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Kullada Eakboonchoo 2007: Investigation into the Improvement of Synthetic Dye
Treatment of Silk Fabric and Waste Water Treatment by Activated Carbon.

Master of Science (Environmental Science), Major Field: Environmental Science,
College of Environment. Thesis Advisor: Assistant Professor Amornrat Promboon,

Ph.D. 117 pages.

The aim of this research was to study the effects of bleaching and dyeing with
crosslinking agent on physical properties and dyeing fixation of silk fabric. The silk fabric
sample was oxidative bleached and then it was dyed with synthetic dyes and citric acid as a
crosslinking agent at pH 5.5 and a temperature of 80°C for 1 hour. The results illustrated that the
dyed silk fabric with Cibacron Navy, Cibacron Blue, Cibacron Red, Lanaset Grey and Erionyl
Red in combination with citric acid increased in percent of dyeing fixation, abrasion resistance
crease recovery and color fastness to washing of the dyed fabric sample with Lanaset Grey and

Erionyl Red.

Subsequently, wastewater of silk dyeing was treated by using activated carbon
absorption process. It was operated at the overflow rate 4.7 ml/min with 50 cm and 100cm of
activated carbon column. The result showed that depth yielded the best efficiency treatment at
10"minutes to remove dye of 50% and 70% respectively and remove COD of 24.97% and
29.34% respectively. Therefore that treatment wastewater from the dyeing of silk fabric by
activated carbon should be used in conjunction with other system of treatment to ensure

efficient removal of organic pollutant from the wastewater.

KULLADA  EA¥BOONCHOO Aoccosamt Poomberm M/ 05 / 2002

Student’s signature Thesis Advisor’s signature
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Uszian Ao heavy (H-) chain #9118 350 kDa, light (L-) chain U419 25 kDa Uag
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(Glycoprotein) L%ﬂuﬁuﬁjﬂﬁu‘ﬁ ¢ hydrophobic interaction (Tanaka et al., 1999; Inoue et al.,

2004)

ER ER Golgi PSG lumen
normal breed (C108 and J-139) e

wl, 2-mannosidases

n = =
largely ~~_~F N =
Inaccessible, r " T
Wi - - fibroin elementary unit (ER type)

8

1 : H-L linkage - [ ]
H'Ctlal."'! 2 : assembly Y ! sccration HiLihPZS:
- q} . X J -H - GlcNAc:-Manes attached on Thx/P25 (30 kDa)
L-chain A == S
Fy t‘-";”.-‘ T
yiie ~ S drolysi ' i
fibroin el tal it (ER 1 hydrolysis of 1, 2-linked
fhxip2s mu;&e;;‘en "y Ut (ER e} u mannose residues -
GleNAc:-Manss attached on fhx/P25 (30 kDa}) o1, 2-mannosidases are largely s
inaccessible to «1,2-linked
mannose residues on thx/P25
secretion-deficient mutant (Nd-s°) fibroin elementary unit (Golgl-processed type)
- i, Z-mannosidases HaLsfhx/P 25+

GleNAca-Mans+ attached on /P25 (27 kDa)
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2.1 M3aenN1I (Degumming) (Leksophee et al., 2004)

A o 9 Y 9 Ay a Aa A
m3saennd as mMaudulelvy dude wsedn lvuauinasnmaSEun
a I o v A {a % 1
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2.2 M3Nenu1 (Bleaching) (1nT0d azaiz, 2530; Vigo, 1994; nguanima lulag

9N (1NNAIND), 2001; Leksophee et al., 2004)
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2.2.1 msnenuuveonganil (Oxidative bleaching)
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ponlad (1,0,) uand 1da15Ai3en11 Active oxygen o W3 laasendasesu (HO, ) &4

) Y] 1 % 1 I~ @ 1 4
asomaeasia ldaaaunsn (1.1) uaz (1.2) seaazdludnsaldlalasnumos

¢ v 3 2 =2y a y ) . v a
20 lraaagd nT1VU 1o UANAT¥Land 2 (Peroxide stabilizer) 1HWBIMLZ DDOUVDA
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H0O, <——> H + HO, (1.1)

HO, ——> H + HO, ——> HO, + H,0 (1.2)
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2) mivlenundielaldaaelsn amsdsznounas lsvinldlumsdenan
A = 4 4 o ﬁJdtd' a o a d? A
Ao TwmAeunanlsn (Nacl0,) nae lsnzimsvon1dan pH 3-4 uazazinamanuium Ao

manaesulaeonlad (Cl0,) FligniiansouTanggunn Asaums (1.3), (1.4) uaz (1.5)

Y d A Y 1 o Y A o 9
m@ﬂﬂlﬂﬁﬂa@hls‘ﬂ o Gl‘Viﬂ’J”mﬁU”l’JiJ”lﬂ 1Nﬂ1a18Lﬁu18ﬁiﬂﬂ1a18uﬂﬂ

Y
1 [ 1 () a a o ]
dorde TumuzduduleTdsau seramsnenumaziimasnemnadu i ldanuunilianns

2NaClO, + H,SO, ——> Na,S0O, + 2HCIO, (1.3)
HCIO, ——> Clo, + H (1.4)
HCIO, ————» HC + O, (1.5)

2.2.2 mswenvuuusanii (Reductive bleaching)

Y

marlenvnuuuianiidaelalasda 1 UfRsesardeiiniiuiie

lasugmunigeliu Asaunsi (1.6), (1.7) uaz(1.8)

Na,S,0, + H,0 » NaHSO, +NaHSO, (1.6)
NaHSO, + H,0 » NaHSO, + H, (1.7)
NaHSO, + 2H,0 » NaHSO, + 2H, (1.8)

laTasnudalviiiuasilingl Teemwziderinntuluasazats

v i1 9
wldmswenun liadnaue 39415 1Tegi5e laoon ladunulalasda v iWoazareni dau

'
o v Aa J A A a

4 ~ J 3| J a a A A 1
wuwm”lﬂagwa“lﬂaaﬂ"lcmﬂmmﬂumimmuc}famum LUBUAITAITNTIDUNITIANA NS

v
9 =

v A a - I Y o v A
IfFatliuadeou (S0,) Wlumaamsiidluduls mldanuasdunuiunazlonun1d

adnaye LanasaunIsi (1.9)

HN-C=NH + 20H —— > H2N-C=NH + SO, (1.9)

SO,H OH
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laTaaanlsn (Peter, 1967)
o 9!:: a = A v A
msenv1lu vy s ldnsmsnenuuuusendain vuusann
A 09: (Y d! dy 9 1
#39MIHeNUNITIWMI@RIVUTINAY Fanmsrenvyuuusiuiag 1nanuuIgandt uaas

o d'
ANAITINN 1

d' a A 1 9
AN 1 Glfl!ﬂslli’)\‘lﬁﬁ?\l@ﬂﬁlﬂ?'ﬂllWﬁ@]i’)ﬂ?ﬁﬂﬂ?ﬂl@ﬂﬂftﬁﬂmiw

yHaveIasNenv ANNV (MIazTHoULA)
Whiteness (Reflection) %

m3vlenvtuusanivl laTasdalaln 80.30

I5Tegi50lnoon laa 83.50

msenvuvvesndanu | lalasmumesoon lud 86.20

TAeumesuose 81.60

AT 0L THAN 73.40

msenvIuusanivl laTasdalls az 86.70
azeonsaNl laTasnumesoon laoa

15 Togi50laoen lyduay 86.50
laTasnumesoon loa

lsivlonva 79.00

f3n: TuTad vazame (2530)
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Bleaching Application Characteristics Auxillary agents need
agent
Hydrogen All kind of natural Most importance bleaching agent a wide range of The textile is treated in a solution containing H,O,,
Peroxide: H,0, | animal and bleaching process can be used (cold pad batch, bleaching | caustic soda and:

vegetable fibers, as
well as for many
man-made fibers:
Mainly cotton;

cotton/wool

under streaming conditions, impregnating methods,
bleaching in a long bath, etc.)

