 1*
i'luuumum:i’nqmﬁuﬁﬂﬂﬂfummwm ] 3,000
ninome, : - infomanoy : Nu-MARTINDALE ABRASION AND PILLING TESTER

- shwinuazusanasiu -9 ilatheraa

cE99IT

This test report refers to the submitted sample(s) for testing/examining/analyzing only. It is not certified for the advertisement or reference of the products/
goods. The total or the part of this report may not be reproduced without the written approval from Textile Testing Center, Thailand Textile Institute.



180

F-017T Rev.17, 1 w8, 57, 11
B 'I 'I Foundation for Industrial Development

Thailand Textile Institute / Textile Testing Center

THAILAND TEXTILE INSTITUTE Soi Trimit, Rama 4 Road, Phrakanong, Klong-toey, Bangkok 10110, THAILAND.

amdudaiuigoainnssudano Tel: (66) 2713 5492-9 Fax: (66) 2712 4527 www.thaitextile.org
oo
FENUHIMINATOU
Avedunims : WYITT AIAT NUBAYIIBIUNA : R 0069/59
a4/ myfit 8 fumnaa dunmhainta winoavludwenamey: -
Luumgs 11120 Hufteensivsmuma - 09/03/59
fuitfusaeds : 24/02/59 wih: 13
Fuiinaey - 24/02/59-09/03/59
mnunviiete  osoazidoadaethe (musfigueiuimssey)
R 0069-1/59 mindraasnmodaeiinsmduh
I . R 0069-1/59
AMUAINUVBITADUI: NATBUANANNIFIH AATCC TM 16 : 2004 OPTION 3 (20 AATCC FADING UNITS)”
fulAeunindy (szdv) | 4.0
winemg: - iniemaney : XENON WEATHER METER MODEL X75, SUGA TEST INSTRUMENT

- 19 GRAY SCALE FOR COLOR CHANGE lumilsziiiuna
Fnuda emamarevii lil&msfuses uen.17025-2548 vindninamanasgundatusigammns Ty

PRI VBEAENIFN: NATEUAIANATIH AATCC TM 61 : 2010 METHOD 1A (40°C, 10 STAINLESS STEEL BALLS, 45 w1fl)
falAouindy (szy) 1.5
finnAndivn (3zdv)
- ACETATE 45
- COTTON 4.0
- NYLON 45
- SILK 45
- VISCOSE RAYON 45
- WOOL 45
wnome: - hayilg 200 Taddas) : 1993 AATCC STANDARD REFERENCE DETERGENT WOB 0.37%
forpid

Mssae Y &W\/

[ay

- (uniimassar wiilyms)

b (@¥amseamaneyiameunziniifingie)
| o

This test report refers to the submitted sample(s) for testing/examining/analyzing only. It is not certified for the advertisement or reference of the products/
goods. The total or the part of this report may not be reproduced without the written approval from Textile Testing Center, Thailand Textile Institute.



THAILAND TEXTILE INSTITUTE
aovudmuigosinnssufieno

181

F-017T Rev.17, 1 w8, 57, 111

Foundation for Industrial Development

Thailand Textile Institute / Textile Testing Center
Soi Trimit, Rama 4 Road, Phrakanong, Kiong-toey, Bangkok 10110, THAILAND.
Tel: (66) 2713 5492-9 Fax: (66) 2712 4527 www.thaitextile.org

NSC - TISI - TIS 17025

TESTING 0110
NENUHANTNATOU
MUIBAYTIBITUNE ; R 0069/59
winmaylufwenanoy : -
Fuiteensrvanmn : 09/03/59
wh: 2/3
l R 0069-1/59
AMMRINUYBIERBMe: NATBUANANATEIY AATCC TM 15 : 2009%
HATIENTA
fulfounnidu (zdu) 45
fanAndvn (szAv)
- ACETATE 4.0
- COTTON 35
- NYLON 4.0
- SILK 35
- VISCOSE RAYON 4.0
i fowery 40
ATIAIMUYRITROMITRG: NATBLANANATEIM AATCC TM 8 : 2007
fanaAndyaonmuda (3zdu) 2.0
fandnfvnanmitlon (3zdy) 1.5

minomg: - 19 GRAY SCALE FOR COLOR STANING Tumstsziiiuna

069911

This test report refers to the submitted sam
goods. The total or the part of this report

Auldouninidy
sedy 5 vneds hiinsn/foun)asvesdt
4 wnets fouaadmies
sefy 3 wnels SAeuaaweduna 14
2w flAnudasreudhann

FERUY

sy 1 waneils fulfouulasnn
-fanAn

sEAU 5 e luifimsnnAnvesd

sTAU 4 winede BanAndmioy

szAu 3 winefs SandAanedanald

szAu 2 s FanArseudiann

C T winefa fandauin

ple(s) for testing/examining/analyzing only. It is not certified for the advertisement or reference of the products/
may not be reproduced without the written approval from Textile Testing Center, Thailand Textile Institute.



182

F-017T Rev.17, 1 w.0. 57, 11

N : I 'I Foundation for Industrial Development
Thailand Textile Institute / Textile Testing Center
Soi Trimit, Rama 4 Road, Phrakanong, Klong-toey, Bangkok 10110, THAILAND.

¥
oy gt B hid S Tel: (66) 2713 5492-9 Fax: (66) 2712 4527 www.thaitextile.org

NSC - TiSI - TIS 17025

TESTING 0110
FIEHHAMITNATaY
HUBIAYIOIUND : R 0069/59
vunsnvludwenameu: -
Fufeensioanina : 09/03/59
wih 33
[ R 0069-1/59
AMUIIMIUNITAY : NATEUAMANATEIM ASTM D 4966 : 1998 (2007) OPTION 1°
s aumﬂfnqmﬁuﬁm'hﬁ'umnwﬂn ] 3,750
Wuume - m?amnua'u : Nu-MARTINDALE ABRASION AND PILLING TESTER
- hTnunzusanaiy 9 flahama

69911

This test report refers to the submitted sample(s) for testing/examining/analyzing only. It is not certified for the advertisement or reference of the products/
goods. The total or the part of this report may not be reproduced without the written approval from Textile Testing Center, Thailand Textile Institute.



8 T

THAILARD TEXTILE INSTITUTE

183

F-017T Rev.17, 1 w8, 57, 111

Foundation for Industrial Development
Thailand Textile Institute / Textile Testing Center
Sol Trimit, Rama 4 Road, Phrakanong, Klong-toey, Bangkok 10110, THAILAND.

andudmuigeainnssuduno Tel: (66) 2713 5492-9 Fax: (66) 2712 4527 www.thaitextile.org
" resmcono
FEINUHANTNATIU

dueiuuing : YTV AT MINOIAYIIOIURD © R 0070/59

a4/ it 8 dwmnaya Sunmhninia winmavludwenamey : -

Luumfi 11120 Fufieenswarma : 09/03/59
Fuiifudaedis : 24/02/59 wih: 13
Fufinazoy - 24/02/59-09/03/59
winuaviietn  Je/swaziBuaianta (awﬂé’nfuuinmw)

R 0070-1/59

miadwmanedaeniinuudithe (hfhousunm

l R 0070-1/59

AIMIRINUVRITFIONE: NATBUAMANATFIH AATCC TM 16 : 2004 OPTION 3 (20 AATCC FADING UNITS)®

FulAvuaindy (széu)

I 45

WIBMY : - (AT BaNAmEY
- 19 GRAY SCALE FOR COLOR CHANGE Tunist/sziiiuwa
Fmaneda emmaneuihildnsiuses ven.17025-2548 nndninamuamsgusdndasigacmng sy

: XENON WEATHER METER MODEL X75, SUGA TEST INSTRUMENT

ATIUAIMUYOITROMIFN: NATBUANINATEIU AATCC TM 61 : 2010 METHOD 1A (40°C, 10 STAINLESS STEEL BALLS, 45 W)
fulAouninidy (3zdv) 4.0

fanAad1v1a (szdn)

- ACETATE 45

- COTTON 45

- NYLON 45

- POLYESTER 45

- ACRYLIC 45

- WOOL 45

winemg: - hen# 4 200 Saddas)

€LAITT

feyiid

: 1993 AATCC STANDARD REFERENCE DETERGENT WOB 0.37%

Mhes v Widban/

(Wfivasse wityms)

(famafemaneudmeunsialifingizd)

This test report refers to the submitted sample(s) for testing/examining/analyzing only. It is not certified for the advertiserment or reference of the products/
goods. The total or the part of this report may not be reproduced without the written approval from Textile Testing Center, Thailand Textile Institute.



THAILAND TEXTILE INSTITUTE
anmdudmmgoannssufaens

184

F-017T Rev.17, 1 0. §7, 11

Foundation for Industrial Development
Thailand Textile Institute / Textile Testing Center

Soi Trimit, Rama 4 Road, Phrakanong, Klong-toey, Bangkok 10110, THAILAND.

Tel: (66) 2713 5492-9 Fax: (66) 2712 4527 www.thaitextile.org

NSC - TISI - TIS 17026

TESTING 0110
FETHHANINATIY
VUIUAYT I TUND ¢ R 0070/59
winuavludwenatou : -
Fuiteensioamunn : 09/03/59
wh: 273
R 0070-1/59
AIMIMINUYBIERBMI0: nATBUANNATEIM AATCC T 15 : 2009°
HATIENIA
fulRousinidy (szdy) 4.5
fanfiafun (s2dv)
- ACETATE 45
- COTTON 4.5
= NYLON 4.5
- POLYESTER 4.5
- ACRYLIC 4.5
- WOOL 4.5
AMUAINUYBATABMIVAY: NATBUANANATEIM AATCC TM 8 : 2007
fandaduaanmuds (szdy) 35
gandafamanmitlon (3zdv) 1.5
wiomg: - 14 GRAY SCALE FOR COLOR STANING Tumsisziiluwa
Auldouninidy
sghy 5 wuneds himan/Aeuuawvesd
sfu 4 o Auldnunlaadmies
swfy 3 vnods fulfsunmedunald
szAu 2 wneita Muldvuuasreudhann
EEL TR ot Fulfouulannn
-fiandin
szay 5 wneddhiimanAnvesd
wiy 4 wnoda SanAmdmios
zdy 3 e fandanedunald
sgiy 2 vuwda fandafeuthann
LTI e fandnuin

LG9911T

This test report refers to the submitted sample(s) for testing/examining/analyzing only. It is not certified for the advertisement or reference of the producis/
goods. The total or the part of this report may not be reproduced without the written approval from Textile Testing Center, Thailand Textile Institute.



185

F-017T Rev.17, 1 w.0. 57, 11

@) = TI Foundation for Industrial Development
Thailand Textile Institute / Textile Testing Center

= Soi Trimit, Rama 4 Road, Phrakanong, Klong-toey, Bangkok 10110, THAILAND.
e bt ) L Tel: (66) 2713 5492-9 Fax: (66) 2712 4527 www.thaitextile.org

amdudouigosinnssudang
NSC - TISI - TIS 17025

TESTING 0110
TENUHHAMNINATDID
MU IUAYTIBITUAA ; R 0070/59
winuayludwenamey: -
Fuftesnsivamna ; 09/03/59
nih: kJ]

| R 0070-1/59
ATUAIUMIUMIAG : NATELANANATEIM ASTM D 4966 : 1998 (2007) OPTION 1*
fnuseunstagmasivi i Funareuin | >10,000
ninome : - in3pamaney : Nu-MARTINDALE ABRASION AND PILLING TESTER
- dminuazusanariy : 12 ilmhania
LR e R T Y

b

[y

o

N

{ -]

{
.

This test report refers to the submitted sample(s) for testing/examining/analyzing only. It is not certified for the advertisement or reference of the products/
goods. The total or the part of this report may not be reproduced without the written approval from Textile Testing Center, Thailand Textile Institute,



186

F-017T Rev.17, 1 .8, 57, 111

3 TI Foundation for Industrial Development
Thailand Textile Institute / Textile Testing Center

THAILAND TEXTILE INSTITUTE Soi Trimit, Rama 4 Road, Phrakanong, Kiong-toey, Bangkok 10110, THAILAND.

amdudwuigoainnssudune Tel: (66) 2713 5492-9 Fax: (66) 2712 4527 www.thaitextile.org
et
NBNUHANINATIV
Aueiuuims: WYRITIY mns MUUAYI B TUAA - R 0071/59
4474 Wit 8 swauianga dunerthninia winonyludwenamey: -
LUUNYT 11120 Fuflesnsisaen 09/03/59
Fuitfusmaet - 24/02/59 il 13
Fuiinaeu : 24/02/59-09/03/59
winunviaetn  FerwaviBuadaets idueiuninsszy)
R 0071-1/59 nadnmamedsiinuuduudithe @dhousunm
I R 0071-1/59
AIMUAIMUYBITABLDA: NARBUABINATEIM AATCC TM 16 : 2004 OPTION 3 (20 AATCC FADING UNITS)”
fulfousnidy (3zA1) | 45
e ;- m‘immttw : XENON WEATHER METER MODEL X75, SUGA TEST INSTRUMENT

- 14 GRAY SCALE FOR COLOR CHANGE Tummszidiuna
Fyaneila swmananevii i 1dnsuses uen.17025-2548 mndnineunasgnsdndusigaomnssy

ANUAINUVBITABMIVN: NATOUANANATEIN AATCC TM 61 : 2010 METHOD 1A (40°C, 10 STAINLESS STEEL BALLS, 45 w01#)
flfounnidu (szu) 20
fanAndiu12 (326L)
- ACETATE 45
- COTTON 40
- NYLON 45
- POLYESTER 45
- ACRYLIC a5
- WooL 45
winemg : - vheyiild (200 Saddns) : 1993 AATCC STANDARD REFERENCE DETERGENT WOB 0.37%
foald

YWeossa wakan/

(uIfnIITe Wilena)

(#¥amsiemameuimounziniilingiz)

GS991T

This test report refers to the submitted sample(s) for testing/examining/analyzing only. It is not certified for the advertisement or reference of the products/
goods. The total or the part of this report may not be reproduced without the written approval from Textile Testing Center, Thailand Textile Institute.



THAILAND TEXTILE INSTITUTE
amiludauigosinnssudena

187

F-017T Rev.17, 1 w.0. 57, 111

Foundation for Industrial Development

Thailand Textile Institute / Textile Testing Center
Soi Trimit, Rama 4 Road, Phrakanong, Klong-toey, Bangkok 10110, THAILAND.
Tel: (66) 2713 5492-9 Fax: (66) 2712 4527 www.thaitextile.org

NSC = TISI - TIS 17025

TESTING 0110
TENUHHANMTINATDD
MUIBAYTIOITUNA : R 0071/59
vinoayludvenamey : -
Fufteensioanna : 09/03/59
nin: 23
R 0071-1/59
AR siseme: NATBUATNNIATEIH AATCC TM 15 : 2009°
anIEnIA
fldeuninidu ziu) 4.0
fandadan (szdy)
- ACETATE 40
- COTTON 4.0
- NYLON 4.0
- POLYESTER 40
- ACRYLIC 4.0
- WOOL 40
ANUAINUYBITEAINITAY: NATOUANANATEIU AATCC TM 8 : 2007
fanAnd1unamnwuds (szdn) 3.0
gandadvanwitlen (szdu) 15

- 14 GRAY SCALE FOR COLOR STANING lumsilszifiuna

nuneme :
Audousindy
seAy 5 wnedls WiinmwAvunasvesd
ssdy 4 wined fuldeunlaudnios
szAu 3 vnedla FuAounlnamedunald
sEAu 2 wnede Fuldnulasdeudhann
sEAU 1 mneils fdeunlannn
-Aanda
sefy 5 mneilufimsnnAnuesd
spiy 4 winee Aandndmies
s¥AU 3 wuneds Aandanedunnld
sgdu 2 wneds AandAadeudieuin
EET I TI wineds Fandnnn

9911

|

This test report refers to the submitted sample(s) for testing/examining/analyzing only. It

goods. The total or the part of this report may not be reproduced without the written appr

is not certified for the advertisement or reference of the products/
oval from Textile Tesling Center, Thailand Textile Institute.



188

F-017T Rev.17, 1 .. 57, 111

N ' I 'I Foundation for Industrial Development
Thailand Textile Institute / Textile Testing Center
Soi Trimit, Rama 4 Road, Phrakanong, Klong-toey, Bangkok 10110, THAILAND.

by~ AU L L Tel: (66) 2713 5492.9 Fax: (66) 2712 4527 www.thaitextile.org
NSC - TSI - TIS 17025
TESTING 0110
TEITUHANMINATIY
MUIAYT WA ; R 0071/59
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il 33
| R 0071-1/59
AU UMUMITAQ : NATEURIIINATEIM ASTM D 4966 : 1998 (2007) OPTION 1°
SruseunsTageasin S umaneuvia | >10,000
MoMg : - feamarey : Nu-MARTINDALE ABRASION AND PILLING TESTER
- thwinuazussnariy : 12 filathana
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TESTING 0110
TEST REPORT

CLIENT : BENJAWAN SAKORN REPORT NUMBER : R 0068/59

44/4 MOO 8, BANGPOD, PAKKRET, APPLICATION FORM No. : -

NONTHABURI 11120 ISSUE DATE : 09/03/16

PAGE : 13

DATE OF RECEIPT: 24/02/16
DATE OF TEST: 24/02/16-09/03/16

SAMPLE NUMBER SAMPLE NAMES (AS SPECIFIED BY THE CLIENT)
R 0068-1/58 CREATING A PATTERN WITH INK ON SILK

SAMPLE DESCRIPTION  ONE SAMPLE OF FABRIC

TEST RESULT(S) : REFER TO THE FOLLOWING PAGE (S)

COMMENT(S) : BASED ON THE SUBMITTED SAMPLE(S) AND THE TEST RESULT(S)

COLOR FASTNESS TO LIGHT

COLOR FASTNESS TO WASHING
COLOR FASTNESS TO RUBBING
COLOR FASTNESS TO PERSPIRATION
ABRASION RESISTANCE

O n uo onon

§ = SEE THE ATTACHED RESULT(S)

AUTHORIZED BY

HPAUAN P

(MRS. TIPAWAN PANITCHAKARN)
(TEXTILE AND CHEMICAL ANALYSIS LABORATORY MANAGER)

GLSITT

This test report refers to the submitted sample(s) for testing/examining/analyzing only. It is not certified for the advertisement or reference of the products/
goods. The fotal or the part of this report may not be reproduced without the written approval from Textile Testing Center, Thailand Textile Institute.
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THAILAND TEXTILE INSTITUTE

andudauigoainnssulivno Tel: (66) 2713 5492-9 Fax: (66) 2712 4527 www.thaitextile.org
NSC - TISI-TIS 17025
TESTING 0110
TEST REPORT
REPORT NUMBER : R 0068/50
APPLICATION FORM No. : -
ISSUE DATE : 08/03/16
PAGE : n
[ R 0068-1/59 | CUENT'S REQUIREMENT
COLOR FASTNESS TO LIGHT: AATCC TM 16 : 2004 OPTION 3 (20 AATCC FADING UNITS) ™
COLOR CHANGE (RATING) | 45 | -
REMARK(S) - TEST APPARATUS : XENON WEATHER METER MODEL X75, SUGA TEST INSTRUMENT

- GRAY SCALE FOR COLOR CHANGE WAS USED FOR THE COLOR CHANGING EVALUATION.

¥HTEST MARKED “NOT TISI ACCREDITED" IN THIS REPORT ARE NOT INCLUDED IN THE TIS| ACCREDITATION
SCHEDULE FOR OUR LABORATORY.

COLOR FASTNESS TO WASHING : AATCC TM 61 : 2010 METHOD 1A (40°C, 10 STAINLESS STEEL BALLS, 45 MINUTES)
COLOR CHANGE (RATING) 15 -
COLOR STAINING (RATING) -
- ACETATE 45
- COTTON 4.0
= NYLON 45
- SILK 45
- VISCOSE RAYON 45
- WOOL 4.5
REMARK(S): -WASH LIQUOR (200 ml)  : 1993 AATCC STANDARD REFERENCE DETERGENT WOB 0.37%
- RATING 5 = NO COLOR CHANGE / STAINING
4 = SLIGHTLY COLOR CHANGE / STAINING
3 = NOTICEABLE COLOR CHANGE / STAINING
2 - CONSIDERABLE COLOR CHANGE / STAINING
1 = EXCESSIVE COLOR CHANGE / STAINING

COLOR FASTNESS TO RUBBING: AATCC TM 8: 2007
DRY STAINING (RATING) 3.0 -
WET STAINING (RATING) 25 -

REMARK(S): GRAY SCALE FOR COLOR STAINING WAS USED FOR THE COLOR STAINING EVALUATION,

TLEITT

This test report refers to the submitted sample(s) for testing/examining/analyzing only. It is not certified for the advertisement or reference of the products/
goods. The total or the part of this report may not be reproduced without the written approval from Textile Testing Center, Thailand Textile Institute.
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NSC - TISI - TiS 17025

TESTING 0110
TEST REPORT
REPORT NUMBER : R 0068/50
APPLICATION FORM No. : -
ISSUE DATE : 00/03/16
PAGE : n
[ R 0068-1/59 | cuENT'S REQUIREMENT
COLOR FASTNESS TO PERSPIRATION; AATCC TM 15 : 200"
ACID SOLUTION
COLOR CHANGE (RATING) 45 2
COLOR STAINING (RATING) -
- ACETATE 45
- COTTON 45
- NYLON 45
- SILK 45
. VISCOSE RAYON 45
- WOOL 45
ABRASION RESISTANCE: ASTM D 4966 : 1998 (2007) OPTION 1
NUMBER OF RUBS AT WHICH BREAKDOWN OCCURRED 3,000 .
REMARK(S): - TEST APPARATUE : Nu-MARTINDALE ABRASION AND PILLING TESTER

- MASS AND NOMINAL PRESSURE : 9kPa

0LS9TT

This test report refers to the submitted sample(s) for testing/examining/analyzing only. It is nol certified for the advertisement or reference of the products/
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TESTING 0110
TEST REPORT
CLIENT : BENJAWAN SAKORN REPORT NUMBER : R 0069/59
44/4 MOO 8, BANGPOD, PAKKRET, APPLICATION FORM No. : :
NONTHABURI 11120 ISSUE DATE : 09/03/16
PAGE : 113

DATE OF RECEIPT: 24/02/16

DATE OF TEST: 24/02/16-09/03/16
SAMPLE NUMBER SAMPLE NAMES (AS SPECIFIED BY THE CLIENT)
R 0069-1/59 CREATING A PATTERN WITH PIGMENT ON SILK

SAMPLE DESCRIPTION ONE SAMPLE OF FABRIC

TEST RESULT(S) : REFER TO THE FOLLOWING PAGE (S)

COMMENT(S) : BASED ON THE SUBMITTED SAMPLE(S) AND THE TEST RESULT(S)

COLOR FASTNESS TO LIGHT

COLOR FASTNESS TO WASHING
COLOR FASTNESS TO RUBBING
COLOR FASTNESS TO PERSPIRATION
ABRASION RESISTANCE

mw n o onon

§ = SEE THE ATTACHED RESULT(S)

AUTHORIZED BY

TIfagpn P

(MRS. TIPAWAN PANITCHAKARN)
(TEXTILE AND CHEMICAL ANALYSIS LABORATORY MANAGER)

6VI9TT

This test report refers to the submitied sample(s) for testing/examining/analyzing only. It is not certified for the advertisernent or reference of the products/
goods. Tha total or the part of this report may not be reproduced without the written approval from Textile Testing Center, Thailand Textile Institute.
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bty A Tel: (66) 2713 5492-0 Fax: (66) 2712 4527 www.thaitextile.org
NSC - TISI - TIS 17025
TESTING 0110
TEST REPORT
REPORT NUMBER : R 0069/59
APPLICATION FORM No. : .
ISSUE DATE : 09/03/16
PAGE : 23
[ R 0069-1/59 | cuenTs ReQuIREMENT
COLOR FASTNESS TO LIGHT: AATCC TM 16 : 2004 OPTION 3 (20 AATCC FADING UNITS)
COLOR CHANGE (RATING) | 4.0 | -
REMARK(S): - TEST APPARATUS : XENON WEATHER METER MODEL X75, SUGA TEST INSTRUMENT

- GRAY SCALE FOR COLOR CHANGE WAS USED FOR THE COLOR CHANGING EVALUATION,

HTEST MARKED NOT TISI ACCREDITED" IN THIS REPORT ARE NOT INCLUDED IN THE TIS| ACCREDITATION
SCHEDULE FOR OUR LABORATORY.

