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ABSTRACT

The pretreatment methods of polyester fabric with perchloroethylene, alkaline
hydrolysis and epoxy moclifiect potyamide cationit'rype resin prior to dyeing with direct dyes
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haye been studied. It has been Jound thot the most suitable method is the pretreotmeru h,ith

epoxy mocJified polyamit)e cotionic type resin and the 5Vo of the resin in watet is the most
-iro,n'o-i*t'n*ount 

' In the dleitrg of the pretreated Jabric with direct dyes oJ class A' B qnd C

ny ,ontrottins ayeing condition, approxinrcttely 56Vo of at'erage dye obsorption has been 'found'

Resutt o1 the unatysis oi the colour fastness to tight ancl to washing and the tensile properties

have been shown thot lhese encl-use properties of the pretreated fabric are mqintctined'

vruv

dl9(

nlul

t

lurJoqriu

rjrdlor:r

\ritlrotnt

(mordan
J

(azo) a 6

inrrln'
vity) o'lt

nilrr:n'

riotJ l9lo

rtnl g Ett

riouita'

rr1.l'li'

tqytlv

ruro{rd

1109111

u01r l9

qadl n5:!d':To rJ:vnoudrlq:fitqa<i]fifl:: fialudr rrirL#lrtsinr:zuasrrf,u1u rf,udrtl

rXr n:surunr:sln,,riu,i-,l n"'* nr: ilaa[#od1iilt$o: rravt: fio nr: rirrfliru il6qrii'ru'vi?w o

. .g 
zuagrrdu.lgdlrn:lgr{r.riinfildnrolurj:ylflfl,ldtlri 

rdu.Ig]ufiroarfloi'lurltqriufrugtunt: t

'luaou ttnvt:uou drviutdultlluatodlsroil?uf iu'jf iailan51ui'llanivY'jNflfl'f,' 2523- 2626

u-d;rr;-,,- agolo to'rtdu'lud':rn:rvd'luqnarvn"'do'o rtavttlrt.rd'rrfirL{u :slror rr%

to.! r'railafl r-xrd"llanto'rrdu1ufi141u{1uqfld1?1fl: Trr?lvrortlnrLo"tod'fl0'to"'nno"ilu11o'rfl]:

i+,Arirrur*fr?tn1:qfl drYn:5' ?''nuld'qnri.,l';iorrrJarqrunrvr'l#rm:,sdxflu 
anrunr:ld'rru

tru vtusiottc.lttqfl,Id6 tfluquru,lYlfr..,fi6 ,,,au..u,,,lnfiGt,lrjallr:rroyrirartrtdu.IU,ld,unu.nd

t'r.:aur:n'ld:auri'utdu'lur::rLry16rtasr#u1o #':rn: rsrltfi qdu r 16'6

tdulu]lr6roatgroi,t{]urduladlrn,-rrr{fildornilflffiar:cY,jrin:o,lqn]fUon6frnr]:gmyr

os6r,lr6n (aliphatic aicarto*ylic acid) ttav'lottoa noo od ldialcoholl'lunrlqnarnn::rL\drir

rofi6u'lnanoa (ethyleneglycol) riun:ornr:vlnran (terephthalic acid) vt o'lotufiatrt:r'lrrtan

(dimethylterephthalate)rLrrirrJfr6Surriu'kl{luar:rJ,:;nou1n6rofi6urvrr:vlvrrrasrIpolv\u'l'rv(rrr ' 
,ilu,,f;utufiiarLrl6'hiqerrlr (hydrophobic)

iethylene ierephthalate) I tta r tiJutdu tuvtu lJU91 []lruut-r I rrrruLU1,rrvvrv'

,do'rlrnln:{a{r{tolrdululufiroatsro{fi nrunurrtliuto lltlruraqnlli 
^ "1*lt 

tn''l'

:vv'jrfldu'lofirfiu'rrdnrlou tra'rilu'du1ud'hiryuuri16'rtilu'f,u1:i,!'o1]ii'"irn"lr"tt'oii::l::vv'jr lrdulofirfi u'rrdnrio u ttav tilurau-luvt l souu'10'lluur.6ru ru rrYrvrhr 
i^

nr:tiotJtdululn6lodrnofs rir'l6louasarulrlf,n:'lruoqlurir rrdrdfl#6ofllououdron?u{out3o

lori., dd,rr.,ralfiqo ld'rui d6a,nu{a (disperse dvesl rra;f;ov1"u6n (azoic dves) tll::fl:t: 
'

P]' 
u'*:":i:3: l::1::ffiil,#.*,;;;l;;;;; ;;;-..,) d6armoiar*udnu,d'

flin (var dyet) frilutaqntanrlfl[SuoxlusrTrtsrHquu\r.rrNF" ':'" " : ^ g.ir".^",,r.

drn-qfiqoiiruirdur,dululna'ua''u{ n:vurunr:qo*'1dA"113iato'r't",}U'""t*::'::}:;1i;

:l: H:##;,'.'"T ffi Jffi ;#ffi #,*'r'' iri n " 
o' u' 41 u ri I o v q r'6 o' r du1 ulri

roro(o)
1. dut. r1r1. iiu Y.' E'd-a'



