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Abstract 

The objective of this research was to compare the mordant functions of each kind of' 

major metal ions in mud and laterite. Each metal ion was studied in the function of amount 

and capability for binding indigo blue onto cotton fibers. Results fiom XRF spectroscopy showed 

the majority of metal ions in mud and laterite were ~ e ~ ,  AH, M< and ~ a + .  These metal ions were 

studied as mordants in the form of metal oxide such as Al,03, Fe,03, MgO and N%O. 

Values of the exhaustion and dye fixation were calculated from the standard 

calibration curve of W-Vis spectrophotometry which resulted the dyeing with metal ions giving 

higher percentages of the exhaustion (anterior number) and dye fixation (posterior number), 

~1~+(61.60,52.03), M< (33.45,13.88) , ~ a +  (29.54,18.78) and ~e~+(19.98,5.86), than dyeing 

without metal ions (18.78,7.42). The light fastness and the wash fastness values of the dyeing with 

metal ions were also higher than without metal ions. The amounts of metal ions which binding on 

the cotton fiber were analyzed by Atomic Absorption Spectroscopy (AAS) and Inductively Coupled 

Plasma Mass Spectroscopy (ICP-MS). Few metal ions (0.07 - 0.8 % by weight of cotton fiber) wer~e 

fixed onto the cotton fiber but acted as a good mordant function. The comparative colors of 

dyeing with varied metal ions were measured by a Chroma Meter. The colors were different 

as metal ions variety. 

From all of these results, the most suitable metal ions to be a mordant was 

because of its forming strongest complex with indigo blue and cotton fiber, next ions were 
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M;, ~ e ~ +  and ~ a + ,  respectively. Dyeing with laterite gave better the mordant function than 

Mud. The dyeing condition with metal ions as mordants before dyeing state showed better 

results than doing at after dyeing state. 

The obtaining of this research can be improved to the indigo blue process in order to 

reducing the numbers of repeating times of dyeing to maintain the indigo blue quality. 
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Major elements / % Minor elements / mgki' 

Na tr- 1.5 As 1-20 I 
tr = trace. (fpul ~ ~ m l f l z .  2547 : 481) 

Elements worlda worlda worldb USA~ canadaa 

Arsenic 

Cadmium 0.5 

Chromium 200 (1 00-300) 

Cobalt 8 (10-15) 

Copper 20 (15-40) 

Lead 10 (1 5-25) 

Manganese 850 (500-1000) 

Mercury 0.0 1 

Nickel 40 (20-30) 

Selenium 0.01 

Strontium 350 (50- 100) 

Zinc 50 

(caul Tomin:. 2547 : 481) 
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" ~ a t a  reported in McKeague J.A. and M.S. Wolynetz, Background levels of minor elements 

in some Canadian Soils, Geodenna 24 (1980),299-307. 

b 
Data reported in Allaway,W.H. Agronomic controls over the environmental cycling of tracse 

elements. Advances in Agronomy,29 (1968),235-74. 
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9, 4.2 i i&aazl~Zin~oun"~~Z~nn"n?n nn?Gsi~aiunnlnG 

2. puii (copper sulphate) I 4 d ? ~ i a  2 i~oiiiuiuo-16n~ninjn u'~u14 
Y A A r'aun"uii#umu~d?uianr~~u9uo~injnq (injnq loo n%~l4'rjikurn~ 50 Gan'nFu) muiro 

prddpr 14i$urnruoiiinunl~~9Aouiiazwa"9u'ou n1rtG~uZibumruoii~nu6o~iiSnnwuo~1 

!$i$uiiooniiiua ~ a o d i ~ d u  ido&u&'auiiriuuy u~16~ina"o9~mu1~qu~i$uniruo~iinu6 
dip, u d d  muoulkzi$uZma"o9ouiiiuanroniuuado~'i 

3 . i f1S0 i~ i f l~?0f lGa~ i~ in  (Ferrous sulphate) $$d%~l-iU 3-6 id0iiG~6 

uoafinlina"nq ?iQuul4r'auiiumrlnLiaz1~~$uniruoiiinuGniuna"9niru'ouioiiGu 
pla 4 9, .'A '4' mrbbulnul~n~omndni$un~ru~~iinuG~:i~lnnmuou?~nX~a KilriuinBs:naiu~uu 

oui$uZi1 

4. Tnr u (Potassium Dichmmate) I$d?~i- i~ I i d o i i ~ u 6 u o 9 b ; n l i n ~ ~  
B 4 a c 9 ,  u~uulG~;',un"~~1kun1u~d?u1~~nr~~u~uo~~1~lina"nqi4u~~uan"uidol4r'aun"uqun 1.a 

d 9 , A  9, i$u nisuoiiinuw"fiouu'ounf~na"~u'ounln iusuouiia'ao:~"~lflXZooni$uZma"oswos 
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n a ~ n n i a i a ~ ~ n ~ ~ ~ a i ~ ~ ~ o % " t t n ~ d w "  

m5&ull~uI%msuoiliRun'(~ordant dye) I ~ u ~ ~ $ o u ~ I ~ ~ o $ L I ~ ~ M "  i~o*?tl 
d d 9 4  %unis~anu~oaZ%u~#u%u GiIXZG~aiuna~u %Ojmnp.s?oijai~u a~suoilaauw w%v no 

a1rnrmuuo~m8sTnn- ibu m~ouaao~iiiijuu no4llm.r Tnsliiuu Ryn twin ila:llnuiiu 

nis$ouii!& 3 a'nnrm: go $ouaisa:aiuols;timuw"fiou ~ouaisazaiu.us~i~muw" laazi 

n f ~ u + u  1m:mstburnra:aiuuo~~imuM"wa"a~inn1su'o7~ii d ~ ~ u l l u m r b o u l i u u d  

<a a~ar#u%u!Xri~un~~o'ou~iia~nisu"ou~~uarisaraiu~~o~~~~uw"~~a'a lap.s:uaamsa:aiu 

uo&muria:~iial~uai~d5:no'~1~3~4ou~~i~a~isa (Strong complex ) i i ~Z i ia~ i#u lu  L ~ U  

ms6uCiauio~Bv1+u riurdulunrnnian~lan ~~ufiTnrui~urnsa~aiuuo$i~au07" i l l8 
J' c4-4 , J '  id1~'14nnunanuu1nuu vaunaInmmuuucurtou k d  

I .  mrlnCiouduo~lula~au~a~l~uiiumta:a~u!d&~~uo9i#ulu 
ad- A A 

2. mrgm~ua~wauo-ri#ulu ~aorm6auuluolulaqaue,aiu'oui~i!d 

Zuw'ai7uTuiaga6~~91.a'ulu 

3. ms~msn~uuoa~~oui41ldn1ulu1~ulu1ia:aiuis~~m:~a~1u~#ulul~ 

( qnln inis. 2544 :15-19) ~amn1)s:nou 2 
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Alizarin 

Insoluble 

---------I J irYului.aagTnn 

ni~%~aiauss"rsc;lodp1"%odnazpIauni~fi~u~ 

nisiimsuoiimub-~l~luniso"ouw"i~waiu"a~ qmn fmr(z544 : 16) 
90, uY 

I iaqd law su 

1. ni%%#ai%uo%"ssnuin'~odni~~~'~~ (The chrome mordant method) [flu 
rnsiihW$umruoiiiauw"fiounis~oud 3 $ 1 4 ~ o u n i i ? ~ $ u ~  TnuiiB.rAazLud 

d ~ u m s d i n a ~ u z o ~ a i i a  Id~pi~uni~uzdurs~msuoiiiauw" ~?umnazd11fi~oun?oi8e1a 

u i u r zn i i a  15 uiG9 I hb9rioudiouriiR91~uarisazaiuio~n 15 uiG 8 9  i hTu.r 
9 9  ~ i n ~ u o z i i B ~ d ~ u o o n d i ~ i i ~ a i u n z ~ i a  fioudilniin.rw?oiiIdu'ou~io 

2. ~%%#~%u~s"6~c; lsd~~%"~'~n"pInl%&~'U~ (The metachme method) i f l ~ f l 1 3 i  

iiar~suoiiiauw"wmsaun'udBou i~8aiir?ia9u*ou ~f0uq~udl%~dsznu"a1aaiiiazwa"991~1 
Y Y  

r n s ~ u l C q m n g ~ i ~ u ? ~ u ~ u n i s u * o u ~  G~dmsiiiumsuoii~nuM" eziiRdi;ulu&u*ou 

f i o u h u  i ~ u w ~ ~ n i s b u d i u ~ d s z u z ~ a a i n ~ ~  Guiflui?.r7szniiamr$u imzmsJu  
I Y  

44 9 msuoiiinu*ildomrhu~na'du~n msluiiuu;uuoidudnasu"umou~o9nszpIauni:i 

a9 ~d~dli~nlin'ljn.mu~w'inisiou~iuui~sn M & ~ ~ $ ~ . ~ I ~ X ~ ~ - ~ ~ U ' D ~ ~ I Q ~ ~ ~ ~ O U ~ L ~ I : ~  
-4 9 A .'9 ~uil~uau~u6aa9msu*~ubiuu~u%0~0u~u1u6ud1~~ba'a018~in'ljar1uis~iina"uui1~~ 
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3. m%~#al%ue~aa61~~01i9nl%&eu~ (The afterchrome method) i ~ u ~ l ~ ~ l ~ l ? d  

boumruoir1nu6nkoinniru'oudiia'a iil~iiliinnird~uuiida9$1o~d idu??Zki%urnn 

idu mdouo9ffyo mbouo9miin imuu'uw~ooraimuiin mrbumruoiiaud i i uu i o i o~  

?i;mru'ouium5nrmioluvi~n~~airuoii~nudo:Qni~ua~~dlu~iu'ouluda~ 5 $9 lo uiti 

qn~ iu  tiou~iia~duri~uiiu'ouoon u i ~ n r ~ ~ ~ o u a z ~ i i i a q ~ u a i s a z a i a n ~ o ~ y n  nio 

indouosm~nwfl"snir~'oudiRoiau~unirid~uui~da~~wnd airueiiiwud ~donoino:i,, 
a A 9  

S.R'G;iin'niiii?&wuiiidaudi~~ioauGGnaiun~nu"~o~a~uouliioiia~6au 

1. %o¶J (dyestuffs) 

d6ou 38 duw"nwu$~~%~lunirbou~dulu6uo~w'i oioozi$uai'i5un~6 
a d d  9  4 w  

niomrou'unrunk uanvarzi8uwiinniow9azi$un d$uuwau'~azaiu~il6u19au'n 

as l l imu i roazmdi i i iozaza iu~u~a i iaza iu~pd~~~~  ido l i i i i~u?~~~unrzuaunir  

tbuoziil~lum~a6uo~du'ouGir"u~iuiGiln]Iuluiaga6uo~iduSul~uoziiaiulnr~a~1~~~n 
9 ,  

uoainglirr$anna 8 9 ~ 1 o i ~ ~ ~ u ~ z 1 o o o ~ n ( i o n i c  bond) nio%u'uszTnniau e n  tmncl) 
a A  d  

6u~mq~~oiotmrbbu~~umr9 ani~uoindu'ou~u ~ ~ A Q I ~ ~ P ~ ~ ~ R ~ O U I U ~ ~ E ~ ~ ~ ~ O ~ I U  
Y 

lumqmuotBbhuriu~~aiuaiuirn~~nduwa"~~iulu~a~aidnm~uii~~u w%aiuiiac# 

aiumuo.niluoziinaiu~iandu~a~ 400-700 UI~UUIR~ ii8ou#ilnr9a~;9ni9 tuia~ad19n"'u 
A az i jna~uaiu i~~~un~r~nn~u~~. r~ iu i ia . rd ia . rna iuu~andui~~~ tiuld .atmumimuim 