COLOR FASTNESS TO WASHING : AATCC TM 61 : 2010 METHOD 1A (40°C, 10 STAINLESS STEEL BALLS, 45 MINUTES)
COLOR CHANGE (RATING) 15 -
COLOR STAINING (RATING) "
- ACETATE 45
- COTTON 4.0
= NYLON 45
- SILK 45
- VISCOSE RAYON 4.5
- WooL 45
REMARK(S): -WASH LIQUOR (200 ml)  : 1993 AATCC STANDARD REFERENCE DETERGENT WOB 0.37%
- RATING 5 = NO COLOR CHANGE / STAINING
4 = SLIGHTLY COLOR CHANGE / STAINING
3 = NOTICEABLE COLOR CHANGE / STAINING
2 = CONSIDERABLE COLOR CHANGE / STAINING
1 = EXCESSIVE COLOR CHANGE / STAINING
COLOR FASTNESS TO RUBBING: AATCC TM 8: 2007
DRY STAINING (RATING) 2.0 -
WET STAINING (RATING) 1.5 -

REMARK(S): GRAY SCALE FOR COLOR STAINING WAS USED FOR THE COLOR STAINING EVALUATION.

SVI9IT
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TESTING 0110
TEST REPORT
REPORT NUMBER : R 0065/59
APPLICATION FORM No. : -
ISSUE DATE : 09/03/16
PAGE : an
| R 0069-1/59 CLIENT'S REQUIREMENT
COLOR FASTNESS TO PERSPIRATION: AATCC TM 15 : gm'
ACID SOLUTION
COLOR CHANGE (RATING) 45 -
COLOR STAINING (RATING) -
- ACETATE 4.0
- COTTON 35
- NYLON 4.0
- SILK 35
- VISCOSE RAYON 4.0
- WOOL 4.0
ABRASION RESISTANGE: ASTM D 4966 : 1998 (2007) OPTION 1"
NUMBER OF RUBS AT WHICH BREAKDOWN OCCURRED l 3,750 -
REMARK(S): - TEST APPARATUE : Nu-MARTINDALE ABRASION AND PILLING TESTER

- MASS AND NOMINAL PRESSURE : 9kPa

V91T
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This test report refers to the submitted sample(s) for testing/examining/analyzing only. It is not certified for the advertisement or reference of the products/
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TESTING 0110
TEST REPORT
CLIENT : BENJAWAN SAKORN REPORT NUMBER : R 0070/59
44/4 MOO 8, BANGPOD, PAKKRET, APPLICATION FORM No. : -
NONTHABURI 11120 ISSUE DATE : 08/03/16
PAGE : 13
DATE OF RECEIPT: 24/02/16
DATE OF TEST: 24/02/16-09/03/16
SAMPLE NUMBER SAMPLE NAMES (AS SPECIFIED BY THE CLIENT)
R 0070-1/59 CREATING A PATTERN WITH INK ON COTTON
SAMPLE DESCRIPTION ONE SAMPLE OF FABRIC
TEST RESULT(S) : REFER TO THE FOLLOWING PAGE (S)
COMMENT(S) : BASED ON THE SUBMITTED SAMPLE(S) AND THE TEST RESULT(S)
COLOR FASTNESS TO LIGHT L]
COLOR FASTNESS TO WASHING s
COLOR FASTNESS TO RUBBING s
COLOR FASTNESS TO PERSPIRATION S
ABRASION RESISTANCE S

§ = SEE THE ATTACHED RESULT(S)

AUTHORIZED BY

TiIPAWON T

(MRS. TIPAWAN PANITCHAKARN)
(TEXTILE AND CHEMICAL ANALYSIS LABORATORY MANAGER)

9¥9911

is not certified for the advertisement or reference of the products/

This test report refers to the submitted sample(s) for testing/examining/analyzing only. It
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NSC - TISi -TIS 17025
TESTING 0110
TEST REPORT
REPORT NUMBER : R 0070/59
APPLICATION FORM No. : .
ISSUE DATE : 09/03/16
PAGE : 3
| R 0070-1/59 | CUENT'S REQUIREMENT
COLOR FASTNESS TO LIGHT: AATCC TM 16 : 2004 OPTION 3 (20 AATCC FADING UNITS) "~
COLOR CHANGE (RATING) | 45 [ -
REMARK(S): - TEST APPARATUS : XENON WEATHER METER MODEL X75, SUGA TEST INSTRUMENT

- GRAY SCALE FOR COLOR CHANGE WAS USED FOR THE COLOR CHANGING EVALUATION.

YHTEST MARKED "NOT TiS| ACCREDITED" IN THIS REPORT ARE NOT INCLUDED IN THE TISI ACCREDITATION
SCHEDULE FOR OUR LABORATORY.

COLOR FASTNESS TO WASHING : AATCC TM 61 : 2010 METHOD 1A (40°C, 10 STAINLESS STEEL BALLS, 45 MINUTES)
COLOR CHANGE (RATING) 4.0 -
COLOR STAINING (RATING) -
- ACETATE 45
- COTTON 4.5
- NYLON 45
- POLYESTER 45
- ACRYLIC 45
- WOOL 45
REMARK(S): -WASH LIQUOR (200 ml)  : 1993 AATCC STANDARD REFERENCE DETERGENT WOB 0.37%
- RATING 5 = NO COLOR CHANGE / STAINING
4 = SLIGHTLY COLOR CHANGE / STAINING
3 = NOTICEABLE COLOR CHANGE / STAINING
2 = CONSIDERABLE COLOR CHANGE / STAINING
1 = EXCESSIVE COLOR CHANGE / STAINING
COLOR FASTNESS TO RUBBING: AATCC TM 8: 2007
DRY STAINING (RATING) 35 -
WET STAINING (RATING) 15 -

REMARK(S): GRAY SCALE FOR COLOR STAINING WAS USED FOR THE COLOR STAINING EVALUATION.

V9911

This test report refers to the submitted sample(s) for testing/examining/analyzing only. It is not certified for the advertisement or reference of the products/
goods. The total or the part of this report may not be reproduced without the written approval from Textile Testing Center, Thailand Textile Institute.
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NSC - TIS! - TIS 17026
TESTING 0110
TEST REPORT
REPORT NUMBER : R 0070/50
APPLICATION FORM No. : .
ISSUE DATE : 09/03/16
PAGE : 3
[ R 0070-1/59 | CLIENT'S REQUIREMENT
COLOR FASTNESS TO PERSPIRATION: AATCC TM 15 : 2009
ACID SOLUTION
COLOR CHANGE (RATING) 45 .
COLOR STAINING (RATING) )
- ACETATE 45
- COTTON 45
- NYLON 45
- POLYESTER 45
- ACRYLIC 45
- WooL 45
ABRASION RESISTANCE: ASTM D 4966 : 1998 (2007) OPTION 1"
NUMBER OF RUBS AT WHICH BREAKDOWN OCCURRED >10,000 .
REMARK(S): - TEST APPARATUE : Nu-MARTINDALE ABRASION AND PILLING TESTER
- MASS AND NOMINAL PRESSURE : 12kPa
-y
s
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This test report refers to the submitted sample(s) for testing/examining/analyzing only. It is not certified for the advertisement or reference of the products/
goods. The total or the part of this report may not be reproduced without the written approval from Textile Testing Center, Thailand Textile Institute,
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TESTING 0110
TEST REPORT

CLIENT : BENJAWAN SAKORN REPORT NUMBER : R 0071/59

44/4 MOO 8, BANGPOD, PAKKRET, APPLICATION FORM No. : -

NONTHABURI 11120 ISSUE DATE : 09/03/16

PAGE : 13

DATE OF RECEIPT: 24/02/16
DATE OF TEST: 24/02/16-09/03/16
SAMPLE NUMBER SAMPLE NAMES (AS SPECIFIED BY THE CLIENT)
R 0071-1/59 CREATING A PATTERN WITH PIGMENT ON COTTON (CANVAS)

SAMPLE DESCRIPTION ONE SAMPLE OF FABRIC

TEST RESULT(S) : REFER TO THE FOLLOWING PAGE (S)

COMMENT(S) : BASED ON THE SUBMITTED SAMPLE(S) AND THE TEST RESULT(S)

COLOR FASTNESS TO LIGHT

COLOR FASTNESS TO WASHING
COLOR FASTNESS TO RUBBING
COLOR FASTNESS TO PERSPIRATION
ABRASION RESISTANCE

w nw n noon

$ = SEE THE ATTACHED RESULT(S)

AUTHORIZED BY

TIPAWAN 7

(MRS. TIPAWAN PANITCHAKARN)
(TEXTILE AND CHEMICAL ANALYSIS LABORATORY MANAGER)

cS991T

This test report refers to the submitted sample(s) for testing/examining/analyzing only. It is not certified for the advertisement or reference of the products/
goods. The total or the part of this report may not be reproduced without the written approval from Textile Testing Center, Thailand Textile Institute.
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NSC - TISI-TIS 17025
TESTING 0110
TEST REPORT
REPORT NUMBER : R 0071/50
APPLICATION FORM No. : .
ISSUE DATE : 09/03/16
PAGE : 213
f R 0071-1/59 | cuenTs REQUIREMENT
COLOR FASTNESS TO LIGHT: AATCC TM 16 : 2004 OPTION 3 (20 AATCC FADING UNITS)
COLOR CHANGE (RATING) | 45 ] :
REMARK(S): - TEST APPARATUS : XENON WEATHER METER MODEL X75, SUGA TEST INSTRUMENT

- GRAY SCALE FOR COLOR CHANGE WAS USED FOR THE COLOR CHANGING EVALUATION.

HTEST MARKED "NOT TISI ACCREDITED” IN THIS REPORT ARE NOT INCLUDED IN THE TISI ACCREDITATION
SCHEDULE FOR OUR LABORATORY.

COLOR FASTNESS TO WASHING : AATCC TM 61 : 2010 METHOD 1A (40°C, 10 STAINLESS STEEL BALLS, 45 MINUTES)
COLOR CHANGE (RATING) 20 -
COLOR STAINING (RATING) -
- ACETATE 4.5
- COTTON 4.0
- NYLON 45
- POLYESTER 45
- ACRYLIC 4.5
- WOOoL 45
REMARK(S): -WASH LIQUOR (200 ml)  : 1993 AATCC STANDARD REFERENCE DETERGENT WOB 0.37%
- RATING 5 = NO COLOR CHANGE / STAINING
B = SLIGHTLY COLOR CHANGE / STAINING
3 = NOTICEABLE COLOR CHANGE / STAINING
2 = CONSIDERABLE COLOR CHANGE / STAINING
1 = EXCESSIVE COLOR CHANGE / STAINING

COLOR FASTNESS TO RUBBING: AATCC TM 8: 2007
DRY STAINING (RATING) 3.0 -
WET STAINING (RATING) 15 -

REMARK(S): GRAY SCALE FOR COLOR STAINING WAS USED FOR THE COLOR STAINING EVALUATION.

TE991T
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TESTING 0110
TEST REPORT
REPORT NUMBER : R 0071/59
APPLICATION FORM No. : -
ISSUE DATE : 09/03/18
PAGE : an
[ R 0071-1/59 CLIENT'S REQUIREMENT
COLOR FASTNESS TO PERSPIRATION: AATCC TM 15 : 2009
ACID SOLUTION
COLOR CHANGE (RATING) 4.0 -
COLOR STAINING (RATING) .
- ACETATE 4.0
- COTTON 4.0
- NYLON 40
- POLYESTER 4.0
- ACRYLIC 4.0
- WooL 4.0
3
ABRASION RESISTANCE: ASTM D 4966 : 1998 (2007) OPTION 1
NUMBER OF RUBS AT WHICH BREAKDOWN OCCURRED [ >10,000 -
REMARK(S): - TEST APPARATUE : Nu-MARTINDALE ABRASION AND PILLING TESTER
- MASS AND NOMINAL PRESSURE  : 12kPa
[
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This test report refers to the submitted sample(s) for testing/examining/analyzing only. It is not certified for the advertisement or reference of the products/
goods. The total or the part of this report may not be reproduced without the written approval from Textile Testing Center, Thailand Textile Institute.
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Colorfastness to Crocking: Crockmeter Method

Developed in 1936 by AATCC Commit-
tee RA38; revised 1337, 1952, 1957,
1961, 1969, 1972, 1985, 1988, 1996,
2004, 2005, 2007; reaffirmed 1945;
1989; editorially revised and reaffirmed
1968, 1974, 1977, 1981, 1995, 2001;
editorially revised 1986, 2002, 2008

; 2009. uiva-
{unlsoms- e

1. Purpose and Scope

1.1 This test method is designed to de-
termine the amount of color transferred
from the surface of colored textile materi-
als to other surfaces by rubbing. It is ap-
plicable to textiles made from all fibers in
the form of yamn or fabric whether dyed,
printed or otherwise colored. It is not rec-
ommended for use for carpets or for
prints where the singling out of areas may
be too small using this method (see 13.2
and 13.3).

1.2 Test procedures employing white
test cloth squares, both dry and wet with
walter, are given.

1.3 As washing, drycleaning, shrink-
age, ironing, finishing, etc.. may affect
the degree of color transfer from a mate-
rial, the test may be made before, afier, or
before and after any such treatment.

2. Principle

2.1 A colored test specimen is rubbed
with white crock test cloth under con-
trolled conditions.

2.2 Color transferred to the white test
cloth is assessed by a comparison with
the Gray Scale for Staining or the Chro-
matic Transference Scale and a grade is
assigned.

3. Terminology

3.1 colorfastness, n.—the resistance of
a material to change in any of its color
characteristics, to transfer of its color-
ant(s) to adjacent materials, or both, as a
result of the exposure of the material to
any environment that might be encoun-
tered during the processing. testing, stor-
age or use of the material.

3.2 crocking, n.—a transfer of color-
ant from the surface of a colored yam or
fabric to another surface or to an adjacent
area of the same fabric principally by
rubbing,

4. Safety Precautions

NOTE: These safety precautions are
for information purposes only. The pre-
cautions are ancillary to the testing proce-

AATCC Technical Manual/2010

Copyright © 2009 American A:

dures and are not intended to be all inclu-
sive. It is the user’s responsibility to use
safe and proper techniques in handling
materials in this test method. Manufac-
turers MUST be consulted for specific
details such as material safety data sheets
and other manufacturer’s recommenda-
tions. All OSHA standards and rules
must also be consulted and followed.

4.1 Good laboratory practices should
be followed. Wear safety glasses in all

laboratory areas.
5. Apparatus and Materials (see 13.1)

5.1 Crockmeter (see 13.3. 134 and
Fig. 1).

5.2 Crockmeter Test Cloth, cut in 50
mm squares (see 13.5).

5.3 AATCC Chromatic Transference
Scale (see 13.6).

5.4 Gray Scale for Staining (see 13.6).

5.5 White AATCC Textile Blotting
Paper (see 13.6).

5.6 Specimen Holder for crockmeter
(see 13.4).

5.7 In-house poor crocking cloth.

5.8 Crockmeter Verification Cloth.
This item may be used in lieu of an
in-house poor crocking cloth when such
poor in-house crocking cloth is not avail-
able.

6. Verification

6.1 Verification checks on the opera-
tion of the test and the apparatus should
be made routinely and the resulis kepi in
a log. The following observations and
corrective actions are extremely impor-
tant to avoid incorrect test results where
abnormal crock images can result and in-
fluence the rating

6.2 Use the Cmckmel::r Verification

Fig. 1—Crockmster.

iation of Textile Ch

Cloth or in-house poor crocking fabric
with known behavior and conduct three
dry and wet crock tests.

6.2.1 A poor circular image with un-
even dye pick-up may indicate the crock-
ing finger needs resurfacing (see 13.7).

6.2.2 A double, clongated image may
indicate a loose clip (see 13.7).

6.2.3 A stretched and streaked crock
image may be due to mounting the crock
square diagonally.

6.2.4 Scuff marks to the sides of the
specimen indicate the loops to the wire
clips are positioned downwards and are
not high enough to prevent rubbing the
specimen surface.

6.2.5 A streak in the center of the crock
cloth image and in the direction of rub-
bing may mean the top of the metal base
is warped and not flat. This will require a
brace insert to square up the tester base.

6.2.6 If specimen holders are used,
place the holder over the specimen on the
tester base. Move the crocking finger on
the crocking arm to the most forward po-
sition and observe whether it hits the in-
side edge of the holder. If this occurs,
move the holder slightly forward for all
tests. Without correction, this problem
will cause a dark area on one side of the
crocking image.

6.2.7 Confirm the wet pick-up tech-
niques (sce 9.2).

6.2.8 Replace the abrasive paper on the
tester base if it is smooth to the touch in
the crocking area compared to the adja-
cent arca, or if slippage of the specimen
is noticed.

6.2.9 In routine testing, observe if mul-
tiple streaks are on the crocking image.
Position specimen normally with the long
dimension oblique to the warp and fill-
ing. If the direction of rubbing falls along
a twill line or surface pattern, etc., then
streaks may occur. If they do occur,
slightly adjust the angle for testing.

7. Test Specimens

7.1 Two specimens are used, one each
for the dry and the wet tests.

7.1.1 Additional specimens may be
used to increase the precision of the aver-
age (sce 12.1).

7.2 Cut specimens at least 50 x 130 mm
(2.0 5.1 in.) and position for testing pref-
erably with the long dimension obligue to
warp and filling or wales and courses.

7.2.1 Larger or full width lab samples
may be used without cutting individual
specimens, when multiple tests are
needed and when using for production
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testing.

7.3 Yarns. Knit a piece of fabric at least
50 x 130 mm, or wind yarn tightly on a
suitable form at least 50 x 130 mm with
the yamn running in the long direction; or
otherwise stretched (see 13.8).

8. Conditioning

8.1 Prior to testing, precondition and
condition the test specimens and the
crock squares for crock testing as di-
rected in ASTM D 1776, Conditioning
Textiles for Testing. Condition each spec-
imen for at least 4 h in an atmosphere of
21 £ 1°C (70 + 2°F) and 65 + 2% RH by
laying each tesl specimen or crock square
separately on a screen or perforated shelf
of conditioning rack.

9. Procedures

9.1 Dry Crocking Test.

9.1.1 Place a test specimen on the base
of the crockmeter resting flat on the abra-
sive cloth with its long dimension in the
direction of rubbing (see 13.7).

9.1.2 Place specimen holder over speci-
men as an added means to prevent
slippage.

9.1.3 Mount a white test cloth square,
the weave parallel with the direction of
rubbing, over the end of the finger which
projects downward from the weighted
sliding arm. Use the special spiral wire
clip to hold the test square in place. Posi-
tion the clip with loops upward. If the
loops point downward they can drag
against the test specimen.

9.1.4 Lower the covered finger onto the
test specimen. Beginning with the finger
positioned at the front end, crank the
meter handle 10 complete turns at the rate
of one turn per second to slide the covered
finger back and forth 20 times. Set and
run the motorized tester for 10 complete
turns. Refer to individual specifications
for any other required number of turns.

9.1.5 Remove the white test cloth
square, condition (see 8.1) and evaluate
as directed in Section 10. In the case of
napped, brushed or sanded material when
loose fiber might interfere with the rating,
remove the extraneous fibrous material
by pressing lightly on the crock circle
with the sticky side of cellophane tape
before evaluating.

9.2 Wet Crocking Test.

9.2.1 Establish technique (see 13.10)
for preparing wet crock cloth squares by
weighing a conditioned square, then thor-
oughly wet out white testing square in
distilled water. Prepare only one square at
a time.

9.2.2 Weigh dry crock square. Using a
syringe tube, graduated pipette or auto-
matic pipetter, draw up water in mL to
0.65 times weight of crocking square. If
crocking square weight equals 0.24 gm,
the mL used would be 0.24 x 0.65 = 0.16
mL. Lay crocking square on white plastic
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mesh over a dish. Apply water evenly
over crocking square and weigh the wet
square. Calculate wet pickup according
to instructions in this method and Method
116, Colorfasmess to Crocking: Rotary
Vertical Crockmeter Method. If needed,
adjust the amount of water used to wet
the square and using a new crocking
square, repeat steps. When 65 + 5% wet
pickup is achieved, record the amount of
water used. Draw up the recorded amount
of water into the syringe tube, graduated
pipette or automatic pipetter for each wet
crocking performed during the current
day. Repeat this process cach day.

923 Avoid evaporative reduction of
the moisture content below the specified
level before the actual crock test is run.

9.2.4 Continue as directed in 9.1.

9.2.5 Air dry the white test square, then
condition (see 8.1) before evaluating. In
the case of napped, brushed or sanded
material when loosc fiber might interfere
with the rating, remove the extrancous
fibrous material by pressing lightly on the
crock circle with the sticky side of cello-
phane tape before evaluating.