'0tment \,ith
is the nost

;A,BondC
been found.
te propeuies

tained_

rulu 
rdud'rrl

,I1d,1110

llt .oaurof

2b23- 2525

ztl1fiU 17%

Jdt uroin t:

rilnt:1d{tu
,!
o l-l0nrlnfr

fr6nrJ:-yrnyl

Hn:t t9tu I

l11l:ylTlrag)

afl [poly

1t ll4s 0':11.1

^4suftou 1n

tTtJ:0ulJ:0

Jnu dl?t:u

rljudu0lJll

llun)-31llU

FrF]ldU lU lfl

51

o.: solid solution ri'sr:r rf rro.:nr: dor6.rduo qiri':.rti'n:r nr: rur: n6!cr o rd! urdul u

atnoi&tt ruiocir':1:fiflrr n1r!df*drroro,rf,fiaprofarurdululilfiroarflo{oyfir,rn r'.:fi#uu,i

)yro{nr:doueliu rsu rn{o,r,o"n:filddou a!u5raynyet":tol?riolrrayar:ryrurir, ,flrriu ,,u,
d'urlunr:rio,rirlilaroarflofehufiEarro{arioudr.ra.:du 6lfirr:urr#u.jr ti'rki'inr:

:nyi (dir..t ayes) 6.rriluf,fifir{uru'"rn.jrrrayin:yr:unr.=rlorrhlrn:ao*r"'n:dugru6r

nrLrrqaordorrXilnfiroarno{rrrr ovrirl#arrr.-oaod'u1unr:rlorro.rl:,r{rurio:Jf,1d'ilrn

f,lerrr-nfNio f;dorleun,- rrilu f;fi arr r: nl"i'rior rirki'f r.,fihioio.rdorri: o a r:t : ufro fi
a -. ^ dang riou rrfi ouri'u fryfi o 6u 1 riulrry'rilurn f, 0"fi'alr4ruqr (sulphonare) :yrnrrolqr

; darrLr:navarurlti lurL::ordn^lddo:rd.rvo f,lorr:ndriJuf,nq'rlvqjfiqo firreiayri'rlunri:1fl

Kirby, R.D. ltay Cates o. nl. 12'ld'l#n,ur#u1n oa;il.ir nr:rlol rXrl,r6roarn o{orrr :o
,'t1or1d'ri'r o firl:rrnruou'looor.r rryudlqr:nf drro6o (acia dyes)+ gavf,irrondvi (reactive dyes)**

,'uoilvrlo.:rniurupxrrYrfla',:ararudrirl#firfirirqrolr#u1ufiar:il6soudr (hydrophilic surface)
I e ohr, du, --.{_g.+_ - a ,s,/ ad -dj" o errfl0u[0 ?u'l tUrJ0lJ d to u0nirntr.:rnr:rsr5u:.rp.irdro]r-nr:ein 1 6nyaroiEfrurrir'lflunr:Hnur

ruu idto.r Gawish, S.M.8, Ambroise, G. rrar Bourgeois, M.e rrsi"lunr: rfl? ulr.ir#u,,n tynrirrfi.r
I ^ a a a .t6lqfllJ trdTtnl lun t:etnfru fr6 dt$loi attar drElr ato.rnr: n:*o I uqt"':ri o 1f,6 r,nofalur#ululnfiro r-

4 ! Y \ 'u, , 4t0t0trfl1liu-tril6nrirrd.rnr:ilr'hjdoilrirfl?il:srnrrrou'looou rsu f;lqr:nd

nr:flnur nr:tfl? ur riou dorlo urilf, flrlln: rair.:rr r nr unrud
d- -.":-q -c\ ., s ^id.vlnurt t t..l tfi:.t fr: t.lllo I ln n l0 drrt o 5l arustr! dnuruyryfr ou"lu rr n t:: lryr 6
, hry 46
u01j tflfit u d l9]l:n?t

rilurrurnlLifie'l ri

rvu flru rraydrtlr:n

-4 - 4 4 - id ,- nrroryn fi0 dxuo unqlJflin rru nqxrya ly{un 5ofl.tiuoin
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na, lalo,(a) J. Natl. Res. Council Thailand, 1990,22(l)



52

tla4
oilnrilltav2fifl1:

or]n:ai

- rirluaroarsroitfionr:roarurin No. 5006 (150-30-BR) rirmrin reo n'7n5.1.

d.:ilrun:vurunr:rniurL?,:vro{ud'uudr1 ornr-riri'yrqndrun::ldurl6urtfinrfind'lvrii rirrier
jqv

- l o!nao tttoYlau (perchloroethylene) rn:nfrl{riuqnf,lfin::lJ

- lqcrr'lvl 1 oo% Cryl6eril'l0n:on'ltd) tn:adldnluqndlfi n 5:!

-ar:r:6utfionon-formaldehydeepoxymodifiedpolyamidecationictyperesin

ilnu?ilr aurrr:6uuasrniiiiuq{ 6rrier 6.:1unr:mnaoldGtrn'ir "lu6to'lrLdt:6u" t:ry-ud'ldlunr:

rulduuln:{airsylrinrunrnro.rphlu6roauroidrtiudolrirud\or:nrirfuriluar:d{rn:r'116lriluar:

il:snou16ldaurfierlnBro,lrldoqilu;iltoluinouroutdnti6u (precondensate resin)

Y ,^ h
-u]tllxufluoutooou(nonionicdetergent)trnlifnl:rttrndrrouriootld'irrio

- ddorL f,lqr:nf n{ro ldd C.I. Direct Yellow l2 (Tavidirect Chrvsophenic C)

d,lru:nri v{i 1,#d c.I. Direct Blue 6 (Tavidirect Blue 28) f,1nr:nr6t{6 1'fld c.t. Direct Red