9 8  o ?uniw!n o.mil~uia~~uo.rBu'oudi~1~ud6ui1~n~~l.R'i~iiipd&;aua1um1oonu1i$ud 
Y Y  

iariuld A~maiui~nui~.rGu'uuoonlXi$u 2 d5zmnlwnjq do BiouarruaiG ( n a m  - 
d a 9  

dye st~fis) ~ ~ u ~ ~ o u ~ u i a i n ~ m ~ . r ~ s s u ~ i ~  T~uiawi~n'nrnzZm nuoudlnoindaudrrnou 

w"a i i u  dauiidu daumon aiaudi3umda"on aiau&$ulu i$uiu G-aoCii.ridu i%ioin 
9 c *  a gnuzmdo GL~uoinbiunnu Bmda9ainiifolulon nimnoin~onnrrGmi Gaa.roin 

riniui$u aiauGu'ouiuioin~~a" l4iu i~ja~iin.ruo.rn+.r ii0ja.r~inwou~.r6U"nuiu i$ui~u 
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GnZa wosiams iaolsniiar lnuoa&iiazlnsduo~ ii'aoriiadu %fi2rn~oseinmz& im:lnslius~ 

iin1~i1$~oo~~1u%u~~m~A~1noon~~66uo9iwa"n~flo~oon~~~~1o91nsiiuu L ~ U ~ U  0zi$94 

IAi~iioini~ilawz~~na'iai$ulawmrin J~ibu~umsiuio~urnw 9uilogrjuQmunnaij~ 
d d w  

u'uald dauarisI42lun.lunjuarisdszno9~5uwsuo~n~zi$uarisds:noui~~4ou~ds:nouAau 

a~Plmiuouioo~n'uozmou6uo~~~q$uq &dauuini$u!a1nsiou lulmslau oon3iou ila: 

A~uziiu lnuiaw1zocii.r~~nioJ~in~f3~ouion"udua~iiazi~ns~ar~i~ds:nou~aua~iuu$~~ 

n?otuT.aniuoun' (benzoquinoid) mudn$~uu$u!Giii i d ~ i n ~ n ~ ~ o z m ~ ~ ~ u q ~ i n o ~ ~ z f l u  
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1.2.1.2 i i o i n ~ ~ 3 ~ 1 ~ 1 A  iisssu~i5 iSuiidlRYoin$v thiRj giiunid 

aaa:da~cgiwl i i d ~ ~ ~ o ~ n ~ ~ ~ n i $ u n i s ~ u ~ ~ u " ~ ~ ~ ~ ~ n a i a u i ~ ~ ~ " ~ o ~ ~ ~ R ~ i i ~ s ~ n  idbon fir 

6u i i f i d G  l u  aon wa iia:iui% doin~miRjo~'ni~uZ~~4oiniiua~m1niips"~i4u lnSGa aSu 
9 d 9  ziin~nu~llnoin~aiiuaq coccus cacti olntiun~~n uazinoioJ'ni$u3iaaq iiastYu d ~ o i n  

~tuaWnia$.~~u~ntdn COCCUS illicis W U U I R ~ U ~ J ~ ~ ~  d ~ u i i ~ i n n ~ ~ J . ~ w ~ ~ u i n l u d s z i ~ ~ ~  

~nuiuiguiilun j u i i i i n ~ ~ ~ p ~ o ~ n u ~ o ~ n ~ a i i u  Laccifw lac= n7o~untiuvhld41 niq 

Guul48ou'oalutm:~uZma" im:l4t$uiiwnuo1wn i io~n gZiuddwuuinlus~ an6 iiaz 

aiundsu aiia.roinn Monascus sp. ?~~innisnoJ'nsi~u~ia ds:mdud~i~u~mn~~nssu 

iiwd4i3uiiwnuoims1taz lEin'~odiida41lliiin1sw"p1iQodu tdu buo~nuot$uZnaq 

BouuzmBotSuiidi bouu5u$uirn?otltiuuyu i$uillnZo.r LunnwhSuiiiu bunnu 

a?Juiiii~u ~uidBonld~ntrnci~udf7mia Lu~nnuonJognaic n?otdBonu:np 
sd 9 a 

iguiidua i5!u6u i?sr sua~nuuoau~nu~u & w i o ~ d  (un~?ntna"ui~uql~oj, 141rinu7m s 
9 

amnls.2538 : 1) 

4 4 Y  
1.2.2.1 ~ A L : R  @ i i  Dyes)H%BglP1IULLUPIQ139 (Direct dyeing) ig~fll1i 

huilfu'lui.aag'lan hul8 i iu  im:$aftl&i i w n : i d ~ d ~ a . a n ~ l n n o : ~ ~ ~ ? u a s o n ~ a o ~  

mn 3tinlnroiiiarium:lulasiou~uluia~a"~o~dlXl~ums~ dauihlu6ifluwanwoZiid~~ 
B Y  Inn' lXiari uut=?ma"n?olnu lutaqauoqi8uluiidaudiau1;'qnsaiiaz61q a~~~noxhu<o:: 

d4 -4' Jic d ~ ~ u i ~ u ~ a u ~ i ~ u ~ $ n s n ~ 3 o e i 1 ~ l u 1 u i a ~ a ~ o ~ i i i i i a i ~ u i n a o ~ u  dhHYiiiaiisq% 

mduaiiuulooo~n ~qniwdxnou 3 
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I 

Wool or Silk Fiber 

1.2.2.2 B ~ l e n  (Basic %a) iioazm&azlangaigu~ooouiinlsz~ 

uan ui.mfa%nii BimnYooou'n i~u8dniuisnini:.'ni#ulu~ds~u ildlimi:.'ni#u 
4 .  94 luaaglaa $.roz~u~nkiuolrio~o~iiauw" idu nsnunuiin ijCinutuzdun"oiina1u nmln 

iaa:naiui$uuosi?"nuin i?rid"n&i:uulilA iieia~o%4u"oui#u%u"uu8wa"aiaz Wiuiia'a 

nailmtnuionis~nrinzioiia9~iuin ii.t"lu'u"uul~i?d5zinnd 

1.2.2.3 iiijlla~i~ (Acid Des) iujoa:aiu$iQzianoi?iau1ooaui9i 

d3zoau ui.mf.Gunii iiliou!oooDn dau~nojtguin~olri~uuuo.rnsm~a~du'n $9; 

lns~nfi-rTumtlana'iu3lm~4nuiniii~"uuinFuia~a~dnnii dnrlnojlu'miz.'~i8u%u 

iraglan niomi:!Xi!ou iidaiuiroaniz.'niduluFd~iu~1az~ua~u~8"n 

1.2.2.4 (vat Dyes) iaugd ~ a z a i u < i  i1daiuisoi~duui9u 

n1rds:nouda:niu~lii6oiiPl~n"?uin'u~ r i "nuu~~mson~r~ i iaz~a?n"a4  idua98.an~ii 
Y Y  

a isdr:noudi i i~u"u~niui~o~id~~u~~i~inG~mun~sn'uidului~ag~a lnurn^ntgu 

viun:k~amu~~un~~~m~on~avo~i#ulu di78ZGnnunmuionisGn~uin iniu m r h u  

~ f l 5 1 0 ~ 0 1 f l 6 ~ d ~ 3 1 0 1  (Indigo) &i9s11~d~:n8¶J4 
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0- Na+ 

0. " Na+ 

Indigo Leuco indigo 

(Blue, insoluble) (colorless, soluble) 

niwdsznou 4 nis~n7ua~Znsia~ 

( qniw fn1.j. 2544 : 17) 

Leuco (Soluble) indigo 

Na 

niu9ud'u9a.lcagTan ': 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I ~a~ 
I 
I 
\ 

Indigo (Insoluble) - - - - - -_ - -_ - - - - - -_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
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1.2.2s iiuuI#bna~~iiitm4 (~ordnot  dye) i$un1su'ouOUdlGn1suo6imui; 
dd 9 

i io iau~unisSnwuu~~~~uidu~u i~%Xaiina~un~wu ?~jwn~q~o~niiun~suoiiimpdw~~~v 

n'o mraza~uuoinlaz du mtiouoaogijiiiuu noaiina TmQuu Ryn in& imzimuu'u 

4 9  A d  
uo~n~saza~uuo~ i~nuw"~z iZn i~un~sdszno~~~~~~ouw~~va i i sa  (strong complex ) fYdaiaz 

6d~'ulu idu nls~ouR'au8s:~11T"u n"ubdu~w?ni%aplan lmu~~nsui$umsazaa 
2 uaiinuw" i1%pl'~6YXiina1un9wuuinvu 
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%uiirazmllau !s~msiouluni OH oz$mdiwa?uqn"uoznou~u!6 dums 
Y v . Y a  

uo~!s~nsiouhoon~~u~~b7iu1u1uiaqaiiazsz~~1~~uia~auo~od"10;i11~u1u~mma~ui~a~i 

ninsz~ii.rluuo.ri.aaqFa~~z3innn"p1ii~n~w~in H7aiio1umoa~~no9i6nsiaiauvo9 

niulsksmiuoud oztvhtn n7a o-buiiin iidiuauln6iZu~nwh &iiriauiaul$iiiinz 

idu~u~m.'mh&au n~u!a~mmmiuouwuiuiu~oziiun~aoonoinfiiia'asauniu6uio~ 

~~8uniii$urnrsau~iipIuw"u~z!sTn~~vlu'n (hydrophobic bonding ) 
2,  BI 

u%a'lseeGn nisdmsau~asz~ii~iduluiiazBii~p1uinnuu!6Fmu~ia'unaiuii~a"nu" 

Ivldh m&lui;'oodlu&ozidszB!ddiapI daulmajiiinzmu&iguiiou!ooou nisr~mlu 
s 8 
inm;u!lil6 b~d$uulossuuo.riduluriou~ii~zi$iuiln~wo~iis~iiauin~~aiar"aozO;i~ 

v d  9, nu inb  ms~.'umn'oa-r~u~iu'~u~ui.aa~~aniiaznsma~~u~iu'ou~u~dsflum~o~uaou 

Aoid$uucinGlv(41$io~fuidulu 
2 4 9  8 4 %uszhnlal-a~am nuouniui~oumnmidu~uFmu~~w"u~zFniaiau~~~niiw'u~z 

s d d  A 9- 2' 
aumounn;ndiaui riil~~iunhoonain~uI6uin .a9dans ui in"muurzmi i9ozn~uu~9~~~9 

n'~ono.roznou~.rii~~lu~u~a~auo~Bu'~un"pIw~;,?er~~on~au~~i~a~~an TmuiawizB 

3iion;vl สำ
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daud9nir Quuoti ~snri ia l~iuuini la:~df  i ~ u o ~ ~ u i a ~ a u o ~ 4 6 o u ~ u i w a i o n a i ~ i $ ~ ~  

n~o4ilunis6oaiiain 

naiu$alurnr~huo9luia~auo94i.~*i"bdluidulu~u in!$oinii 
4 A e  2 d w  B B  

iilldrriinhnimsiiwi (diffusion coefficient) naiud9 d ~ u l ( u ~ w n l ~ l ~ w u ~ 0 ~ ~ ~ 9 1 9  
9 9 . 4  r ~ ~ i . ~ u n ~ ~ ~ u i a a i ~ f i ~ n u n n i u ~ ~ n a ~ u i i m n ~ ~ ~ u o ~ n a ~ a i u a u u ~ i i i u o u  i u ~ o  ni3 

i d d u u i i d a ~ c i 1 ~ i i i u o u u o ~ n a 1 a i ~ u ~ u u o ~ ~ 1 u i a ~ a u o ~ ~ n ' ~ 1 ~ : u z w i ~ ~ ~ : ~ o ~ i i ~ ~ ~ i i u ! d  
Y *  

ni36ou~d8aw3ohi8uldU:uiflud9$liw"9d3isnui0l'9~u iwsizi181 
pad-  ' 

nirladaiiiuld loninozlnnnmndimaa~uuinain n'o ho:ii3oudi.rua:linbiinut, 
1%'  9 ~mmaiiiiuWnPniifl i id~ud8o~i i l4d iua in  ~ ~ t j i i 9 ~ i ~ l u n 3 0 w * i i i 9 m n i w ~ d o u ~ d  

iw3iz~09i~bo~~uilu'oabiaznala~~uuluii iu~d ri.riuii~~uXo3mm~naplqu~msii$*a 
8 9 id.mis;aail P ~ o 1 o i 1 ' l ~ ~ n u n i r i d ~ u u ~ m ~ ~ i ~ l 4 6 o 0 ~ w ~ o l n u n i ~ ~ 4 n 1 ~ 4 a ~ u n m n  