10. Evaluation

10.1 Rate the amount of color trans-
ferred from the specimen to the white test
square under examination by means of the
Chromatic Transference Scale or the Gray
Scale for Staining (sec 13.11 and 13.14).

10.2 Back the test square with three
layers of white test cloth while evaluating.

10.3 Rate dry and wet crocking fast-
ness by means of the Scale for
Staining or the 9-step AATCC Chromatic
Transference Scale. (Usage of these
scales is discussed in AATCC Evaluation
Procedures 2, 3 and 8, respectively.)

Grade 5—negligible or no color transfer.

Grade 4.5—color transfer equivalent to
Step 4-5 on the Gray Scale for Staining or
Row 4.5 on the 9-step AATCC Chro-
matic Transference Scale.

Grade 4—color transfer equivalent to
Step 4 on the Gray Scale for Staining or
Row 4 on the 9-step AATCC Chromatic
Transference Scale.

Grade 3.5—color transfer equivalent to
Step 3-4 on the Gray Scale for Staining or
Row 3.5 on the 9-step AATCC Chro-
matic Transference Scale.

Grade 3—color transfer equivalent to
Step 3 on the Gray Scale for Staining or
Row 3 on the 9-step AATCC Chromatic
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Transference Scale.

Grade 2.5—color transfer equivalent to
Step 2-3 on the Gray Scale for Staining or
Row 2.5 on the 9-step AATCC Chro-
matic Transference Scale.

Grade 2—color transfer equivalent to
Step 2 on the Gray Scale for Staining or
Row 2 on the 9-step AATCC Chromatic
Transference Scale.

Grade 1.5—color transfer equivalent to
Step 1-2 on the Gray Scale for Staining or
Row 1.5 on the 9-step AATCC Chro-
matic Transference Scale.

Grade 1—color transfer equivalent to
Step 1 on the Gray Scale for Staining or
Row 1 on the 9-stcp AATCC Chromatic
Transference Scale.

10.4 Average individual results to the
nearest 0.1 grade when multiple speci-
mens are tested or when a panel of evalu-
ators rate color transfer.

11. Report

11.1 State whether dry or wet crocking
test.

11.2 Report the grade determined in 10.3.

11.3 Report the grade determined in
10.4 to the nearest 0.1 grade.

11.4 State whether Gray Scale for
Staining or Chromatic Transference Scale
was used for evaluating staining (see 13.6
and 13.9).

11.5 If any pretreatment or aftertreat-
ment was given to any specimens (see
1.3) indicate method of treatment.

12. Precision and Bias

12.1 Precision. An interlaboratory test
was conducted in 1986 to establish the
precision of the test method. Testing was
conducted under the normal atmospheric
conditions of each laboratory and not
necessarily under ASTM standard condi-
tions. Two operators at each of 12 labora-
tories evaluated 5 fabrics in 3 replications
by both dry and wet test method. Each of
3 raters independently rated the stained
crock squares using both the Gray Scale
for Staining and the Chromatic Transfer-
ence Scale. The original data is on file at
the AATCC Technical Center.

12.1.1 The components of variance as
standard deviations of the Gray Scale for
Staining or Chromatic Transference Scale
rating units are given in Table L.

12.1.2 Critical differences are given in
Table 11.

Table —Components of Variance
Test Dry Wet
Scale Chromatic Gray Chromatic Gray
Single Operator/Rater 020 0.20 0.24 025
Within Laboratory 0.20 0.19 0.31 0.34
Between Laboratory 0.10 017 0.38 054
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Table —Critical Differences

For the components of variance in Table |, two

of observed values should be considered
significantly different at the 95% probability level if the difference equals or exceeds the following critical
differences.

e

Test No. of L ...
Scale Observations ~ Chromatic  Gray Chromatic  Gray
Single Operator/Rater 1 0.55 054 0.68 0.70
3 0.32 0.31 0.39 0.40
5 024 024 0.30 031
Within Laboratory 1 0.7 075 1.08 117
3 0.60 061 093 1.02
5 0.60 0.57 090 1.00
Between Laboratory 1 082 0.89 153 1.90
3 0.69 077 143 1.81
5 0.66 0.74 1.41 1.79

The critical differences were calculated using f= 1.96 which is based on infinite degrees of freedom.

Table lli—Crock Test Results
Dry Wet
LabA 45 35
LabB 40 15
Difference 05 20

12.1.3 Example for determining be-
tween laboratory differences using one
observer and the chromatic scale are
given in Table II1.

Interpretation: For the dry crock test,
since the difference between labs is less
than the critical differences in 12.1.2
(0.82), the difference in results is not sig-
nificant. For the wet crock test, since the
difference between labs is greater than
the critical difference (1.53), the differ-
ence in results is significant.

12.2 Bias. The true value of colorfast-
ness to crocking can only be defined in
terms of a test method. Within this limita-
tion, this test method has no known bias.

13. Notes

13.1 For potential equipment information
pertaining to this test method, please visit
the online AATCC Buyers Guide at hitp://
www.aalcc.org/bg. AATCC provides the pos-
sibility of listing equipment and materials sold
by its Corporate members, but AATCC does
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not qualify, or in any way approve, endorse or
certify that any of the listed equipment or
materials meets the requirements in its test
methods.

13.2 For carpets, AATCC Method 165, Col-
orfastness to Crocking: Carpets—Crockmeter
Method, under the jurisdiction of Committee
RAS57, Floor Covening Test Methods, should
be used.

13.3 The crockmeter provides a reciprocat-
ing rubbing motion simulating the action of a
human finger and forearm.

13.4 The crockmeter is so designed that the
16+ 0.3 mm (0.625 +0.01 in.) diameter finger
moves back and forth, with each complete
turn of the crank, in a straight line along a 104
+ 3 mm track on the i with a down-
ward force of 9 N £ 10% (2 Ib £ 10%).

13.5 Crockmeter Test Cloth should meet
the following specifications:

Fiber 100% 10.3-16.8 mm combed
cotton  staple, desized,
bleached, with no optical
brightener or finishing mate-
rial present

Yam 15 tex (40/1 cotton count),
5.9 ums/cm “z”

Thread count 32 + 5 warp ends/cm: 33+ 5
picks filling/cm

Weave 1/1 plain

pH 705

Mass/sq meter 100 + 3 g finished

Whiteness W =78 + 3 (Method 110)

13.6 The Chromatic Transference Scale,
Gray Scales for Staining and White AATCC
Textile Blotting Paper are available from
AATCC, PO. Box 12215, Research Triangle
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Park NC 27709; tel: 919/549-8141; fax: 919/
549-8933; e-mail: orders@aatcc.org, web site:
www.aatce,org.

13.7 Accidental damage to the rubbing fin-
ger, spiral clip or abrasive paper should be
repaired as follows: neatly renew the abrasive
paper, bend the chip further open or shut
around a rod slightly smaller in diameter than
the crock peg; resurface the finger by move-
ment on an extra piece of fine emery cloth in a

13.8 For more convenient crock testing of
multiple strands of yam or thread a dowel at-
tachment is useful. This attachment was de-
veloped to avoid the tendency of the standard
finger to dig into and push aside the yams, or
slide off them and possibly give erroneous
results. This attachment is 25 mm in diameter
by 51 mm long. Positioned on its side and held
in place by the standard finger, it provides a
wider test area, and holds the white test square
by two spring loaded clips. For additional in-
formation on this development see the article
by C. R. Trommer, “Modification of the
AATCC Crockmeter for Yarn Testing,” Amer-
ican Dyestuff Reporter, Vol. 45, No. 12, p357,
June 4, 1956; also see articles by S. Korpanty
and C. R. Trommer, “An Improved Crock-
meter for Yamn Testing,” American Dyvestuff
Reporter, Vol. 48, No. 6, p40, March 23, 1959.

13.9 It has been noted that different grades
may result depending upon whether the
Gray Scale for Staiming or Chromatic Trans-
ference Scale is used for the evaluation. It is,
therefore, important to report which scale was
used.

13.10 Experienced operators do not have to
repeat this weighing procedure during a test
session once the technique is established.

13.11 For very critical evaluations and in
cases of arbitration, grades must be based on
the Gray Scale for Staining.

13.12 For a discussion of crock testing, see
the article by J. Patton, “Crock Test Problems
can be Prevented,” Textile Chemist and Color-
ist, Vol. 21, No. 3, p13, March 1989, and “Test-
ing for Crocking: Some Problems and Pitfalls”
by Allan E. Gore, Textile Chemists and Color-
ists, Vol. 21, No. 3, p17, March 1989.

13.13 For prints where the singling out of
areas too small to test with the standard crock-
meter is necessary (see AATCC Method 116,
Rotary Vertical Crockmeter Method). Speci-
mens tested by both test methods may show
dissimilar results. There is no known correla-
tion between the two methods.

13.14 An automated electronic grading sys-
tem may be used as long as the system has
been demonstrated to provide results that are
equal to and provide equal or better repeatabil-
ity and reproducibility than an experienced
grader performing visual evaluation.
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Colorfastness to Perspiration
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2008; editorially revised and reaffirmed
1994, 2002. Related to IS0 105-E04.

1. Purpese and Scope

1.1This test method is used to deter-
mine the fastness of colored textiles to
the effects of acid perspiration. It is appli-
cable to dyed, printed or otherwise col-
ored textile fibers, yarns and fabrics of all
kinds and to the testing of dyestuffs as
applicd to textiles.

1.2 Work by Committee RAS52 showed
this test will correlate with limited field
studies. Prior to this there were acid and
alkaline tests; however, as a result of
these studies the alkaline test was elimi-
nated (see 13.1).

2. Principle

2.1 A specimen of colored textile in
contact with other fiber materials (for
color transfer) is wet out in simulated
acid perspiration solution, subjected to a
fixed mechanical pressure and allowed to
dry slowly at a slightly elevated tempera-
ture. After conditioning, the specimen is
evaluated for color change and the other
fiber materials are evaluated for color
transfer.

3. Terminology

3.1 colorfastness, n.—the resistance of
a material to change in any of its color
characteristics, to transfer of its colo-
rani(s) to adjacent materials or both, as a
result of the exposure of the material to
any environment that might be encoun-
tered during the processmg, testing, stor-
age or use of the material

3.2 perspiration, n.—a salme Muid se-
creted by the sweat glands.

4. Safety Precautions

NOTE: These safety precautions are
for information purposes only. The pre-
cautions are ancillary to the testing proce-
dures and are not intended to be all inclu-
sive. It is the user’s responsibility to use
safe and proper techniques in handling
materials in this test method. Manufac-
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turers MUST be consulted for specific
details such as material safety data sheets
and other manufacturer’s recommenda-
tions. All OSHA standards and rules
must also be consulted and followed.

4.1 Follow good laboratory practices.
Wear safety glasses in all laboratory
areas.

4.2 All chemicals should be handled
with care.

4.3 Observe padder safety. Normal
safe guards on pad should not be re-
moved. Ensure adequate guard at the nip
point. A foot operated kick off is recom-
mended for a motorized padder.

5. Apparatus, Materials and Reagents
(see 13.2)

5.1 Perspiration tester (plastic or glass
platcs arc available with the cquipment)
(see Figs. 1 and 2).

5.2 Drying oven—convection.

5.3 Balance with a weighing accuracy
of +0.001 g.

5.4 Multifiber test fabric (8 mm [0.33
in.] filling bands) containing acetate, cot-
ton, nylon, silk, viscose rayon and wool
shall be used for specimens containing
silk. Multifiber test fabric (8 mm [0.33
in.] filling bands) containing acetate, cot-
ton, nylon, polyester, acrylic and wool
shall be used with specimens with no silk
present (see 13.3).

5.5 pH meter accurate to + 0.01.

5.6 9-step AATCC Chromatic Trans-
ference Scale or Gray Scale for Staining
(see 13.4).

Fig. 1—Horizontal perspiration tester.

5.7 Gray Scale for Color Change (see
13.4).

5.8 Wringer.

5.9 White AATCC Blotting Paper (sec
13.4).

5.10 Acid perspiration solution.

6. Preparation of Reagent

6.1 Prepare the acid perspiration solu-
tion by filling a 1 L volumetric flask half
full of distilled water. Add the following
chemicals and mix to be sure that all
chemicals are thoroughly dissolved:

10+ 0.01 g sodium chloride (NaCl)

1+ 0.01 g lactic acid, USP 85%

1 + 0.01 g sodium phosphate, dibasic,
anhydrous (Na.HPO,)

0.25 £ 0.001 g ¢-histidine monohydro-
chloride (C,H,N,O,-HCI-H,0)

Fill the volumetric flask with distilled
water to the 1 L mark.

6.2 Test the pH of the solution with a
pH meter. If it is not 4.3 £ 0.2 discard it
and prepare a new one, making sure all
ingredients are weighed accurately. The
use of pH test paper is not recommended
for this purpose because of its lack of
accuracy.

6.3 Do not use perspiration solution
that is more than three days old (see
13.5).

7. Verification

7.1 Verification checks on the opera-
tion of the test and apparatus should be
made routinely and the results kept in a
log. The following observations and cor-
rective actions are extremely important to
avoid incorrect test results.

7.2 Use an in-house perspiration fabric
with a mid-range visual grade on the
mosi heavily stained stripe of the muliifi-
ber cloth as a calibration specimen and
conduct a perspiration test using three
specimens. Verification checks should be
performed periodically as well as each
time a new lot of multifiber or undyed ad-
jacent fabric is used.

7.2.1 Non-uniform color transfer may
be due to improper wet-out procedures or
may be a result of uneven pressure on the
specimens due to warped plates in the
tester. Check the wet-out procedures to
be sure that the balance is accurate and
that the procedure is being carefully fol-
lowed. Check all plates to be sure they
arc in good condition and not warped.

8. Test Specimens
8.1 Number and size of specimens.
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8.1.1 If the specimen to be tested is a
fabric, attach a piece of multifiber adja-
cent fabric measuring 5 x 5+ 0.2 cm to
the specimen measuring 6 X 6 + 0.2 cm
by sewing along one of the shorter sides,
with the multifiber fabric next to the face
of the specimen.

8.1.2 If the specimen to be tested is a
yarn or loose fiber, take a mass of the
vam or loose fiber approximately equal
to one half of the combined mass of the
adjacent fabrics. Place it betweena 5 x 5
+ 0.2 cm piece of multifiber fabric and a
6 x 6 + 0.2 cm piece of the non-dyeable
fabric, and sew along all four sides.

8.1.3 Do not use multifiber test fabric
that has fused edges because it might
have thickness variations at the edges
which would cause uneven compression
during testing.

9. Procedure

9.1 Place cach test specimen (as pre-
pared in 8.1 and 8.2) in a 9 cm diameter,
2 cm decp petri dish. Add freshly pre-
pared perspiration solution to a depth of
1.5 cm in the petri dish. Soak the test
specimen in the solution for 30 + 2 min
with occasional agitation and squeezing
to ensure complete wetting. For fabrics
hard to wet out, alternately wet the speci-
men and pass it through the wringer until
it is completely penetrated by the solution.

9.2 Afier 30 = 2 min, pass each test
spceimen asscmbly through the wringer
with the multifiber stripes perpendicular
to the length of the wringer rolls (all
stripes go through the wringer at the same
time). Weigh each test specimen to be
sure it weighs 2.25 + 0.05 times its origi-
nal weight. Because certain fabrics may
not be able to retain this amount of solu-
tion when passing through a wringer,
such fabrics may be tested after blotting
to the required wet pickup with White
AATCC Blotting Paper (see 13.4). To ob-
tain consistent results all specimens of a
given construction in a test series should
have identical pickup. as the degree of
staining increases with the amount of re-
tained solution.
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Fig. 2—Vertical perspiration tester.

9.3 Place each test specimen assembly
on a marked plexiglass or glass plate with
the multifiber stripes running perpendicu-
lar to the long dimension of the plate.

9.4 Depending upon equipment avail-
able, use the following alternates:

9.4.1 Horizontal Perspiration Tester:
Place the plates in the perspiration tester
with the specimen assemblies evenly dis-
tributed between the 21 plates. Place all
21 plates into the unit regardless of the
number of specimens. After placing the
final plate in position (on top) set the dual
plates with compensating springs in posi-
tion. place the 3.63 kg (8.0 Ib) weight on
top making a total of 4.54 kg (10.0 1b) un-
der the pressure plate, and lock the pres-
sure plate in position by tuming the
thumb screws. Remove the weight and
place the unit lving on its side in the oven.

9.4.2 Vertical Perspiration Tester: As-
semble the plates in the perspiration
tester with the specimens evenly distrib-
uted between the 21 plates. Place all 21
plates into the unit regardless of the num-
ber of specimens. The plates are held in a
vertical position between an indicating
scale with a fixed metal plate at one end
and an adjustable metal plate at the other
end. Use the adjusting screw to exert a
4.54 kg (10.0 Ib) force against the plates.
Lock the specimen unit containing the
test specimens with a set screw. Remove
the pressure gange unit from the speci-
men unit and place the specimen unit in
the oven. Another specimen unit may be
added to the pressure gauge unit and the
loading procedure repeated.

9.5 Heat the loaded specimen unit in
an oven at 38 + 1°C (100 + 2°F) for6 h +
5 min. Check the oven temperature peri-
odically to be sure it remains at the speci-
fied temperature throughout the test.

9.6 Remove the tester from the oven
and for each test specimen assembly, sep-
arate the multifiber fabric and, if used,
the adjacent fabric from the test fabric.
Place the multifiber fabric and test fabric
specimens separately on a wire screen in
a conditioned atmosphere (21 + 1C, 70 +
2F) and 65 + 2% relative humidity over-
night.

10. Evaluation

10.1 General—Unsatisfactory perspi-
ration fastness may be due to bleeding or
migration of color or it may be due to
change in color of the dyed material. It
should be noted that objectionable
change in color may be encountered with
no apparent bleeding. On the other hand,
there may be bleeding with no apparent
change in color, or there may be both
bleeding and change in color.

10.2 Rate the effect on the color of the
test specimens by reference to the Gray
Scale for Color Change. (Usage of this
scale is discussed in Evaluation Proce-
dure 1, see 13.4).

Grade 5—negligible or no change as
shown in Gray Scale Step 5.

Grade 4.5—change in color equivalent
to Gray Scale Step 4-5.

Grade 4—change in color equivalent
to Gray Scale Step 4.

Grade 3.5—change in color equivalent
to Gray Scale Step 3-4.

Grade 3—change in color equivalent
to Gray Scale Step 3.

Grade 2.5—change in color equivalent
to Gray Scale Step 2-3.

Grade 2—change in color equivalent
to Gray Scale Step 2.

Grade 1.5—change in color equivalent
to Gray Scale Step 1-2.

Grade |-—change in color equivalent
to Gray Scale Step 1.

10.3 Rate the staining on each fiber
type of the multifiber, and the undyed
original fabric if used, by means of the
Gray Scale for Staining or the 9-siep
AATCC Chromatic Transference Scale.
(Usage of these scales is discussed in
AATCC Evaluation Procedures 2 and 8.
respectively, see 13.4)

Grade 5-—negligible or no color trans-
fer

Grade 4.5—color transfer equivalent to
Step 4-5 on the Gray Scale for Staining or
Row 4.5 on the 9-step AATCC Chro-
matic Transference Scale.

Grade 4—color transfer equivalent to
Step 4 on the Gray Scale for Staining or
Row 4 on the 9-step AATCC Chromatic
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Transference Scale.

Grade 3.5—color transfer equivalent to
Step 3-4 on the Gray Scale for Staining or
Row 3.5 on the 9-step AATCC Chro-
matic Transference Scale.

Grade 3—color transfer equivalent to
Step 3 on the Gray Scale for Staining or
Row 3 on the 9-step AATCC Chromatic
Transference Scale.

Grade 2.5—color transfer equivalent to
Step 2-3 on the Gray Scale for Staining or
Row 2.5 on the 9-step AATCC Chro-
matic Transference Scale.

Grade 2—color transfer equivalent to
Step 2 on the Gray Scale for Staining or
Row 2 on the 9-step AATCC Chromatic
Transference Scale.

Grade 1.5—color transfer equivalent to
Step 1-2 on the Gray Scale for Staining or
Row 1.5 on the 9-step AATCC Chro-
matic Transference Scale.

Grade 1—color transfer equivalent to
Step 1 on the Gray Scale for Staining or
Row 1 on the 9-stcp AATCC Chromatic
Transference Scale.

11. Report

11.1 Report the color change grade and
the staining grades for each fiber type in
the multifiber test sample and state which
scale (Gray Scale for Staining or 9-step
AATCC Chromatic Transference Scale)
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was used in the staining evaluation (see
13.4).

12. Precision and Bias

12.1 Precision. Precision for this test
method has not been established. Until a
precision statement is generated for this
test method, use standard statistical tech-
niques in making any comparisons of test
results for either within-laboratory or
between-laboratory averages.

12.2 Bias. The colorfastness to perspi-
ration can be defined only in terms of a
test method. There is no independent
method for determining the true value.
As a means of estimating this property,
the method has no known bias.

13. Notes

13.1 Background information on the com-
mittee’s work and decision to climinate the al-
kaline test was published in two articles in
Textile Chemist and Colorist. “Colorfastness
to Perspiration and Chemicals” (October
1974) and “Evaluating Colorfastness to Per-
spiration: Laboratory Test vs, Wear Test” (No-
vember 1974). Although the alkaline test has
been eliminated from this method, there may
be certain instances in foreign trade or special
end-uses that require the alkaline test. In these
inslances the alkaline test should be run as n
AATCC Method 15-1973. For convenient ref-
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erence the composition of the alkaline solution
is as follows: Alkaline Solution-10 g sodium
chloride;, 4 g ammonium carbonate, USP; 1 g
sodium phosphate, dibasic, anhydrous
(Na,HPO,), 025 g ¢-histidine monohydro-
chloride. Make up to one liter with distilled
water. This solution should give a pH of 8.0.

13.2 For potential equipment information
pertaining to this test method, pleasc visit
the online AATCC Buyer's Guide at http://
www.aatcc.org/bg. AATCC provides the pos-
sibility of listing equipment and materials sold
by its Corporate members, but AATCC does
not qualify, or in any way approve, endorse or
certify that any of the listed equipment or
materials meets the requirements in its test
methods.

13.3 The six fiber test fabrics without fused
edges should be used in this method.

134 The 9-step AATCC Chromatic Trans-
ference Scale, Gray Scale for Staining, Gray
Scale for Color Change and White AATCC
Blotting Paper are available from AATCC,
P.O. Box 12215, Research Triangle Park NC
27709, tel: 919/549-8141; fax: 919/549-8933;
e-mail: orders@aatcc.org; web site: www.
aalce.org.