28 (Tavidirect Congo Red) or nliu-vr6 r:islrierr uadY{ driYo

-,nio'rdolrrar"i'nrrlul:oritfi nnruqruqnrvqfi (Penta Rapid- I 2)

- ret o 'rri'ndrtaa olu#'r ("MATHIS" Pad-Steam Rang Tvpe PSA HT 500 mm)

- ,nto.rdlvrireXr (Pin Tenter Type Thermosoling Machine Model PT-l" Tsujii Dyeing

Machine Manufacturing Co.' Ltd')

- {e,:rocounlrttlnnrilwo{a rtasdrno?irvlr drniui'orir rr..l6autr aIt old

- rnto.:iorirn:ru nnfitito'le (The Reflectance Spectrophotometer : The ICS

MM-9000 Computer Match Prediction System)

- arrjnlvr:lvllnitnoi lshimadzu UV-120-01)

- ,o*uur,o'r,roaytugiot tal (Standard UV Long-life Fade Meter; Suga Test lnstruments

- rn*olionrruyrur-tusiott:qdl ("LL.YD" Instruments, Single Lead Screw lvlodel

nr:f; nurfl naol nrn:rurilulrlki'fil{dlnt:nridolrirln6roareroi irY'rd

r. nr:rildsulnr{a?rwxnrsnrnro.r#rlrnriroarna{ rdo&o,6rsd'lor:nri iiirsr6uldr

Co., Ltd.)

TsK)

?fnl:

'1, dut. nfl. iitt t . bd--. t"to, "\

rttr'lurr

dude' z r

odr':dlrt

qoln4i

,irfi.,fir'

fi1ltltul

rJ0{t1A

drd'r.t t

,infl9l0

2 n.ll

rir rs

n0. /l
rta?Y

0!lr

frl"l

9lox

luf

110

f^11



53

n. /n:.!.
r0'lnfl

type resin

l1l tl lunt:

rry{tuuff:

r1i - ii,,i

phenic C)

)irect Red

00 mm)

ujii Dyeing

rew Model

r/ au
douuou n lnt:nT 3 'trn0

< Yl a1q, t ?1.1 nl:rn:urJul tFlu?t ttttJo:flao t:roliliu
. ,a r L d ; y, e ,, y

urnrriuy{onr,r ?frFi1un:sulunr:rn5 uudlyroriuoiurrri: I ritrfnryuot :ylror ro n.
6 t ? a "Z s a4 v d a e! [ lur]lo:na0l:[0 auu1u B0 u]yi utruu t5flrroinao l:lofrduoon$iiulnio{d'arit (padder) nrrl

riuri'o z nn./sr:.'ul' rtasriutirl#rn{.rfiqnrr4fi 120 ib 'cr. uru b urfi rra;ldrnio,:6rrir6.r1#flnr116.r
, J {r*'y", a -

odrrmirralo fi'rlitrieirtEuqri rirl:fuv'luov6]qur16'lii'rll#ryororirurlryar0 1 n#.:rrn:rirl#rrr1rfi

o8Jfl4fi 1oo + 2'ry, uiu 3 urfi

1.2 nl:reriu!,Yllouiilslq:fi 6ad'rulryorlyl (Atkaline hydrotysis)

rniuuar:asar0lryouh''l1urjr1#iolrLrrludr r, 1b, Bo uas ar n./a, nruiirri'u rrdr6.l
. r')r-- a I t,e gtt no 

",:li1drylr.rluR:;u ru n r:ras u a'.:T oliuri'urr rrd't ' rirr.rfinfrunv b n. u r lrrlu dr r dy nr olryorh^lfifi

alrrrrdrlr?ueir.r 1 nudur:'oruli{rrslu rirnr: rono rfi qnru4fi 80 lrny ioo "ry. riruuonrurrnnrirr
jc y ,.r

r,o{r?arfrlfr Tuurfiuuriu: rrir { B0 uav 60 urfi to.ruria;qon rrrerdo.:1xo nfifirrsrnoirlri'un ru
, . -V--t -1--.-.1 rc d rn, zr c) A " ,
iirdu n-lfirfronrdo:Joril;uutfiuxns't6nrruuil.fufintLrsarlfiocdrlilldriryuonrrsnr:,fl61fi!f

d'Lrr !,.t , Y e
Nadeio'til nrnfudrFiroondrid'r0lildyorafialu "l nf{ rrorrirl#rirrilunarrri:un:ol]r#rL (roz,.)

z n./ n. rr#r a'rll#aso ro6nn {.rdr urluas ?irl#u#r

1.8 ntiro:.fl rLrXtlnoiil"ilvr6rollcir:6u
" y.j' __..+.. J. V, e1 w, s a h / a jc
lJ1r.r111zu1UnisU1Un]:[9r:UlJ.i.rvroduqiurulrail'ii'efirulua-roludr:,i'ufifinrurriudulu

"o e ,..r_A , ja I c, :ur b% nlun:?!?r pad-dry-cure (;ilm r) frrnr116,rodrqarirrarod:unrrrriuti'n1o.:qnnFr z
. t r./ d : 