(chemical auxiliary) ldasldlunis $ 0 ~  
984 I 

2.1.2 Psninaus.rqsu~qunum~n~si~uZ m s d d u u i i d n . r g m ~  
a .  

lum3bouii iiwn1nws.wiomrtbuuinl~ui~~i:oeii~~~iaoiw"u~mn~i~oul~~~~u~:ii~a 

iiin$u l n u n ~ d l 1  3 iiuamGo 

2.1.2.1 i$unaiai%-~lun13Gou nriian'o Se~iGi!PIluiduluIuia9ii~n 

$au3:u:wl9Cu;u 

2.1.2.2 ~ ~ i 1 l X d ? ~ 1 ~ ~ ~ ~ 4 ~ ~ ~ $ n a ~ ~ ~ G 1 l d l ~ i d ~ l ~ a ~ a ~  iun'ia 

doii$ukomaialGaGuu~9diioua~a9 
a4 u 2.1.2.3 i i IX~ni~ns:o iu~auo9~n no iiunaiui$a~unisns:oiui~a 

uo9iioindaud5~4wuil1du ( ludauh~anpa"iuo9ki~~oidu1u ) ld&$iiiio~uitni., 

(ainunaiavosidu%er) 

2.2 a%CiUm%&uii (rate of dyeing) ~z+k1ium3hai? nmun'q 6simrgnQu 
4 9 wo~SiGildmuluikululu4a~~zu:iaai~~iwunl~lnuiio~iou raaiy luYi1dmudo.rii.r 

at 9 uo~idulut=jmulu Xiirf\rluiilurnan$ifluszi~up1ui ikulhun~o~i~au~n'uiipduoz~nd in 
2 e u e B  

h a 9  X~~n1~iaa16ouu1uuu~~~zu'oul~45n~inbiinuoiia:iuin~n~na1~ua~idulu 

r:riumsbudQnb9n'o 4oz6.rbiGildrnuluidului~a:5~oun~z~~ 

bdor~u~u~iau~l~b~a'agiauna"~9~a~3s81Pddi~uifluiiifluabia:ioiin'umaon naiaiGuuotii 
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mu~ui#u~uozb~i~in"un~irr~$uvo~~~n~i~a"oo~~u~i~orr ~unnisu~ou~.rrz6u6~i 

msbunrrqa Xili~inizlnii1~u~souuonv~~~#ulu~1~o$rri$i!dniu~uiiu~niulisou 
B 

uonvo~iiai&uluiii<u mulun~nm~&i$uiiu~ao~duni~nis~~uiiuua~iinau nir8ou 

~baqnn4011i5~mm?Xnaiu~i9~au5u i i iu lqn $0 i ~ o ~ u l d u ~ u ~ i i 6 a ~ i g ~ r r l l i i n " n  
4 2  9) 

nisid~uuiidn.roeiidlm n a i u i ~ u u o . m n m u l a ~ u d n ~ ~ i o ~ ~ ? $ ~ i  &orr!Xnrrqaiib3 
Y 

2.3 ~nSwav~sai~riaerd~p1 4azaiuGi~zniuisn~ui~1~dniu~ui#u~u~6 

douu'id41i1a:mnm:noul&91u {ii$u ~ ~ l ~ n i r r n i i d r r a ~ ~ u G ' i ~ o u i A o i i ~ ~ l ~ ~ u ~ ~ p i o ' i ~ : ~  
1 1 4 4  

uu bu~w"dS~nuniudiinuo msmai;runii nisdaudou Adiiiryiiazl&iniio 7 ~ u ' n  

liiifi 

2.3.1 nsn %4din~u&ou%ulds~uiiazluaou~auiiiio~n $ i n ~ i ~ i $ u t i : ~  

diazaiui? i~lpio'dsz~ldfliauluidu%uGoua~iiazi~rrdszgldfli'~~an iioulooou59m~is0 
9)w ad 14i'lldn"nmuluit?uleJ%' ~ i ? i i A ~ n ~ u l X G o u ~ ~ i i u n s n ~ ~ r r i n ~ u  dilnm~a.aunszaiu#a 

o~nsiau~~nZnrinldu'~dau~~ndGoupri~l~~~~nrl~~nhin~~~ iaai$n4ozmnoonlX91u 
A' ~drzinn$io:nir nsm~i~iiAonirrisn~ui$i~~niuIui#u~u!~nrinvu 

2.32 419 ~$din?u$audoului.aa~Fafl i ~ n G i i 1 8 r r r n ~ o v o . r ~ p r i i ~ l i ~ ~ u i  
4 e uad A' 
u n m n ~ u ~ r r i a q a ~ l o 9 ~ u i ~ a ~ ~ a n ? ~ n u ~ u u  

2.3.3 indo ~ ~ ~ ~ F I U I U U U X Y W ~ ~ X I Z  acid equalied l ~ n i i % ~ ~ ~ t t i d ~ i % ~ f l ~ ~ ~  

n a y "  cnnz~r~ua~idm~iiou1ooourrin viid~ffuitiuiiou1000uvo~Ka4i~oozq~w 

&.~i41ldmuIuuoact?uh nrntiazin~oiinGiAms~~u~v'iu~udiiou tfilrildlatZuu4ndn 

iia'al4n3auiGounf ol4nsa6oui~wu8~zl6waoi19iZuan"u FclriGuu4lrooouuo91ndolu 

I j ;&ous iaun~~azi in~~Aan!o~ouauv~~idulu  diIGiiou!ooouvnrZninrisn~Ci1d 

ln&tdu%uounszk9i~s9iiauino~~i~aidsz3~~niw 

2.3.4 msii118~niimuo ii~ziini~utuniimrroiii~uio~an~mnrr~~ 

n i ~ ~ ~ S ~ i d u l u r o ~ i l l ~ 4 i a ~ ~ n u n i s i ~ u n i s d s z n o u ~ ~ ~ ~ n u ~ S d a ~ ~ d l u d i ~ o u  

m~inii~~z'1d~uwa'~~iulw"iifiZo"o0~i~o~n~inniwi~uuo~Ka413; lliviid~n';uitiu& 
s a u ~ a n ' u i ~ u n i s d r z n o ~ l d u ~ ~ d r ~ n ~ ~ ~  ~~-tdilGSraudi?tiui8ulu!A$ia~ 

$1 9 ) G  9 2.3.5 niswi %4uin1dodoululwa"iontmo~iilw"ninris0dou~i~~~la11~~ 1% 
9 2  9) nrzuaunir&oudnn' ~nuul f l i~um~dszm 2-hyd1-0~~ diphenyl flisiiinuiw?nl~ugn~ 

สำ
นัก
วิท
ยบ
ริก
าร
แล
ะเท
คโ
นโ
ลย
ีสา
รส
นเ
ทศ

มห
าว
ิทย
าล
ัยร
าช
ภัฏ
สก
ลน
คร



1. dnaiu 
4014 d d A  iinsw a$uiiinnAirirlridqnud9HnsluBssuvl~ i a z i i n s ~ u k m s ~ z ~  uaoma 

anfii12-(1,3-Dihydr0-3-0~0-2H-id01-2-ylid-ene)- 1,2-dihydro-3H-indol-3-one H ? Q ~  ~ f l  

d d l  a d o -  $aWjl Indigo blue w?0 hdigotin6~utJa"nZd6uu~Ua9W~0~~169u sz i~n6  170 1 0 0 . 1 ~ l i J n i ~ ~ n  

u 1 a 1 u l u i  iianno~on' ?~mo~iin:ns@doai.r ~idnzmulPmnlumsn-mu 

o:G~uisaz%Zuunaz~3~n azaiu?4;wonas%unsn~~oGSni~naiGuabiu~~0n ( ~ Q Q ~ I W S  

I ~ a z t p .  2527 : 203) ~1azaiu1u~a~~azmu10jfiEaoz~lsin~iiia~~~~~ L ~ ~ X I ~ L ~ I U I U  
h r i i n z a ~ u , " ~ a o z d n n ~ i i ~ ~ ~ u  (ay hi' munos. 2544 : 5) 

iins1uo:8mrbiu~olul~ns1u n'o msguarau (indican n30 indoxyl - P - 
A 

D - glucoside) aqiflums!i!~ua:1~ja~aIufl id~~i luns lui i i lu& iou!riau'nn& 

lulunsiu n'o d AI - nq Insinn (p - glumsidue) d1~8n~~nnn~no0n01n~u~iinu m n'o 
tdd r c2 la S u ~ o n G  (indoxyl) ms 2 au~nii1uuna~aznza~uJ'l1nws~o~aza~u1uJ'~nsu 5uaanGa 
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~noon3~nn~&i1uhuoon~i~u~uoinia$aw"11oil"nisaza1ui$ud1a~unon3 $.r?noon~ 

1 ~ f i E ; j l u  n a l u i $ u ~ s ~ u t ~ n  up (Indigo blue) $a?iazaIUlj; QznflRzflOU 
W B 9  

o$umvuz idoaeinZutln up  !JRLAIU& ~a;uoanoaOn?~a~~nunisazaiu~uli'i 
9  A d d  41.1 i iaznaiuldif lulua' ln 1?6(1ndigo white) d a m l u & ~ n  1~o~amnrnun%0ai iu '00.1 

idduuoiniiiil~ui$udb~uadu1na"oa Zadinirtbuhdluli'i9nounuim Zu8ln 1-36 
9  2 dazaiulu&hu szim~n3un1iuoR1uQu~~11ap'ban~~alufl1uXauw"u~z1nlmsi~u i~ounf l iu  

<urill;in;uoimn t u t l n  1-3C:pnoonSln&a~uh t u t T n  up  $.r l inraiu& 

k~uidorii1d+nduoansiu~a1dnapn~~n ( o y i n i  munoq. 2543 : 33) <aimn.rlu 

n i ~ d s z n o u  in1711 

P 

3. ni~an~au6iGaunaiu 

idotain i innu (Indigo blue) i $ u ? ~ d ~ ~ a z a i u ~ i  ZqWi8ui i iou l i lMoa 
B 444 

in~uuln~o~lunmwdazaiuli'i (Indigo white) %W?B"I~~R:UUW~IIU? 1&ii6 
3.1 3%4iYn "ni$u?ZuoapGiladqiw'oa~u lnu i i i$onnuBun 1 
Y Y 

BlnniuwnuriuiiOiKi 3 lins luldatu l e n X ~ u  3-4 nfa rlnih-Puu iiamniid nbu 
Y :29 iiazdoa t~ i nGu%~ 3 14uz~11uBun 50 n i u  vfiin"EIui~1iniwolnYiinninzwaruaa1dlulia 