13.5 Committee RRS52 established that
fungi begin to grow in the acid perspiration
solution and that the pH gradually rises after
three days of storage under ambient room
temperatures, even when kept in a stoppered
solution bottle.

13.6 For very critical evaluations and in the
case of arbilration, rutings must be based on
the geometric Gray Scale for Staining.
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1. Purpose and Scope

1.1 This test method provides the gen-
eral principles and procedures which are
currently in use for determining the col-
orfastness to light of textile materials.
The test options described are applicable
to textile materials of all kinds and for
colorants, finishes and treatments applied
to textile materials.

Test options included are:

I—Enclosed Carbon-Arc Lamp, Contin-
nous Light

2—Enclosed Carbon-Arc Lamp, Alter-
nate Light and Dark

3—Xenon-Arc Lamp, Continuous Light,
Black Panel Option

4—Xenon-Arc Lamp, Alternate Light
and Dark

5—Xenon-Arc Lamp, Continuous Light.
Black Standard Option

6—Daylight Behind Glass

1.2 The use of these test options does
not imply, expressly or otherwise, an ac-
celerated test for a specific application.
The relationship between any lightfast-
ness test and the actual exposure in use
must be determined and agreed upon by
the contractual parties.

1.3 This test method contains the fol-
lowing sections that assist in the use and
implementation of the various options
for determining lightfastness of textile
materials.

Scction
Terminology........... 3
Safety Precautions ..... 4
Uses and Limitations ................. 5
Apparatus and Materials.............. 6
Comparison Standards................. 7
Test Specimen Preparation .......... 8

Machine Operating Conditions ... 9

Calibration and Verification ........ 10-12
AATCC Fading Unit

Measurement... .. 13-14
Machine Exposure Procedures.... 15-18
Daylight Exposure Procedures.... 19-22
Evaluation of Results... e 23227
Report ... SRS .
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Colorfastness to Light

Prccision and Bias........................
References..................

APPENdiX ...

2. Principle

2.1 Samples of the textile material to
be tested and the agreed upon comparison
standard(s) are exposed simultancously
to a light source under specified condi-
tions. The colorfastness to light of the
specimen is evaluated by comparison of
the color change of the exposed portion
to the masked control portion of the test
specimen or unexposed original material
using the AATCC Gray Scale for Color
Change, or by instrumental color mea-
surement. Lightfastness classification is
accomplished by evaluation versus a si-
multaneously exposed series of AATCC
Blue Wool Lightfastness Standards.

3. Terminology

3.1 AATCC Blue Wool Lightfastness
Standard, n.—one of a group of dyed
wool fabrics distributed by AATCC for
use in determining the amount of light
exposure of specimens during lightfast-
ness testing (see 32.1).

3.2 AATCC Fading Unit (AFU), n.—
a specific amount of exposure made un-
der the conditions specified in various
test methods where one AFU is one-
twentieth (1/20) of the light-on exposure
required to produce a color change equal
to Step 4 on the Gray Scale for Color
Change or 1.7 + 0.3 CIELAB units of
color difference on AATCC Blue Wool
Lightfastness Standard L4.

3.3 black-panel thermometer, n.—a
temperature measuring device, the sens-
ing unit of which is coated with black
paint designed to absorb most of the radi-
ant energy encountered in lightfastness
testing (see 32.2).

3.3.1 This device providcs an cstima-
tion of the maximum temperature a spec-
imen may attain during exposure to natu-
ral or artificial light. Any deviation from
the geometry of this device described in
32.2 may have an influence on the mea-
sured temperature,

3.4 black standard thermometer,
n.—a temperature measuring device, the
sensing unit of which is coated with black
material designed to absorb most of the
radiant energy encountered in lightfast-
ness testing and is thermally insulated by
means of a plastic plate (see 32.2).

3.4.1 This device provides an estima-
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tion of thc maximum tempceraturc a spec-
imen may attain during exposure to natu-
ral or artificial light. Any deviation from
the geometry of the device described in
32.2 may have an influence on the mea-
sured temperature. The temperature mea-
sured by the black standard thermometer
will not be the same as that measured by
the black-panel thermometer; therefore,
they cannot be used interchangeably.

3.5 broad bandpass radiometer, n.—
a relative term applied to radiometers that
have a bandpass width of more than
20 nm at 50% of maximum transmittance
and can be used to measure irradiance at
wavelengths such as 300-400 nm or 300-
800 nm.

3.6 color change, n.—as used in col-
orfastness lesting, a change in color of
any kind whether a change in lightness,
hue or chroma or any combination of
these, discernible by comparing the test
specimen with a corresponding untested
specimen.

3.7 colorfastness, n.—the resistance of
a material to change in any of its color
characteristics, to transfer of its colo-
rant(s) to adjacent materials, or both as a
result of exposure of the material to any
environment that might be encountered
during the processing, testing, storage or
use of the material.

3.8 colorfastness to light, n.—the re-
sistance of a material to a change in its
color characteristics as a result of expo-
sure of the material to sunlight or an arti-
ficial light source.

3.9 infrared radiation, n—radiant
energy for which the wavelengths of the
monochromatic components are greater
than those for visible radiation and less
than about | mm.

NOTE: The limits of the spectral range
of infrared radiation are not well defined
and may vary according to the user. Com-
mittee E-2.1.2 of the CIE distinguishes in
the spectral range between 780 nm and
1 mm:

IR-A 780-1400 nm
IR-B 14-30pm
IR-C 3 pmto | mm

3.10 irradiance, n.—radiant power per
unit area incident on a receiver, typically
reported in watts per square meter, W/
(m’nm).

3.11 “L™ designation, n—ihe se-
quence number given each AATCC Blue
Wool Lightfastness Standard according to
the number of AATCC Fading Units re-
quired to produce a color change equal to
Step 4 on the AATCC Gray Scale for
Color Change.
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NOTE: See Table II for the numerical
relationship between “L” designations of
the standards and their colorfastness to
light in AFUs. The colorfastness to light
of a fabric specimen can be determined
by comparing its color change after light
exposure with that of the most similar
AATCC Blue Wool Lightfastness Stan-
dard as shown in Table I11.

3.12 langley, n.—a unit of total solar
radiation equivalent to one gram caloric
per square centimeter of irradiated sur-
face.

NOTE: The internationally recom-
mended units are: Joule (J) for quantity of
radiant energy, watt (W) for quantity of
radiant power, and meter squared (m?) for
area. The following factors are to be
used: 1 langley = 1 cal/em?; 1 callem® =
4.184 J/cm® or 41840 J/m?.

3.13 lightfastness, n—the property of
a material, usually an assigned number,
depicting a ranked change in its color
characteristics as a result of exposure of
the material to sunlight or an artificial
light source.

3.14 narrow bandpass radiometer,
n.—a relative term applied to radiometers
that have a bandpass width of 20 nm or
less at 50% of maximum transmittance
and can be used to measure irradiance
at wavclengths such as 340 or 420, £ 0.5
nm.
3.15 photochromism, n.—a qualita-
tive designation for a reversible change in
color of any kind (whether a change in
hue or chroma) which is immediately
noticeable upon termination of light ex-
posures when the exposed area of a
specimen is compared to the unexposed
area.

NOTE: The reversion of the color
change or instability of the hue or chroma
upon standing in the dark distinguishes
photochromism from fading.

3.16 pyranometer, n.—a radiometer
used to measure the global solar irradi-
ance or, if inclined, hemispherical solar
irradiance

3.17 radiant power, n.—energy per
unit time emitted, transferred or received
as radiation.

3.18 radiometer, n.—an instrument
used to measure radiant energy.

319 total irradiance, n-—radiant
power integrated over all wavelengths at
a point in time expressed in watts per
square meter (W/m?).

3.20 ultraviolet radiation, n.—radiant
energy for which the wavelengths of the
monochromatic components are smaller
than those for visible radiation and more
than about 100 nm.

NOTE: The limits of the spectral range
of ultraviolet radiation are not well de-
fined and may vary according to the user.
Committee E.2.1.2 of the CIE distin-
guishes in the spectral range between 400
and 100 nm:
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UV-A  315-400 nm
UV-B  280-315 nm
UV-C  100-280 nm

3.21 visible radiation, n.—any radiant
energy capable of causing a visual
sensation.

NOTE The limits of the spectral range
of visible radiation are not well defined
and may vary according to the user. The
lower limit is generally taken between
380 and 400 nm and the upper limit
between 760 and 780 nm (1 nanometer,
1 nm = 10 m).

3.22 xenon reference fabric, n—a
dyed polyester fabric used for verifying
xenon-arc eguipment test chamber tem-
perature conditions during a lightfastness
test cycle (see 32.4, 32.5 and 32.7).

3.23 For definitions of other terms rel-
ative to lightfastness used in this test
method, refer to the Glossary of AATCC
Standard Terminology.

4. Safety Precautions

NOTE: These safety precautions are
for information purposes only. The pre-
cautions are ancillary to the testing proce-
dures and are not intended to be all inclu-
sive. It is the user’s responsibility to use
safe and proper techniques in handling
materials in this test method. Manufac-
turers MUST be consulted on specific de-
tails such as material safety data sheets
and other manufacturer’s recommenda-
tions. All OSHA standards and rules
must also be consulted and followed.

4.1 Do not operate the test equipment
until the manufacturer’s instructions have
been read and understood. It is the opera-
tor’s responsibility to conform to the
manufacturer’s directions for safe opera-
tion.

4.2 The test equipment contains high
intensity light sources. Do not look di-
rectly at the light source. The door to the
test chamber must be kept closed when
the equipment is in operation.

4.3 Before servicing light sources, al-
low 30 min for cool-down after lamp op-
eration is terminated.

4.4 When servicing the test equipment,
shut off both the off switch and the
main power disconnect switch. When
cquipped, ensure that the main power in-
dicator light on the machine goes out.

4.5 Daylight exposure of the skin and
eyes for prolonged periods may be
hazardous and therefore caution should
be employed to protect these areas. Do
not look directly at the sun under any
circumstances.

4.6 Good laboratory practices should
be followed. Wear safety glasses in all
laboratory areas.

5. Uses and Limitation
5.1 Not all materials are affected
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equally by the same light source and en-
vironment. Results obtained by the use of
any one test option may not be represen-
tative of those of any other test option or
any end-use application unless a mathe-
matical correlation for a given material
and/or a given application has been estab-
lished. Enclosed Carbon-Arc, Xenon-Arc
and Daylight have been extensively used
in the trade for acceptance testing of tex-
tile materials. There may be a distinct dif-
ference in spectral power distribution, air
temperature and humidity sensor loca-
tions, and test chamber size between test
equipment supplied by different manu-
facturers that can result in differences in
reported test results. Consequently, data
obtained from equipment supplied by the
different manufacturers, different test
chamber size, or different light source
and filter combinations cannot be used
interchangeably, unless a mathematical
correlation has been established. No cor-
relations among differently constructed
test apparatus are known to AATCC
Committee RAS0.

5.2 Results from Xenon-Arc, for all
materials should be in good agreement
with the results obtained in Daylight Be-
hind Glass (see Table II). Since the spec-
tral distribution of Xenon-Arc, Alternate
Light and Dark, equipped with the speci-
fied filter glass is very close to that of av-
erage or typical daylight behind window
glass, it is expected that results should be
in good agreement with the results ob-
tained in Daylight, Daylight Behind
Glass. The two carbon-arc options, Con-
tinuous and Alternating Light and Dark,
undcr the conditions specified, will pro-
duce results which correlate with those
obtained in the Daylight Behind Glass
Method unless the material being tested
is adversely affected by the differences in
spectral characteristics of Enclosed Car-
bon-Arc and natural light.

5.3 When using this test method, the
test method option selecied should incor-
porate light, humidity, and heat effects
based upon historical data and experi-
ence. The test method option selected
should also reflect expected end-use con-
ditions associated with the material to be
tested.

5.4 When using this test method, use a
standard of comparison which has a
known change in lightfastness after a spe-
cific exposure for comparison to the ma-
terial to be tested. AATCC Blue Wool
Lightfastness Standards have been used
extensively for this purpose.

6. Apparatus and Materials (see 32.3)

6.1 AATCC Blue Wool Lightfastness
Standards L2 through L9 (see 32.1 and
32.6).

6.2 Xenon Reference Fabric (see 32.4,
32.5,32.6and 32.7).

AATCC Technical Manual/2010
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Component Option 1 Option 2 Option 3
Light Source Enclosed Enclosed Xenon®-
Carbon® Carbon®
Continuous Light Alternate Light/Dark Continuous Light
Black Panel Temperature,
Light Cycle 63+3°C 63:3°C 63:1°C
(145 £ 6°F) (145 £ 6°F) (145 + 2°F)
Black Standard Temperature,
Light Cycle = =
Chamber Air Temperature,
Light Cycle 43:2°C 43:2°C 43:2°C
(110 £ 4°F) (110 £ 4°F) (110 £ 4°F)
Dark Cycle - 43:2°C -
(110 £ 4°F) -
Relative Humidity, %
Light Cycle 0+5 BHx5 305
Dark Cycle 90+5 -
Light Cycle, Hours
Light-On Continuous 38 Continuous
Light-Off — 10 -
Filter Type Borosilicate Borosilicate see A3.3
Irradiance W/m?/nm
(at 420 nm) Not controlled Not controlied 1.10+0.03
Iradiance W/m?
(300400 nm) Not controlled Not controlied 481
Water Requirements (Input)
Type demineralized, distilled or reverse osmosis
Sol!dsH ~ppm less than 17 ppm, preferably less than 8
p 711
Temperature Ambient 16 £ 5°C (61 = 9°F)
* See Appendix C.
b See Appendix A.

Table —Machine Exposure Conditions by Option

Be sure that the temperature chosen is appropriate for the type of Black Thermometer to be used.
¢ mamdShmdﬂmmuwmmmmmdmdﬂmhthemennalsansingeiamemsbmmeaadwaneﬁhamm

and the Black Standard

¢ Opﬁonsmubeusedmmemnﬁnendaﬁmotmeemipnmm.
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Option 4 Option 5
Xenon® Xenonb.c.¢
Altemate Light/Dark Continuous Light
70+1°C 60+3°C
{158 + 2°F) (140 + 8°F)
43:2°C 32:5C
(110 £ 4°F) (90 £ 9°F)
43:2°C —
(10 £4°F) =
355 305
905 —
38 Continuous
1.0 —
see A3 see A33
1.10+£0.03 12502
481 65+1

6.3 L4 AATCC Blue Wool Standard of
Fade for 20 AATCC Fading Units (AFU)
(see 32.6).

6.4 L2 AATCC Blue Wool (alternate)
Standard of Fade for 20 AATCC Fading
Units (AFU) (see 11.2 and 32.5).

6.5 Xenon Reference Fabric Standard
of Fade (see 32.6).

6.6 AATCC Gray Scale for Color
Change (see 32.6).

6.7 Card stock: 163 g/m? (90 Ib) one
ply, White Bristol Index.

6.8 Test masks made of material ap-
proaching zero light transmittance, and
suitable for multiple exposure levels,
such as 10, 20, 40, etc. AFU.

6.9 Black-Panel Thermometer (see 3.3
and 32.2).

6.10 Black Standard Thermometer (see
3.4and322).

NOTE: The Black-Panel Thermometer
should not be confused with the Black
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Standard Thermometer which is used in
Xenon-Arc, Continuous Light, Option 5,
and some European test procedures.
Temperatures as measured by the two dif-
ferent devices generally will not agree at
the same test condition. The term Black
Thermometer, as used in this method. re-
fers to both the Black Panel and Black
Standard Thermometers.

6.11 Spectrophotometer or Colorimeter
(see 31.2).

6.12 Xenon-Arc Lamp Fading Appara-
tus optionally equipped with light moni-
tors and control systems (see Appendix
A).
6.13 Daylight Exposure Cabinet (see
Appendix B).

6.14 Enclosed Carbon-Arc Lamp Fad-
ing Apparatus (see Appendix C).

7. Comparison Standards
7.1 AATCC Blue Wool Lightfastness

Standards, as defined in Method 16,
are preferred for all options. However, the
rate of fade of any AATCC Blue Wool
Lightfastness Standard by one test option
may not agree with that of other test
options.

7.2 The reference standard can be any
suitable textile material where a history
of the rate of color change is known. Ref-
erence standards for comparison must be
determined and agreed upon by the con-
tractual parties. Standards must be ex-
posed simultaneously with the test speci-
men. The use of the standard assists in
determining time-to-time equipment and
test procedure variations. If test results of
the exposed standards differ by more than
10%% from the known standard data, thor-
oughly review the test equipment operat-
ing conditions, and correct any malfunc-
tions or defective parts. Then, repeat the
test.
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8. Test Specimen Preparation

8.1 Number of Specimens—For accep-
tance testing, usc at least three replicate
specimens of both the material to be
tested and the standard for comparison to
ensure accuracy unless otherwise agreed
upon between the purchaser and the
supplier.

NOTE: It is recognized that in practice
one test and one control specimen are
used for test purposes. While such a
procedure cannot be accepted in cases of
dispute, it may be sufficient in routine
testing.

8.2 Specimen Cutting and Mounting—
Identify each sample using a label resis-
tant to the environment encountered dur-
ing the test. Mount in frames such that
the surface of the test specimen and the
reference specimen are the same distance
from the light source. Use covers that
avoid specimen surface compression,
particularly when testing pile fabrics. The
test specimen and the reference standards
shall be of equal size and shape. Cut and
prepare test specimens for exposure as
follows:

8.2.1 Specimen Backing—For all op-
tions, mount the specimens and standards
on white card stock. The card stock shall
be white, not reflecting cardboard (see
32.3). When mounted test specimens are
masked, use test masks approaching zero
light transmittance. For Option 6, put the
mounted, or mounted and masked. test
specimens in frames with backing as di-
rected in an applicable specification: such
as open-backed, solid metal, or solid
backing (see 32.5).

8.2.2 Fabric—Cut swatches of fabric
with the long direction parallel to the ma-
chine (warp) direction, at least 70.0 x
120.0 mm (2.75 x 4.7 in.) with the ex-
posed area measuring not less than 30.0 x
30.0 mm (1.2 x 1.2 in). Secure the
backed specimens in the frames supplied
with the test apparatus. Ensure that front
and back covers of the holders make
good contact with the specimens and give
a sharp line of demarcation between the
exposed and unexposed arcas without
compressing the specimen unnecessarily
(see 32.8 and 32.9). When required to
prevent raveling, the samples may be
edged by sewing, pinking or fusing.

8.2.3 Yarns—Wind or fasten yams on
frames of white card stock to a length of
approximately 150.0 mm (6.0 in.). Only
that portion of the yamns directly facing
the radiant energy is evaluated for color
change. Wind the yam on the frame
closely packed to at least 25.0 mm (1.0
in.) width. The control sample must con-
tain the same number of strands as the
sample subjected to exposure. Afler the
exposure has been completed. bind to-
gether those yamns facing the light source
using 20.0 mm (0.75 in.) masking or
other suitable tape to keep the yams
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closely packed on the exposure frame for
evaluation (see 32.9).

Machine Operating Conditions

9. Preparation of Test Apparatus

9.1 Prior to running the test procedure,
verify machine operation by using the
following test protocol. To enhance the
repeatability of test results, install test ap-
paratus in a room where temperature and
relative humidity are controlled in accor-
dance with the manufacturer’s recom-
mendations.

9.2 Check to see that the machine has
been calibrated and maintained within the
manufacturer’s recommended calibra-
tion schedule interval.

9.3 Turn off all rack and specimen
spray units, if applicable.

9.4 Set machine operating conditions
according to Table | and the specified op-
tion. Be sure that the temperature chosen
is appropriate for the type of Black Ther-
mometer to be used (see 32.2). Fill the
specimen rack with framed white card
stock and the required black thermometer
unit. The white card stock is used to sim-
ulate air flow in the test chamber during
the test exposure and should not include
the actual test specimens. Support the
black thermometer unit in the specimen
drum or rack in the same manner as the
test specimen frames. Operate and con-
trol the test apparatus as specified in Ta-
ble I and further defined by the manufac-
turer. Operate the test apparatus in this
mode and adjust the instrumentation to
provide the required black panel or black
standard temperature, chamber air tem-
perature and relative humidity. When ex-
terior indicators are not available, read
the black thermometer unit through the
window in the test chamber door.

9.5 Calibrate using AATCC Blue Wool
Lightfastness Standards following the
guidelines in 11.1-11.2.2. If the fade of
the L2 or L4 standards do not meet these
requirements follow the instrument man-
ufacturer’s instructions for calibration
and repeat the 20 AFU exposure with
fresh L2 or L4 standards. If the fade does
meet the requirements described in Sec-
tion 11 remove the white card stock from
the specimen rack and proceed.

9.6 For additional information to pre-
pare and operate the test apparatus refer
to the manufacturer’s instructions and the
following:

9.6.1 For Both Enclosed Carbon-Arc
Options, use Test Standard ASTM G 151
and G 153 (see 31.3 and 31.4).

9.6.2 For Daylight Behind Glass, use
Test Standard ASTM G 24 (see 31.5).

9.6.3 For all Xenon Options, use Test
Standard ASTM G 151 and G 155 (see
31.3and 31.6).

9.6.4 For Options as applicable, refer
t0 ISO 105, Part B (see 31.7).
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10. Calibration, Verification and AATCC
Fading Unit Measurement

10.1 Instrument Calibration—To en-
sure standardization and accuracy, the in-
struments associated with the exposure
apparatus (that is, light monitor control
system, Black Thermometers, chamber
air sensor, humidity control system, UV
sensors and radiometers) require periodic
calibration. Whenever possible, calibra-
tion should be traceable to national or
international standards. Calibration sched-
ule and procedure should be in accord-
ance with manufacturer’s instructions.

10.1.1 The accuracy of machine opera-
tion must be verified by exposure of an
applicable AATCC Blue Wool Lightfast-
ness Standard and assessment of the
Standard after every 80-100 AATCC
Fading Units. Always expose reference
standards near the center position of the
specimen rack adjacent to the black-panel
temperature sensing unit.

11. Calibration by AATCC Blue Wool
Lightfastness Standards

11.1 Carbon-Arc Options 1 and 2;
Xenon-Arc Options 3 and 4, expose the
L4 AATCC Blue Wool Lightfastness
Standard at the specified temperature, hu-
midity and selected option for 20 + 2
continuous light-on operating hours (see
Table II for the corresponding AATCC
Fading Units for xenon lamp options).
Afier exposure, assess the exposed stan-
dard specimen, either visually or instru-
mentally. Increase or decrease the watt-
age of the lamps, the time of exposure, of
both, and expose additional standard
specimens until the change in color of the
exposed standard meets one of the fol-
lowing criteria.