"nn./er:.s!. nloiri'udnr:-qrofiu @ick up) rur.xr zzutu tooh (r?rn#.r roo n. o'orl.: uIflfiro'lurir:ru
st o.tyet )al - ::lrriirriftr4rirfrfrilrrrinrfrrufru zoolo tort.itndnrdrrran.ririnloirdudnr:qerduuuflr zo,z) rrdrrirhJ

ouu#{rrasrr :rnryrrfluluFrloi

z. nr:froufia ufi 
nlor: nri rd o16oniinr:rsriurdnm, ryau

{ ,f, < ,
rriorrld uu ln:.r air.:nr r n r unr vrt o.r #rlvrfiroarn ofrr#r rirl r flo!dr u f,lor: n vinrid 17

nrrurdrdu r% ro{drfifnrlr (on weighr of fiber.zfabric : owr.) louin::uit^nrru;rJfi + zuanr:

finf;ld'lrnrioerfiu'r1oro'rr.irn'rniulrms.l s iiujEuurfiurniu6orflurnru,yirinr?ulunr:rHoniirt6daql

lunr:rniulrir

9Unltionl:6n Auurirorflunr::hrir L rrasrir K/S lnorir L (lightness) fiodrnrtla.jr.r
lolrrd{uufiu#ltltdu:riorrYrrlirrordrlorfifioru#r tirrir r riou lrdfirir E rorrrd,rfiayrloutrnfrr

r1nru:ulJ,.11 r"irr?o u dd6quu lilinarruha.:

td

r The ICS

nstruments

aor, lob(o) J. Natl. Res. Council Thailand, tgg0,22(l)



i''..

A L doftacitr:sil'irlrit L to{ blank flirir L toqsr'roor'r#rnnnoo 611d,{lur,-rd^on,:

a .&
sl9t d1Ll: uurl'luu 9l iuu

AL = L (blank) - L (sample)

brant fio rirln6roa,sro{drirunr:rsriu!d{rorirrdurrd':tiold'rtrf,'lorr:nrirtluer-tnnn

rujiu!rfiur

sample 6o r.Xrdrirnrtyroao.rrhuiinr:sirl 1 ,",roYuruun',moao{cli{slurrasriorJriru

d lar:n11

finilrir KZS fio rirnrrrldrLyiud:cmirlnr:noneuufi,!fi'!n1:ayfrourra':tolfidolr.Lr

fiu#r rirl#r:ru: ysiunru uir.,t o.rf;dfi n r r u #lr(u ritil:J3ilr Bno{Ado!!u r.Xrlr nloglqnt o,r

reflectance curve.irzuonr:finddouufturirrYu6nto'hi nr!arLnr:to': Kubellka-Munk13

(1 -R)2
2R

,{l-j
tio K ttav S = sirnlfilo': Kubellka-Munk lotrvi

K = dr:r.l:v?ndnr:qondu tra': (absorption coefficient)

s = dl:J: s?vrdnl r- n: sol0lrd{ (scattering coefficient)

R = nr:d!fiour,a.:otnfiT dfior.,,nur 6un',,4'du'"auoc'hirilduurrilallillnu

fl1t t ?{ lJ fr? 1lJ ?l U 11.' U

e t -.iv vryar f, td. - 42ai 'l qrdt dt i
drrir K,S fr ifr"lotnrrn t u 6lrrao I it driolnotlunul.tro qifllu0ln trytuu0{nU:: n ouTiv

q d i/ Lt r/d , i
uuuuzunnt:sto I0 i,.ll too0u l,l1'lui

B. n ra6on 3 roln ltiltdil{ildrr4 tvdtll,o{dlllrlfi fi ldlunl:rn€ sue?r

4 a4 d ,; q , "--.-.-d 
a t 

' 
t

i1n nl r rd o nlilfl5 uru r.irfr rylr y al"[u{o z rr:ttn5u1l[nul'if,]:[n:Jfl']1lJtflulj119ll:1

ri'urrdrrionriruf,lor:nrit{i (toh owf .) nr!n)-:!i;1u3ilfi a r:JiuurfillnrrrLt{l{utolar':-fi1{'
l A d,

I tar zunei'l{1Jo{nr)-nodriol tA L)

v A tu v A1 4 e
a. nr:6 oltfrotit0o allJootlo'l6l'lollnflfiulJ lll,l lun l:tgl:utJlla l-tt

o Yir d I Y tt c) tA s .-rl a '')
u tr.ny plUnt:rfi:ulSlyroriusiurrdrltrrj6ouln:l Ail {yt l ifllun l l'{ iou ltn l:[ai u!r"r

, !' e , r, d.vt t ' 
) 6e

lrut r duOtn n t:Tfln O{trn dyrlun ou"ir liiU rlr dOl d'[Ol: nll ltn[ 6UUtt dl[]dlnl:60:'l lfillflnn llnu

h ' s ltrLltnnqil'lto'1fr (L) rirrlrfror'''nrr'lr.l cirusi so, 60, 120, 't 80, 300 ttnv 420 u'11'l 911:Jalnt.L lqnrn
da18

lou tr lo I.r rr o:tJlJ o i n 1: q orx lJ

i

li{'

0,2

fl11

drt

n11

dlJ

lil

lu

spr

UU

111

ff

2. dlt. nn. id-u Y., bdna. t:llola)



.ln1nat,t

, u 0lJ fl1u

U OlJ UU

Y'rdoro.l

-13

a.rlrjlou

J
vfloltYInu

1U9t1': cl

r.t ff1)- Yl l.r

n:u l.l'111

9rfl flt 'r 
fl!