Ecological favourable: the decomposition of hydrogen
peroxide which take place during the bleaching process
forms only water and oxygen

Effect achieved:

Seed husks are mostly completely removed (yet, prior
scouring remain necessary);

Residual size and its degradation products are
hydrolysed, oxidized and removed;

Whiteness is achieved with the minimum decrease in the

DP value (degree of polymerization of the cellulose);

Stabilizers: sodium silicate together with Mg salts
(MgCl, or MgSO,) and sequestering/complexing
agents (EDTA, DTPA, NTA, gluconates,
phosphonates and polyacrylates);

Surfactants with emulsifying, dispersing and wetting
properties, usually mixtures of anionic compounds
(alkyl sulphonates and alkyl aryl sulphonates) with
non-ionic compounds (alkylphenol ethoxylates or
fatty alcohol ethoxylates).

Bleaching in weekly acidic conditions (pH range
6.5-8) is also possible:

- For alkali-sensitive fibers (e.g. cotton/wool blends)

- As dyed yarns are bleached

4



M519N 2 (AD)

Bleaching Application Characteristics Auxillary agents need
agent
Absorbance of the material is made uniform. - After bleaching with hypochlorite in order to save
water in the subsequent washing process
Sodium Cotton (mianly yarn | Cheap bleaching mehod Precise control of pH and reaction time is
hypochlorite: and knitted fabrics) | Pre-bleach treatment for cotton, with a peroxide necessary:
NaOCl linen (flax) bleaching following (as a high bleaching degree is need) | Buffer: caustic soda
In decline for ecological reasons addition of sodium chloride to allow higher
the process must be carried out at room temperature hypochlorite concentration
because of the high reactivity of the hypochlorite fiber smooth water has to be used to prepare the
damage may be minimized by operating at lower bleaching bath.
hypochlorite concentration, in pH range 9.0-11.5 This avoid the precipitation of insoluble chlorines
released by that kind of bleaching
Sodium Cotton, Linin, Fiber damage is limited by applying this treatment when
chlorite: Flax, Jute, used in combination with hydrogen peroxide bleaching
NaClO, other cellulose (before or after) high reflectance is obtained in decline

el
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process for bleaching linen cloth after I has been washed
by exposing it while spread out on a grass lawn or field
known as a green to the action of the elements;

special machine called “ozonisator” are ysed to produce
electrically ozone;

this bleaching method has no economical relevance

Bleaching Application Characteristics Auxillary agents need
agent
Sodium fibers (CO/PES) for ecological reason
chlorite: Not applicable for continuous open-width process
NaClO, because of the severe corrosivity of sodium chlorine
Potassium Cotton (mainly Rare The manganese peroxide hydrate, a brown screed,
permanganate: | jeans treatments) Applied by stone-washed or snow-washed treatments of | will remain on the textile and have to be removed
KMnO, jeans after swilling by a second washing with sodium
bisulphate
Ozone: O, Linen cloth Old method also called grass bleaching (crafting): a

14
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Bleaching Application Characteristics Auxillary agents need
agent
Sodium Brightness of animal | Most common reductive bleaching agent;
dithionite: fibers (wool, silk); Reductive bleaching is less effective than oxidative
Na,S,0, final bleaching of bleaching, only whiteness of the textile may be obtained;
wool used in combination with other bleaching as a final

bleaching treatment;

treatment with take place at 70-90°C;

the reduction products have to be completely washed out
of the textile as otherwise a reoxidation of impurities

may take place

#1301: Lacasse and Baumann (2004)

Sl
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3. M38ONT (Dyeing)

Y
9 T [ Y @ .
3.1 Usznnvesd@don LN uanyauems 15U a9 (Vigo, 1994; Leksophee ef al.,

2004)

=9 A ] d v a a . . . Y 1A a

3.1.1 aaawuwgﬂaﬂwuauaaauﬂ (Anionic functional group) 1aun duoda

@ < 4 4 4 < 4

(Acid dyes) FuAanoumandy (Metal complex dyes) FuoHAUN (Mordant dyes) #'lasnn
A = = 1 dyd' g’ = I 1 ~

(Direct dyes) azd@suennil (Reactive dyes) Tﬂﬂﬁmmumaazamumzuﬂizi;amﬂumu“n

Tnd

=9 A ] J v a a . . . Y 1A a
3.1.2 ﬁaawwyﬁmwuﬂmaauﬂ (Cationic functional group) laungwan
[ Y v
(Basic dyes) tioazaienirld Inseadrananiiidszquan
3.1.3 @douinalfnsemaniinounsgiihmndon ldun dua (Vat dyes)

Y
Fdfamles (Sulfur dyes) tazezIwdn (Azoic) Tuan1izind liazanei

9 Ay 4 ad o Y 1 Aaa 4 .
3.1.4 dgaUNIONAIYITIRNISLASWINTIAINGY llﬂllﬂ aANNDI A (Disperse

4 =l a a 4 .
dyes) Tarun (Solvent) ATITNFIN LUASWNLNUA (Pigment)

3.2 Ugduiussendiudule (Peter, 1975)

o J 1

fuazdulevziidfduiusuananniuauriavesduazstiavouduly g

A & Y 1
AT NN 1 G]f\iﬁ'lil'ﬁﬂ!llmhlﬂ 3 IGEY!

v
o w A A

3.2.1 @uletlsian Hydrophobic MUE1521AN Non-Tonic azaieiirldsina ah

a Aaaa 1 dy 9 1 aAa o
nadnse lunquil ldun daawosd

3.2.2 1duleNT Tonic Sites Tulasaade 1dun luaou yudasd dwduleniivy

U

a v 4 A o w = a 9 I KR v Y A a
azuiuuaxwgmﬁmﬂ%amﬂﬂ ﬁu@%ﬂﬁ”mﬁﬂﬂ’ﬂullﬂﬂ ﬂﬂﬂuﬂ’JﬂLLNVINllWﬂWll,ﬂﬂi]”lﬂﬂ’JﬁJ

]
A AA J %

anveslszyszninanudule dldinanmsaadnaniimsgadunuusssua
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323 dulendoudedszianloooiln ue'lall Charged Group 1WuaNT

Y
A o <3| o
v losoulva USinaundeuazanududuvesdlushdon Wuduilsmsdond

a o 9 a a9
M1919N 3 ﬂ’liFl]“l“ﬂﬂjglﬂﬂql@\uﬁuiﬂllagﬂ’]jﬁﬂaﬂ@l}

General Fiber Source Name Dyes used
classification
of fiber
Hydrophilic Cellulose Natural Cotton, Linen, Jute, Direct, Sulphur, Vat,
regenerated Paper, Viscose, Rayon Azoic, Reactive, Metal
complex
Protein (Natural Natural Wool, Mohair, Angora, | Acid, Reactive, Mordant,
polyamide) Silk Metal complex
Hydrophobic | Polyamide Synthetic Nylon Acid, Mordant, Direct,
Dispersed, Reactive,
Metal complex
Polyester Synthetic Terylene Disperse, Azoic, Vat
Synthetic Acrylic, Nylon, Dacron | Basic,Disperse
Synthetic Disperse, Azoic, Vat
Synthetic Disperse, Azoic, Vat

nn: Zollinger (2003)