A A' 
f i h u  lonnsiuyniuunz&mndo1d ra i i t buoz lnuu  idbuui8uiiliu-3duli'ii;u nR'u 

noudou uloaiili'iiju ~in1s~~nns1uyniuouni16~uozi$ui ima"~aoui0ua~io~o~ 
Y 

4 0  4 

nos j u h  dotnuiiauib-31-3 !¶.hinnyu imma~i i8ni innu (Indigo white) l u ~ i u ' o u  0 ~ 1 4  
iaaidszuitu 7 5u 

3.2'i7niq~ni lmul4$a?ii-3GidZluu t u t l n  up lB8u t u i l n  126 dazrnu 
A w d 4  dd 9.4 ~iii~zrnuim~u'l~c11anas~ac11wlvunaiuv~m lEiliti l.aiGuululslnlnri' 1~11i~uu%alv(n' 

T~ i~ua~1nns0n1~11~ iiaz%clriGuuo~?wlo1uw" &-3ui8uKa?taGdiisaiiaz~ouCia~unsiu 

uanoin i i i~~~algf la~anzi i  dgtung~llii~u 60°c i$u~-3?tac11~ 
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L ~ M ~ U ~ ~ I U  (Cotton) 
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tn:o-riio$l~lunir'itnsi::~ 1&tA tn4odtgn6 ii dgoonntaui ntdnlnrnln7J 
d 4  d  

(X-ray Fluorescence Spectroscopy : XRF) ~ ~ 0 ~ 9 ~ ~ ~ ~ ~ ~ 0 1 a ~ T ) ~ 0 ~ 6 6 ~ ~ d 0 9 n ~ 1 ~  

(scanning electron microscope : SEM) lfl&390::~10~~" IIOUWO~W'~?U ~6dfllT)rnlflq 
4 4 4  4 

(Atomic absorption Spectroscopy : AAS) tla::6flfoda? ?nlua ntdnlnsnln'3 

(UV-visible Spectroscopy) 

1. ~a"nniaiisioa 

1.1 Wli'89 XRFS (X-ray Fluorescence Spectroscopy) ti03 n.R. 1895 
d &  d  I-  d 

W.C. Rontgen I&Auwukiiton.a aaJuntdnn?uuo~nist1ws~nt~oitndn1ddi?ia~n~~ 

inaiuuianiuluiaq 0.1-loo Gqnnrou nJo 0.01-lo Nn niAlflum.rtni;'itnsi::Go::od 

luias 0.07-0.2 - 
n l ~ ? l ~ 3 l : : ~ & a ~ l ~ 1 ~ ~ ~ ~ l d  XRFS (X-ray Fluorescence Spectroscopy) 2 

s::~nr~os::nrnr$?nt3unaiuuian$u tta:r::uu$~~t3uwa"~~iu 

wa"nnis~aialdtta::nistn"nntdnn?u?qilton4 
d s  K 

?~iltonatn~vuoinniss::nuij~?nq tniu Tan:: ~iomsdr::nou t3uZu 
0 4 d  8a~o~mnffiwa"dnup.r tdu aiomnnsou $0 IJrnou nioldnou o t̂~nnsouvoto::oou 

- 4 ,  ,# s d  
$ds:nouodlu%qiudos::Ru3q ii l~t~adlun~aoonui t~ot~rnai.rvu omnosouoin 

taaduon4~iw5~.nuQ~n-dio::tGiuittwu$ o::iltn"ai~iltoo&u 
A 9 s o r d  

~ : : ' L I P ~ ~ I ~ ~ M % Y W ~ ~ S ~ ~ I ~ ~ ~  (X-ray Productions) 

%~naoa?qiiaon$ (X-ray tube) tn"n~innireii~nr::t1n1.SJditGi1ddilfld' 
K A  9 4  s d  K 

vochttnlnnfouvu a~o::i~lntnnomnnroutn"nvu~~dna~nU'orii~nuitt~u t ~ o v i i l n ~  
Y .  

~ a t t n ~ n a t t a : : R u o ~ u n i ~ i ~ n ~ " i i q ~ u u i n ~  lnulGa"n~ddipdqvuin loo kv  o : : i i ~ ~ ~  
o  4 d  d d 4  2 - 4 0  9 rnotannsou:slG~~uFatto~un ~ ~ i i t o n a n ~ t l ~ v u ~ : ~ ~ u ~ o d ' i i i ~ ~ ~ ~ n a u t n r ~ ~ a t ~ u u o o n u i  

4 2  9 0  t n n o ~ k ~ t o n ~ i n m u a G n a ~ v u n " u ~ ~ n v ~ ~ ~ a ~ : : ~ ~ ~ ~ i v a t t o ~ u n  triu dihulan:: MO, 

W, Cr, CU, ~g MJD ~h fi1Z 
4 2 

?~"sdaon~ntdnn?untnnvuod"uds:nonr&auntdnn?~ 2 YGR 4 9 t h  

a"ninvor::awi::vo~uda::~i~~l~iitto~un go iotdnn?uit~uuouuunriotiod Gun41 
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A 
white radiation % ~ i ~ ~ Q l ~ o ' l ~ ~ ~ ~ ~ ~ ~ ~ ~ a " 9 9 1 ~ ~ 9  B n a ~ ~ a " 9 9 1 ~ ~ 9 ~ ? 0 a ~ ~ ? l ~ 1 ~ 1 ~ 9 # ~ ~  

nirauiiuszniido'iinnsoui~d nioauho'iinnsouluft! i i~$~nisid~tk~oonuii8u 

ndnn:uiinttiunldnn?uii8ui8u Guoduuununudnniu d.ri8u~ninvwzianizu~d6i! 

iiiazvim 

nia  ~iol-t~~dazbaru"%~d~iu"a~~ai~sl '  

1) ~ $ ? i n s i z ~ n i o d ~ s z n o u ~ ~ ~ n i s ~ i ~ ~ ~ u r n r ~ ~ ~ u ~ ~ ~ w n i w i i a z  

a~sd?uim 

2) 1$8ninvii~uaiiulns9nti9~1o~w~n niolnmnauo~mrXaunisI4 

;nninmr$?iuuuo.r:9iion4 

1.2 n & 8 9 9 8 ~ ~ l ~ d ~ 6 ~ ~ ~ ~ 8 ~ 1 1 ~ ~ a ! 8 9 n ~ l ( ; 1  (scanning electron microscope, 
d a a  4 4 d  p,d 4 4 d  

SEM) i 8 ~ i f l ~ ~ d ~ ~ ~ ~ i s i ~ i i 0 . 1 d 9 r ~ 1 i i u m ~ ~ a f l n ~ D ~ ( e l e c t r o n  gun) dinuin~nn~mnnsou 

Qin!8~aon (filament) iia~o'iinn5D~~nii9i3~a"nu"addiQ9 (high voltage) Qlniu 

o'iinnr o u Q n ~ d ~ ~ ~ i 8 u ~ ~ ~ i ~ n n s ~ u ~ ~ n a ~ u i ~ u Q ~ ~ m u i a u . a " i i d i n ~ n ! d d i ~ u  
0 4 d  aioianns~u~zdosnsim!duuija~a~tii9 Zaga~tiis~znzw'~uZainnsouiiaznszwupl'aa"m 

d 4  d 
(electron detector) !mozimsu~tii9~iu~~9ndb9~a~r5(1uoiann50u ~ ~ ~ l P l i ! i ~ l ! d  

A dszuaawariaznQ19niw ~~niwi !4~zi8uniwniu~~ 

nia  ~ i o l i % ~ d a z b ~ r u ? ~ q i u " a ~ ~ a i z ~  

1) ?~nsiz~nim~dduo9aidszn~u~e,9iaotii9 

2) dninvi t in~wzlns~n4i~nisnrz~iu ia~~~ai~uuw"ui ja~a~t i i~  

A 4 d  
1.3 l d 8 4  AAS (Atomic absorption Spectroscopy) L$~h?509~0IIl# 

A A nrzu~un1r~i5m~inozm~uo'nsz~~~ai~~mna"uiin~~naiuuiandu~unu~~muia~1z ~9 

2' uuotjiiuvimuo.raiq Tmuaiqi i iazau'mozGrz~u~~~wa'~~~ui inni i~~u i~iirns~mna"~ 

na"~nuiinnii~iiu B~aziduiinnuuianduindid$mi$unidnlmsnln~n !nu" 
A 

(spectroscopic line) U D ~ O ~ ~ F J U U P ~ ~ I ~ ~ ~ ~ ~ I J  ~ ~ 1 8 u a ' n i n v ~ l z i a ~ i z ~ a ~ o ~ a i ~ ~ i i a z a u ' m  

~ ~ ~ l ~ ~ l ~ f i D ~ ~ D ~ ~ 0 9 ~ l 9 ~ ~ ~ 1 S d S ~ ~ 0 ~ i ~ ~ i 8 ~ D ~ ~ O ~ ~ ~ S ~ ! ~ ~ ~  d i ~ 4  

iioir~mnBuwkauih! d90iaazodlu5ddi9 7 tiu idu wk9iun?iuiouainida7lrl 

n?onaiu%ouain!ddi i8udiu ~ ~ 1 ~ ~ 0 ~ ~ z ~ l % ~ i ~ ~ ~ ~ z ~ ? ~ ~ 1 ~ i i ~ ~ ~ ~ ( d i ~ ~ o ~ i a t i o n )  W?CI 

dd~u1Gi8ulD (vaporization) n?ooi~i~nEi?i8uoz.8~ n f o d i ~ f i ~ z ~ o u o ~ ~ u n ~ i u z n s z ~ u  
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photon 

I ground state 

Ca, Mg, Cu, Pb, Na, K, Fe, Zn, As I lazd~q~Ui~on~nm?z imzliodo 

3) ldau~iu5m~izGt~mi~Fanz3wui lbu mr3anzGIanzwnuiidq 

d?lnaruo~nirdodu6i~71u~anzu?qw~ 
.Y2 

4) ~ ~ u d i u ~ t n ~ i z ~ ~ i ~ i n i ~ ~ a ' d d i a ~  idu iilnnia & l ~ u  uind iid 

1.4 ldaa y%"a%Pa adnlnslllnlrrd (W-visible Spectroscopy) iflu 
99 9 B m s i n m r ~ ~ n ~ u l l n ~ ~ ? o ~ ~ ~ ~ u ~ a d ~ a m ~ i ~ a ~ o ~ a n d i a z a n i u a  a.rodlub?dn?iuui?nndu 

drzlncu 190-800 uiluiunr d?uln$~fluniroPun:u" m~drznoudd6u ni~ou'un:u" 
9 ,  01 446 

wswunilaz"aojZ 

n~nnisiirnu iudo~i t indm$ouf fo~ id~o~~odn'u  diulGiWluinqln ez 
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d d ~~ni11~s~uo9~nuuuinu1~ t~azo1o~G11onaiunu1uuo~~Iins9~u $9i1i3u&o9 
99, 9, ~nirCarzuuuo~iil~i9us:i~uu i~o9nyl.arnrnrn~oa~~t~a'a~~~1ona~~~u~uvo~ii9X 

nssn'pd ~n1rfi1wwa41Zt3ud?0~1fi~ia"mIX ~ O ~ I I ~ ~ ~ Z G P ~ L ~ U ; ~ L ~ ~ ~ $ L ~ ~ U B U  S:PIIJ 