1ytfl]:iU]

55

v v_!.4-_--- 4 I I tt6. nIr oootuorJ?{1 ta0nn1fl9ltu flrflu1gdufluf,'tot:nfiflilglI,t 1

u'rHtllr auu tft:.1dt1.t11't{nt0n1 [o u.ir[[oy dn.] 1yfrrfi!13 duul tio alor:-nri ul'ro
fc iatl? s < rJ )dc) I I d, , - !,fl{U ItaBYUdU- tflULJfl::lJ']nal J!11 2,3 unv 4 cr {'['ifr'] rlJ tdtJd!r o.l driourrnnfi'],: rfufl"'.:rrfi

o,z, o,b, l.o! B,o uns b.0% ro{titufnrirsrrriritri'l rrdrrjrlilnnaouniudud6ro.trirdrioil

0. Rrriorros odoualriGto,r#rdfloil ol-{d

6.r iorir K/s rras L lourivXrsr"rodrwurer loxro ai.ryu. ?'r-udorri'u + #u flri'l#rral
r he( u , q !s r .t t - qrrs a ,,.i

tilu lfi) ttar Ufinan![[1u01J10.1ry0 { Idsl']0u].i [uln50.! ionr tUrre]nstr.rro.rd loulf rirlfldronrflo511

rjrunr:rsriuudrrorYusYurrd: tiorriruf,lnr:ndrilusr-rnar{ril5uurfiur (btank)rirrirdriln..,rrrouo

drdtiruld'rfllurirro.r K/s uay L

rir xzs dli'or n r n:4 o r in n r r l r rn n rir.:t o,r f, rir}i'r : r u : r o"'u n r r ! r, rrr o.: f, dfi n :., u
u o la ra a, I I a c, a y l, adrjfl!!flUlJtulfui,olduouuur.ltn't n1n {.:dnrJ0.l refleclance curve i I N nn t inod6otJUu iluti tliuFi
au' 'Ji ut/< r J ,ay a a 14

1-1t0llJ f1l1'l011.1 l9ufl']rQoud.: Itdo i']1du 0tJ9t0llu r.tu 'tn

rir I- rfiurirdueflrn?rxd'il{uorrrd{uufiur?r rirrioorrao.r.iril:^urn,,,a.rdarrluu
^ cr !, v ai- a ,.! e

ntnt{'t r.rluuu 0 u dll9louu r.lu rullJft1T lJll! d,l

6,2 nr:firriloirdueini.-qoduf;riol rjljrf;rior:firyf,oornnr:dolnrliinr:roao.t
q I . - Yq r,'lurlo r iiru:u 1o !4. rgr!drlfn:u 1oo un. rir'hliolnu'hii6rfiaanJnh:]r4lnfiroro{ ivisible

yeo ar -spectrophotomerer) liiriliiuri':n ar{1unr:r-nril3 uurfi o u (blank) d'aonrofsrrryad (quartz cell)
,Joi{itula lo !u, tdrn{fr (gradienr of caljbrarion curve.; 'lun ttt nt o {flauud,l yt bBo ut lutufri

mn?rxdufud'nt:gnnduud{ lofl€jrurird16'otndrnatorar nln:}4lsrfirnof rrayritururi.r
I t d t a -X

tu 0 rtcuunnl:ooclf:.r o.r1l

, i ,i, ae d -ritnrfr x rirfrdru'ldornrnio,r inluxri :o a.%n1:qocru
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nl n.t 11

14il1u A.

dn:rri':u*

rl3rLrarf,douz owf. x iiruruir"'ro rir.r (ua.)

lJiurufrflolluo-n :rdlu* % ov{t.
, f,' uv d -"

Eirfr eiru"kiornrnio.rinlunrir o a.

ntrooflaultd.l

v 9 d.e i , v 9 Y ,
fl ?'tunlltflulJ 0 iflu 0u1rrrflnflr inut0{n1: uolJ 0t{ 9t 0.2,

3.0 tlas 5,0 fi] a]al]
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rirrirlyr6roarsroidrfl5"rJ!lofliinr:firmruryalrrasdoldaud\or:nrirrd'rnuit'nr:reno,l

ludo r un:roao:.turrirnrrlmumrusiort:{6{ ol1JtJlel:lrulo'! ASTM Method o 2101-7910u
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,lontsriur:drlooiildtrjoinaol:rofi6urravtiolfl'lor:nr{n{6 tlo ovrf' pirGuvlonrniuldrlFruii

lslo:fi6orirul"ror'h^lrravtiold'lor:nriv{d v1o owf . #rGlvlonroitrulxrln81dlilfiro,lrldr:6u

rlElrtu r% rraytlorLfr'lor:nrin{ro fi rral6 1% owf. enldrei! nJiuurfiuurilr#udloflarrlusilrnpir6u

r,,lo nrrav dorLf;'ludrlrlr tiolfiinrrclunr: r1orr6 urnlil

0.4 fl'l: vr fl ? rlr frlvtugio t td't

rirdrlnfi roarnoidrniUlJlou1ffi ifi r !.tsdlr uavdolJrhufi'lor:ndnuiinr:vroao.r

ludo r lrn::o frolrrrirnrrlnlrueiotrd.tsp rsl:nlu AATCC Method 16A-19823 qiru

standard UV long life 1'ade ..ter lnul#d'rodxtoqfii'l#i1uro ? x12 n:.ctr . 6o6oflirnu{'url1u

,ntu.:n:roiloufii carbon-arc tamp riluqiln:triltlu#1.:ruual rJiuqrJn:rrinl4lf,ntntrrofrountu'[u

rn*orvroaouh?fin'ludufiln'vrf zo L5/o uarqnruqfiri black panel 63 t 3'ry' ttdrrirnr:mnaol