=< ~ ' A v 9
3.3 usagamiledsyriin luanadiuduly

a [ = = 9 1 =
3.3.1 ﬂ']'iLfﬂ%@]ﬂIﬂﬂﬂWﬁﬂ!LiQﬂ\‘]ﬂﬂﬂNmN 'lmm ummﬂmﬂiuimaqa e

159R9gaIZHIN Tuana

=
1) usadaganieluluana

. a & A ' A v Y A 1
1.1) Tonic bond Lﬂﬂﬂli&mﬁ]ﬂiﬂﬂﬂqnm‘nﬂnﬂizi;@]Nﬂ‘Ll Lﬁﬂlﬂlhf]ﬂgiu
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]
A

Y ]
sy ihiluey iiesnnmsuandvesny leasenda (-oH) luduls dwlvgdi

g

J & a o Y A Y ' a A J v Y
azmﬂmlﬂuu@u@aﬂu ﬂ?ﬁﬂ@“ﬁﬂﬁ@ﬂlﬂaﬂuﬂﬁgﬂalulﬁuclﬂ LB mimmmaaaﬂumﬂamau

9 ] ]
Tovag laa nSemadnnsaaslwihdoudulslsaunse luasu enlasudndludule
9 v
nou ussnagativzina lumsdoudulellsanuaziduleluaoudrodioda dsaunsi 1.10

A FUAN A9EaUMTA 1.11

F-NH, ——  F-NH,

(duleTasdu) (1.10)
D-SO,H — DSO, + H
(Tuowa)

F-COOH 5, FCOO + H
adulaTisau) (1.11)
D-NRA ———> DNR, + A

(@wan)

I = A a ] Ja '
1.2) Covalent bond Lﬂulliﬁﬂﬁﬂﬂ‘ﬂLﬂﬂmﬂﬂ1ﬂ“]fl’)tﬁl!‘l/l’f)mﬂﬂi’f)uj’JiJ
Y 1 Y =¥ £ a Y Y A = I o A <3 =
ﬂuizmnmuiﬂuazﬁﬂau mm@“lumm@um&ﬁu@mﬂ WUAUBENIANULUISI |

[ o o Y =2 o vy 9y = 1 o
WA UNUTE N gﬂmmﬂ“l%”m %QVI”IinTEJE’)‘JJ?JﬂTJﬁJ?NTIuﬂi’)ﬂ"li"]fﬂq\nﬂﬂ

=2 1
2) LLSQ@Q@@?%‘VFTJNINLQQQ

b4 i1
= A

IS { a VoA

2.1) Van Der Waals force 11jutiseegaiitnatiuiiosninms luegia
a 9/ A g d' a Y a 1
yovtaansouluTuana udluensiidunani luanaesiimsnsznedrvesdaanson |

@ o Y a o VA 9 a = o ~ 1 Y
’(?fllﬁ]aﬂu ﬂﬂmﬂmﬂmmmmﬂizigmwmgmzu,ﬂmmm@,ﬂﬂuTmaqa‘nagiﬂamfN 13

D

dya v 29 Y d? o dy Aoy o @ 3 o w
ﬂ\iﬂﬂﬂigm‘ﬂuLﬂﬂﬂ“ﬂﬁﬂﬁ)llLlaxlﬁuiﬂﬂﬂﬂiglﬂﬂ YUAUVHIANUNTUNT AJUUNIAIVDIULT

U

D

v =K

o @ A o Y A = o Y1
?’Nﬂﬂ%gllﬂﬁwuﬁi\‘]ﬂﬂ‘ﬂu'lﬂilllﬁf]‘ﬂ NN AUDENE A i]\igﬂvnﬂ'lflvlﬂ\ﬂﬂ

U

]
ST

[~ ' :;I 1
2.2) Dipole dipole force 11unsI99ATznIN Tanandn Tasuaaz

9 [l
Turanaaziud Nt Iny 1azlimainagagandnese Van Der Waals force
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| = A a d? 1% Aa
2.3) Hydrogen bond 1lunsspagaiinadunuasiilalasnuezaou

A o Ao - 1 a I 9
agannUazAoNNN Electronegativity g4 191 oondau Tulaswu naza Tanu udu Tu
Y] ] dy = d‘ U 9J a =
anvaziruil laTasnuazlszquinfionsuazAaoudianss aunsamnaussnagailszyauued
Tuanafieginufios Taenliwus: lalasnuszinanuddouynlsznniazidausang

. . 9 Ao a ) [ = dy 9 = a
Dipole Dipole Force AfouiiiansmzmameanduleTasoironsdsgail Taun duoda
=1 Aa =\ < 4 [ =1 1 1Y) 1 A o w =
fudn vazdladndt uaazlinnuasnuaomsdn lugann 1099108189005 IAIgANIS

menwlin amnsagnithiate ldde
3.4 38msdou § 3 uuy Aefl (Vigo, 1994)
3.4.1 uuU1AsATY (Direct dyeing)

idnledszinmeaglad wu fhe 1dulesziivgleasonda (Hydroxyl
] = a @ % Al Y ! 9y
groups, -OH) 0gu1n Weamnsnnause lalasnuiuTuanavesdlalasase daudule
a J o J 1 { o’/’ '
Uszinmwoamal Ind wu vudainTelny Tuduledsznoudrediuiiduniminga (Acidic
groups, -COOH) 1agjiue (Basic groups, -NH,) #eagiinlgnsennungiuanioiynialu

aa g = d? a =< A a
Tmaqammmﬂmﬂmﬂaamu meﬂﬂfﬂﬁEJﬂL‘H‘L!EJ’JLL‘]J‘]JUlfJE)@uﬂ

3.4.2 uyuIn (Vat dyeing)

o lq v N S v a @ lq v &

Tagia lasaldasziant iazaiei dsariimssardasnldmilu
{ vy v o ¥ 3 o o ¥ ; a Ay @
msnazarenila udraiuduleasdon amivdaivduleldiden mamsoond lad

] Y
nav Teglugli luazanei
o 4
3.4.3 4UUNDIHUAUN (Mordant dyeing)
I 9 = 9 s s A = a T Aoy
Wunmsgeudlaglsarsuesuaun werielunssanaserneanuaule

S)dd? o Y a 1 a2 A A J 4 P Y A A
Tnavu mldmnmaanuaanu llllﬁﬂﬁﬁi'ﬂ“b’ﬂ\ﬂﬂ gsuesHAUNN ¥ Ae a1sazarevenae

Tane 191 a5 du (Potassium Aluminium Sulfate, KAI(SO, ),.12H,0), Tasy (Potassium
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Dichromate, K,Cr,0,), auﬂ (Stannous Chloride, SnCl,), Han (Ferrous Sulfate, FeSO,) e

qu?{ (Copper Sulfate, CuSO,) Wudu

A g 1 Y 9 Y 4 s 9
mamu“lﬂmumsﬂauﬁuazmsﬂaumﬂmsazmamsgmumm:} Tammm
s s a & A v A g o A ] '
msazmﬂu@sgmuwﬁmﬂmﬂumiwwaumm;m (Strong complex) ﬂ‘]JﬁLLaSLfT‘L!GlEJ LBUNT

Y A . ) ~ IS 3 ¢ v ~
Goud Alizarin fuidulewinaglag Teel Insuiluansazarsnesuaun aan1ni 4

Alizann

Mordant

d' a I~ a 9 1 v A 9
MNN 4 m‘immﬂumiwwauiwmﬂamﬂummzmuia

fan: Vigo (1994)

=9 a AdA a 421 A = o Y = a Y
qegouN Ao t’fﬁﬁ]u‘ﬂiﬂ‘ﬂNﬁ@]ﬂJuNHWE}@,ﬂﬂauu’d\‘] T@ﬂﬂ1imﬂwaguuma°luwmu1

b4

Y A Yo AR = ' o 9 1A =9 o
VBNINT) LW?JTH’JG]QNWUHiﬂ TﬂﬂﬂzummwummmﬂmNﬂuu,a:umwmmaaammzwuﬁz
v