Table I—AATCC Fading Unit and
Light Exposure Equivalents for
AATCC Blue Wool Lightfasiness
Standards (see 32.14)
AATCC
Blue Wool  AATCC Xenon Only Xenon Only
Lightfastness Fading kJ/m?nm) kJ/(m?nm)
Standard  Units @420 nm 300-400 nm
L2 5 21 864
L3 10 43 1728
L4 20 85 3456
L5 40 170 6912
L6 80 3400 13824
L7 160 680 27648
L8 320 1360 55296
L9 640 2720 110592

* For color change of 1.7 + 0.3 CIELAB units or
Step 4 on the AATCC Gray Scale for Color

Change.
® Verified using Daylight Behind
Glass and Xenon-Arc, Continuous Li All
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Table lli—Classification by AATCC Blue Wool Lightfastness Standards®

Test Specimen Color Change
Equal To But Not
Less Than Greater Than More Than Lightfastness AATCC Fading
Standard Standard Standard Class Units (AFU)
— - L2 L1
- L2 L3 L2 5
L2 - L3 L2-3
- L3 L4 L3 10
L3 - L4 L34
— L4 L5 L4 20
L4 -— L5 L4-5
—_ L5 L6 L5 40
L5 - L6 L56
- L6 L7 L6 80
L6 — L7 L6-7
- L7 L8 L7 160
L7 — L8 L7-8
— L8 L9 L8 320
L8 — L9 L89
— L9 — L9 640

* The following are examples for using Table Il to assign lightfastness classifications:

The test specimen is exposed simultaneously with standards L4, L5, and L6. After exposure and condition-
ing, the color change exhibited by the test specimen is less than that exhibited by the standards L4 and L5
but greater than that exhibited by the standard L6. The test specimen would be assigned a Lightfastness

Classification of L5-6, or use the following example.

The test specimen is examined after each exposure increment until it exhibits a color change equal to Step
4 on the AATCC Gray Scale for Color Change. If this occurs after 40 AFU and before 80 AFU exposure, the
test specimen would be assigned a Lightfastness Classification of L5-6.

11.1.1 Visual Comparison—equals the
change in color exhibited by the L4 Stan-
dard of Fade applicable to the Lot desig-
nation used.

11.1.2 Instrumental Color Measure-
ment—for Lot 5, AATCC Blue Wool
Lightfastmess Standard, equals 1.7 + 0.3
CIELAB units of color change as deter-
mined by AATCC Evaluation Procedure
6. Other Lot designations of AATCC
Blue Wool Lightfastness Standard L4
equals the CIELAB units of color change
specified on the calibration certificate
supplied with the standard as determined
by AATCC Evaluation Procedure 6.

11.2 Alternate for Carbon-Arc Options
1 and 2; Xenon-Arc Options 3 and 4, the
L2 AATCC Blue Wool Lightfastness
Standard may be exposed at the specified
temperature, humidity and selected op-
tion for 20 + 2 continuous light-on oper-
ating hours. After exposure, assess the
exposed standard specimen, either instru-
mentally or compare to a L2 Standard of
Fade. When required, increase or de-
crease the wattage of the lamps. or the
time of exposure, or both, and expose ad-
ditional standard specimens until the
change in color of the exposed standard
meets one of the following criteria.

11.2.1 Visual Comparison—equals the
change in color exhibited by the L2 Stan-
dard of Fade applicable to the Lot desig-
nation used (se¢ 32.6).

11.2.2 Instrumental Color Measure-
ment—for Lot 8, AATCC Blue Wool
Lightfastness Standard L2, equals 7.24 +
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0.70 CIELAB units of color change as
determined by AATCC Evaluation Pro-
cedure 6. Other Lot designations of
AATCC Blue Wool Lightfastness Stan-
dard L2 equal the CIELAB unit of color
change specified on the calibration certif-
icate supplied with the standard as deter-
mined by AATCC Evaluation Procedure
6.

NOTE: The Xenon Reference fabric is
discontinued for calibration since it is
temperature sensitive. It is more appro-
priately used to monitor test chamber
temperature conformance (see Sections
12,324,325 and 32.7).

12. Verification of Test Chamber
Temperature by Xenon Reference
Fabric, Xenon-Arc Options

12.1 Expose the Xenon Reference
Fabric for 20 + 2 continuous light-on
operating hours at the specified tempera-
ture, humidity and selected option. As-
sess the exposed standard specimen, ei-
ther visually or instrumentally, by one of
the following:

12.1.1 Visual Comparison—If the
color change of the exposed standard
specimen equals the Xenon Reference
Fabric Standard of Fade in 20 + 2 contin-
uous light-on operating hours the test
equipment is maintaining the correct tem-
perature.

12.1.2 Instrumental Color Measure-
ment—If the exposed standard specimen
equals 20 + 1.7 CIELAB units of color

iation of Textile Ch
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change in 20 + 2 continuous light-on op-
erating hours, the test machine is provid-
ing the correct temperature.

12.2 If the exposed Xenon Reference
Fabric differs visually, or instrumentally,
from that specified in 12.1.1 or 12.1.2, as
applicable, afler 20 + 2 continuous light-
on operating hours, it is an indication that
temperature sensing units within the test
chamber are not calibrated or responding
correctly, or that the test equipment re-
quires maintenance. Verify the accuracy
of the temperature sensors and that all
machine functions are operating correctly
according to the manufacturer’s instruc-
tions. Replace temperature sensors if they
are defective.

13. AATCC Fading Unit Measurement by
AATCC Blue Wool Lightfasiness
Standards

13.1 The use of AATCC Blue Wool
Lightfastness Standards and AATCC
Fading Units provides a common expo-
sure standard across the various exposure
methods: daylight, carbon-arc lamp and
xenon-arc lamp. The terms clock hours
and machine hours are not valid reporting
methods.

13.2 Table II illustrates the number of
AATCC Fading Units to produce a color
change equal to Step 4 on the Gray Scale
for Color Change on each of the AATCC
Blue Wool Lightfastness Standards.

13.3 For instrumental color measure-
ment, the colorimetric data are calculated
using CIE 1964 10° observer data for Il-
luminant D, Express the color differ-
ence in CIELAB units as directed in
AATCC Evaluation Procedure 6. NOTE:
For Xenon-Arc, Alternating Light and
Dark, Option 4, although calibration is
conducted using continuous light-on op-
erating hours, it may take more or less
operating hours during the actual test
cycle due to the inclusion of the dark
periods.

14. AATCC Fading Unit Measurement
based on Speciral Irradiation,
Xenon-Arc, Options 3 and 4 only

14.1 For Options 3 and 4, 20 AATCC
Fading Units are produced by an expo-
sure interval of 85 kJ/(m*nm) measured
at 420 nm when xenon-arc machines are
operated at the conditions specified in
this test method (see Table IT).

Machine Exposure Procedures,
Options 1-5

15. Machine Exposure, General Conditions

15.1 Specimen Mounting. Mount the
framed test material on the specimen
rack. Make sure that all materials are ade-
quately supported, both top and bottom,
in proper alignment. Any displacement of
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the material toward or away from the
source, even by a small distance, may
lead to variation in fading between speci-
mens (see 8.2). The specimen rack must
be filled; card stock is used when the
number of specimens being tested is in-
sufficient to fill the specimen rack. The
card stock shall be white, not reflecting
cardboard (see 32.3). When alternate light
and dark cycles are required, begin expo-
sure at the start of the light cycle.

15.2 In the case of woven, knifted and
nonwoven fabrics, unless otherwise spec-
ified, ensure that the side normally used
as the face is directly exposed to the radi-
ant source.

15.3 Operate the test apparatus on a
daily basis until the selected exposure has
been completed. Avoid unnecessary de-
lays when interrupting the exposure pe-
riod to change filters, carbons or lamps,
as such delays may contribute to varia-
tions in results or lead to errors. When
available, monitor exposure test chamber
conditions with suitable recorders. If nec-
essary, readjust the controls to maintain
the specified test conditions. Verify cali-
bration of the test apparatus during the
test cycle (see Sections 10, 11, 12 and 13).

16. Machine Exposure fo ified
Mmmmmmmw

16.1 One-Step Method—Expose the
test specimens and applicable standards
for 5, 10, 20 or multiples of 20 AATCC
Fading Units until the specimen has been
exposed to the desired amount of radiant
energy defined in terms of AATCC Fad-
ing Units measured by simultaneous ex-
posure of the appropriate Blue Wool
Standard(s).

16.2 Two-Step Method—Proceed as
directed in 16.1, except double the expo-
sure arca of the test specimens. After the
specimen has been exposed to the first
specified level of radiant energy, remove
the specimens from the test chamber and
mask (cover) one-half of the exposed
area and continue the exposure for an ad-
ditional 20 or multiples of 20 AATCC
Fading Units until the specimen has been
exposed to the higher desired amount of
radiant energy.

16.3 In those machines equipped with
irradiation monitors, the AATCC Fading
Units of exposure can be determined and
controlled by measuring kJ/(m’nm) at
420 nm (see 14.1 and Table IT).

NOTE: The two-step method is pre-
ferred for the complete characterization
of the lightfastness of a test specimen.

17. Machine Exposure using a Reference
Specimen, Options 1-5
17.1 Expose the test specimen(s) and

reference specimen(s) simultaneously to
the required end point in terms of
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AATCC Fading Units, kilojoules per
squarc meter of irradiance or reference
specimen performance (that is, the refer-
ence specimen shows a color change
equal to Step 4 on the Gray Scale of
Color Change).

18. Machine Exposure for Lightfasiness
Classification

18.1 One-Step Method—Expose test
specimen(s) simultaneously with a series
of AATCC Blue Wool Lightfastmess
Standards or determine the number of
AATCC Fading Units required to pro-
duce a color change in the test specimen
equal to Step 4 on the Gray Scale for
Color Change (see 32.18).

18.2 Two-Step Method—Proceed as
directed in 18.1, except double the expo-
sure area of the test specimens. After the
specimen has been exposed to a color
change equal to Step 4 on the Gray Scale
for Color Change, remove the specimens
from the test chamber and mask (cover)
one-half of the exposed area and continue
the exposure until the test specimen ex-
hibits a color change equal to Step 3 on
the Gray Scale for Color Change (see
32.18).

Daylight Behind Glass

19. Daylight Behind Glass, General
Conditions, Option 6

19.1 Mount the AATCC Blue Wool
Lightfastness Standard(s) and the test spec-
imen(s) on cardboard with an opaque cover
(mask) covering one-half of the standard.

19.2 Expose standards and test speci-
men(s) simultaneously to the same test
conditions behind glass (see 32.11 and
Appendix B). Ensure that the face of the
exposed standard(s) and test specimen(s)
are at least 75.0 mm (3.0 in.) below the
inside surface of the plate glass cover and
are positioned at least 150.0 mm (6.0 in.)
in from the edges of the glass frame. The
back of the exposure cabinet may be var-
ied as follows to achieve the desired ex-
posure conditions:

Backing Exposure Condition
Open Low Temperature
Expanded Metal Medium Temperature
Solid High Temperature

Standard(s) and specimen(s) remain ex-
posed 24 h a day and are removed only
for inspection.

19.3 Monitor temperature and relative
humidity in the vicinity of the test cabi-
nets (see 32.17).

20. Daylight Behind Glass Exposure to a
Specified Amount of Radiant Energy

20.1 Use of AATCC Blue Wool Light-

212

fastness Standards—Mount reference and
test specimen(s) to be exposed as directed
in 19.1 and expose simultaneously to the
same test conditions behind glass as di-
rected in 19.2. Monitor the effect of light
by frequently removing the standard(s)
from the test frame and evaluating the
color change. Continue the exposure until
the standard exhibits a difference in color
between the exposed and masked portion
as described in Section 24. When the test
of the specimens is to be terminated after
exposure to a specified number of
AATCC Fading Units, choose the appro-
priate standard to achieve the end point.
The standards may be used as a set, 1.2
through L9, or in replicate sets exposed
consecutively to total a given end point;
that is, singularly expose two L2 stan-
dards to reach 10 fading units, or expose
one L3 standard to reach 10 fading units.

20.1.1 Remove the samples from expo-
sure when the desire AATCC Fading
Units have been achieved and evaluate as
specified in Evaluation of Results. For
multiple step exposure, that is, 5 fading
units and 20 fading units, a single sample
may be exposed and portions covered
(masked) at intervals measured by the
standard. The result will be a sample hav-
ing an original masked. unexposed sec-
tion and various sections which have
been exposed and subsequently masked.
Each section of the specimen, represent-
ing a stated exposure interval, can be
evaluated versus masked control or an
unexposed original portion of the sample.

20.2 Use of Irradiation Monitors—
Mount reference and test specimen(s) to
be exposed as directed in 19.1 and expose
them simultaneously to the same test con-
ditions behind glass as directed in 19.2.

NOTE: The exposure of the AATCC
Blue Wool Lightfastess Standards with
their known performance can be helpful
in determining whether any unusual con-
ditions were present during the test dura-
tion (see 32.13).

20.2.1 Record any one, or a combina-
tion of global, broad bandpass, or narrow
bandpass irradiation with a radiometer,
exposed under the same conditions as the
specimens.

20.2.2 Remove the reference and test
specimens from exposure when the de-
sired radiant energy, as measured by the
radiometer, has been achieved. For mulii-
ple step exposure, a single sample may be
exposed and portions covered (masked)
at intervals of measured radiant exposure
(see 20.1.1).

21. Daylight Exposure Using a Reference
Specimen

21.1 Substitute reference specimen(s)
for the AATCC Blue Wool Lightfastness
Standards and proceed as directed in 20.1
and 20.2, as applicable.
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22. Daylight Exposure for Lightfastness
Classification

22.1 One-Step Method—Expose test
specimen(s), as detailed in 19.1 and 19.2,
simultaneously with a series of AATCC
Blue Wool Lightfastness Standards or de-
termine the number of AATCC Fading
Units required to produce a color change
in the test specimen equal to Step 4 on the
Gray Scale for Color Change (see 32.18).

22.2 Two-Step Method—Proceed as di-
rected in 22.1, except double the exposure
area of the test specimens. After the speci-
men has been exposed to a color change
equal to Step 4 on the Gray Scale for
Color Change, remove the specimens
from the test chamber and mask (cover)
one-half of the exposed area and continue
the exposure until the test specimen exhib-
its a color change equal to Step 3 on the
Gray Scale for Color Change (see 32. 18).

Evaluation of Resulis

23. Conditioning

23.1 After the test exposure is com-
pleted, remove the test specimens and
comparison standards from exposure.
Condition in a dark room at standard con-
ditions for testing textiles, as directed in
ASTM D 1776, Siandard Practice [or
Conditioning and Testing Textiles. [65 +
2% RHand 21  1C (70 = 2F)] for a min-
imum of 4 h before evaluation.

24. Assessment of Color Change

24.1 Compare the exposed portion to
the masked control or to an unexposed
original portion of the specimen, as spec-
ified in a material specification or pur-
chase order. Complete characterization of
the lightfastness of a test specimen re-
quires evaluation at more than one level
of exposure (see 32.12).

24.2 Quantify the color change using
either the AATCC Gray Scale for Color
Change (preferred), or by colorimetric
measurement of color difference at the
specified exposure level whether in
AATCC Fading Units, kilojoules of radi-
ant energy, or compared to a reference
standard (see 32.18).

24.3 Determine total color difference
(AFcipiap) and the difference in lightness,
chroma, and hue (AL*, AC*, AH*). Use
instruments that provide values based on
the CIE 1976 equation using illuminant
Dgs and 10° observer data. For instru-
ments with diffuse geometry, include the
specular component of reflectance in the
measurements (refer to AATCC Evalua-
tion Procedure 6, Instrumental Color
Measurement).

25. Acceptance Based on Simultaneous
Emmnfalim::mspadmm

25.1 Assess color change of the mate-
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rial as directed in Section 24 in terms of
the agreed upon reference specimen.

252 Assess the lightfastness of the ma-
terial as follows:

25.2.1 Satisfactory—IF the test speci-
men exhibits a color change equal to or
less than the reference specimen at the
cxposurc level when the reference speci-
men shows a color change equal to Step 4
on the AATCC Gray Scale for Color
Change.

2522 Unsatisfactory—If the test
specimen exhibits a color change greater
than the reference specimen at the expo-
sure level when the reference specimen
shows a color change equal (o Step 4 on
the AATCC Gray Scale for Color Change.

26. Classification Based on the AATCC
Blue Wool Lightfastness Standards

26.1 One Step Exposure—Classify
lightfastness of the material by

(a) comparison of the color change of
the test specimen to that of a simulta-
neously exposed series of AATCC Blue
Wool Lightfastness Standards (see Table
HI). or

(b) determination of the number of
AATCC Fading Units required to pro-
duce a color change in the test specimen
equal to Step 4 of the Gray Scale for
Color Change (see Table II).

262 Two Step Exposure—Classify
lightfastness of the material by:

(c) determination of the number of
AATCC Fading Units required to pro-
duce color changes in the test specimen
equal to both a Step 4 and Step 3 on the
AATCC Gray Scale for Color Change
(see Table II).

26.2.1 Assign both classifications: the
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Step 3 level appears first, followed by the
Step 4 level in parentheses. For example,
a L5(4) classification would illustrate a
L5 classification at Step 3 color change
and a L4 classification at Step 4 color
change. When only one classification
number is assigned, it shall represent the
number of AATCC Fading Units to pro-
duce a Step 4 color change.

27. Classification above L7 AATCC Blue
Wool Lightfastness Standard

27.1 Using Table IV, classify lightfast-
ness above the L7 AATCC Blue Wool
Lightfastness Standard according to the
total number of consecutive L7 standards
exposed to Step 4 on the Gray Scale for
Color Change during the exposure cycle
that is required to produce a Step 4 color
change on the test specimen, and Table IV,

28. Report

28.1 Use Table V to report all applica-
ble information.

28.2 Report any deviation from Test
Method 16 or the performance of the ref-
erence standard.

28.3 Report all information in Table V
for the same conditions that the samples
and reference matcrials arc cxposed.

Precision and Bias

29. Precision

29.1 In 2002 a single laboratory study
was performed using a single operator.
This study was intended to be a tempo-
rary table of variances to give some indi-
cation of test variability. A complete in-
terlaboratory study is to be conducted in

Table IV—Classification by AATCC Biue Wool Lightfastness Standards Above L7

Number of L7 Standards Exposed

Equivalent AATCC
Equal To But Not Lightfastness Fading Unit
Less Than Greater Than More Than Class (AFU)
- 2 — L8 320
3 — 2 L8-9 -
- 3 - L8-9 480
4 - 3 L8-9 -
- 4 - L9 640
5 - 4 L9-10 =
— 5 - L9-10 800
6 - 5 Lg-10 —
il 6 - L9-10 960
7 — 6 L9-10 —
— 7 — L9-10 1120
8 Lot 7 L9-10 —
— 8 - Li0 1280
etc.® etc.* etc” eic.”

" A dassification increase of 1 represents the interval when the equivalent AATCC Fading Units are doubled
from the previous whole number classification. Any test specimen for which the number of L7 Standards
fall between two whole number classifications is assigned both the lower and higher classification defining
that interval.
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Operator's Name

Table V—Reporting Form

214

Sample Identiication

Material Exposed: Face

Colorfastness to Light Rating

Lightfastness Classification

Acceptance Compared to Reference Sample (Yes/No)
Test Specimen Compared To: Masked Portion

Unmasked Portion

Unexposed Original

Colorfastness to Light Rating determined by:

AATCC Gray Scale for Color Change

Instrumentally, Name Type

Classification Method

Reference Standard

Temperature Controlled By: Ambient (Dry Bulb) °C

Black Panel

°C Black Standard °C

Exposure Controlled By: AATCC Blue Wool Lightfastness Standards

Radiant Energy

Other

Total Radiant Energy

Type of Test Apparatus

Serial No.

Manufacturer's Name,

Model No.

Specimen Rack:  Inclined

2-Tier 3-Tier

Type of Water Supply

Horizontal

Option Employed

Elapsed Exposure Time

Mounting Procedure:  Backed

Unbacked

Sample Rotation Schedule

% Relative Humidity

For Option 6 only report the following:

Geographical Location

Exposure Dates:  From

To

Exposure Latitude

Exposure Angle

Exposed Behind Window Glass:  Yes/No
Daily Ambient Temperature: ~ Minimum

Daily Black Panel Temperature: Minimum

Test Environment Temperature: Minimum

Daily % Relative Humidity: Minimum

Hours of Wetness:  Rain

If Yes, Specify Type

°C  Maximum °C Avg. °C

°C Maximum °C Avg. °C

°C  Maximum °C Avg. °C

Maximum Avg.

Rain and Dew
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the near future for the purposes of preci-
sion and bias. Table values do not reflect
different types of material tested to this
standard. Between-Laboratory variabil-
ity is not indicated either. Special care
and consideration of the variances re-
ported must be used when examining test
variability problems.

29.1.1 Samples tested consisted of four
fabrics, with three replicates each. Expo-
sure conditions were those found in Op-
tion 3 of this method. Each sample was
evaluated instrumentally three times and
averages were calculated. The data is
found in Table VL.

29.1.2 Within-laboratory standard er-
rors and Sample Variance are shown in
Table VIL Data is on file at the AATCC
Technical Center.

30.1 The colorfastness to natural and
artificial light can be defined only in
terms of a test method. There is no inde-
pendent method for determining the true
value. As a means of estimating this
property, the method has no known bias.

31. References

31.1 AATCC Evaluation Procedure 1,
Gray Scale for Color Change (see 32.6).

31.2 AATCC Evaluation Procedure 6,
Instrumental Color Measurement (see
32.6).

31.3 ASTM G 151, Standard Practice
for Exposing Nonmetallic Materials in
Accelerated Test Devices that Use Labo-
ratory Light Sources.

31.4 ASTM G 153, Standard Practice
for Operating Enclosed Carbon-Arc
Light Apparatus for Exposure of Non-
metallic Materials (see 32.15).

315 ASTM G 24, Standard Practice
for Conducting Exposures to Daylight
Filtered through Glass (see 32.15).

31.6 ASTM G 155, Standard Practice
for Operating Xenon-Arc Light Appara-
tus for Exposure of Nonmetallic Materi-
als (see 32.15).

31.7 ISO 105, Part B, Textiles—Tests
for Colorfastness (see 32.16).

32. Notes

321 AATCC Blue Wool Lightfastness
Standards, except L2, are specially prepared
by blending varying proportions of wool dyed
with a very fugitive dyestuff, Frio Chrome
Azurole B (C 1. 43830) and wool dyed with a
fast dyestuff, Indigosol Blue AGG (C.L
73801). Each resultant higher numbered stan-
dard is twice as colorfast as the preceding
numbered standard. AATCC Blie Wool
Lightfastness Standards and the ISO num-
bered Blue Wool Lightfastness Standards (as
used in ISO 105-B01) produce different rat-
ings and therefore cannot be used interchange-
ably (see 32.6).