1ur'.:,r:cr;crrargrv.lrui ro, zo,40,80, 160, s20 u6s 640 #rlrLr nrldrniu ruadlslfiuurir:tm'jrlii'rorir'r

rra c f;fi rdd uulilor n arna drmr<irnfufqrirrild su rrila 'rt o{ f,d fieio rtalnrl:s siun rt u ttc}n sirirlol

f,nrlun:nrutor AATCC

6.5 n1:?11fl ?1lJfl.l11Ufl Onll0un

rirdrlvraroarsroidroiuulooiinr:r',nr.,r6,, travdoudrufi'lnr:nr{ nuiinr:voaol
,ludo r lrn:roaouflrn1rn.:ytuFionr:dnnrurn:!1u ISO-105-1 6r ISO-l0S-516 ryluin",rrn,t

"i'ndrurirn{rfiouou'loooulurnf o'rdnrruul:srri u'''u'''''ud'
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1. nrruJduuln:{fl Yt{yn.:ntunrilfl or#rlilaromsradrdafloxd'lsrr:n#

,ise)
n r:r:Jd gu ln: { air {r r{nr fln rliro,r r"irlnfiro nrn o iriou doru f; loureri u! rildr uiild'
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,, , I 4tnt 0rna0 r:tomau ts tq:arydo1u lryot l1,l rlas I alo"t:Jnr:fru rrar 6o16r ud'lor: nri zuanr:6nR1ci
,...-4-.-q -- stA a { d va dr a -a.i.jtfl1.l0flrv{fl.: r010': zu 111[9t: ulJlt 'l 3 l rr!: rrulr u!nuo orlJurn orqin-'ndu]u n r:td o nir-tr*d fr aolu

fl1tln5ulJ,'l"l

nrrro;uurirloul#njoioaol:rofi 6urrd'adou?'lor:nri

iinr:fl rfliunr:rir1#fr :mirto'rriiu'lu ruro H?ovo,rirrnruluro.rr #uluuJduurrila{lil
i ,vX v

ua, dru'l r 0fr o s}irir tioilr o,: f,'lo r: nrirrvr: o6luh'hJ6ofiqd'r u nr: n: yor u rr: lfiq:yy.ir,:Iura na
AY 4 q ro < ^ & ! , q s a td, y a )a 3 dduoljltaitEIu tu lln tunl:uoslouu tuo.lunlntdu [t lttdro crn o5riiurilulofrialda'hiryoudr rioon

o!. t t s -a f, er . " u,ay
n:yf ra)ul oinao l:rofrdufrlrijua{rriravar urruu'hiijrir (non-polar solventl nsfild'e6r:iirnrn

1trn6oufir (surface waxes)l6 rrncdrl#rduley{o.rn"l n-.:#u6lr4fl#rdulufifiru::nni?r (affiniry)
. < a dl,
lunl: uogrnf, lnr:nr

nnfiklornnr:r-orirnrallrrnnsi.r,r:yfi.ir{pi16!donuordolfilor:nririiu blank r iuu-
a o I Ae e,tt 'rfiuuriu,irfil'i'lunr:rnao{rirro'r a L fi D65 (rrrri.ruar oos l#rra,rf;trr (day tigh0 iqruv4fi
f, oroo K )11 iHasir.r = 1e.zg udo{'jrnt:60fr'lnr:nriuurirlnfiroauroflrirfia,:rf;ndourrny:;ryu

nlur{lto'rddirion?1xdilfiu;:vH'ir.r:Jilrn:rio.:dtioxuupfi0'}n reflecrance curve r.rorrir K/S

dunncir{niuniu blank rvirri'r o.+r d'rrflurirdrranr:vel'uRrrrlrrnndlwo.r reflectance .rru. dld'o,n

rir A xzs rfiu,rrfinrlou aonadorn-uruafiuao,rrl:trrir L.,

n r:rsrE sueirl o uif; laIo:6ry'adr ulsor'lrluoyfr or?'lo r:nri

-.r_ - JR B . --r_ - !r r A ,-^- a v g a . e)?!n1t - u]fi! nI0.11.11filfl t tuor0ln dn i 0tt ol lryor1y,{riu lndro arnoi ri',rriu6'rilirir

dr'irunr:lsln:66crtralryorlv,lhJnrriloirduci'r,0.:;rrrinflrfivrul:l rrdvrerdoud uGro{rdu1u
.l!

tur'onr rirfirrrry er dr'[:Jyrn a o.:nrorrlriluh]ldcionr: rio! fi

o t nn t:mo noliinr:vrrrJo frdudnr:yr ulilro,rrlrrin r1rul'i rne ulrll{urollryor'lvl
qormqi ua;nar irunsioaul?to,:fii *ac 3lrnrnrrrrd duto.:lrynrlyl ,o n./u. dq*rqfi roo"ry.

ulll 6o il1fi rflunrrvdrrlrreldovrirblnnao.rt?olf;siohl iilalo:6fiad'rulrynr'lv{ uonrrnrirl#
alri6to'rrXrln6roarsrofifirf,rLrliadduudrslfirl#nr:qnd'uro.:f,rlouddudru'o ri.rriulunr:vrooor
rirdrn'rn:'uulouiilaln:6q'adrulryor'b,lrLr rlorshuf,ir,:nri,,drroaoulouiorirn:rlrrnneir,:ro.:d