Y =

KX A o W 4 a9y A o J .
“1ummmmm¢1quu pan1lsenouveIddon Uaal (Zollinger, 2003)
J 1
4.1 TaseadwvesTuanaddon Usznouaieesnisznoy 2 dau Ao
1 J [~ o 1
4.1.1 wyTasTuWesvesddou (Dye chromophore group) i Iaseard1uiuiuseq
I 1 { o a 4
sazifudiilfinadvesddon Taedio uanavesddougnuasnszny Taseaiig
J a o 4 4 <

TasTuosaziiamsdu (Oscillates) 1Hip99InlmMIganauudsaueaaulyl Juvud

Tureanuenaaui lignganau

' Jou o =9 . J
4.1.2 wgﬂm%uuammﬁaau (Dye functional group) mﬂﬂszﬂ@maﬂmaqa
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I 1 A Y] 1 S o 9 9 [l dyOJ 3 =
Lﬂua")uﬂﬂ@W‘l!‘ﬁZﬁ$ﬁ31ﬂiﬂlﬁﬂaﬁﬂﬂlﬁuiﬂ Tﬂi\iﬁﬁfo')ul!l]ﬂﬁ]&ﬂu'lﬂlﬂu“]fu (Benzene
. Lﬂ'd L:' 1 a A . a 1 1 1 - + - -

ring) wmazmaw"lmaﬂ;]ﬂim (Reactive group) AABY 1% 13 SO,, Na, COO, OH Hag

NH, fludu Tuanadztadadudule TasingilsdduitaninTovudule
42 mitwunlszanvesddon wialdiiu 2 dszanlvg fe

a I 4 a 1
42.1 A8oUBTIUINA (Natural dyestuff) 1Huddoun ldnnsssuma laun &
9 = 1 ~ g’ a 9 ~ 9 < I 9 a9y v 1 =l
SounNy 1 FRUMNAUATIN FuAINIINaWAY Wudu tazddouaindad wu A9

v & Y
1HA9INATY \Wluau
=\ [ 4
422 F8ouduns1ey (Synthetic dyestuff)

o Y as Y ada Y 9 Y
f?ﬂiﬂiﬂﬁ]1&!uﬂ1ﬂ@]13\1ﬂﬁ’iiJ’J‘ﬁﬂTﬁﬂﬂhﬁﬂuﬂui%iuﬂﬁEl@iJLﬁuGlEthﬁJ
Y 1A a A @ Jd a A J Jd A ~ = < J = a
Vlﬂllﬂ FUOFA TUNAADUNANT TUTA TUOTUAUN T3uoAN ﬁl’lmiﬂﬂlmgﬁ‘ﬁi‘iiﬂﬂﬁ

(Vigo, 1994; Horrock and Anand, 2000; Zollinger, 2003)

1) @uo%a (Acid dyes) UsznoUAIBNYNTA (Acidic groups) Ao 1Y
o ! A =2 £ A = o a
@ IWliua 195U —~SO,Na 1130 —SO,H 59183 —~COOH group #4inan IAsuvoInsadialniinag
a o g 2 Y Y = = | = '
imzaanudulellsfunas luaeulaadrouswamileauuyenlszy Taousidegaszning
= o ) 2 A i < A a S o
dszgavuuuanadiulszquanuuluenaduls Bneunmuaiundevesnsadunid
S 1 [ [ Y Y A2 a t;y 9 = A dg/
Anuasnuvesduaazdl lunhiiu dlidsmansalusiunn dulesiivan lesewmivunay
4 ] a 4 1 ' { | ]
iesnniduleTnuilsznoudonyjoziiTu (NH,) iieeglusrsdouniianziluniavzeglu

[
1 ~

IS <3| [ {
51 NH, " ifludruinilu Basic dyesites @mnsnduiy Tunavesdnilszgan'ld (Anion acid dye:

Q

v 9w % 3 "y 2 y a { q oy
D-SO, faiufegad ldnndTunazaoudesiaGy Jsdeudunaounsashl eldinged

U

9 a g s g ! ! a o Y { 9 <3 {9/ '
189 Fvzaadainaveuniu uamnldunnulieildduganndedn Hudndoude

1 o 3 1 =2 A =~ < 2 =
IIN1YN NUADAILAA tazmssnenawaivnalsdeaun ummgﬂumqﬂ ﬁﬁﬂsl,ﬁ uaged

Y = Aa A Y Y = < J
AU ﬁ‘]J1\1‘]ﬂ.lﬂNQ’ﬁ‘iIﬂ‘Nﬁ‘iNﬂQWﬁVlmiﬂﬂ

[ = 1 a A & 9) [ 1w a
anyazusIaegasznINnIaozl Iundluualudule duwydaliin

vsenymiuondanvesddon uansdeaumsi 1.12 uag 1.13
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D-SO,Na + F-NH, + H ———> D-SO, ... H,N-F (1.12)

D-COOH +F-NH, +H ~ ——> D-COO-.... H,N-F (1.13)

FuoFailuanlsdouduleTdsau wu idulevudad idule v Gu

o ’a 1 <3|
au uaziduledunsziniigas TnseasumaniadioduleTusau wu luaou Wudu

a I~ 4
2) TUAN (Basic dyes) nioduanlooowiulalasnaslsansomnaoves
a =4 d' 3} [ =\ = =~ = dyl =
130un3d Woazaerhnzuanaiuaz Tmanadeiilszguan oniGenddszaniing
. . = wa 1 Y 1 A = ] 1
uanleeou (Cationic dyes) Neantanussuaaa’ld U@ Wennuaadrdas taznuae
[ 9) ] 4 a [ 9 a 9. 1 1 (% a
mssnlenld lia anmeaanuduleozasan Tsau uazluasuldaa ualulindumszaa

9 a o = 1 9 9
muiawagiaﬁ ﬂTﬁLfﬂ%@]ﬂ@WﬁﬂLlﬁﬁﬂﬁﬂﬂig‘ﬁ’JNﬂixﬂﬂﬁﬂmﬂﬂﬁﬂﬂullazﬂﬁz%qﬁ‘U‘]J‘L!Lﬂ"L!GlEJ
o = 2y A Y o =
aﬂymmiqm@mmﬁ&lammﬁﬂuazmuia UFANAITUNIIN 1.14
D-NH, + HOOC-F —— D-NH, ..... 00C-F (1.14)

< 4 [ 1 3
3) @lasnm (Direct dyes) nioddouass druluaiiluassznon
§ o o a I ! g}
Wine 1% (Azo) Fudunae Tydsuvesnsadaluiin (Sulphonic acid) tHudnavare1duii
< 1 o a a 0 < 4 ' I { ] v
wusssua uazdmdudulelae hilgnser ilnd lasnnuaalade Tuiludnlinmude
[ = o % = Y a a Y A 3’ 9 aad
m3sn Tuanavesdazuandi Iasdneaziidszgan midoudana laaielidoniioman
g 1 I { [ 1 1
Taslavl u indesnen udntisiagn anwaalabinesd dondie ualinnuamy
' 9 o a % = J J o o S ad
Aouded mameaauu Tuanaoifonssasgauass Nadiuday venaniiidudn
o 1 A a 1 = S Jdo o o Y
ameade Tasmmzigungigeluanizan uazd laisnnindududinnaznou

109910 1ATIA3 19U TFINENHUSUUUITIULAZE (M7, 2002)