~ I S ? ~ ~ $ U ~ U U % %  2 f :PIU 80 Munsell LIA: CIE 

1. S%¶Ju Munsell I ~ U 3 Z U U ~ U q l U ~ U ~ l f ~ ~ ~ 1 ~ P I ~ B ~ 1 9 ~ 1 U  ~RIIO~~U(INBU¶% 

fI190~69L~pd 3 d~:ni5 

1.1 Hue ~ o i i d d s i n ~ I ~ t i u  tdu BIIR~ 8tGua I ~ U X U  T~uo:du-~~Su~k~so~ 
Y 

a~nauo~lmuso~~~tnu Value ?~ihnum 10 Z 80 1 1 ~ 9  (R) L L ~ ~ ~ W ~ F I ~  (YR) 1 ~ s 8 9  (Y) 
Y I I 

twa"ss~9ua (GY) t9ua (G) ~~ua41Ju (BG) QIGU (B) ilGuias (PB) da9 (P) da9~~a9 

(PR) ~~da:t?oziifi~Li~)uIX 10 tiou 

1.2 Value (lightness) nuiui3~naiuaii~vo~5~~ud1num~ina1ua~~9niu~~ua~9 

~muiisliao:o$~dniu~fiuo9ianu~1~ i%i~ozo$~uri~.r 

1.3 chroma (saturation) n u i u k n ? ~ a ~ b  n.nuufqn&'votii lmuti~nuan'i 
A l c ;  A d  

AlUIIU3UOU $U~UQI~~LY~I IU Value MU97 I ~ ~ ~ L ~ R I L u D ~ U ~ ~ U U I S ~ ~ B D ~ ~ ~ ~ ~ ~ ' I I ~ ~ ~ P I ~  
dad 

I I 

1 l a i u ~ i u u o n ~ o o z ~ ~ u a 6 ~ 1 n a 1 ~ ~ ~ 0 ~ ~ 9 ~ a  Chroma s z i i r i i & ~ ~ i  o I d 8  12 nQo 14 Qij 
2 A 
vu6ui1 1~da:iiazaa8~aIkriih N n'i value nu97 mwdrznou 9 
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niwdsznonr 9 nalu8uw"pd~~~9nis~ns:<nrdszn~i9 Hue Chroma 

Value ~10JS~P1P1 Munsell 

(dawgnninnssud~wo.  2542 : 16) 

szuu Munsell I ~ u u ~ v o ~ ~ ~ ~ ~ ~ ~ u ~ ~ ~ ~ L ~ " u L L ~ ~ $ ~ ~ ~ P I s ~ u ~ ' ~ P I ~ ~  Hue 

Value Chroma L%h.l WOJ1ULW"U 7.5 R 912 

-Hue 7.5 R ~ 3 ~ d f i ~ 9 I d w i 9 m a " ~  

- Value 9 ~ u % @ u  (light color) 

- Chroma 2 ~fJud!i8u$a 
d d d W  k i u  n n u ~ a m u u a z ~ a ~ n p 1 s ~ 9 n i i a i 9 ~ 3 u ~ % u ~ ~ n  (pale pink) 

~ d w  d 

t t ' % l ~ z ~ ¶ J  Munsell 0 ~ ~ 7 ~ 1 5 ~ ~ ~ ~ ~ 7 0 ~ l ~ 0 ~ 1 ~ ~ 0 ~ " ~ 0 9 d ! ~ 0 ~ 1 9 ~  LLnnUSU 
8 4 

u'ounws's~~~o~~1nnisnrona'npIazdn?oo'~di<udu'9n9~~na1uwnn~~?od~znnrnist~ 

vo.rlldaznu kiuiia$il~ni'mruona'nuaz"uo9~itnndi9n'ul~ 

a2 0 e e 
2. 5zuu  CIE (CIELAB) l~uszuunis~mn~niu9n9~~~ds:nonr 3 dsznis 3o 

2.1 Light source ~ 0 l l ~ ~ 9 ~ 1 l w " ~ t t ~ 9 0 ~ 7 ~ 5 ~ 1 ~  l<u A B C n?o D 65 
aa A 

2.2 Color oblect k q u n  ~ u D L ~ ~ ~ ~ ~ ~ ~ ~ ~ u Q ~ ~ ~ ~ " D u ~ ? ~ ~ s ~ Q ~ u L ~ ~ ~ o J ~ ~ ~  

ni~?oLn$os?nrllas 
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UonQln$1U5zU¶J CIELAB I & J D U ~ ~ I  a* u n z h  b* t h 6 U  Hue L L X  Chroma 
I dd %auKif.sodania~n 2 dl  $8 hue angle (h*) ttaz chroma (C*) 

Hue angle ~ 8 ~ g a t n % $ 5 r ~ . d l  Color space %d?a  

b$od8981 

61 h* i P i 1 6 ~  o 8981  (360 8981) L L ~ ~ ~ . ~ I L ~ U ~ ? L L F I ~  

h* L P ~ I ~ I I  90 8 9 8 1  bb'aRS.dli8U~tf.sa"89 

h* L V ~ I ~ ~ U  180 8 9 8 1  ita~s.d1i8u:t$ua 

h* tV'il6U 270 8 9 8 1  
d o  9 

tbaR9.d118Ua;It9U 

d d d  B 
d - 2 ~  Chroma $8 F ; I R ~ I u ~ R I ~ u o ~ ~ ~ u ~ ~ I % J ~ ~ I ~ ~ . ~ o ~ ~  1 
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1. SSPIPJ CIE L* A* B* Color Difference Equetion 

81 AL* ~dl i$u - bbar@9~1~a8ti79~~~Rnii~a8til9911~9~1~ (darker) 

Aa* = a* q~o9Kaotjia - a* V D ~ ~ ~ O ~ ~ ~ ~ U I F I ~ ~  

61 Aa*  i f i l 6 ~ O d  + b b a ~ 9 ~ 1 ~ a o ~ 1 9 6 6 ~ 9 n ~ 1 ~ a 8 ~ 1 9 u 1 m ~ g i u  (redder) 

61 Aa* ii1i8u - i ~ n ~ ~ i i ~ a o ( i ~ ~ i ~ u a ~ i i $ a ~ r i ~ ~ u ~ m s ~ ~ u  (greener) 

Ab*  = b* ussGasti19 - b* u~~;astil9aJlm3~lu 

61 Ab* id168u + 6 6 ~ ~ 9 ~ 1 ~ ~ 8 ~ 1 9 6 ~ a d b 9 f l ~ 1 ~ ~ b ~ 1 9 0 ~ 1 ~ 3 ~ 1 ~  (yellower) 

61 Ab* fi6i63u - 6 6 a n ~ i l $ a i ? O d i a ~ i ~ m ~ i ~ a b t i i 9 u i m ~ ~ l u  (bluer) 
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Sample ------------------ 

d b* 

Reference Yellower ------------ 
a 

I 
I 
I 
I I 
1 8 

Bluer 
s 1 

I * a* 

nlwdszn~u 11 11ar~941 Aa* ~ra:: Ab* IUS~PIEI  CIELAB 

(dauqma1~nrs0~3qws. 2542 : 22) 

u ~ n o ~ n o : : u ~ n n a i o ~ ~ i m n d ~ ~ ~ a u i ~  AL* Aa* iiaz Ab* ai~aik$i~p.ouai~~a~o~ 

i~nnd1~uo~~~musao~s::~~i9~1~a6~19n"'~1w"10~1msp1u %I 41 AE* (total color difference) 

~ R U  AE* = ( A L * ~  + Aa*2 + Ab*2)1R 

uonsinii;1~i~kuonnal0.111mn~l9u69$1ps"ar6~~a"~9M~6~na"i~u9n"u~miOJ691iu 

l u i i i u ~ ~ i i d d s ~ n ~ ~ a a z n a ~ ~ ~ a r ~ I a r ' u ~ ~ $ $ ' b X o ~ n i  AH* Ira:: A c *  kmwdrznou I;! 

1mu AE* = ( A L * ~  - Ac*' -  AH*^)'^ 
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A Sample ,' 

dH* 

' " 
' I  

,' '8' 

,' .' Duller ,'. ' Redder ,+' w 

niwds:nau 12 i i n ~ ~ i i  Ah* ira: Ac* 1us:uu CIELAB 

(iauqmninnssuasws. 2542 : 25) 

Ac* = C* vs~630ti19 - C* 6~0~6~e)tj1~0~1~i1s~iu 

XI A c *  iiriiiflu + ii~~.ri16~i?oci1~iina10~nn1ar0~1nni16a0ti1~0~1ns~~iu 

(brighter) 

61 Ac* iiriidu - im~~iiFi?~ti1~iin~10~~u0~1nni16ae)ti1~0~1msp1u 

(duller) dl?f?¶J Ah* = hO 9109fl30(il9 - ho 9189fl3~~19~1~5plu O:i1fl~9n?IOJ119J1Uyellower, 

* 2 2'2 
redder, bluer via greener i$i% n~u~u~dtiUiiFii  Ah* &~~dliflU + 11% - iia-8 

MI hue angle a ( / ~ u i l i ~ d ~ d i d l l [ n j  vnt3stiltdu 

XI h0 sdluPi3.aiiii~9 iia: Ah* ijildu + i1n~~i1ii6~sd1.riina10~i6u 
1 4 -  

iima"o.rlnnniipi?atii~~~ins~iu (yellower) 61 Ah* i61du - 1i~~~~inm~sti19i;nai:u 
b d W  

i 6 ~ & ~ ~ ~ l ~ ~ 3 1 R ~ 3 ~ ~ l ~ O J l ~ ~ 3 ~ ~  (bluer) 

XI h0 odlui--~t8iGu--~ im: Ah* iiriidu + i inn~ii8~~~cii.ri jnaio~ifl1a 

B~ij;~ulnnniidi?srii9oJims~iu (bluer) XI Ah* ii6iiflu - im~~i18hsti1.1ijna10~iflw1~ 

i ~ d a ~ ~ i n n ~ i i i ~ ~ a t i i . a ~ ~ i m s p i u  (yellower) 69fll911ds~n8~113 
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2. diaai~lntwPsFill~rra9 

Iuszn'sJnina iinaiunswuisiint (LF) ozo jszniis 1-8 TRU LF 1 ozGdi 

n a i u n m d o n i r ~ n ~ i 9 R i  tiaz LF 8 ozG iinaiuntnuioiin9q;1q~ rhniudinaiuntnu 
dpl 4 A' i o i i a ~ u o ~ w 1 i n ~ ~ ~ v w i n ~ ~ ~ u ~ i ~ ~ ! ~ i u n i ~ ~ ~ u ~ u ~ ~ ~ 6 a ~ d ~ z ~ ~ ~ ~ z G u  4-5 uuId TRU 

dniiwfi~~~~~fi1nou'ouii~~~%1~iSozi~~nii~~9ii~aoi9o~q~ ~u"uu81iflubio~I#$aZ~d 

(Mordant) tWdoi?~IWYiiGnaiun9n~ imzioanRnouIXn3iudiwaiun9wuuo9iiv~Rli'u 

iiiuiou ~~azrnuaowiimita~6inii~1X diniu1udszmn~nunia~9iuuo9~~uia~1Xu?ni~ 

niswanoudinaiuns~uu~9d~o n~ud~in?u~~m~0440~nninnu nszwsasqnninnssu 
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5. m31#tnaimna 