J. Natl. Res, Council Thailand, Igg0,22(l)Ca,o,, lala(o)
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:yy.jr.:,itA:Jy{onrtoydorJ*'lnr:nrir{Ju blank rrli0urfifluni!drfild'lunr:vroao':'ld'rirto'r A I fi

O65 fiHaqirlriurvirri'! zz.ss rrao.:irrXrlufiroarsroi6nfilor:nli'ldtfiu.irf;ndou rta:::o"unrr:Ltd1

tolf;fiflnru#:Lr(udrYurjilrotto{drJou!udtrrn reflectance.u.u. rtAol'l#rffu'i'ortudlonir

A rzs fiqir{ri'urvirdu o.rer

nt:tsriuu#tIou1ff nfi ro'lurir:6urtd:fl ou?"lor:nri

nr:r1ol#rlufiroarsroifiuriur:lould\nfiro'hrir:"1'ud'rof,lo,:nririu fir1ofior:iurnr:frqd

Iouvirl:l z rtuarrl 6o

r. lu6ro'hdr:6u 6nqor:1nr-lairlnrlrnitollu6ro'ludr:6u n{lrnifiarlr:oriltJrfi
- I - aet a s <

ri1usirnarlidouloloqto':f;tiorLfio u:,inr orn ou ri rtotL ltL t ul (quarternary ammonrum group)

rra;v{,loo:onfra (hydroxyl g.orp) si'.rlvunr:rsrE u! rYr6'ru t:fiu',n 6luutl6l n:vu:unr:firirl#

l:Llu * o {r o lr:6ucrur:n r.ir urclr'hJo q'luvovjr.rto.r rdui0nioso{'jr l: sv'jr {ln: lafilrL o'r dlro

rrasuJdflur{lulilfiruoi"ldnrufio-.1 ,flr.,o,nlr,oqurrlrirutolr:6ufi6rutrirlrJ1urdultrrYu ovn'r;il

r{Juar:ryiur"[a'lrinourr:nfioqlu;ito.:uinourourar, luanrrrd t:6utsrrr:n61lrcllhJ1urdu1u

1il6noqjfi fil rdorirl#rfio:Jfrffi urlilfrr:J oi'l:rrdurrdr n ar ur{lulnfir:Jo{tnrv6flviottYl:nrrirlllufil

nu.,,,irtulru,nrnulnn.lr,n*ui,lru{rnro'[u]urana rirl#rdulurr{{rr:l fiot{u6{utra;fiar Glqfltr-

nianr qflid:Jrl6tolr:6utfi oriu 1

z. lo:rairrciorirlorrrn:nr:rnry6or#u1u rtlufiuouiuriuir nr:dfilor:nvitiolfrnr#ult,

kirYurfroornirou'looou'luriru:l:snoufih{d druilnr:roaoldorLpi'rlnfrroarnoid'rudlet:nfd

ld'finr:nlduurrilarfirnrirlJollulu6roauroilrlfinq'urnitorN{n:otnourirtor}Lrfluund'ru I ri'u

ln:.rair.rnr0lucJowufierivio'luaou r%drfie,6u1d'ornnr:d1#r:6u,ilust'rnarltnrsfin6onrulu

ro.r.jrrqlolrdulorrassol.irr:yrjrlln:lair'lnolarav,o d.:x{n:o,vrouriuorLllrfiuufirfioornt:6u

do;r:'ur:r uo qrtaydttJi:6t11:Jd!ttou'looouclo'1f,'ldtn

rrnnr:rn3 or pxrluffro rrsroilquldlilfiroludr:6utdoriorrfr'lflt:ndr ravr-ovrrirnrr!tiflnsif i

rolfi:yr.ir.rpir6rlylondorLfilqr:nrifiri]u btank rrliulrfiu:.lrYlrxrilflunr:moaolld'rirqlor A L

d nOS fizuaqixrvilfiu 3i.Bb rrao':'iirirlnfiroarfloifierfrlor:nfld6 rtavaoqodoliir:sriunrrlt{r::du

rorfififinrrldln'uri'ri'lrlSlronrolddoulu'xro-rn reflectance t"ue firfiu'ld'i'ortusl, arir A XiS

dsir.rn-urvir ri! z. ro+
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rirlorld'iuiro1xr,i,-"ruqodr?'lnr:nrflIi'adq" (AL ti oos louii1"ilufito'l::dr:6u 1fl!x1''riuu
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fly blank rvirtiu rz.ar) iilalo:fifiari:ulvor'h^lqo"i'lfi1orr.-nri'kir}unar.: ( A r- ni o65 lquii
klo:6fieri':uIryorh.^iriliulrfiolri'u btank ryirflu zz.as) rtarit"uJoinnol:rofif,uqo"fi'uf;lqr:nd
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qh A !t / a dr a.ia *r ,j 
"9ltu110.:la0nl5l11ar0 1Ll,iI:ryulIudt:rnuTliilunl:l 6ouln:ld5t.:Tt,:fltflnt cJo.1

,s e . t t I I c\t d
fl 1 llial0 altn 0ln0uu0lJ9l1U d lnttnll

I t/< a aJ
z. nr:uoilHr tr{aloflteto:ltFi tunr:rsrisxrirloulfiJil6ro'lileir:6u

z.r nr:rfi onrlilrnrft,riro'lurir:6ud,urrrau

nr:y:o.dourrrirnrrurrslnrirwo{fiornnr:rEriolp?rluGroa,eroirdotiorLfilor:nr{ il:rnqir
c ,s q i/s a u / - dt qd j .i t , a i, y A onl:lgt:uur.tltFlutyI al0 t!fil)-crurtu1!nITytr?rutid rqotnonr:rio:t i.:kinq n o I rlourfr'ot6 o n