= 1< A o P :I
4) A3uenin (Reactive dyes) Huddunanzvinamnsoazaisirla
= = J A 1 a a 4 1 A 1
a Tuanavesdlsznoumenguiaiin laeilfnsen (Reactive group) Tns Tuwos ijivouso
1 o aan ] ' ' 4 o

naznyihl§nsen ansoaeiuse Tannauiszrinezaen TuanamsuounUszaAoY

a 1 a a 9 o w [ P
pondau lulasnu vesnquleasenda uazezi Tuveuduloawdiau Wuse Taauaund

watunyezii TusenulunguInde lud vaziiuse Innuauiiinanunangu sgwuludule
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3 H 1 [ 4 @ <3 o
Tus@u Wudndoudrelianuaiaalaun domeudud lasny vSodun uaziinnu

ammuasMIgngs manalgnsenseuinddouiudule ugasedauns 1.15

D-CL + HO-Cellulose » D-O-Cellulose + HCI (1.15)

be

Y
A [

o 9 A = 9 '
ﬁﬂ‘]&lmgiﬂidﬁﬁﬁl@ﬁﬁiu@ﬂﬂw ‘]JiSﬂ’f)‘]Jﬂ'JEJﬂQ?JWU“ﬁTH AU

a3

RG

) v v
e W e nguiiinnuawnsolumsazaienin (Water Solubilizing Group)

T liiluwanda Tniln FeogaanumyTaslues

]
AA o

A 1 Yya aa 1 4
D fo nguvaunlnmIvinad Gonnqulas Tuvles
A 1 A o Y A g o A ' 1A A (v 1
Q Av nguezaNNIIMINNYUAIFONTENINNGNTHEANNAUNGY
Tas Tuwled (Bridging group) 1% ~NH-, -NHCO-, -SO -, NHSO - 11a¥
<3|
~NHCH,- 1Judu
A 1A =} . £ J 1 Ao YA o Aaan v
RG A0 nquIueaNYl (Reactive group) Fuilunguiilvanlgnseny
nguleasendalwdule
X fo Nucleofugic Leaving Group

N Zollinger (2003)

Y
nqusueniunsienIzAaiuvy Ins Tuvles Taslidead

@ 4 < 1A =3 1 13 a A %
anoun 18 naznguineaidiulvaiiluasieme1s lanans (Heterocyclic ring) #9910

Ao o A

9 da' =1 1 1 4 U= = 3 1 A o Iy
Tassadeanugiul 2 drundidny As naulas luwes uaznqusueanu Wudrunilva

UABSFUALUANATINU

-CH=CH, + Cellulose Fiber —-OH ———» -CH,-CH-O-Cellulose Fiber  (1.16)

s g !
5) @uaFUAUNHTD IATN (Mordant or Chrome dyes) 1/5znoualedhn laain
a Y] c’dgl v A (= [ 9 1a kY A 9 o 4 4
s3sumAtardunzywes Mma lulindalumamzdulousaa ldileduledwesuaudi

é’f’waaﬂ"lmﬁmaﬂamfiau ANNUAINUADMITFNANIN LAZAINUADLEIA
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= o 4 I A a vy
6) fuAanONINANT (Metal Complex Dyes) (Hu@lsznouratou Tuana
=1 I [ [l =1 a =1 ax 9 Y [ 9 oy
Nozaonved laneniin o1vdaogluduada mizinssuIs lumsdounaieny lasgouluii

9/ A g Yo o Y 2 ' = Y v v A 1A
fl@ll'VIL‘]Juﬂﬁﬂlla31611?1'1145’]_IlﬁuGlﬂiﬂi@]ulmglluaﬂul%umfJ'Jﬂ“Ll ANUAINUADNITHENANI

wadan 1 uaanuaalavesd idmiduesa

A 9 o ad 9
M3519N 4 U5ANVeIFIoNIUNMINATINITMTdON

Dye class Characteristics Typical Dye-fiber Typical method of
associated Attachment application
fiber mechanism
Acid Anionic Nylon, Wool Tonic bond | Fiber placed in acidified
Highly water soluble aqueous media pH 3-5
poor wet fastness Fiber assumes a positive
charge dye added and
temperature to 50-110°C
Metal complex Anionic Nylon, Wool Tonic bond | As with acid dye
acid dye (dye low water solubility pH 5-7
molecule is good wet fastness
complexes with
chromium, cobalt)
Direct Anionic Cotton, Ionic bond Fiber placed with dyebath
Highly water soluble Viscose slightly alkaline
poor wet fastness Add dye electrolyte (NaCl,
Na,SO,) to displace dye to
fiber, temperature to 98°C
Basic or cationic Cationic Acrylics Ionic bond Fiber placed in acidified
Highly water soluble aqueous dyebath at pH 3-5
dye add temperature
increased from 100-105°C,
dye diffused into fiber
Dispersed Colloidal dispersion Polyester, Colloidal Fiber placed in acidified
Very low water nylon, impregnation | aqueous dyebath at pH3-5
solubility acrylic, , adsorption | dye add temperature to
Good wet fastness
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Dye Class Characteristics Typical Dye-fiber Typical method of
associated | Attachment application
fiber mechanism
Dispersed cellulose- 130°C cave dye migration
acetate into fiber
Reactive Anionic Cotton, Covalent | Fiber placed in aqueous
Highly water soluble viscose, bonds dye solution add salt to
Good wet fastness wool displace dye to fiber
add alkaline to cause
reaction between dye and
fiber
Sulphur Colloidal after Cotton, Dye Fiber placed in dyebath dye
reaction in fiber viscose precipitated | dissolved in alkaline sodium
Insoluble In-situ in sulphur
Wet fast fiber Add dye electrolyte (NaCl,
Na,SO,) to displace dye to
fiber to fiber, temperature to
98°C
Mordant or chrome Anionic Wool Fiber- Fiber placed in acidified
Water soluble chrome dyebath add sodium
Good wet fastness Dye dichromate add dye
complex temperature at 98°C

#301: Shore (1990)
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Dyestuff class

Applications/ use

Properties

Chemicals and auxiliaries need

Acid dyes

Mainly used for polyamide (70-
75%) and wool (25-30%) dyeing
Also used for silk and some

modified acryric fibers

Bright colors
Poor to excellent fastness to

light and washing

For dyeing:

Sodium sulphate (for level-dyeing and fast acid
dyes), sodium acetate and ammonium sulphate (for
acid milling dyes)

pH regulators: acetic, formic and sulphuric acid
Levelling agents: mainly cationic compounds such

as ethoxylated fatty amines

Basic Dyes (cationic)

Formerly used to dye silk and wool
(using mordant);
Nowadays almost exclusively used

on polyacrylic fibers

Excellent fastness performance
on polyacrylnitrite fibers

Poor fastness on silk and wool

For dyeing:

Weak acid conditions, as solubility is greater in
organic solvents like acetic acid, ethanol, and ether
Specific leveling agents (so-called retartders):
quaternary ammonium compounds with long alkyl
side-chains (most important group), but also
electrolytes and anionic condensation products
between formaldehyde and naphtalenesulphonic

acid

9¢
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Dyestuff class

Applications/ use

Properties

Chemicals and auxiliaries need

Direct (substantive)

Used for dyeing cotton, rayon, linen,

Bright and deep colors

For deying:

dyes jute, silk and polyamides fibers; Light-fastness freatly varies Electrolytes, usually sodium chloride or sodium
Occasionally used in direct printing | depending on the dyestuff sulphate
processes Wash-fastness is limited unless | Wetting and dispersing agents: mixtures of non-
the textile is after-treated ionic and anionic surfactants
After-treatment agents: usually quaternary
ammonium compounds with long hydrocarbon
chains (so-called fixative cationic agents), or also
formaldehyde condensation products with amines,
polynuclear aromatic phenols, cyanamide or
dicryanamide
Disperse dyes Widely used for dyeing: Quite good fastness to light For dyeing:

Mainly used for polyester;
Also for cellulose (acetate and
triacetate), polyamide, acrylic fibers;

Also widely used for printing

Fastness to washing depends on
the fibers (e.g. therefore
polyamides and acrylic are dyes

nearly exclusively in pastel

Dispersants (all disperse dyes already have a high
content of dispersants in their formulation)
Carriers for polyester dyeing (especially

polyester/wool blends)as dyeing in performed at

LT
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Dyestuff class

Applications/ use

Properties

Chemicals and auxiliaries need

Disperse dyes

synthetic fibers

shade)

temperature below 100°C

Thickeners (in padding processes): polyacrilates or
alginates

Reducing agents: mainly sodium hydrosulphite,
added in solution with alkali in the final washing

step

Metal-complex
(solvent) dyes (also

called premetallised

Have great affinity for protein fibers
(wool,silk);

1:2 metal-complex dyes are also

Excellent light-fastness
Washing fastness is not as good

as with chrome dyes (in darker

pH regulators: sulphuric, formic and acetic acid
Electrolytes: sodium sulphate, ammonium acetate

and sulphate

dyes) suitable for polyamide fibers (30%) shades particularly) Levelling agents: mixtures anionic ann non-anionic
surfactants

Mordant (chrome) Generally used for protein (wool and | Good lavelling properties Potassium dichromate or chromate salt (as chrome

dyes silk) dyeing; Very good wet fastness donors)

Practically no longer used for

polyamide fibers or for printing

Pricipally used to obtain dark
shades )greens, blues and

blacks) at moderate cost

Other organic acids such as tartaric or lactic acid
(enhance conversion of Cr VI to Cr III)

Sodium or ammonium phosphate

8¢C
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Dyestuff class Applications/ use Properties Chemicals and auxiliaries need
Reactive dyes Dyeing and printing: High wet fastness (better than For dyeing cellulose fibers:
Mainly used for dyeing cellulose the less expensive direct dyes) Alkali (sodium carbonate, bicarbonate and caustic
fibers such as cotton and rayon; Level dyeing is difficult to soda)
Sometimes used for wool, silk and obtain Salt (mainly sodium chloride or sulphate)
polyamide Chlorine fastness and light Urea (for continuous processes in one-bath method)
fastness (under severe For dyeing wool or polyamide fibers:
conditions) are slightly poorer Levelling agents: special amphoteric agents
than that of vat dyes Ammonium sulphate, in solution at pH4.5 to 7
The wide range of dyeing
techniques
Sulphur (leuco Mainly used for cotton and viscose Very good bleach and wash Dispersins agents as dispersible pigments are used
sulphur or solubilised | substates; fastness for pad-dyeing: usually naphtalenesulphonic acid-
sulphur) dyes May also be used for dyeing blends | Moderate to good light fastness | formaldehyde condensates, ligninsulphonates and
of cellulose and synthetic fibers Poor resistnce to light and sulphonates oils
(including polyamides and laundering of lighter shades (i.e. | Reducing agents: mainly siduim sulphide and
polyesters); mostly used for dark shades) sodium hydrigensulphyde; alternatively binary

6¢C
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Dyestuff class

Applications/ use

Properties

Chemicals and auxiliaries need

Sulphur (leuco
sulphur or solubilised

sulphur) dyes

Occasionally used for dyeing silk;
Not used in textile printing (apart

from black shades)

system made of glucose and sodium dithionite
(hydrosulphite) or thiourea dioxide are used
Oxidising agents: hydrogen peroxide or halogen-
containing compounds such as bromate, iodate and
chlorite

Alkali (mainly caustic soda)

Salt (sodium chloride and sulphate)

Complexing agents (sometimes): EDTA and

polyphosphates

#31: Lacasse and Baumann (2004)
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1. al Esterification :
NaHz PO, il
cotton—oH + HOOC—CH =CH, —_2—4r-cctton—D—C—CH =CHy
> asc—l40°C

1. b) Uncatalyzed thermal free radical polymerization of AA leading to (i) grafting
and (ii) crosslinking :

(i) Grafting :
co‘l‘tonfofﬁch=l:Hz 4+ N CH,=CH 4

o cooH CHz
95c—14a07c

uncatalyzed radical

graft copolymerization o COOH cooH
of AA on cotton.

cotton—0—E—CH—(CH —cH)-cH.— -‘?H

Lii) Crosstinking :
z cmton—o—ﬁ—-%:n—((mz—cn)r:lcuz—u?ﬂ
o CHp ooH cooH

11 1]
— = cotton—0-C—cH— (cH,— CH) - (CH—CH,);-CH—C—0—cotton
I I
CHp  HOOC COOH CHy

2. Persulphate induced free radical graft copolymerization ( 30°c—i140°c) :

a) Radical generation :

Li) s.0% 2 s6; (lone decomposition of s0g5)

il 2
(i) cotton—oM [or cotton—g—u] + ;05 ——= cotton—5[or cmton—'g]-n-rsn‘.; + 50,

{oxy-cotton ) (R}) (rR2) (redox decomposition
i i of s,0g)
b) Chain initiation and propagation :
ti) sdz+n CHz=CH ——— so}—(cuz-([:H),,—_ICHz—tT:H
COOH COOH COOH

B . . (R")
iy Ry [or 52] +nCH2=(I:l-| —_—

COOH
—_—— nificuzf-?ulracnzfcu [er Rz—(cuz—cmr:crqz—tl:uj
COOH COOH . ooH coom
(r3)

<) Chain_termination :

2R" Formation of homopolymer of AA .
R® + Ry Formation of cotton-poly (A A) graft copolymer
2R3 Crosslinking of cotton via poly (AA) chain segments.

H [ 1 < @ 1 Aaaa
s 5 mdsuuaudulosag Taa Taell Nat,PO, uaz K,S,0, 1Hudusqlgnsen

1311: Glosh and Das (2000)

Hashem et al. (2004) la¥hmsdnsimsdsuuaadulethe Taeld Non-Formaldehyde
Feansaanuauduleldeuazlasaseniinis 19157 Formaldehyde Hupailsznen
Folumisefianugisoweudulethedailssyauiumsatioiusedwdadlszquan
Taooufudaoiuse Tovaiinfianizamiiudis TumsAnndi19ms 3-chloro-2-
hydroxypropyl trimethyl ammonium chloride (Quat-188) (ﬂTW“ﬁ 6)

OH 'llﬂ'[z
Cl- CH-CH- CH; N-CH,Cl
CH,
anﬁ 6 T3a UL 3-chloro-2-hydroxypropyl trimethyl ammonium chloride
(Quat-188)

#311: Glosh and Das (2000)
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Y v
uaasratum %N dmsudunoumsaseldduledthe 100% aenuriuda W luslu

= 4 A A a9 3 o Y 9 A a o
msazmai«mam"lam@ﬂ‘lw 20% 10 UIN NYUNHUHDI mﬂuumﬂmmmqmwgu 60C5