5.1 in~~lamndiwfid~:i~pddini~id~updiida~~ 

5.1.1 raur'iu uinsgiu won. 121 idu 14-2518 idu 14 Ainum flir'14 

insinma 8 in~uds:~~u~1n1s~d~uui ida~~uo~d~~o '1uniswmnouniEnsina1un9wu"u~~~ 

5.1.2.4 f113'l&fl3b?lmt1 219<ud2u i%Juo9$;rne (original textile) 

ti~liuwnnouinmnop1iia"ai~u9~i9Eup1udusip1iguaEu im:lun'~~~.riGimEuAau oiniu 

Pim~bnina uim9G19q uuiusiuiiiualiuiu nmwum~ouluuiiafiMiunasi8udiwi 
4 4 9  d  ~~~nnun~1~u'ocm~1iinp1nniuu~~m~uidflpa"ou &i$iiSub9n~ndu9nissp1nau$i~moin 
9 94 9 9: 2 iin.rii&unk"uo9&wo ln'lrAdaui~'uuo9dPno 2 <u n?ouinniiai.rso.r?~Imn.rau 

Y 9 9 Y 

w~aro~iia:~udauii?u ~ifiGudo9Gui3aGXau iiarsoinw"aini7o n?oiina'sAii~aii& 
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9 9 

i u i i a d n a s i i y u  45 o t ~ i T ~ u d s z u i m  ~ a u ~ n m ~ ~ o ~ n i s n ~ a o ~ A o ~ ~ ~ ~ i n 6 u w " u ~ a  

i~uu~uun.nuiandi9~iiuszwii~~unaaou~iaz~uaiaui~u~auinsu"nina &winaiu 

ndnuuodi iuo.r iunnaou~o ~aiauuodmstainnd9a6ana*69~una111~imndi9szHii~iu 
1 4 1  

n n a o u t i u ~ u d a u i ~ u  ~i~unanouiiriio~sznii9insiaina z i iou l~dsz tSumumod 
Y 9 

3 5 ~ < 1 9  2 9~&&4 i'h! 3-4 6 8  4-3 (2 ~ F ~ ~ I ~ L ~ ~ D u ~ % ~ )  6 F l ~ l ~ ~ l ~ ~ 9 ~ ~ ~ e ) 9 ~ ~ ~ ~ ~  5 
9 9 9 

nuiunaiui-1"b~naiuiimnd19sz~ii~SuwaasuiiazSuaiaui~uGu 

5.1.2.5 niso~u7unisi~liuuiidadii1unis~aaounaiun9w~uo9ii 

1) m s l & n s i a m n  muGond (4) l i l&u;uonlsr invmzlu 

msidbuuiida~asrmzuo9a (hue) n a i u t b  (depth) naiuai19 (brightness) i d u o n i n ~ i z  

naiutnn~i~Ku&nuas:n<1~~uaiauiSu6u~unaaoui~u~u~1uluni~ds:iSuisii~u 

2) ( i i4io~nis~iumumsid~uui1da~~uo~~~nolunis 

n a ~ o u o i o l ~ u i ~ u b o t i i n u a 9 m n i w ~ i ~ u i z ~ ~ t ~ i ~ d ~ u s : ~ u 6 ~ s i n a i u n ~ n u ~ u ~ 6 ~ d  

Fl1519 6 

Fl1919 6 e ) ~ ~ l ~ ~ ~ ~ ~ ~ n l 9 i d ~ ~ ~ i i d a 9 d  

I 3 redder I insa 3 I n ? l ~ l ~ ~ ~ o c ~ o l ~ c l 9 ~ d n $ o ~ ~ t d ~ e , e , f 1  I 

3 weaker yellower 

3 weaker yellower 

inm 3 

duller 

4-5 redder 

1189 (redder) 

insa 3 

assmzussd 

naiui~uuss~oi~a~~dbuuassmzuos 

sdszniiqmsa 4 imz 5 

i i l iaznaiuai iq 

naiuibuoqiisi.rrrqidn$ou tldiioon 1 
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h t a v  (Idu 1 nuiu2;.rQu 3 nuiu2;clnn) niotfisut~uu~~a~uuni~td~uu~tda~u~n 
B 

~61!%19~dl (bluer, duller ~1190ztlmn@i19n'¶J duller, bluer) 

4) ~ l d ~ 9 ~ ~ ~ ~ 5 1 ~ 9 1 ~ ~ ~ 6 ~ H ~ e \ ~ L ~ 6 ~ ~ 1 n ' ~  0 1 0 l ~ h 6 0  

~ ~ N u ! & ~ J A I ~ I ~  7 

mi519 7 F ~ I J I ~ ~ ~ ) o ~ I V ~ ~ ~ ~ S ~ ~ A I W  

gad@ 

B1 

G 

R 

Y 

- -  - -  - - 

6'aaiiu 

Bluer 

Greener 

Redder 

Yellower 

gad@ 

W 

Str 

D 

Br 

Gaaiiu 

Weaker 

Stronger 

Duller 

Brighter 
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fl9~ui0fl15~flil  

CuiunC~ w'nvq~wu'(2533 : uniYfiio, 8iso"qlu qmw inis. 2544 : 32) 4n~iwn 

"vo~niruo~~lmuw"diiioniru'ou1nuiaun:uud~9 IaulGniruoi~~au Wd 4 nirku 

guii iorou ilnzInru lu~~u~cui imni i t t iu  wuii iiustlnudtbu~aulni~Gniruoi~rauw"ii 

Gfltpqa 

uqun ~ r i ~ j i i u i  (2533 : 40-41,611~8qlu qniw imr. 2544 : 33) WnvinirIGnif 

aoirlaunlunis$ulnuiauugugu IaulGniruoillaun'4 aGa lkrri inan puii nra 

ih~.~ 6m:nirda l u d i u i n i u  $0 2,4,6 im: 8 dot i$ui  nu<im$nun:puZ 

l~iilnl;o9oab;ninrAazZlna"o9ouL~ua muiiriu nra~iiiulLnzmrkul~Z1wa"o9no9 

wnnirnannunnun~nuuo9ZionirGn wuii IUdolGpuii n r a i i d u ~ ~ n : n i r ~ ~ ~ ~ g ~  

mruo~llaun'a:~%in?iun9nuuo~ddoni~Gn~9qa mrlukul#lnin8nlflumruoi~~auw" 

o:l%inaiunwuuo9iidiunni9 mrLuIaul#puZ~flumruo~~~nuw"lu~nr:~u 

diu icuo~ lX~ ina iun~~uuo~dio~an9~ i  

qnPm nauiwr (2535 : u n P i o ,  61t84lu qmn i n n .  2544 : 33) 

Wnviwnuo~niruoi~~auw"~in~jrru"~i~luniru'oa!nuiauu~u~u Inul#niruoil~aud 

3 em l i i r r i  &u:uiu i~nz&kui~i~ou 1uu~:u'ou~1n:n~n~ikuna"98ou I u f i u ~ ~ l d m n i i ~  
a 4  a a  riu AD 5,io,i5 ~Inz 20 doiGu6 i i u ' o u i ~ i ~ i n n i ~ ~ u ~ n n i s n ~ a o ~ u ~ w u ~ n ~ n u a  go 
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nanuvoaidonisctin~aqm 

y u d  & . ~ ~ w s f j ~ a  (2536 : unFiRd0) 1X~n~1mslXiainluvo~ Au ynaia 

imznisJszynPil4aiuXiun~sBoui~9~o riuk;vullAi isuou "Iu luaou 8 i u o 1 3 a ~  

wuii dauJsznoum1amii%uluvoa~u~na1ain1simn"o~61wanlslmslai~~i~aii~uu'~-~ 

~nsiubrwhri; 3 au'm lXiiri no?aiiiu modaiiu lo imqu'maOu 'on 1 au'm Galins-ru 
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dausz~unaiu~4uGuvo~~isuofttmuw"Swa1ojiimn41~6u 
9.4 9 wammmaounnun~nuwo9ioionis~~~ wuii winlansn&#ut9urnsriauGm 

9 4  9 i inaiun9nuvoaidomr6~~;rniiwinlamsku $61 itnztnintflumruoittmud 

สำ
นัก
วิท
ยบ
ริก
าร
แล
ะเท
คโ
นโ
ลย
ีสา
รส
นเ
ทศ

มห
าว
ิทย
าล
ัยร
าช
ภัฏ
สก
ลน
คร



สำ
นัก
วิท
ยบ
ริก
าร
แล
ะเท
คโ
นโ
ลย
ีสา
รส
นเ
ทศ

มห
าว
ิทย
าล
ัยร
าช
ภัฏ
สก
ลน
คร



Young-A.Son, Jin-Pyo Hong, Tae-Kyung Kim (2004 : ~~l?l@d0)!&8ft'~llnlsu'0ol 

Gaaw"inala:szuu leuco wu-dis:.uuGniGfnvosiinsiuiwaiinod'~udomsiiwsn3uussiiu'ou 

GGni iin:Tnu~uiS (Nishida and Kobayashi. 1992 : 61-62, d i ~ b . 1 1 ~  qniw $n13. 

2544 : 36) !W inisw~ao9~uaii~nuflZna1unswuvo~ii~ssuviZoinw"r niun~~nisBouYiU 

htmir iadndi . rvGnfiu  Tnu$uw'i!nu i rn :k i~ iuhu~~ i ia~n~u~nou (Ukon) iia: 

8un1:uiq ( ~ Y ~ s u )  iiAa8~~uYiU&aunisJauSn 2 v i h  50 oGUP~ui~n:iniin wndsln~jl 

 nu ~rn,-A~flidbuAauXun~?u~q iiAa$uviuAaana"ovo9iniin o:ina1unmuvo9ii 

doilnqlni~&!nu iiazk1flm$bu6au&u~wou~u'ouo?"u~auina"ou~~indn nalunqwu 

uo~8do~m~vo~&i!nuiia~&1fl1u$u'~uw"U8auina"ouo~1n~n~~ni &~nulla:k~fliu$Llliiuou~u 
949, 4aana"ouo.rog~iu dauna~unmuuo~iid~n~sGnvo~wi~uou~ac~ina"ouo~o~UPCun"u 

1 9 ,  A 9  9, '49, vma"ouo9iniinlinnii9n"od i~wmuou~u6awniiouo~i~in1~un.d~w1wuou6auina"ov~~o~~~o~ 

~inwan1smnno~~:1~od!~~in1s~au~a$1~~wa~ona1un~nuvo~8doiin danisgniinz 
9, d ua 8vsswiwlnuna1uilmnd19n"un~u~Gnvo9nisiauZa 

~ l ~ l h 3 ~  iln",051dil?~%7 (Tsatsaroni and Elefhriadis. 1994 : 313-315,619&%~ 

qnm $is. 2544 : 36 ) ! ~ ~ n 1 ~ ~ 6 u ' o u u u ~ n ~ ~ a u i i ~ 1 n n $ 1 d ~ o d  (CTDCUS sativus L.) Tnucb+ 

ma"ouod~n~:i~ums810~1lfluw" ff06~8nQidn (Iron sulphate) 0 ~ ~ i G u u  Gaidn 

(Aluminium sulphate hexahydrate) % J ~ ~ ~ ~ P I % W L ~ ~ ~ L $ U O I W I ~ I M P ~ ( S ~ ~ ~ ~ ~  potassium tatrate 

tetrahydrate) iin:+d&nnolr& (Zinc chloride) wuji l n i n h i d ~  in'imsid$uuiidn9uo98 

kusaua~iu'diGuuduun"uw'~$lpil4nisuofiinodw"so9a9ui8a I ~ i f u u b i m n d u r m i i i ~ ~ n  