Fy
rJ5rLrorn rrrurrir"riut ollyidro'lr:rir:fiufintlr;alrY:u f, y/o owf .CJ. Direct Blue6lourirruo 6:.rrru
s a 14 / a dr " v jr
lflnto'tufllrdutilu 0.2b, o.b, r.0, 3.0, b.0, 7.o LLd,x s.oo/o nuaitniu ri tnirm-tior'ftiur innrritn I r:lrnn
' 4 j / ^ de I 3 . ea a r ? ^ .i I i'n1{t0.td v$J'nnIn0ur0': L aoa.l (n1:no dri orLrurtlu) n rl!51rru n t:"ld lu6ro"[rLdr:6 un*,frr.,tu

(nr:r.rfi z) ornnr:ldva'nnr:vrxa6frrdomrq"'.:rul:drrrrrarto.:rir t- irirrqdfllilrrsrnqii.:ri'ufi ,

r , ,.l I a e d -vatue 95o/o u:tng11 ntTlfilJIydulldono ixtft Iy{ dro"hFlr:fruryir fiLl 5% llayluofrtl:[xlfil I

ar rur : o r:Ji ur rr' o ul #r# uLi'd,r d

- rJEuornr:l.ilnfiro1rLrir:6u so7, !t1it L = 40.b8 uay ; rrunt:1d'rr-frufi s% firir
L = 30.01 llaq{'ilirirnlrrt tnnsit nL o l Slrn:n r.-1dl:frurfirLrsu 2% llsiflllrJllflfleirrrorrir L ro.r
rlirrunr:1dr:6u6ed.t = 1o.bz

- r.lSrLrtunr:1dlufiro1udr:6ud tqo i!r;-t L: 2?.38 (0rn irrnrnr:ldr:fu r% rir
L = s0.01) nu'jrrittol L a oo,: o I n rfilt u n r,-1"i'r:6un'rfi:1fi udn zlo ryir ri'! z.os

- & n o r," - , a - f,ri.:riurjil ru n r:ldln aro tunrr-"luttfixls d:Jflo : Iruo-:rUrdlriu s% l-oufirr:-uIrIn
o'n:tfirfrl{uro.rnr.-ld1yrfirohrir:6u a,/o 6l z,z 6la:rlLi'.irrir A t- :syir.:fiilS:Lrrunr:ldr:6u

na, utab) J. Natt. Res. Council Thaitand, 1990,22(t)
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Bo/o ti1) 6qo firirnllrtsrnrirlfiurLrnotjrltfiuld'"i'or (At- :ro.orz) rrrinr:rdlrJ?unrollrrl:Ldutol

nr:1d1ufiro'hrit:6u1;1n n% ff)u tu rh A I- rurnsir.rrturfissrdn#ou (AL : 2'6s) oi,:rYu nr:rdr:

rErLrunr:14lyrdroluinfiuq'r6u6n 2% (n1nil;uliunxrrLr{lr1u s'Z') rtlunl:rdlrEilrildhit?rlrsf,lr

lurt.lre:ugrranirdorfiuuri'urJilrnrnr:fiof,firfiu{urfiorrHnrioo 6un,r',ron,or',rfirLn"uftol;,

I- riurlS r: r orln fi rolrL dr:e'ulrid'.r grJ fi s

z,z nr:ffou#rlnfi roarnoddru?'lor:nrilnlfiqoarqa

nr.-er"ofiurirtollod!qarr?i{n1rr1oil lotriilolrytvroilto{n1:qo"x':Jlun:dtoldtln6-

ronrnoidnonordoud'rt f,lo,:nrifl fitt:artotndlnt:rdufl:'l1o{tra{tiuilolflvroil {Langmurr

isotherm equation)18 lquriryuo6'rrril:dr'r 1 'lunr:t1orf,'ldn lfi ritriurro rfitrl6 uurtrlo lhJun

30, 60, 120, 180, 800 rray +zo urfi r'orirnauttnnqir'lto.rf, 'ldrir I- d OeS rrliuurfiflufi':lrirduilon

riold\or: nririlu blank (ae.ro) rvird'u oa.+s, 5e,58, 58.04, 62.80, 60.00 ttav ss.sl flrrdtoi!

,; .i aed
fi,*rdel.ttulilyt o rylrroo.:rxruu jrfl'lrrl#!fliuf,:ytixdr L rYurrardloAlqatornr:dor:flhi,ilutl

u .lu y
oitrduflt:rduel:lr roornrra.rrfigf'lolryrvo{rL ru:rs'jrnlrlduu-u'idld'triiiuoq',iualuG:sv'jtl

driolri'urdulurrsilufifinu.jr orfiuog'ri'ldriolrrayili:Lrornr:'[d]vrfiro'ludr:6utvirrYu

rirurir KZS d,,an{Hanr:6e'10.:dfloluufiueXr ovdoqndo{fluri1to.: L firil6ourfillfll

Utanf firflurirGurionrroyrloilfi'lqr:nri rJ:rnq'jrrir XZS firirrq6flrYirdu 0.e8, 0.e36, 1,123, o.'t2t)

1.00b !ray o.sos l,u{,rnr, dou,'jald Bo, 60, 120, t 80, 3oo rrac +zo urfi rr1iulrfitruniwil6ur^1on
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