32.2 Black Thermometers are used to con-
trol an artificial weathering device and to pro-
vide an estimate of the maximum temperature
of samples exposed to a radiant energy source.
There are two types of Black Thermometers.
One type is referred to as a “Black Panel Ther-
mometer” which is uninsulated and is made of
metal The other type is referred to as a “Black
Standard Thermometer” which is insulated
and is made of metal with a plastic backing.
As a point of information, some [SO specifi-
cations specify the use of a “Black Standard
Thermometer.™ Typically, Black Standard
Thermometers indicate higher temperatures
than Black Panel Thermometers under the
same exposure conditions.

The Black Thermometer units indicate the
absorbed irradiance minus the heat dissipated
by conduction and convection. Keep the black
face of these thermometer units in good condi-
tion. Follow the manufacturer’s recommenda-
tions for proper care and maintenance of Black

Table VI—AE

Brown #1 Brown #2 Green Blue
Sample 1 0.61 241 204
Sample 2 0.92 3.18 265
Sample 3 0.56 259 2.1
Average 0.697 1.333 2727 2263

Table VIl—Within-Laboratory Standard Errors and Sample Variance

Sample
Identification Standard Dev.  Standard Error  Sample Variance 95% Confidence
Brown #1 0.195 0.1125956 0.0380333 0.4844603
Brown #2 0.399 0.2305308 0.1594333 0.9918946
Green 0.403 0.2325463 0.1622333 1.0005666
Blue 0.336 0.1941076 0.1130333 0.8351784

“Note: Because the interlaboratory test included less than five laboratories, estimates of standard error and
sample variance may be either underestimated or overestimated to a considerable extent and should be

used with
dence intervals are not well established.
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special caution. The values should be viewed as minimal data with regards to precision. Confi-
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Thermometers.

322.1 For Black Panel Thermometers:
Testing temperature is measured and regulated
by a Black Panel Thermometer unit mounted
on the specimen rack to permit the face of it to
receive the same exposure as the test speci-
men. Black Panel Thermometers shall consist
of a metal panel at least 70 x 150 mm and not
less than 45 x 100 mm whosc temperature is
measured with a thermometer or thermocou-
ple whose sensitive portion is located in the
center of and in good contact with the panel.
The side of the panel facing the light source
shall be black with a reflectance of less than
5% throughout the spectrum of light reaching
the specimen;, the side of the panel not facing
the light source shall be open to the atmo-
sphere within the exposure chamber.

3222 For Black Standard Thermometers:
Testing temperature is measured and regulated
by a black standard thermometer unit mounted
on the specimen rack to permit the face of it to
receive the same exposure as the test speci-
men. The Black Standard Thermometer shall
consist of a plane of stainless steel plate mea-
suring 70 x 40 mm with a thickness of about
(.5 mm, whose temperature is measured by a
thermal resistor, with good heat-conducting
properties, fitted to the reverse side. The metal
plate is fixed to a plastic plate so that it is ther-
mally insulated. The side of the panel facing
the light source shall be black with a reflec-
tance of less than 5% throughout the spectrum
of light reaching the specimen.

32.3 For potential equipment information
pertaining to this test method, please visit
the online AATCC Buyer'’s Guide at http://
www.aatcc.org/bg. AATCC provides the pos-
sibility of listing equipment and materials sold
by its Corporate members, but AATCC does
not qualify, or in any way approve, endorse or
certify that any of the listed equipment or
materials meets the requirements in its test
methods.

32.4 The Xenon Reference Fabric is a knit
of 150 denier textured polyester yarn in a dou-
ble pique stitch, dyed to a purple shade with
1.8% of 2 4-dinitro-6-bromo-2-amino-4—
(NN-diethylamino) azobenzene at 129°C
(265°F) for 1 h and then heat set at 179°C
(335°F) for 30 s (see 32.7).

32.5 More uniform and reproducible fading
of the AATCC Bluc Wool Lightfastncss Stan-
dards, Xenon Reference Fabric, and test speci-
mens is achieved when backed with white
cardboard. The color difference values in the
initial determination of the end point for both
the Xenon Reference Fabric and the AATCC
Blue Wool Lightfastness Standards were de-
termined from exposures with such backing.
Although tolerances are given for both the
AATCC Blue Wool Lightfusiness Standards
and Xenon Reference Fabric, every effort
should be made to achieve the midpoint value
given for these standards. For referee pur-
poses, the Xenon Reference Fabric and
AATCC Blue Wool Lighttastness Standards
will be exposed in multiples of three and the
average color difference in the case of the Xe-
non Reference Fabric will be 20 + 1.7
CIELAB units and in the case of the AATCC
Blue Wool Lightfastness Standards will be 1.7
+0.3 CIELAB units.

326 Available from AATCC, PO. Box
12215, Research Trangle Park NC 27709,
tel: 919/549-8141; fax: 919/549-8933; e-mail:
orders@aatcc.org, web site: www.aatce.org.
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Table VIll—Temperature vs. Color Change,

Xenon Reference Fabric®
Black-Panel AE
Temperature (CIELAB)

58°C 16.0

63°C 200

68°C 238
* see Note 329,

32.7 The Xenon Reference Fabric Standard
of Fade is used as a visual or instrumental ref-
erence for test chamber temperature verifica-
tion. The measured instrumental color
difference value will be shown on each stan-
dard of fade. The Xenon Reference Fabric is
sensitive to temperature as shown m Table
VIIL

328 Pile fabric, such as carpets, which
have fibers that may shift position, or texture
which may make evaluations in small areas
difficult should be tested with an exposed area
of not less than approximately 40,0 x 50.0 mm
(1.6 x 2.0 in.). Expose sufficient size or multi-
ple specimens to include all colors in the

sample.

32.9 Sample frames must be made of stain-
less steel, aluminum, or suitably coated steel
to avoid contaminating the specimens with
metallic impurities that might catalyze or in-
hibit the degradation. When samples are
fastened with staples, they should be of the
nonferrous type overcoated to avoid contami-
nation of the specimen by corrosion products.
Metal frames must have a dull finish and be
designed to avoid reflectances that could in-
fluence the performance of the material.
Frames shall conform to the curvature of the
specimen rack. The size of the frame is deter-
mined by the type specimens required for indi-
vidual property requirements.

32.10 In Table C1, the data are for a typical
spectral power distribution for an enclosed
carbon-arc with a borosilicate glass globe. The
daylight data are for global irradiance on a
horizontal surface with an air mass of 1.2, col-
umn ozone 0294 atm cm, 30% relative hu-
midity, altitude 2100 m (atmospheric pressure
of 787.8 mb), and an aerosol ted by an
optical thickness of 0.081 at 300 nm and 0.62
at 400 nm. Data from 701-800 nm is not
shown.

The following references provide back-
ground information on radiation measure-
ments by Light Control Systems:

32.10.1 Handbook of Chemistry & Physics,
61st Edition, 1980, edited by Robert C. Weast,
The Chemical Rubber Co., Cleveland OH.

32.10.2 International Commission on 1llu-
mination (CIE) Publication No. 20, 1972.

32.10.3 Atlas Sun Spots, Vol. 4, No 9,
Spring 1975, Atlas Material Testing Technol-
ogy LLC, Chicago, IL..

32.11 In order to reduce variability due to
changes in UV transmission of glass, all new
glass shall be exposed facing the equator, at
the site latitude angle, or on an empty under
glass exposure cabinet, for at least three
months prior to installation in test cabinets.

32.11.1 Afier the three-month exposure pe-
riod, it is recommended that the spectral trans-
mittance of representative samples from each
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lot of glass be measured. Typically “single
strength™ glass will have a transmittance of
10-20% at 320 nm and at least 85% at wave-
lengths of 380 nm or higher after the three-
month pre-aging procedure. If transmittance
of the glass is measured, report the average for
at least three pieces of the lot of glass being
tested. Follow the instructions for measure-
ment of transmittance of solid samples recom-
mended by the manufacturer of the UV-visible
spectrophotometer used. If a spectrophotome-
ter with an integrating sphere is used, the mea-
surements shall be performed in accordance
with ASTM E 903, Test Method for Solar Ab-
sorptance, Reflectance, and Transmittance of
Materials Using Integrating Spheres. Addi-
tional information on this subject is contained
in the following ASTM paper by W. D. Ketola
and J. S. Robbins: “UV Transmission of Sin-
gle Strength Window Glass,” Accelerated and
Outdoor Durability Testing of Organic Mate-
rials, ASTM STP 1202, Warren D. Ketola and
Douglas Grossman, Eds., American Society
for Testing and Materials, Philadelphia, 1993.

32.12 A difference in color between origi-
nal material and the covered portion of the ex-
posed specimen indicates that the textile has
been affected by some agent other than light,
such as heat or a reactive gas in the atmo-
sphere. Although the exact cause of this differ-
ence in color may not be known, it should be
noted in the report when it occurs,

32.13 In some cases high humidity, in com-
bination with atmospheric contaminants, has
been found to produce color changes as great
as those produced by light When requested,
prepare a duplicate set of test specimens and
standards mounted on cardboard, but not
masked, and expose simultaneously in another
cabinet of the same type used in the light ex-
posures but with the glass covered with an
opaque material so that the light is excluded.
Since there is a combined effect of light, tem-
perature, humidity and atmospheric contami-
nants, it cannot be assumed that a comparison
between specimens exposed in the covered
cabinet and in the uncovered cabinet under
glass will permit separating the effects pro-
duced by light only. However, a companison
of the two sets of specimens with a piece of
the original which has not been in an exposure
cabinet will indicate whether a material is sen-
sitive to moisture and atmospheric contami-
nants. This may also help to explain why
different results may be obtained with the
same amount of radiant energy in daylight ex-
posures made at different times and in differ-
ent locations.

32.14 Interlaboratory Test Summary—
Committee RA50 has conducted extensive
studies to evaluate the use of radiation moni-
toring devices to lerminate exposures in light-
fastness testing. Data has been collected in
interlaboratory studies using controlled irradi-
ance, xenon-arc equipment and in daylight ex-
posures conducted during a two-year period in
both Arizona and Southem Florida. In both
studies, one laboratory conducted instrumen-
tal measurement of the color change for all ex-
posed specimens.

The interlaboratory studies were under-
taken, using eight different lightfastness stan-
dard fabrics, to determine the definition of 20
AATCC Fading Units in terms of measured
radiation. These studies showed that accept-
able agreement between laboratories can be
obtained for lightfastness testing providing the

216

following variables are controlled: irradiance
level, black-panel temperature, ambient tem-
perature and relative humidity. Overall, there
was less than 10% variability in the instru-
mentally determined color change of speci-
mens exposed in different laboratories. For all
specimens tested the standard deviation was
equivalent fo less than one-half step on the
Gray Scale for Color Change. As a result of
these tests, 20 AATCC Fading Units was es-
tablished at 85 KJ/(m*nm) when measured at
420 nm (approximately 21.5 continuous light—
on operating hr) when tested at the conditions
specified for Xenon-Arc Lamp, Continuous
Light, Option 3

For the daylight studies, 16 different fab-
rics, in addition to AATCC and ISO Blue
Wool Lightfasiness standard (abrics, were ex-
posed. An exposure series was begun each
quarter year at two locations over a two-year
period. Exposures were terminated based on
mstrumental measurement of radiant energy
dosage. A wide variation in climatic condi-
tions was encountered during the test period.
The data obtained clearly shows that the color
change of individual specimens is aftected dif-
ferently by vanations in temperature, humid-
ity, atmospheric contaminants, etc.; however,
the single most significant variable is radia-
tion. The variation in color change resulting
from exposure during different years, loca-
tions, and seasons, averaged + 30%.,

A more detailed summary of these test re-
sults was presented to the 14th meeting of
ISO, Technical Committee 38, Subcommittee
1 as Document 38/1 N 993, USA Report on
Monitoring of Radiation during Lightfastness
Testing.

32.15 Available from ASTM, 100 Barr
Harbor Dr., West Conshohocken PA 19428;
tel: 610/832-9500, fax: 610/832-9555; web
site: www.astm.org.

32.16 Available from American National
Standards Institute, Inc., 11 W. 42nd St, 13th
FL, New York NY 10036; tel: 212/642-4900;
fax: 212/302-1286; web site: www.ansi.org.

32.17 For measuring temperature and rela-
tive humidity of the air under the same condi-
tions that the samples and reference materials
are exposed and in the vicinity of test cabinets,
any suitable indicating or recording instru-
ment may be used. Continuous recording of
temperature and relative humidity is preferred.

32.18 An automated electronic grading sys-
tem may be used as long as the system has
been demonstrated to provide results that are
equal to and provide equal or better repeatabil-
ity and reproducibility than an experienced
grader performing visual evaluations.

Appendix A

A. Xenon-Arc Lamp Fading Apparatus

Al Different types of xenon-arc test
apparatus may be utilized provided that
the test apparatus is capable of automati-
cally controlling irradiance level, humid-
ity level, chamber air temperature, and
Black Panel or Black Standard Ther-
mometer tem ;

A2 The design of the test chamber may
vary, but it should be constructed from
corrosion resistant material.

A3 Xenon-Arc Light Source. The
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xenon-arc test apparatus utilizes a long-
arc quartz-jacketed xenon-arc lamp as the
source of irradiance which emits radia-
tion from below 270 nm in (he ultraviolet

through the visible spectrum and into the
infrared

While all of the xenon-arc lamps are of
the same general type, different size
lamps operated in different wattage
ranges are employed in several sizes and
types of apparatus. In each of the various
models, the diameter and height of the
specimen rack varies according to the
lamp size and the wattage at which it is
operated to provide an irradiance at the
face of the specimen of 1.10 + 0.03 W/
(m’nm) measured at 420 nm or equiva-
lent when exposed in standard holders.

A3.1 Aging of the xenon burners or fil-
ters can result in changes in lamp spec-
trum. Changes in lamp spectrum may also
be caused by accumulation of dirt or other
residue in or on the burner envelope.

A3.2 Filter—In order for xenon-arcs to
simulate terrestrial daylight, filters must
be used to remove short wavelength UV
radiation. In addition, filters to remove
infrared radiation may be used to prevent
unrealistic heating of test specimens that
can cause thermal degradation not experi-
enced during outdoor exposures. Filters
to reduce irradiance at wavelengths
shorter than 310 nm must be used to sim-
ulate daylight filtered through window
glass

The instrument manufacturers’ recom-

mendations should be used to provide the
appropriate spectrum (see A3.4 below).
Replace filters when chipped, cracked, or
when discoloration or milkiness devel-
ops. Discard xenon lamp tubes and filters
at the manufacturer’s recommended time
intervals or sooner, or when 20 AATCC
Fading Units can no longer be attained in
20 + 2 continuous light-on operating
(clock) hours.

A33 Spectral Irradiance of Filtered
Xenon-Arc—Figure Al shows the de-
sired relative spectral power distribution
for filtered xenon-arcs comply with these
limits. The acceptable limits for variation
of the relative spectral power distribution
shown in Fig. Al are on file at the
AATCC Technical Center.

A3 4 Follow the device manufacturer’s
instructions for recommended mainte-
nance.

Appendix B

B. Daylight Exposure Cabinet and Location

BI1 The daylight exposure cabinet shall
consist of a glass-covered enclosure of
any convenient size constructed of metal,
wood or other satisfactory material to
protect the specimens from rain and
weather, and be well ventilated to allow
free flow of air over the specimens. The
glass cover shall be a sheet 2.0-2.5 mm
thick piece of good grade, clear and flat-
drawn. It shall be single strength, free of
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bubbles or other imperfections.

B2 The enclosure or cabinet shall be
equipped with a rack which supports the
specimens in a plane parallel to that of
the glass cover with the face of the speci-
men at a distance below it of not less than
75.0 mm (3.0 in.). The specimen mount-
ing rack shall be constructed of a material
that is compatible with the test speci-
mens. It may be cither the open type pro-
viding good ventilation on the back side
of the specimen, or of a solid material as
required. To minimize shadows from the
top and the sides of the cabinet, the us-
able exposure area under glass shall be
limited to that of the glass cover reduced
by twice the distance from the cover to
the specimens.

B3 The cabinet shall be located where
it will receive direct daylight throughout
the day and where shadows of objects in
the vicinity will not fall upon it. When
the cabinet is installed over soil, the dis-
tance between the bottom of the cabinet
and the plane of the cleared area shall be
great enough to prevent any undesirable
effects of contact with grass or other
plant growth during the period of expo-
sure.

B4 The glass cover and the test speci-
men shall slope toward the equator at an
angle from the horizontal equal in de-
grees to approximately the latitude of the
location at which the tests are being
made. Other angles of exposure, such as
45° may be used. but the angle must be
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Fig. A1—Filtered Xenon Lamp Speciral Power Distribution Controlled at 1.1 W/(m’nm) at 420 nm

AATCC Technical Manual/2010

™ 16-2004 35

Copyright © 2009 American Association of Textile Chemists and Colorists



reported in the results of test.

B5 Exposure cabinets shall be located
in cleared areas, preferably at a suitable
number of climatologically different sites
representing the various conditions under
which the material will be used. Major
climatological variations include subtrop-
ical, desert, scashore (salt air), industrial
atmosphere and areas exhibiting a wide
range in percentage of available sun-
shine. The area beneath and in the vicin-
ity of the cabinets should be character-
ized by low reflectance and be typical of
the ground cover in that climatological
area. In desert arcas, it should be gravel
whereas in most temperature and sub-
tropical areas, it should be low cut grass.
The type of ground cover should be indi-
cated in the report.

B6 Instruments for determining clima-
tological data during the exposure period
shall be operated in the immediate area of
the exposure cabinets. When requested.
data obtained shall be reported as part of
the results of the test. To characterize the
conditions around the test frame, these
instruments should be capable of record-
ing: ambient temperature (daily mini-
mum and maximum), relative humidity
(daily minimum and maximum), hours of
precipitation (rain), and total hours of
wetness (rain and dew). To characterize
the conditions within the test frame, these
instruments should be capable of record-
ing: ambient temperature under glass
(daily minimum and maximum). black
temperature sensor under glass, total ra-
diant energy and ultraviolet radiant en-
ergy (either broad or narrow bandpass) at
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the same angle of exposure as the test
specimens, and relative humidity (daily
minimum and maximum) (see 32.17).

Appendix C

C. Enclosed Carbon-Arc Lamp Fading
Apparatus

C1. Different types of carbon-arc test
apparatus may be utilized. The design of
the test chamber may vary, but it should
be constructed from corrosion resistant
material, and in addition to the radiant
source, may provide for means of
controlling temperature and relative
humidity.

Cl1.1 Laboratory Light Source—En-
closed carbon-arc light sources typically
use carbon rods which contain a mixture
of metal salts. An electric current is
passed between the carbon rods which
bumn and give off ultraviolet, visible and
infrared radiation. Use carbon rods rec-
ommended by the device manufacturer.

C1.2 Filter—The most commonly used
filters are borosilicate glass globes which
fit around the carbon burners.

C1.3 The emission spectra of the en-
closed carbon-arc shows strong emission
in the long wavelength ultraviolet region.
Emissions in the visible, infrared and
short wavelength ultraviolet below 350
nm are generally weaker than in daylight
behind window glass (see Table C1). The
enclosed carbon-arc does not provide a
good match to natural daylight.

C1.3.1 Spectral Irradiance for En-
closed Carbon-Arc with Borosilicate Fil-
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Table C1—Typical Spectral Power

Distribution for Enclosed Carbon-Arc with
Borosilicate Filters. Ultraviolet Wavelength
Region Iradiance as a Percentage of Total

Irradiance from 300-400 nm
Enclosed
Carhon-Arc
with
Borosilicate
Bandpass (nm)  Filters Sunlight

290-320 0% 5.6%
320-360 20.5% 40.2%
360-400 79.5% 54.2%

ters—Table C1 is representative of the
spectral irradiance received by a ftest
specimen mounted in the specimen plane.

C1.4 See 32.10 for additional informa-
tion.

C1.5 Thermometer—A Black Panel or
Black Standard Thermometer may be
used and shall conform to the descrip-
tions found in 32.2.1 and 32.2.2. The type
of thermometer used, the method of
mounting on specimen holder, and the
exposure temperature shall be stated in
the test report.

CL6 Relative Humidity—The test
chamber may be equipped with a means
to measure and control the relative hu-
midity. Such instruments shall be
shielded from the light source.

C1.7 Apparatus Maintenance—The
test apparatus requires periodic mainte-
nance to maintain uniform exposure con-
ditions. Perform required maintenance in
accordance with manufacturer’s instruc-
tions.

AATCC Technical Manual/2010
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Colorfastness to Laundering: Accelerated

Developed in 1950 by AATCC Committee
RAGO; revised 1952, 1954, 1957, 1960,
1961, 1970, 1972, 1986 (title change),
1989, 1993, 1994, 1996, 2003, 2006
sutle chggge). 2007, 2009; reaffirmed
956, 1962, 1965, 1968, 1969, 1975,
1980, 1985; editorially revised 1973,
1974, 1975, 1976, 1981, 1983, 1984,
1991, 1995, 1998, 2002, 2004, 2008;
editorially revised and reaffirmed 2001.
Partly equivalent to 1SO 105-C06.

1. Purpose and Scope

1.1 These accelerated laundering tests
are to evaluate the colorfastness to laun-
dering of textiles which are expected to
withstand frequent laundering. The fabric
color loss and surface changes resulting
from detergent solution and abrasive ac-
tion of five typical hand or home launder-
ings, with or without chlorine, are
roughly approximated by onc 45 min test
(scc 9.2-9.6). Howcever, the staining cf-
fect produced by five typical hand or
home launderings cannot always be pre-
dicted by the 45 min test. Staining is a
function of the ratio of colored to undyed
fabrics, fiber content of fabrics in the
wash load and other end-use conditions
which are not always predictable.

1.2 When this test method was origi-
nally developed, various options of this
method were intended to cvaluate the
color change and staining by five home
or commercial launderings, on an accel-
erated basis. Throughout the years, com-
mercial laundering procedures have
changed and commercial cleaning today
involves many different types of pro-
cesses, dependent on the type of product
being cleaned that cannot be duplicated
by one accelerated laboratory procedure.
In 2005, all references to commercial
laundering were removed as it is not
known if these procedures accurately rep-
licate typical commercial laundering pro-
cesses used today.