U
]

i wazuglunde TanAeuved Monochloroacidic acid (0-3 mol) 5 Wifiigunginies iive1#

Y 1
Lﬂﬂﬂgﬂifﬂ Carboxymethylation LLﬁ’ﬂQGfTuG]E]uﬂﬁLﬂﬂ‘]Jgﬂﬁﬂ1ﬁﬂﬂ1wﬁ 7

OH CH, CH;,
1 |_+ _ O 1 -
Cl- PH,‘_—CH— CH- l'l\ =CH,C]1 +NaOH—— CH:_ CH-CH- I:'T—(‘H]CI +Mall
CH, CH,
(1)
CH, OH CH,
FALEN I, _ i I,
CHzCH = CH; N=CH,CI + HO-Cell — Cell-0 - CH-CH- CHf- I;T—L‘I-I]L‘I_
CH, H,
(2)
OH ﬂlil-l-; OH CH;,
1 " I
Cl— CH-CH - CH - N=—CH,Cl + NaGH — :':H;(;Hi- CHi= = CH,Cl + NaCl
CHy OH CH,
(3)
OH 'IZ'“S a®
('I-('Ilz—é'II—('IIz—?i&l('IIs + MalH
|
CH3
{Duaat-188)
o CHz 2
SN @
CHy— CH— CHy N—CHa + 2 NaCl + HaO
|
CHz
C, Hg— OH
OH CH3 o
Ca H O— CH lIZ'II CH 'Iﬁ@('ll
2 Hs— 2~ o N 3 3
| (<)
CHj

] Y
MNN 7 Tuaounalfnzen Carboxymethylation

#31: Hashem e al. (2004)
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r 7 O
HE=COOH Hztlz—c;fo H2(|3—(|3|—O—Cel Hzn?—(lé—o—cm H2(|3—(|3|—O—Cel
HG—COOH Naiipo, | HG—CSy | HG=COOH | HG=COOH |  HG—COOH
HG—COOH 10" HC—COOH HC—COOH HC—CZ HC—COOH
H,C—COOH “3min~ |1 C—COOH H,C—COOH HC—CS, HC—G—0—Cel
0]
H2L|'}—CC'OH Hle',‘-—(lf,l.—C}F"DH2 Hz?—H—O—CeI
HC—COOH NaH.PO.. Cal-OH HC—COOH HC—COOH
| S - I —_— I

HC—CQOQOH 170 °C, 3 min,pH = 2.2 HC—COOH HC—COOH
Hzé—CDOH H2C|}—COOH H2C|}—COOH

d' a aan a 4 9 Y] U ] a
s 8 manalfnsen leaanueulelase lumsadiaiuszseninmleasonda
youdulowaglaaiu BTCA

1311: Sauperl et al. (2003)

au A g = o ¥ = Y 9
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£ o o aaa ~ Yy 9 ' Y 9) = Iy
NaH,PO,.H,0 &uiluansalgnsen nanuuduaiany lumsdoud laglsd Methylene blue
dadruiaemsazate 1:20 AN 5%, Na,CO, 5% 11az NaCl 10% 1@ Methylene blue 9234
Y] [} 4 a 9 P = a ~ A
Aunyasvengaveuduls Fuilumsinansuann)asu lovou (lon exchange) o910 lu
1 1 J a A 1 J a = v v A
annzanymsvendaves BTCA wasu liloglugimsvendian (-co0) Faziunuduas
1 ) - 1 4 a aaan J
i lansonga (-oH) voudulowagladld wamsanymuiledthanaljnsenedmes
57nF U BTCA 1182 NaH,PO,.H,0 (Catalyst) 11j Carbonyl ¥o3ffhevzoglugil Ester,

Carboxyl 1182 Carboxylate LLFHAIAINING 9

O
I
BTCA—@—D- Cel BTCA—C—0—0H ETCA—&—D-D_

a b C

NN 9 ﬂy: Carbonyl ﬂjamﬁ’uiﬂﬁwﬁafﬂugﬂ a) Ester b) Carboxyl c) Carboxylate

AN Sauperl et al. (2003)
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MNN 15 LUV1809 Langmuir isotherm

la1: Metcalf and Eddy (1972)
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/g K/q,
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30 Faust and Aly (1987)
6.4.2 Freundlich adsorption isotherm
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Logq,
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131: Donald and Herbert (1979)
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6.5.2 ANHULNITHNATNIN (Breakthrough characteristics)
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3. MsaN

[ 4 a v
3.1 @dou 1aSUANOATIZHIIN 9INVTHEN Ciba Specialty Chemicals Industries, Ltd.

Thailand l@tn

3.1.1 Cibacron Blue P-3R (Cibacron Blue)

3.1.2 Cibacron Red H-B (Cibacron Red)

3.1.3 Cibacron Navy WBT crude (Cibacron Navy)
3.1.4 Lanaset Grey G (Lanaset Grey)

3.1.5 Erionyl Red A-2BF (Erionyl Red)

32 msazanelalasnulosenn lod aadudu 30%
3.3 aease Imaeu lnTsvoama

3.4 @15 TWEEN 20 (Nonionic surfactant)
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3.7 @13 Tnunendeon la Insa (K,Cr,0,) AR Grade

3.8 NIAYAYTN AR Grade

3.9 @Fanesdama (Ag,S0,) AR Grade

3.10 #1503 A3 NdaA (HgSO,) AR Grade



58

1. MIANHIANHAUZTMIMEYNWUDIF 11

Y
A 9

1.1 fnudeyanugiuvedinlwy
o Yy 1 oy A 1 A A 2
1.1.1 Suaudune iduguaeiiui 1 a151917
Y Y ]
1.1.2 whmindn lvusediun 1 ans1awas
1.1.3 M3Naeveudua1e ¥HALasi1uIL MuIBTIATTIU ASTM test

method D1422-85
1.2 myvlenv i lnuuuveendwiil (Leksophee ef al., 2004)

asazaelszneudielalasmumeseen luannudutu 30% 22 aaans/ang
wase Taey InTsveama (Stabilizer) 6 ATU/ANT 1AL tween 20 (Nonionic surfactant) 1 1189
dodns WsasausznlSinasssazatoderimini (Liquor ratio) 20:1 A1 pH 8 — 8.5
@3 pi Tael¥nsaezdan nioueuTuily) gugil 60°c 1fluna 1 $2Tua ndannvlonan

Y 1 v v
udrd191 udni I It lunsy lidesnd 12 2 Tug

i Tuulonanfiuda liSaRguvgil 100°C-120°C vmzSaldththonunivun
9 d‘ [ v o @ 9 QS: o
Ay ietlesnumsdudanuanuieuninTanz Tasase mntiuh linageuanuun
ANNAINUADITIRNVIA ANNAINTD TUMIAUAIADMITU ANUAINUADMITTAY LAz

anvazmsnaveudulelvundsminiiumsnageuanuamuasmidiag
9 = 9
1.3 M3deudin 1y (Leksophee et al., 2004)
o 9 A k) 9 aa oy v Y
i Ivunrumsenvniudrndenan 3% voarimindn (o.w.f) luansazaie

a Y 4 Y 9 = dy ] 1 3 1 A
ozgantvines pH 5.5 auNUy 0.2M Iﬂfllluﬂ"liﬂﬂ’hl"luuﬂ\iﬂquﬂTi‘VIﬂﬁ'i’)‘UL‘]JLl 4 NN NO

[l 9 ' ] 9 v 9
nqui 1 A Inunaziinau ngui 2 M luunaziid @S 3% o.w.fH) nguit 3 &'luw id



59

[ Y
WSud 3% o.w.H uazezdaativllos 0.2M pH 5.5 uazngui 4 ATy a @Suad 3%

o.w.f) ozdmativiwes 0.2M pH 5.5 LagnsadaIn 3% o.w.f

]
= a

o . & & S o o &
msfeudd vy doungavgi 80°C Wlumar 1 ¥ Tus vl ludai mld
9y A ~ a 9 qgj o [ 1 =S [
udeluisy fgamgives aniuih l)iaanuuana1avesd naaendnyuznanenImyes
dulelny anuasuaemstng Anuamusousina ANvasalumsauiInens

U LHAZANUAINUVDITADATEN
[ 9
1.4 minagoudnsaznamenmusadule lvy

1.4.1 dAnantiannuen Tasthdied19fn 11uIaa1nuv1d (CIE Whiteness
Index) ﬁaﬂm?‘m Spectrophotometer