(Sodium potassium tatrate tetrahydrate) iia:$d&nno!s& (Zinc chloride) niudlFiU ~ l k 1  
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rcl 9 
Y 

vpa~maw?n!dwnn~nrnaiun9wuioni~~n wuii Z~~ut3ouZnZ6iwnno'u naiunawu 

ciomsGnodlus:Eiuwol4 liaunaiuntwuvetiioiottn~o~loa~:~nrii 

N. Meksi, M. Kechida , F. Mhenni (2007 : U W ~ F ~ ( ~ B )  ~ # ~ 1 " 1 3 a n ~ l ~ ~ ~ ~ ~ n f i ) 1 2 Z $  

mui~~uluni r t5nd~~ui7~n~ut ia :~~~niw~~aZu"ou lnul#+tuffln~~lnu &~lhiXai i  

b u ~ ~ ~ l n ~ : ~ ~ ~ ~ t ~ ~ ~ ? ~ ~ ~ ! ~ w " i ~ ~ ~ a ~ ~ a ~  1lin?nrnu3Cu~l4imn~ml~ivoani1tn"n 

d~8ui:Cnguvo9o'u8ln lnulfl.a~u~1lub?~!n36i8u6ai~9d$6?ui t$ogeaih?iln~ 

i ~ n d i j ~ u i i i e n ~ ~ p d ~ o ~ ~ a n i ~ a o d "  Jadfi~ui?rin~uo:in"~i?iaa~~n~~4Rid 40-70 

otmnaAun iili?dini~hm~nC;bulueii96~u ~nuil~~diiwaiodfi~uii% qrun~u' 

i m z h t i d i j 8 u i  Q i ~ ~ i 3 d ~ l n ~ W ~ ~ l ~ N ~ ~ ~ Q 9 B ~ $ ~ ~ ~ ~ i ~ t n " ~ d ~ n " ~ ~ i $  55 owii.aa6un 

r'auriu~aii~dtj~ui~naiutGuGu 1% 

idobik i ihulnbudw~1i i in"~d~~ui75n~u~g~~~Gipi i~~d &$urnmiin &a dip 6 
9 I aci n i p ~ ~ i i i l n ~ G t ~ u i : ~ ~ ~ u n i s ~ o u  wnd~~ainmsbbulnmnn 660 wluauns im-md 

tnui:nudqnn"o 40 o.rcniratGua 1mzl~r'autiuhdad~~ui$naiutGu4u 1% 
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2.3 Observer ;0@d1flflfll3d 

OI ad w 

CIE L* a* b* (CIELAB) I S U S : U U ~ ~ ? R ~ ~ W W U I ~ I ~ ~ Z U U  
Tristimulus Value (x y LLRZ z) lln: CIE Chromaticity Coordinates (x y 1151: z) JFI~dflld~d 

1 ~ n ~ i d ~ u u n d n . r o u n i u 1 ~ 0 ~ a n n a 1 u ~ ~ ~ n i 1 ~ 6 ~ a ~ ~ 1 8 ~ t i 1 ~ ~ b 1 ~ ~ u  ila!rjununisdl$Iu 

A ao, 
mrs:llili~udu0u;un4~9~a~d;0 CIELAB 1979 V . I U ~ O Y O I Z U ~ ~  Color space 

6dfi11~d3~fl0ll 10 

L=lOO 

b YELLOW 

BLUE I 

fi1lWd3:n011 10 CIELAB 1976 LLHR9 L, a, b Color pace 

( dawqwniwnsslldano. 2542 : 17) 

J R u  L* %$filn~Rdln3l~H~l9 (lightness) "~09: 

B a o  
$1 L* id11+l~UO nu1u619nn1 

81 L* ~d1~9/ilt% 100 ~ 0 ~ 1 ~ 8 9 ~ ~ 1 1 ~  

u d a  
a* $ $ f i l ~ s ~ F I ~ ~ l ~ 1 8 ~ ~ 1 1 R 9 ~ 9 0 ~ 1 6 U ~ a  (red - green) 

$1 a* L ~ U I J ~ ~  wuiu8.a naiui8ui1t~.a 

$1 a* L ~ W W I J  nu1u8s naiurSuZtf ua 

b* 1$filnuRnaluL$uiiIna"a9n~0~l~u (yellow-blue) 

$1 b* ~ 8 u ~ l a n  nuiu8snaiui$u~1na"09 

$1 b* L ~ W W I J  
P V  9 

nuiu8~nmuiSun;iwu 
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1. ~n489i8 

2 9 
1 .I m t 8 9  XRF (X-ray Fluorescence Spectroscopy) U'MO Shimadzu 

i U  SRS 3400 

1.2 i d 8 9  SEM (Scanning Electron Microscope) $fi8 JEOL $U JSM 6400 

Kia'suaitr 10-300,000 ail L L ~ ~ ~ u % I ~ ~ I  0.2 - 40 n"SwTn& 

1.3 lflg89 AAS (Atomic Absorption Spectroscopy) $40 Perkin Elmer 

iu  loo 

1.4 1flf89 ICP-MS (Inductively Coupled Plasma-Mass Spectrometer ) B ~ Y O  
AGILENT i W  CE 7500 

1.5 lf lf89 UV-Visible spectroscopy${t3 Shimadzu i U  W-1601 

2. aJnxii 

2.1 % ~ R ? A ~ ? U ~ ~ Z U U I R  250 pfl~lff61%~?11¶.J~l5 (volumetric flask :250 cm3) 

2.2 J I ~ ~ % U I I I  10 O n ~ ~ f f 6 1 % ~ $ ~ ~ ~ 5  (Pipet : 10 cm3) 

2.3 ~ f l m o f  % U l R  SO ,250 11.: 1000 ~fl~l~61%~~1~~5(beaker:50,250,1000cm~) 

2.4 badsnu (Stirring rod ) 

2.5 m~o~iha:dun (Balance) 4 h11'M'&3 

2.6 ~ I U L ' L I O ~  8 (Cotton fiber No. 8) 

2.7 ~ l U ~ ~ f l 2 1 ¶ . J ~ ~ U  (Hot plate) 
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2.8 n$o9nau!dlh (Magnetic stirrer) 

2.9 i f l 3 h m a  ( Grey Scale for stain Assessing ) 

2 . 1 0 h u p 2 n  ( Blue wool ) 

2.1 I f i id~snu~:n~i9ni~Gndon 

2.12 yn~rnn~~1naiun9wuAoni3Gn 
9 

2.13 qnai~$uwnno~naiun9wud~11ar911nn 

2.14 @u ( Hot Air ; Oven ) Memmert 

3.1 msrnmrgiuvosTan:looou ~ : p U ' i ; ~ ~ & d ~ ( ~ l u m i n i u m  

sulfate:A1,(SO4),) , idoGnnnolsA (Ferric c h l o r i d e : ~ e ~ l , ) , ~ ~ n ~ ~ ~ ~ ~ ~ a I d ~ ( ~ a g n e s i u m  

su1fate:~~~0~)iia:~1i~uoJ~aid~;1(~odium sulfate: N$S04)(AR grade) ' L I ~ ~ w ~ ~ ~ P I O J I ~ ~ ~  

ds:iwa!wu 4iEn 

3.2 &nkUdflROIn!DD0U (Deionize water) 

3.3 ws89n:i (Zinc powder) 

3.4 4 ~ ~ 1 2  n ? o i m a ~ ~ u ~ o n ! 5 1 i  (Calcium Oxide) 

3.5 fl3i%lw9%1lm3jlU (Standard Indigo blue powders) 

3.6 nl3a:aiuiowluoa 95 % (95% Ethanol solution ) 
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XRF (X-ray Fluorescence Spectroscopy) 

i iaisazaiun'?oii~~u'bnau nazlu~nyt i tnf  ua~llainbo I. uiviinis 
4 9 a 
atnrizw"w7.lrw"ava~Fa~zlooou'bauI.lr~nsot XRF (X-ray Fluorescence Spectroscopy) 

3.1 du& 1,000 ~aEEnrlumauzmBoun?oaimurnauuirtpdszuiol I Ens 

3.2 ~ t n m u w ~ u i a s ~ i u  1.2 nyu %uni~uz1nBo~~n?oatinuiaa~4u5uwaru 

tornuon Anriou nuIGnaunBunir imiadbuoin~o I ibnlihuwaunqluwwsiu iouq 

~usil941q%pil'LGln"od 

3.3 &duuia 20 nyu iiUi/uwtt=YtnzB 12 nyu IumruzmBounio altaulaa 

iid.ruoqmaaoinbo 2 CiazCouwnuaq1d n'ouqnuoiithq lhnutiuiiihnurt 
Y Y Y 

3.4 wnuuo~ina~Gs 3 G~nuaaqIu i i~u6  1 iimauzKqlddouq qoln~fi 

Iojtiiu 60 otmivaiGua %flGwiun?~tbittbii'anu nuuostnaatissqlpil'~iirtds~ %&aainu 

drzuiol 5 uid nio&mathuvotmaa~d~uuoin3li'i~ui8udt"iruaduina"otdo~laloji3 

11~iuui8ui+ii~uiu uomauzatoinmi Gnuocl~aalflojGounii 6 R T U ~  
3.5 i i a ~ s a z a ~ u d a u u u u ~ ~ l i ' ~ u ' o u n s ~ u ~ ~ n ~ u u l f l d a " ~ ~ ~ n a ~ u u ~ a n d u ~ ~ ~ a  

a a tAoi i ld~iuaolr i iQouaznis~a~pJd ~iazQouazniswunn 

3.6 i 1 ~ 1 8 o u ~ 8 o u ~ ~ u 1 u ~ i u n i u 8 u n o u n i s v i i u ~ ~ ~ ~ a u w " ~ o ~ ~  

4. ~ l l ~ ? ~ r o l l # 9 d ~ ~ d 1 ~ 1 f ; Q ~ d ~ Q o l  

4.1 niaSiUlltld~ji~ ~~~RIUUI 300 nru d u i i  3,ow oaaaas duwtgnvlon s 
Y Y  

9 9 d  nyu ~pil'naiufouounsz6ti~oa~8uiaai i&~'bus gqGsYaInluu a"isWiu~pil'nzoia~au~~+ 
Y .  

9 44 

i ingu 3,000 uaaans nin%pil'upil's 
1 Y 

4.2 niai'aiinGndipI ~ i ~ ~ u ~ ~ i ~ u n ~ s b ~ u n ~ u o ~ " u ~ b a ' a u ~ ~ a ~ ~ ~ ~ n a i u u ~ a  15 

ivun'iuns diWouiqmnQ2 so otmiaaliiun t8unai 30 uid ii&aktLnlinWiulnr~~ 
A A Gaaz 0.5 nyu iildou"onauniiazllG'inGnWiuwntw i i o o n u i i i i u ~ u l a ~ ~ n ~ n o ~ ~ ~ e ~  

i1nis8suiold 
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5.1 maiiueiumun't;au~ou mrin?uumsa::aiuuoq AI,(SOS,, FeCl,, 

!ob;~udi t&fou (water bath) dqanrJG 60 ~q(ni%ai$ufl i j u i ? n i  I5  UI; 

(dliorl ~ m u n l ' l p ~ .  2543 : 49) 