2. Principle

2.1 Specimens are tested under appro-
priate conditions of temperature, deter-
gent solution, bleaching and abrasive ac-
tion such that the color change is similar
to thal occurring in five hand or home
launderings. The color change is obtained
in a conveniently short time. The abra-
sive action is a result of the frictional ef-
fects of fabric against canister, the low li-
quor ratio and the impact of the steel balls
on the fabric.
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3. Terminology

3.1 colorfastness, n —the resistance of
a material to change in any of its color
characteristics, to transfer of its color-
ant(s) to adjacent materials or both, as a
result of the exposure of the material to
any environment that might be encoun-
tered during the processing, testing, stor-
age or use of the material.

3.2 laundering, n.—of textile mate-
rials, a process intended to remove soils
and/or stains by treatment (washing) with
an aqueous detergent solution and nor-
mally including subsequent rinsing, ex-
tracting and drying.

4. Safety Precautions

NOTE: These safety precautions are
for information purposes only. The pre-
cautions are ancillary to the testing proce-
dures and are not intended to be all inclu-
sive. It is the user’s responsibility to use
safe and proper techniques in handling
materials in the test method. Manufactur-
ers MUST be consulted for specific de-
tails such as material safety data sheets
and other manufacturer’s recommenda-
tions. All OSHA standards and rules
must also be consulted and followed.

4.1 Good laboratory practices should
be followed. Wear safety glasses in all
laboratory areas.

4.2 All chemicals should be handled
with care.

4.3 The 1993 AATCC Standard Refer-
ence Detergent WOB may cause irrita-
tion. Care should be taken to prevent ex-
posure to skin and eyes.

4.4 An eyewash/safety shower should
be located nearby for emergency use.

4.5 Manufacturer’s safety recommen-
dations should be followed when operat-
ing laboratory testing equipment.

5. Apparatus, Reagents and Materials
(see 12.1)

5.1 Accelerated laundering machine.

5.1.1 A laundering machine for rotat-
ing closed canisters in a thermostatically
controlled water bath at 40 + 2 rpm.

5.1.2 Stainless steel lever lock canis-
ters Type 1 500 mL (1 pt). 75 x 125 mm
(3.0 5.0 in.) for Test No. 1A.

5.1.3 Stainless steel lever lock canisters
Type 2 1200 mL, 90 x 200 mm (3.5 x 8.0
in.) for Tests No. 1B, 2A, 3A, 4A and SA.

5.1.4 Adapter plates for holding canisters
(see 5.1.3) on laundering machine shaft.

5.1.5 Stainless steel balls, 6 mm (0.25
in.) in diameter.

5.1.6 Whitc Synthctic (SBR) Rubber
Balls 9-10 mm (3/8 in.) dia. 70 Durome-
ter hardness for Test 1B (see 12.1)

5.1.7 Teflon fluorocarbon gaskets (see
74.2and 12.2).

5.1.8 Preheater/storage  module  (sce
74,12.1 and 12.3).

5.2 Scales for rating test results,

5.2.1 AATCC Chromatic Transference
Scale (see 12.4).

5.2.2 Gray Scale for Color Change (see
12.4).

523 Gray Scale for Staining (see
12.4).

5.3 Reagents and materials.

5.3.1 Multifiber test fabrics (8 mm
[0.33 in.] filling bands) containing ace-
tate, cotton, nylon, silk. viscose rayon
and wool. Multifiber test fabrics (8 mm
[0.33 in ] filling bands) and (15 mm [0.6
in.] filling bands) containing acetate, cot-
ton, nylon, polyester, acrylic and wool
(see 12.5).

5.3.2 Bleached cotton test fabric, 32 x
32 ends x picks/cm (80 x 80 ends x
picks/in.) construction, 100 + 3 g/m* (3.0
+ 0.1 oz/yd®). desized without fluorescent
whitening agent (see 12.5).

5331993 AATCC Standard Refer-
ence Detergent WOB (without fluores-
cent whitening agent and without phos-
phate) or 2003 AATCC Standard
Reference Liquid Detergent WOB (sce
10.5 and 12.7).

5341993 AATCC Standard Refer-
ence Detergent (with fluorescent whiten-
ing agent) (see 10.5 and 12.6).

5.3.5 Water, distilled or deionized (see
12.8).

5.3.6 Sodium hypochlorite (NaOCI)
bleach (see 12.9).

5.3.7 Sulfuric acid (H,SO,), 10% (see
12.9.1).

5.3.8 Potassium iodide (KI), 10% (sce
12.9.1).

5.3.9 Sodium thiosulfate (Na,S.0,),
0.1N (see 12.9.1).

5.3.10 Crockmeter test cloth cut in 50
mm (2 in.) squares (see 12.10).

5.3.11 White cards (specimen mounts)
with ¥ tristimulus value at least 85%.

6. Test Specimens

6.1 The sizes of the specimens required
for the various tests arc as follows:

50 x 100 mm (2.0 x 4.0 in.) for Test
No. 1A,

50 % 150 mm (2.0 x 6.0 in.) for Tests
No. 1B, 2A, 3A, 4A and 5A.

6.2 Test only one specimen in each
canister.
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6.2.1 Test one specimen per laboratory
sample. Replication may be advisable for
improved precision.

6.3 To determine staining in Tests No.
1A and 2A, use multifiber test fabric. To
determine staining in Test No. 3A, use ei-
ther multifiber test fabric or bleached cot-
ton test fabric. With respect to Test No. 3A,
the use of multifiber test fabric is optional
but the staining of acetate, nylon, polyester
and acrylic is disregarded unless one of
these fibers is present in the fabric being
tested or known to be in the final garment.
For Test 3A, multifiber test fabric with
heat-scaled edges is recommended. Stain-
ing is not determined in Tests No. 4A and
5A (see 12.11 and 12.12).

6.4 Specimen preparation.

6.4.1 Preparation with multifiber test
fabric with individual component bands
8 mm (0.33 in.) wide or with bleached
cotton test fabric. Prepare pieces with a
50 mm (2.0 in.) square of multifiber test
fabric cloth or bleached cotton test fabric
(as required) sewn, stapled or suitably
attached along one 50 mm (2.0 in.) edge
of the test specimen and in contact with
the face of the material. When multifiber
test fabric is used, attach it so that each of
the six fiber bands is along the 50 mm
(2.0 in.) edge of the specimen with the
wool on the right. The fiber bands in the
multifiber test fabric will be parallel to the
lengthwise direction of the test specimen.

6.4.2 Preparation with multifiber test
fabric with individual component bands
15 mm (0.6 in.) wide. Prepare pieces with
a 50 x 100 mm (2.0 x 4.0 in.) rectangle of
multifiber test fabric sewn, stapled or
suitably attached centered along one 100
mm (4.0 in.) or 150 mm (6.0 in.) edge of
the test specimen and in contact with the
face of the material. Attach it so that each
of the six fiber bands will be parallel to
the widthwise direction of the specimen.
Attach and secure the wool band at the
top of the specimen to avoid fiber loss.

6.4.3 It is recommended that knitted
fabrics be sewn or stapled at the four
cdges to equivalent size pieces of
bleached cotton test fabric to avoid rolled
edges and to assist in obtaining a uniform
test result over the entire surface. Attach
the multifiber test fabric to the face of the
knitted fabric.

6.4.4 For pile fabric specimens with a
pile lay direction, attach the multifiber
test fabric at the top of the specimen with
the pile lay direction pointing away from
the top of the specimen.

6.5 When the textile to be tested is
yarn, specimens may be tested using Op-
tion 1 or Option 2.

6.5.1 Option 1. Knit yarn on an appro-
priate sample knitting machine. Prepare
specimens and multifiber test fabrics ac-
cording to 6.1-6.4.3. Keep one knitted
specimen of cach sample as an unwashed

original.
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6.5.2 Option 2. Prepare two 110 m
(120 yd) skeins of each yam. Fold the
skein so that there is a uniform amount of
yarn across a 50 mm (2 in.) width with a
length appropriate for the procedure to be
used. Keep one skein of each sample as
an unwashed original. Sew or staple
Crockmeter test cloth squares (see 12.10)
or squares of bleached cotton test fabric
having approximately the same weight
folded over each end of the layered yarn
specimen. Attach a multifiber test fabric
according to 6.4.1 or 6.4.2.

7. Procedure

7.1Table I summarizes the conditions
of the tests.

7.2 Adjust the laundering machine to
maintain the designated bath tempera-
ture. Prepare the required volume of
wash liquor. Preheat this solution to the
prescribed temperature.

7.3 Run Test No. 1A in 75 x 125 mm
(3.0 % 5.0 in.) lever lock stainless steel
canisters. Run Tests No. 2A, 3A, 4A and
5A in 90 x 200 mm (3.5 x 8.0 in.) lever
lock stainless steel canisters.

7.3.1 For Tests No. 1A, 1B, 2A and
3A, add to the canister the amount of de-
tergent solution designated in Table L.

7.3.2 For Test No. 4A. prepare a 1500
ppm available chlorine solution. For 1 L,
determine the amount of stock sodium
hypochlorite bleach solution (see 12.9) to
dilute as follows:

159.4/% NaOCl = g to add

Weigh the correct amount of bleach into a
volumetric flask and dilute to 1 L. To
each canister, add 5 mL of 1500 ppm
available chlorine solution and 45 mL of
detergent solution making a total volume
of 50 mL.

7.3.3 For Test No. 5A, determine the
amount of stock sodium hypochlorite
bleach solution (see 12.9) to dilute as
follows:

4.54/% NaOCl = g to add

Weigh the correct amount of bleach into a
graduated cylinder and add detergent so-
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lution to make a total volume of 150 mL.
Prepare this solution separately for each
canister.

7.3.4 For all the tests, add the desig-
nated number of stainless steel balls or
white rubber balls to each canister.

7.4 The two options for preheating the
canisters to the test temperature are by
use of the laundering machine or the pre-
heater/storage unit. If the canisters are to
be preheated in the laundering machine,
proceed to 7.4.2.

7.4.1 Place the canisters in the pre-
heater module at the prescribed test tem-
perature. They are to remain in the
module for at least 2 min. Enter a well
crumpled test specimen into each canister.

7.4.2 Clamp the covers on the canis-
ters. A Teflon fluorocarbon gasket (see
5.1.6) may be inserted between the neo-
prene gasket and the top of each canister
to prevent contamination of the wash so-
lution by the neoprene. Fasten the 75 %
125 mm (3.0 x 5.0 in.) lever lock canis-
ters vertically and the 90 x 200 mm (3.5
% 8.0 in.) lever lock canisters horizontally
in the adapters on the rotor of the laun-
dering machine in such a manner that
when the canisters rotate, the covers
strike the water first. Place an equal num-
ber of canisters on each side of the shaft.
For canisters preheated in the module,
proceed to 7.7.

7.5 Start the rotor and run it for at least
2 min to preheat the canisters.

7.6 Stop the rotor and with a row of
canisters in an upright position, unclamp
the cover of one canister, enter a well
crumpled test specimen into the solution
and replace the cover, but do not clamp it.
Repeat this operation until all the canis-
ters in the row have been loaded. Then
clamp the covers in the same order in
which the canisters were loaded (delay
clamping the covers to allow equalization
of pressure). Repeat this operation until
all rows of canisters have been loaded.

7.7 Start the laundering machine and
run it at 40 + 2 rpm for 45 min.

7.8 The rinsing, extracting and drying
procedures are the same for all the tests.

Table I—Test Conditions®
Percent  Percent Percent
Temp Total Powder  Liquid Available
Liqguor Detergent Detergent Chlorine No. No.of

Test Volume of Total of Total of Total Steel Rubber Time
No. °C(x°2) °F(¢°4) (mL) Volume Volume Volume Balls Balls (Min)
1A 40 105 200 0.37 None 10 45
1B° kil 88 150 0.37 0.56 None 10 20
2A 49 120 150 0.15 None 50 45
3A b 160 50 0.15 None 100 45
4A 71 160 50 0.15 0.015 100 45
5A 49 120 150 0.15 0.027 50 45

*Refer fo Section 9 for objectives for each test method.

"Test 1B is the first test that includes the use of the standard liquid detergent and the use of Rubber Balls instead of

Stainless Steel Balls.
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Stop the machine, remove the canisters
and empty the contents into beakers,
keeping each test specimen in a separate
beaker. Rinse each test specimen three
times, in beakers, in distilled or deionized
water at 40 + 3°C (105 + 5°F) for 1 min
periods with occasional stirring or hand
squeezing. To remove excess water, cen-
trifuge, blot or pass the test specimens
through wringer rolls. Dry the specimens
in an air circulating oven in which the
temperature does not exceed 71°C
(160°F), or tumble dry in a nylon mesh
bag in an automatic tumble dryer at nor-
mal cycle, which has an exhaust tempera-
ture of 60-71°C (140-160°F), or air dry.

7.9 Allow specimens to condition at 65
* 2% relative humidity and 21 + 1°C (70
+ 2°F) for 1 h before evaluating.

7.10 Prepare tested fabric specimens
and adjacent fabrics for evaluation by
trimming off raveled yamns and lightly
brushing off any loose fiber and yarn on
the fabric surfaces. Brush pile fabric
specimens in required direction to restore
them as nearly as possible to the same
pile angle as the untreated specimens.
Specimens should be smoothed or flat-
tened if they are wrinkled and messy due
to washing and/or drying. Specimens
may be mounted on cards to facilitate
identification and handling in their evalu-
ation. For consistency in backing mate-
rial, use a white mounting card with ¥
tristimulus value of at least 85%. Mount-
ing material must not be visible in the
area (o be viewed and must not interfere
with rating as specified in 5.1 of both
AATCC Evaluation Procedures 1 and 2
for the Gray Scale for Color Change and
Gray Scale for Staining or instrumental
assessment of color according to AATCC
Evaluation Procedure 7, Instrumental As-
sessment of the Change in Color of a Test
Specimen (see 12.4).

7.10.1 Yarn skein specimens should be
combed and brushed for improved align-
ment of the yarns before comparison with
the unwashed original. The original spec-
imens may also need further combing and
brushing for uniformity of appearance.

8. Evaluation

8.1 Evaluation of color change.

8.1.1 Evaluate the color change of the
test specimens as directed in AATCC
Evaluation Procedure 1 using the Gray
Scale for Color Change. For improved
precision and accuracy the specimens
should be rated by more than one rater.

Grade 5—negligible or no change as
shown in Gray Scale Step 5.

Grade 4.5—change in color equivalent
to Gray Scale Step 4-5.

Grade 4—change in color equivalent
to Gray Scale Step 4.

Grade 3.5—a change in color equiva-
lent to Gray Scale Step 3-4.
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Grade 3—change in color equivalent
to Gray Scale Step 3.

Grade 2.5—change in color equivalent
to Gray Scale Step 2-3.

Grade 2—change in color equivalent
to Gray Scale Step 2.

Grade 1.5—change in color equivalent
to Gray Scale Step 1-2.

Grade 1—change in color equivalent
to Gray Scale Step 1.

8.1.2 The color change can be quanti-
tatively determined by measuring the
color difference between the unwashed
sample and a test specimen using a suit-
able colorimeter or spectrophotometer
with the appropriate software (see
AATCC Evaluation Procedure 7, Instru-
mental Assessment of the Change in
Color of a Test Specimen).

8.2 Evaluation of staining.

8.2.1 Evaluate staining (see 12.11) as
directed in AATCC Evaluation Procedure
2 using the Gray Scale for Staining or as
direcled in AATCC Evaluation Procedure
8 using the Chromatic Transference
Scale. The scale used should be indicated
when reporting the test results.

Grade 5—negligible or no color transfer.

Grade 4.5—color transfer equivalent to
Step 4-5 on the Gray Scale for Staining or
Row 4.5 on the 9-step AATCC Chro-
matic Transference Scale.

Grade 4—color transfer equivalent to
Step 4 on the Gray Scale for Staining or
Row 4 on the 9-step AATCC Chromatic
Transference Scale.

Grade 3.5—color transfer equivalent to
Step 3-4 on the Gray Scale for Staining or
Row 3.5 on the 9-step AATCC Chro-
matic Transference Scale.

Grade 3—color transfer equivalent to
Step 3 on the Gray Scale for Staining or
Row 3 on the 9-step AATCC Chromatic
Transference Scale.

Grade 2.5—color transfer equivalent to
Step 2-3 on the Gray Scale for Staining or
Row 2.5 on the 9-step AATCC Chro-
matic Transference Scale.

Grade 2—olor transfer equivalent to
Step 2 on the Gray Scale for Staining or
Row 2 on the 9-step AATCC Chromatic
Transference Scale.

Grade 1.5—color transfer equivalent to
Step 1-2 on the Gray Scale for Staining or
Row 1.5 on the 9-step AATCC Chro-
matic Transference Scale.

Grade 1—color transfer equivalent to
Step 1 on the Gray Scale for Staining or
Row 1 on the 9-step AATCC Chromatic
Transference Scale.

8.2.2 The color transferred to the multi-
fiber test fabric or bleached cotton test
fabric square of 6.4.1 can be quantita-
tively determined by measuring the color
difference between a piece of the original
material and the stained material. Multifi-
ber test fabrics (15 mm [0.6 in.]) have fill-
ing bands of sufficient width to be within
the aperture diameter capability of many
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colorimeters and spectrophotometers (see
AATCC Evaluation Procedure 6, Instru-
mental Color Measurement and 12.15).

9. Interpretation of Resulis

9.1 Results from these tests are in-
tended to approximate the color change
effects (see 1.1) of five typical home
lmmdenngs These are accelerated tests,
and in obtaining the required degree of
acceleration some of the conditions, such
as temperature, were purposely exagger-
ated. The tests have remained largely the
same over many years while laundry de-
tergents. washers and dryers, laundry
practices and fabrics have changed (see
AATCC monograph “Standardization of
Home Laundry Test Conditions,” else-
where in this TECHNICAL MANUAL).
Consequently, caution in interpreting test
results is advisable.

9.2 Test No. 1 A—This test is for evalu-
ating the colorfastness of textiles that arc
expected to withstand repeated hand
laundering at low temperature. Speci-
mens subjected to this test should show
color change similar to that produced by
five typical careful hand launderings at a
temperature of 40 + 3°C (105 + 5°F).

9.3 Test No. 1B—This test is for evalu-
ating the colorfastness of textiles that are
expected to withstand repeated hand
laundering at cool temperatures. Speci-
mens subjected to this test should show
color change similar to that produced by
five typical careful hand launderings at a
temperature of 27 + 3°C (80 + 5°F).

9.4 Test No. 2A—This test is for eval-
uating the colorfastness to washing of
textiles that are expected to withstand re-
peated low temperature machine launder-
ing in the home. Specimens subjected to
this test should show color change similar
to that produced by five home machine
launderings at medium or warm setting in
the temperature range of 38 + 3°C (100 +
5°F).

9.5 Test No. 3A—This test is for evalu-
ating colorfastness to washing of textiles
considered washable under vigorous con-
ditions. Specimens subjected to this test
should show color change similar to that
produced by five home machine launder-
ings at 60 + 3°C (140 + 5°F), without
chiorine.

9.6 Test No. 4A—This test is for evalu-
ating the colorfastness to washing of tex-
tiles laundered in the presence of avail-
able chlorine. Specimens subjected to
this test should show color change similar
to that produced by five home machine
launderings at 63 + 3°C (145 + 5°F) with
3.74 g per L (0.50 oz/gal) of 5% available
chlorine per 3.6 kg (8.0 Ib) load.

9.7 Test No. 5A—This test is for eval-
uating the colorfastness to washing of
textiles that may be laundered in the pres-
ence of available chlorine. Specimens

AATCC Technical Manual/2010
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subjected to this test should show color
change similar to that produced by five
home machine launderings at 49 + 3°C
(120 + 5°F) with 200 + 1 ppm available
chlorine.

10. Report

10.1 Report the test number.

10.2 Report the grade number deter-
mined for color change in 8.1 and the
staining grade numbers for the evaluated
fibers in the multifiber test fabric and/or
bleached cotton test fabric as determined
in8.2.

10.3 State which scale (Gray Scale for
Staining or AATCC Chromatic Transfer-
ence Scale) was used in evaluating stain-
ing (see 12.13).

10.4 Report the multifiber test fabric
used and if bleached cotton test fabric
was employed to avoid knit curling.

10.5 Report the detergent used with
color change and staining results (see
12.6and 12.7).

10.6 Report which laundering ma-
chine is used.

11. Precision and Bias

11.1 Precision and bias statements
have been developed for Tests No. 2A
and 5A. Although correlation work has
been done, no precision and bias state-
ments have been developed for Tests No.
1A, 3A and 4A.

11.1.1 Because of changes in the deter-
gents used in this method, these precision
and bias statements may not apply to data
or information obtained with the cur-
rently available detergents.

11.2 Test No. 2A.

11.2.1 Summary. An interlal
test was carried out in May 1985 to estab-
lish the precision of Test No. 2A. A part
of the test was to determine if the wider
15 mm (0.6 in.) No. 10A multifiber test
fabric could be substituted for the 8 mm
(0.33 in.) wide No. 10. The complete test
consisted of six laboratories evaluating
10 materials in duplicate by one operator
using Test No. 2A.

11.2.2 Color Change. Three raters
from six laboratories independently eval-
uated nine materials in duplicate using
the Gray Scale for Color Change. The
components of variance as standard devi-
ations of the colorfastness grades (aver-
ages of variances for No. 10 and No. 10A
multifiber test fabrics) were calculated as
follows:

Single-Operator

Component 0.29
Within-Laboratory

Component 029
Between-Laboratory

Component 0.29
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11.2.3 Critical  Differences. For the
components of variance reported in
11.2.2, two averages of observed values
should be considered significantly differ-
ent at the 95% probability level if the dif-
ference is equal to or exceeds the critical
differences shown in Table II.

Table ll—Critical Differences, Grades,
for the Condition Noted*
Single-  Within- Between-
No. of Operator  Lab Lab
Observations Precision Precision Precision

1 0.80 1.12 137
3 0.46 0.92 121
5 0.36 0.87 1.18

“The critical differences were calculated using t =
1.850 which is based on infinite degrees of freedom.

11.2.4 Staining. Three raters indepen-
dently rated the six fibers of the multifi-
ber test fabric (No. 10 and No. 10A) for
10 materials at six laboratories using the
Gray Scale for Staining. Of the 60 possi-
ble fiber/fabric combinations, only 51
could be used. The components of vari-
ance were averaged for the No. 10 and
No. 10A multifiber test fabrics and ap-
pear below as standard deviations of
staining ratings:

Single Operator

Component 027
Within-Laboratory

Component 034
Between-Laboratory

Component 0.25

11.2.5 Critical Differences. For the
components of vanance reported in
11.2.4, two averages of observed values
should be considered significantly differ-
ent at the 95% probability level if the dif-
ference equals or exceeds the critical dif-
ferences shown in Table IT1.