142 ANUAINUADMITAY 1AToNUUIAR8198 luaATuasgiu Tae
Lﬂ?fN Martindale wear & Abrasion tester 91335U®4 British Standard (BS 5690: 1991) 11013
NADDIIUFUABUIA 2 1FU
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Sample Color Lightness a* b* Chroma
Difference  Difference
(DE*) (DL*) (C*)
Cibacron Navy B 0.693 -0.327 -8.103  -16.467 18.352
C 5.076 4.883 -8.435  -15.460 17.612
D 6.405 6.216 -8.555  -15.005 17.275
Cibacron Blue B 1.665 1.325 -4.335  -22.455 22.870
C 22.569 -15.994 -0.262  -38.580 38.590
D 23.106 -16.268 -0.067  -39.030 39.033
Cibacron Red B 1.060 0.310 30.703 -4.787 31.075
C 36.790 -25.750 56.662 0.412 56.665
D 37.028 -25.900 56.843 0.460 56.845
Lanaset Grey B 0.563 0.536 -1.035 -8.438 8.503
C 1.308 -1.083 -0.877 -8.007 8.055
D 1.578 -1.490 -0.708 -71.977 8.007
Erionyl Red B 1.247 -1.166 53.567 15.050 55.642
C 5.808 -3.892 54.340 18.847 57.522
D 5.223 -3.395 54.530  18.537 57.598

HNeYia B = Dye without citric acid

D = Dye with acetate buffer pH 5.5 and citric acid 3% o.w.f

C = Dye with acetate buffer pH 5.5
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Lﬁﬁ) B = Untreated silk fabric [] = Oxidative bleached silk fabric
[ = silk with Dyes = Silk with Dyes and Buffer

ag [ = Silk with Dyes, Buffer and Citric acid
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Sample Difference
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(DE*) (Color change) v @)
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Cibacron Navy B 0.73 4.5 5

C 1.58 3.5-4.5 5

D 1.59 3.5-4.5 5
Cibacron Blue B 1.65 4-4.5 5

C 2.54 3-3.5 5

D 3.18 335 5
Cibacron Red B 3.58 4-4.5 5

C 0.56 3.5-4 5

D 0.37 4 5
Lanaset Grey B 2.11 3-4 4.5

C 1.53 4-4.5 4.5

D 1.01 4.5 4.5
Erionyl Red B 7.28 2-2.5 3

C 6.23 2-3 3

D 5.06 2.5-3.5 3.5

HYKA B = Dye without citric acid ~ C = Dye with acetate buffer pH 5.5

D = Dye with acetate buffer pH 5.5 and citric acid 3% o.w.f
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fabric bleached silk and buffer  dyes, buffer  dyes,MalH

fabric and eitric acid and Na,CO,

d' 4 4 A v 1 o 9 d'gj A
HNN 32 LﬂﬂﬁL“ﬁu@]ﬂTiﬂu@’JﬁﬂﬂTﬁﬂﬂﬂl@ﬁWW‘lﬁNﬂﬂﬂMﬁﬂﬁﬂWQZﬂiﬂ (pH 5.5)

wazianmeas e B = warpuay B = Welf

33

23 7

‘I

untreated silk oxidatrve  Bdkowith dyes  Sdkowith dyes 3k wath dyes, 3k wath dyes,

Tear strength (newton)
o
L

fakbric bleached silk and buffer buffer and NalH and

fabiie citric acid Na,CO,

d' J 1 =S 9 d's/ as A 1
HNN 33 ﬂWﬂ’Nllﬂ\‘WmﬂﬂLLi\iﬂﬂ"’UWl"’U’ENNTVlﬁiJVIEJ’E)‘JJﬁVIﬁﬂ1’J$ﬂiﬂ (pH 5.5) agNaN1ITA

o M = Warp way W = Welf
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A13197 10 ANULANAIYBIE (CIELAb Color Difference) Y881 Inusumsdoud e
@ Cibacron Blue N1eA12n58 (pH 5.5) LA NTAIZAN NNHANMITNATOL

ANUAINUVBITADNITEN

Color .
TTAUAUNN
Sample  Difference
msuaguulasd msloud
(DE*) y y .
(Color change) uummn(m”lwn)(Stam)
Cibacron Blue B 1.65 4-4.5 5
C 2.54 3-3.5 5
D 3.18 3-3.5 5
E 1.33 4-4.5 4.5

HNYKNA B = Dye without citricacid ~ C = Dye with acetate buffer pH 5.5
D = Dye with acetate buffer pH 5.5 and citric acid 3% o.w.f

E = Silk with dyes, NaOH and Na,CO,
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Efficiency Remowe Dyes (%)
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40
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10 20 30 40 &l E0 100 120 140 1a0 180 200
Titnes (minute)
d' A a = [ ] [ 4 1 [ v 4
NINN 40 ‘ﬂigﬁ‘ﬂ‘ﬁﬂTINﬂﬁﬁﬂﬁ‘l’iﬁ\iﬁnﬂ"h/iﬁWTUﬂﬂﬁﬂJuUiii}ﬂTUﬂﬂﬂJu@l 50 11ag 100
FUALAT NANVEIAAY 620 11 TUINAT NONIINT 1Ha 4.7 ml/min.
11D # = Activated carbon 50 cm. Llag A = Activated carbon 100 cm.
100
® a0 -
3
=
E a0
g
="
e 40
g
=
=20
] T T T T T T T T
10 20 a0 40 a0 al 70 20 =] 100 110 120

Times (tmtte]

H a A Y T o 1 v o J
ﬂ"l‘l"lﬁ 41 ﬂi%ﬁ‘ﬂ‘ﬁﬂTWﬂﬁﬁﬂa‘ﬁa\‘ﬁﬂﬂhlﬁaNWHﬂ@ﬁMUUii@QWHﬂNNH@ 50 ia 100

FFUALIAT NANVE1IAAY 620 U1 TUAT NOATINT 1va 7.3 ml/min.

Lﬁﬂ & = Activated carbon 50 cm. @y O = Activated carbon 100 cm.
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H a A = @ ' [ J v o J
ﬂ"l‘l"lﬁ 42 ﬂi%ﬁ‘ﬂ‘ﬁﬂTWﬂﬁaﬂﬁﬁﬁ\‘lmﬂvlfl’i‘ﬁWWUﬂfJﬁﬂJu‘Ui‘iﬂﬂﬂmiﬂluﬁ 50 iag 100

[

- 4 A 4 _
FUANAT NANVENIAAY 548 W Tumes (A ) 1oa31m3 11a 4.7 ml/min.

max:

Lﬁ’f) * = Activated carbon 50 cm. 146% & = Activated carbon 100 cm.
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- 4 A 4 .
UANAT NANNEIAAY 548 W Tumas (A ) 19515 11a 7.3 ml/min.

max

o & = Activated carbon 50 cm. @ O = Activated carbon 100 cm.
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Efficiency Femawe Dyes (%
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4 a A [ ] o 4 1 v o J
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11/ ®* = Activated carbon 50 cm. 1A% A = Activated carbon 100 cm.
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1o & = Activated carbon 50 cm. U@y O = Activated carbon 100 cm.
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11/ ®* = Activated carbon 50 cm. 1A% A = Activated carbon 100 cm.
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Lﬁf] & = Activated carbon 50 cm. g O = Activated carbon 100 cm.
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7.3 ml/min Activated carbon 50 cm. O = 7.3 ml/min Activated carbon 100 cm.
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= 4.7 ml/min Activated carbon 50 cm. A = 4.7 ml/min Activated carbon 100 cm.
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o & = Activated carbon 100 cm. iy O = Activated carbon 50 cm.
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6. MIAUAININM3IE (Crease recovery)
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