5.1.3 Gii#ubdiu!doudq~nQG 50 oqmi~aAun i~una i  30 uiG 
I Y 

d W  8 

~~~ in l i n i huau !& i i n~nn~6  uunnb;n~ndiu 
I 0  9 9 99 

5.1.4 ~idiua~in~iuounriu~in?uu!~d~uinr 50 uaaanr ijunm 15 uiW 

ii$?$i.roon&?uiinkuouniiG'io:ln o i n A i i d i u ~ o u d q o l ~ ~ ~  50 ow l i i aa i~un  

ia~i?,l30 UI! ~ ~ ~ I l n ~ i l d I U ~ n P I f ~  

5.1.5 Gi~ilblmkGoaia::~ia'i~diu!da'niinira~na"uiin~~au in$oq@- 
99 9 

?niuafl idnlnrldlnGinoi (W-Visible Spectrophotometer) i~o~i !dmmlgn~¶J~i ia:  
4 d mrwunn (g~Zmrdiu?cuCimnwu?n n) 

Y Y  

5.1.6 d ihgqi id$o 1-5 iidid~uuoin A1,(SO4), i ju  FeCl,,MgSO, iin: 

N%SO, ~ l ~ a ° l ~ ¶ J  

d W Y  
5.2 nl5dl~l l$! l~1~11~119~1891 f l l l l ~ ? f J ~ ~ l ~ : : ~ l ~ V ~ ~  Al,(SO,),, FeCl,, MgSO, 

A *: iia:: N~sO,  In*odlu5duotoon!rAl A~,o,, Fe,O,, MgO iia:: N%O I ~ U V U ~ O U & ~ ~  

5.2.1 l ~ d i u ? 0 1 f i u 1 0 1  ~ ( S O J ,  i i i l ~ i ~ n  qo3 5 % ~ n u i i w ~ n q o q i d u ~ u  

#iu azrnulu& 5 ml (R5Zmsci~u?cuimnwu?n n) 
1 0  9 

5.2.2 ~id~ua~i iv~~uoun~iu~in?uu!~d?uinr 50 UPaBBnr iflunm i s  uiW 

iia'?a"iqoon&?uiinkuouniiiio::ln oinhiidiu!douiqsMwB2 50 otmi~aiGun 

igui?ai  30 UIW iqb;n~thuounqi  
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5.2.3 iit~iui~oun5iuIi63a9it~1unisasaiuiin~uu1~ iia~i~ia~toniuo~ 95 % 

wovi~udufliu iifi2~til~dgawgij 60 o.rmianlun W ui2ai 90 uid oinifui 11do't~-~ulotfi 

'lud1~~13'ou (water bath) dganoii 60 o.rrnilrat%un i8ui2~1 15 uid 

5.2.4 ~iiXu(1uCIiu1do~d~an~ii 50 o.~~innt%un i8unai 30 u i i  k & n ~ n  
do. e P, 

thuru!E;rji~ljnnqm uunoQinGoihu 

5.2.5 ii~iZounkbutta~tfifii9CIiuIda'm~inis~mna"utin9~au m$09 (P?- 
99 P 

3ntuanidnTnr TdtnCtnoi (W-Visible Spedrophotometer) t W d 0 l j l ~ d ~ l ~ i l n 1 5 ~ m ~ u ~  
e9 a 

tm-rnswunn ( q ' i i i n ~ s d ~ u ~ a ~ m n ~  o) 
P, 9 

5.2.6 iii$ikud&~ 1-4 i i d t d d ~ ~ ~ i n  AI,(S04), i 8 ~  FeCI,, MgSO, 1iR:: 

N%S04 W I % ~ ~ I ~ ~  

สำ
นัก
วิท
ยบ
ริก
าร
แล
ะเท
คโ
นโ
ลย
ีสา
รส
นเ
ทศ

มห
าว
ิทย
าล
ัยร
าช
ภัฏ
สก
ลน
คร



Spectroscopy 

iib#iulunisa~aiudin?uu1a*i~u~o~iuoa 95 %iud 

gmnq5 6 0 " ~  igunai 90 uiti ~ d ° i # i u ~ i ~ d ~ o t f i  i s  

~ P ~ ? U ¶ . J ~ ~ * Q W ~ ~ I J  3 vq lIJ#lu$$ 

ii#~dgprnQu' soOc idunai 30 

uiti k&nrinihu 
I uiti ouAiu18ii$94gmnnu' soOc i h n m  30 uiti I I I  

in:uulkunru 3 Imq a:: 50 ml iSu 

laai 15 ui? #i9l#nzoim ou%#ii#~ 

Pd°i~i&~unriun;isbu!da"m 

dinirtmni;uiin.r8au~n$09 

W-VIS Spectroscopy 

iibfliu%unira::aiudin?uu!~~ 

i~uianiuon 95 %iutigmngi3 

60°c 13uraai 90 uiti Pd°iWiu!~d 
9 P) .c; g91oii 15 uiti outhulnuntn 

uui#u~u#iuiauin$o~ AAS I~QZICP-MS 

riiurnw~u8auo~i8ulu~auinQo9 SEM 

L ~ U ' L I ~ ~ ~ U  Chroma meter iia::WmnoIJnaiu 

ns~uu~sd6oiias61az6onir$ni~i9 
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4 4 

6. ~ l 3 ~ 1 F l ~ e ) ~ l ~ l % ~ l F l l i l ~ 9 1 b 9 ~ ~ ~ ~ ~ ~ ~ ~ ~ d n " P l ~ R 3 l ~ L t ~ ~ t & P d ~ U d l P l  LfitlPll~PlPl 

ht&Pd1Pl~'U'lfldQl3'Ub%"tt~Pdw" & 3 P l i t ? < b 9 ~ ~ ~  (Scanning electron microscope) 

hPltR$e)a AAS (Atomic Absorption Spectroscopy) 110:1R$e)9 ICP-MS (Inductively 

Coupled Plasma-Mass Spectrometer) 

dit#u~uthuddiumsi iuo~ttmuw"~au~~~~u~a~zd~ 4 a& ?kt6 A]", ~ e ) '  
Y Y 

~ g 2 +  taaz ~d 2 U'LI'FI 

7.1 ~ ~ ~ C j ~ u t # u % u # i u ~ a u n ~ m ~ a ~ a ? n  98 % d?uins 25 Gaa"a"ns ouniies 

?in13asaiu%n 

7.2 ~ i n i ' i ~ ~ a i u i ~ A ~ ~ ~ u " ~ a ~ ~ m ~ ~ ~ ~ i n ~  loo GaSSns uasd<'ud:olins 

I f l A  loo GaiiSnr ~~auG;nku tvCjil~ni3asaiutflutdBi~ua~u 

7.3 d i ? d ~ t n ~ i z ' A d ? u i m ~ a ~ s ' ~ ~ u t # u % t ~ # i u ~ a u t n ~  AAS tbazm$ss 

ICP-MS 
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IY 

8.1.2 ~ l l ( i l ~ f l 0 1 ~ ~ d W A Q 8 ~ 1  
90, P  

8.1.2.1 t?otiitdt$uiiInmR;uwrnnou"uuin 40 x 100 Gaatumr l a ' i i ~  
er 

9  d P  : A 9  
ui? 2 tuiJR~iunGittar~iun~t"uot~uwnnou tta~rnurrmtnniu 

A A 
8.1.2.2 ~aotiitdt$ut#u;~qUIoS'tm~uu~uwnnounrtwut"uot~iw~n 

rauunthuiai!tnot$u aitt#ululkuiufiumunaiuuia l&?i'kluia 2 ~uilR4iunGitmr 
9  d 4  : A 9  

$iunkuot&nRnou tiaasuruntn~iu 

8.1.3 m%WAQe)PI 

8.1.3.1 air$unnnouotluditiiZou t~'u~inkuloS'vi?u~utiu 
er e r .  

ein~ut~ua~Iu6mridau 5 n?u i o i i n h  1 a"mr 

8.1.3.2 diuB~nOGuotdit~iZoui$u 50 + 2 n t ~ i  i.aaiQun aunm 

~unmnou$?tlnaiui4? 50 roudoui; i$unai 45 u i i  

8.1.3.3 ~ i ~ u N R ~ O U 8 0 0 Q i n d i t i i f ~ o d  &i t l f i f l~o iR$?i?ui i f lkodf lDt  

rift i i#a~it~?ui i4t lnamaontaait$utaai  l o  ui; iudoonainiunnnou i a i r ~ i i u d  

iiuoonniu$iu T~utlu&uifull$iunuQ1 
A 2' 9  9 d  

8.1.3.4 wt.aun~noulnuntngan~G!ojin"u 60 otnitmlun TRU 

mt h~udau~tniuoomin~u 

8.1.3.5 mriimrtdbuuttdntii"uotdup1anou ttorriinirt~ouiiuu 

i i"uiaT~~la'inr6ntna(~~ scale) 

8.2 ~%01AQe)PI~a101~9010d9189~m'e)LLQ9 

8.2.1 q J n d  
d a  * 

8.2.1.1 kiiiuimrqiu t$uki'kluuXmanGidu ii~mrinaiuntp1u~o~ildo 

itntiiriirrriu 1 (iin~iuntnuiiqm) n'trzriu 8 (iin~iuntnuqtw) 
9 A 

8.2.1.2 ttwtdi~?uaitGu~mnouwtttmm iitttjutt6aiJ~$ium aiti1.1 
9 

oinGu~lmnou 50 GoStumr 
d  9  9  

8.2.1.3 nr~nun'utmt t$utduor~~iutnt~umauor~Gt~uudoua" 

8.2.1.4 mrbnina muuimrqiu uon. 121 6 t h  14-2518 
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XRF (X-ray Fluorescence Spectroscopy) 

~l&~0U8~16nf09 W-Visible I I (Scanning Electron Microscope) 

Spectroscopy 
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n ' - ~ u d o s  dn&u"dQoohnl.aun'u nldnkrnlnq (x--ray Fluorescence Spectroswpy : XRF) 
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( w a n l r ~ m n z 6 ~ a u i n ~ o 9  XRF (X-ray Fluo~scence Spectmscopy) ~ s ~ " I ~ ~ I I ~ ? $ u ~ ~ ~ z P I ? ~ I s  
9 m u i ~ i n n i  no1rjuinnTuTa'uwrzoouin~iillb;qrunnisainnrzG~.255o) 
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3. nir~nid~uua~uunaiuisu'u~uo~a~u%u8iu~auin~o9a"ni~uu~ chroma meter 

d&uri?uiiuInau R'u~nrj i#ulu#iud$u6au~anzlooourG~di~~ ihluthudlou 

nriuiGtlsdi~i~ua irazia"u%udiudlojl6u'ou wadl&iw"oirtuiainii b* &oz%Xiinaiu 

ifluiiii~uisu'uuin ido b* iiiii9uaulnn i m z i i  h* %~iinaiut9u1i&Wu1dodiiini9 
Y 

vosdetji 270-280 as81 hi 

3.1 i#uluihud~ouhun"u~nau imzsugnk iflumruoiiinud ihnir i i  

uo~iinu&ouiinzn&gbu wuii i1~~1uhuibu6auR'u~n~9iinaioJa~ud~ib?udisu'uni~ 

r#u%uiitrdu'ou~au~u~nau 6'9miri9 10 

3.2 r#u%u8iu~B~u8au1~~1zlmou 4 ~ G R  i%~iflun13u0iibnud $un15ii 
d d  94: n d pl 

uoi i i~uHouuazn<~ls~~ wuii A]'' i~umras~iinunn%nnuii9uwi6uuuind4ni~uiiti 

SO9~9U1$8 ~ a + ,  M< LLaZ ~ e ~ +  ' ? l l I J ~ l & l J  $%'A1519 10 

3.3 id4aui~uuiduluihudu'ou8au~uInau Zupni9 iiazlan:loaau& 

4 " I ~ G ~ ~ ~ ~ # U % ~ ~ I U ~ ~ D ~ ~ S I U ~ O ~ % ~ ~ ~ I S ~ ~ ~ ~ ~ ~ ~ W "  wuii i#uluWiudlou8auR'uInau 
,, .* n 

R'u~nk imz~awz~oaouih 4 " I l ~ ~ ~ ~ ~ 1 i 9 ~ ~ s u ' ~ ~ ~ l i a " U % t 1 ~ 1 ~ ~ ~ ~ ~ ~ ~ 1 ~ 1 ~ ~ 9 0 $ 1 9 i ~ ~ ~ ~  

'%3'?l1519 9 ~ iaznl~fJ~zf l0~1 17,18 
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