Table Hi—Critical Differences, Grades,

for the Condition Noted*
Single-  Within- Between-
No. of Operator  Lab Lab
Observations Precision Precision Precision
1 0.75 1.20 1.39
3 043 1.03 125
5 0.33 1.00 122

“The critical differences were calculated using ¢ =
1.950 which is based on infinite degrees of freedom.

11.2.6 Bias. Tests comparing five
home launderings at 40°C (105°F) with
one Launder-Ometer Test No. 2A indi-
cate there is no bias between the two
methods for the colorfastness and stain-
ing levels evaluated.

11.3 Test No. 5A, Chlorine Bleach.
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11.3.1 Summary. An interlaboratory
test was carried out in 1984 to establish
the precision of Test No. 5A for deter-
mining the effect of chlorine bleach on
the colorfastess of fabrics. All speci-
mens were laundered in a Launder-
Ometer by one operator. Color change in
Test No. 5A was determined both visu-
ally and instrumentally. Details of the sta-
tistical analysis of the data can be found
in the report, Third Interlaboratory Study
of Proposed Launder-Ometer Test for
Colorfastness of Fabrics to Chlorine and
Non-Chlorine Bleaches, October 21,
1985, by J. W. Whitworth, Milliken Re-
search Corp., Spartanburg, SC.

11.3.2 Visual Assessment. Four materi-
als were tested at each of five laborato-
ries. Three raters visually assessed the
color change of four specimens. The
components of variance as standard devi-
ations of colorfastness grades were calcu-
lated as follows:

Single Operator

Component 038
Within-Laboratory

Component 028
Between-Laboratory

Component 0.27

11.3.3 Critical Differences. For the
components of variance in 11.3.2, two
averages of observed values should be
considered significantly different at the
95% probability level if the difference
equals or exceeds the critical differences
shown in Table IV,

Table IV—Critical Differences, Grades,
for the Condition Noted®
Single-  Within- Between-

No. of Operator Lab Lab
Observations Precision Precision Precision

1 1.03 129 149
3 059 0.98 123
5 0.46 0.91 117

“The critical differences were calculated using t =
1.950 which is based on infinite degrees of freedom.

11.3.4 Instrumental Assessment. Color
change as total color difference
(CIELAB) was measured on a spectro-
photometer or colorimeter using aper-
tures ranging in size from 13-51 mm
(0.5-2.0 in.) in diameter, illuminant D,/
10° observer or illuminant C/2° observer.
Six materials were tested at each of six
laboratories. One operator in each labora-
tory tested four specimens of each fabric.
The components of variance for AE* ex-
pressed as coellicients of varialion were
calculated to be:

Single-Operator
Component 6.8%
Between-Laboratory
Component 11.2%
™ 61-2009 89
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11.3.5 Critical Differences. For the
components of variance reported in
11.3.4, two averages of observed values
should be considered significantly differ-
ent at the 95% probability level if the dif-
ference equals or exceeds the critical dif-
ferences shown in Table V.

Table V—Critical Differences, Percent of

Grand Average for the Conditions Noted®*
No. of Single- Between-
Observationsin  Operator Laboratory
Each Average  Precision Precision
1 18.7 36.2
3 10.8 328
5 84 321

*The critical differences were caiculated using t =
1.950 which is based on infinite degrees of freedom.
To convert the values of the critical differences to
units of measure, multiply the critical differences by
the average of the two specific sets of data being
compared and then divide by 100.

11.3.6 Bias. Tests comparing five
home launderings at 49°C (120°F) with
one Launder-Ometer Test No. 5A indi-
cate there is no bias between the two
methods for the colorfastness levels eval-
uated (see 12.14).

12. Notes

12.1 For potential equipment information
pertaining to this test method, please visit
the online AATCC Buyer's Guide at http://
www.aatcc.org/bg. AATCC provides the pos-
sibility of listing equipment and materials sold
by its Corporate members, but AATCC does
not qualify, or in any way approve, endorse or
certify that any of the listed equipment or
materials meets the requirements in its test
methods.

12.2 Teflon is a registered trademark of the
DuPont Co., Wilmington DE 19898.
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12.3 The preheater/storage unit may be a
side unit to the laundering machine or a sepa-
rate module with its individual electric heater
and thermostat to control water bath tempera-
tures for heating containers and solutions prior
to loading the laundering machine.

12.4 Available from AATCC, PO. Box
12215, Research Triangle Park NC 27709; tel:
919/549-8141; fax: 919/549-8933; c-mail:
orders@aatcc.org; web site: www.aatcc.org.

12.5 Bleached cotton test fabric in 32 x 32
ends x picksfcm (80 x 80 ends x picks/in.)
construction, 100 + 3 g/m* and without fluo-
rescent whitening agent should be used.

12.6 The 1993 AATCC Standard Reference
Detergent WOB (without fluorescent whiten-
ing agent), a compact formulation, is the pri-
mary detergent to be used in this test method.
Where the effect of a fluorescent whitening
agent is to be evaluated, 1993 AATCC Stan-
dard Reference Detergent (with fluorescent
whitening agent) should be used. Both deter-
gents are available from AATCC, PO. Box
12215, Research Triangle Park NC 27709; tel:
919/549-8141; fax: 919/549-8933; e-mail:
orders@aatce.org; web site: www.aatcc.org.

12.7 The 2003 AATCC Standard Reference
Liquid Detergent WOB (without fluorescent
whitening agents) is a liquid detergent that has
been approved as an altemate to the 1993
AATCC Standard Reference Detergent WOB
for Option 1B only at this time. The use of the
Liquid Detergent in other test options is being
studied. Both detergents are available from
AATCC, PO. Box 12215, Research Triangle
Park NC 27709; tel: 919/549-8141; fax: 919/
549-8933; e-mail: orders@aatcc.org; web site:
www.aalcc.org.

12.8 Use distilled water or deionized water
of not more than 15 ppm hardness to dissolve
the detergent and for the test solutions.

12.9 Use sodium hypochlorite bleach pur-
chased within the last six months for a stock
solution.

12.9.1 To confirm the stock solution’s hy-
pochlorite activity, weigh 2.00 g liquid sodium
hypochlorite into an Erlenmeyer flask and di-
lute with 50 mL of detonized water. Add 10
mL of 10% sulfuric acid and 10 mL of 10%
potassium iodide. Titrate with 0.1N sodium
thiosulfate until colorless.
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Calculation:

% sodium hypochlorite

_ (mL Na,$,0,)(0.1N)(0.03722)
i (2.00 g NaOCl)

The factor 0.03722 is derived by multiplying
the molecular weight of NaOCI (74.45 g/mol)
by 0.001 (mL to L conversion) and dividing
by 2 (mols of thiosulfate per hypochlorite).

12.9.2 Oxidizing power of sodium hy-
pochlorite is typically expressed in terms of
available chlorine, the equivalent amount of di-
atomic chlorine present. A 5.25% NaOCl solu-
tion contains 50,000 ppm available chlorine,

12.10 Crockmeter test cloth, 32 x 33 ends x

picks/cm (80 x 84 ends x picks/cm) combed
collon, desized, bleuched (no Muorescent whil-
ener or finishing material present) should be
used.
12.11 If staining evaluations are needed for
Tests No. 4A and 5A, they may be carried out
using the corresponding Tests No. 2A or 3A,
which use no bleach. Test No. 2A is the
no-bleach altemate for Test No. SA, and Test
No. 3A is the no-bleach altemnate for Test
No. 4A.

12.12 If multifiber test fabric is used in con-
Jjunction with Tests 4A or SA, the wool can ab-
sorb the chlorine leaving very little for
bleaching action. The wool may be removed
from the multifiber test fabric before testing to
eliminate this effect,

12.13 For very critical evaluations and in
cases of arbitration, grades must be based on
the geometric Gray Scale for Staining,

12.14 For additional information pertaining
to the bias between Test No. 5A and five home
washes, refer to Fig. 1 in Interlaboratory Study
of Proposed Launder-Ometer Test for Colorfast-
ness of Fabrics to Chlorine and Non-Chlorine
Bleaches, Report to AATCC Committee RAG0,
Colorfastness to Washing Test Methods,
November 1984, New York NY by L. B.
Farmer and J. W. Whitworth of Milliken
Research Corp., Spartanburg SC, and J. G Tew,
AATCC Technical Center, Research Triangle
Park NC.

12.15 AATCC Evaluation Procedure 7
gives a method for computing Gray Scale
grades from color measurement data.

% 100

AATCC Technical Manual/2010

Copyright © 2009 American Association of Textile Chemists and Colorists



224

AMANUIN

Tuussmeatlsinavdngasniseusuiesdrenisideuutas



-—l>0

(6‘5

2
“?

—>oCGRST0<—
€Tl

THAILAND TEXTILE INSTITUTE
anmdudnnngoamnssuduna

ADNUUNBIUIRARIUNTTHRINE

dsznrafiadasaiuilnlyiNeuanedn
Jﬁﬂﬂt/{;/@?ffm ﬁﬁf

latunsausunangns

“NITNARDUAINAINUIBNIAUAENISIUR UL RYIUIANAINISTN”

Fuh 29 TurAu W.A. 2560

P g
/ e
(M5 Aty de ATINHULAA)
ufenisaaniunmuIgadIMnssudane

exe

O S DO

O

TAA




226

AMARNUIIN

ARITUNTTDANLUUAINAY



INSPIRATION RECONNECT WITH NATURE




IsVOHMalysawHaHAAa “MsidanlavessHaG”
nmsdnuInsk 2017 SveldaantuuliaoHidan
Tovia: isﬁanﬁmu:ﬂavﬁuus:umd alHiFTHaHaT W

malEdvavwingui : anwdu 100 WasEna

UM 1A 10 18)

_ @WHYSUSV( Veins )noadnaie’) nead
fiveraidn taumallnineaaindavnms
wdizasedvnendeisludHosmoidn
ta:awalnninsadHuvg

KLt~
m‘jm|Ulav1uaavmunoua1msnmluIa'dnam

ﬁVﬂ15ﬂ"ITU00[EjUﬂ1n'5 uh 1dasn msavanuovmu
nSavUs:0U rHaK la: awdnHnKeiRavIINVIH
ﬁuﬁﬂlananummm.m

NNk mulanaumt}uéas HINYH qnnuivawm:rﬂinaw
)wTUﬁuﬁ?m:ua Isiithauly dviddwmnivaa fivinav fams
Us:0u dvuav DIY nIaufdiGHiReIsHIHAaU: msivined
tnv]ﬁna19|Du53vt3a1n0nq0aavnusnﬁif]un1:mavmav1hﬁﬁ'hi
indanins

: HHANUSIING
n: 5uaﬂuumaimb INGIRKAAD IHBORHAYHINIRAVAIENSNG
A n'mf)auﬂmmwuﬂ:rmuuuadnw?uth g ﬂﬁamavnmi

a5 wanoaedoearHaVITHARSHIAMIS IV IHAIERaNIVIDHA
AeHatl IHaVIINHVIBRIGHIHRAHITHONINUNIRM:E)

'nmdur]nm3Hacnuavnwﬂm‘riuﬁwnﬁamqnua awsnm
Iagaannssua3adan iavnnuaviinwnisaalaqnvessuana
Wianmiagn

fa WvanunssH ams sRaEndnu 57603170

awn inalladmsaaniuurdonmnigoannssH
A A39130590aMNI5H
amiunalkladnsRaninahgmnmsaans:ov

8¢¢




229

ubuLeLsta

DLRNSCOALUDECEYZ)LHLHUIABRULAARH)  HREICSHCCUMLEDEH)
DJLUUCSLHLEPIUDLCRUHMASNSLHLUSLUACRDEMSLUHUMDLISLE

f\[]:SUDLEQLHU!‘UBLQILQUIHGQ:QHQEJHJEUIHQLUE
HCCUULPDRCORLIACH HIU
HSQUuLPDbyﬂ.lng’HﬂﬂlluEQELU_@E’_[HJUUI LRLE
0/1€09/S LAUPBUHPYUSC CBLE HICCCATUNICLEALH eg

CO:LUEHUAUBUCHINLCUHHHURD]UHLABHULAARHI BCHAH
UHQIABURHBCOHLALUCLUSBIHAHUADIARHHHACORLBOCRALSR
CLULCARLHBACH BUIENHALURCHRHNLCUHABHHLUHEECLU LY
PUCLURCDACHIULHCHAIDZHLCI :

CIHEHY
r!blgrfu[A?LuAEHCLUﬂQI@UhHUAERDb}_IQ,L_ILEOJ\(‘.}!HQIBLEPH[AL;
HUBHLALUCLU NEYHLAHRCAUMDIDIRIBEY AlQ ABRAR FAD:CN
CLULBLYU ABMIAN BRAHUHLEDNAD &JHPLHUC):BHECURUNUNJALE

LECIZJUELHLBARHIBUU HRULH:CREHQIALCLECIZ)HIBBHHCUL

I UCCUHAQMNNLIHE M

AH | CHI

CR:LMUMUAUBURIHHE
HLAUL(‘.AD?_‘!IBLHULHU_[_?LH’[_?:EII HEHU nQ:LﬂM?%UF
HLOADNUDARSYI LMBEI LOISULUNBIDDN)LHELUAY

ULE’HQ|Q||’I|U;IU§.LHLEﬁDh'HLMEQﬁLAQInlLﬂSLU

1111 AE‘HQ
; NEUCUCEIMUCRDIALUHEIHIADCUALURLEN
L] gcuypony ( Buueyreay ) AduHALE

CLUHCNCL

DHRISEI 00T HEMUIE : tmguwenggg.w

BujEnleD

ALEOHEHILHICUI DLEHECONUARRCAUIUDECR)BNAR|

HERINLCBHWNNIUCED|AACHICD /102 HEWlLAUBCLULE
«DLRHECOARHERICLU. PUHHRHLANRRA]ELDHAASH




usvinaalyuawingniga "msidanlovessHna:
AMsANUINSH 2017 SovIdaanuuUIRAATHIGaN
Tovia:155aqiineadaviiusssuna ifalHiRitnanas e

o

u3ing :
Fduawnnand : dinwdan 90 : 10 Wasitud

auRk (Stones) [UHNISHEQdRVIHQIANIA:
ualhonsdavnis
awmv ( Arches ) lEn3ua:lrdvinaamviden

it
ﬁv_lmsmiuﬁmaumnarnm idar 1Savanudvim
IA3aVUS:aU KHaK Ka:BHIBNHINKNEIHAVRINYIH
FHHHIaNENYOHAN:ED

nnIkAdaHIEna I WITHaasINGH nnanivansaliban

Jwidtiufisnsswatsihianle Gvidamnivaa fivinay hams
Us:du§ dvuav DIY nlanindidriedsHvindau: MsMvIHeH
FwiknawiduiovoanangosavasgaismsHavavinsin

imdanias

SNgHanNuU;:
nestadgnmslMUsaNARKAM WEQRHAgHINIFaVAIEMSNa
A1 msdanrAsivEaIHRgHagMeTHUSINg F3%eaviims
aswanaaredhufanmiviOniRua:mshvIKeafavidu
Aunay avainravIsAlGHRHAR IHITHaNENUNHAN D)

51mdununﬁﬂéovavmsmmfuivﬂu!aimnua:mmsnmld

lhgoamnssun®aBan iHavnnzaviinladasagnivessuana
Wismngn

38 WALV ams sRarndnun 57603170
@ inaluladmsaanuuundaimrigaannssy

A AFNEA590aIMINSTH
amuunalvladnsRanndngmnmisaans:ov

0¢c



RECONNECT WITH NATURE
e W

!

usvInmalRuawWIHEHIRA “MsiEanlBvssSHEG"
NMsANTINSH 2017 SiFveldaanuuuiiEnHEan
Tovia:15aqninedaviusssHna ilaliBtHaHas e
dafusina
mslgdvavnuani : dlnwdan 100 Wasidua

NSIUDHN AT IVADOA 18)

awaanid (Flowers) hoodiduavnaniUuinoniaaas:
idiEsaqiiiaremnarmaniada@kaindiHHanavay
nawny 4 i imnHasvnawsavivnau

awnw ( Arches ) indna:ifaviniamviden

misiUl@vissavwingadawisamlusldnain
fvmsiiuGadumins:h 13af ndavanudvim
A3avUs:U HHaK ladW)aniniEiRavINyIk
FuiRlananYDHANEE)

THNUROHBSAON 1Saanituuilan
nn3x n»TSDan'wmuéag:mn W nnaRvawnsnina
Jwidiufisnssnalsihanty viddwkivaa fvinav rmans
Us:duf dvuav DIY m3aufndiGHieanvingal: msiwviHeN
Jwikinawillwdavoanangavavangaminmssavinavinuily
inflanlns

UHOHHYI D THIKBH

dHEHMBIHYS:IIN b
n:staRsHmMelwsINARREa INEaIRHaginnIRavasmsna
A msdanrisiviaNHReRagMuTHUs:ING f3Reaviims
adwanoawdieRaRHBVIOHR BeHia:msivIHdIeRangvigH
Aenatl avaindaviBAlaH RIS HITHENSNEDHAM:G)

SIAHN umsHéovavr\_nﬂnmiuﬁvﬂu!aa‘mnua:a'lmsnm a

Tuquawngssunbaiau wavnnzavimnifasagmysssHea
WHIAQN

3a HIVADIUARISIH ams sRanndng 57603170
awn inaluladmsaaniuurdoiimnigoannssy

A A3AIE05a03 KNS5 TH
amuinaluladnsanindingmnmisarans:iv

1ec




232

ubuLsLeAy
DLEHSCOALUDECEZ)LNMUHUABRULACH]  HESICSBHESUMLEDRH)

pILuu;ueLe:enubt_ceimgn;unuswmaognuuuhupwu

COUMEHUAURURHIINLCBHHHLHDIUHLABHULAARH) fieHAH
UHQIABLICHACOHLALUCLUZBINRHUHDIABHHCHACDBLEDCRALGE
CLULCABLHBACH BULENH)BLUBCHRHRLCBRABHHLUHRRELY LY

CUSLUBCOACHIULHBCHAIDZRLCURHHIAUECH)BLUNAHEIC:U
BUIRCNURHBLL L )

AQ:SUDLE’SLHU?UULQILEUING&:CHQE_!H_!MI:IIHL]LUE
HCCUULPDREDRLISCH HIB
HCCUULEORUHIYOBHNNIUCRSLUBRIH|BUI LRLE
0/1€09/S LAUBUHBYC CBLE HICCCAUNICLEALH B2

CUHEHW
mguupgwn@unuﬂmguhﬂm@rzDbyg}_jLecmr_gﬂgmLeuu[ﬂLg
HUBHLALUICLU :IBBHLAHRCRUMDIDIHIREY AIQ ACRAR fAp:en
SLMLBLY ABMIAM BRAHWHLEDIAD &JHELHUC|BHECURUNUN]ALE
LECIZJUSLHIEARHBUU HRULH:CPRHOIALCLECIZ MUl

CRLMBHUAUBURIHHHE
HLAULRABHIBLHULHUGLHE:EN HRRW ND:CNARCH]
HLOADIUDARSY! LHEE! LOI:CULUNBIOQN)LHELUAY

y ULBUD) 2] NJLHUSLRLEHDHLAARRHLAR) LHSLU
Ry

| CRDIALUIBUH]ADY)RICUg) ( SBYdIY ) ALUALE
CLUAGDRLDUM]DLHR
ENURIDLHRAUEDRYUSLUHAI (SBUQIS) HURLE

PHRICENI 01 : 06 HBMUP : HHZHLAAGRERISLU
uu_lEnLEp

RLEOHEHOIY) H)CUl gumunnunegmylybeggpem\nl
HERIHLCBHYNNIUCED]ACHCD /102 HEUILAUPELUL
~DUGHECOARIHBRILU. CUHHEHLAARRABLOHOACH




233

AMARUIN Y

NAIIUNITDDNUUUNARA N



‘ [

wil (R

“w#M A RBRIN




MR RIIE T ;’%
INTRODUCT {3t ﬁ\\{

O8JeCTEVRE

1) iadnuna: Aans:uanms
ahwvaromeiduinaia
wdudv

2) iiasannuunaainsilaslim
nnadoauinaAnHsuIY

3) WausuUs:andmininain
Hdulv

4 Wavsiauanurvraledida

Haafirimasaaiuinain

Hsuly

Anunanasua:iuaannisim iamhiugmsiicingosianaaavai
acaawhHamsnaaaviunadauus:andmnludmdwg wdivim
22NIUUAIAAILIA:2BNIUUAEOTIMT vninmsdiamiin [§5aasy
3'"mnn15nnaav:ﬁah_'luimmﬁaﬁuﬂuldtjimmmsﬁﬁn!u nd
Anuud ua:ndndaadv Minkna:imwuanna nindnldavanvini
lda¥vanoaulunaaauo HiaNT M (AATCCIA:(ASTM)

Gec



CO- TEXTURE
MATER AW

FORPRODUCTION

T5THamln3aqson na:hdsssnnd anca1u]ﬁusvﬂm1_ahmm
ifalumszudifdnsadu aaaeuniiawana

EXAMPLE
P RO DUGE
DESIGN

/)

S

=

DEVELOPMEMT

nsauirisul&Suisvinaralnnmnnndnssu
vaviinslumstaduluifaamsv

9¢c



237

E_
> |
ol b
L |
Ul:
<
Q. |=
Ww I
e |
W<
o.




=\ |

EAANVIPLE |}

1

PERSPACETIV

8ee



PERSPACETIVE




Yo-ana
Tu-tiau-Uifia
#log
Usziin1sfnen

U915y

240
UszIRKAY

UNATUUYNITIU 8RS
28 funAu WA, 2534

44/4 wiit 8 uaviwn Sunetininia Jariauunyi 11120
Un1sfinw 2555

Uiy unalulagvudie

auiTIeeNLUUKARAUTIAWE

AR RAEVNTINATNOUAYBBNLUULNFY
wmivendemaluladsvsnanssuns

Un1sfnwn 2560

YigqrnjmanigaamnssuamUndie
amvwaluladniseenuuundnsiusigaammns su
AMEATMaRTgRaMNTTILaTmAlulad
aovunaluladwszessndndinuvmsananszd

Wi ideusuuiauw@nsaus

Vitm 1ea.d. gramnssaeieadeu $1dn U 2556-2558
Wwifieenuuuanussnelusasmsneaiie

Uitn w@iladn Wumed die U 2559-2560
Wmih@eunuuanuseniely

UitM unnen wa-aeu in uvneu Jaqly



