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ABSTRACT

The decolorization of silk clothdyedwithpremetalizeddyewasstudiedbythe

dippiingtreatmentofthe clothintO thesol11tion containing ethylenedi註m主ne一

七etraacetic acid（EDTA）atPH5－12．5a．ndat750C．Thedegreeofdecolorization

increasedwithp王王value and decreasedwithEDTAconcentration except the

Very dilute EDTA concentration regi（〕n．The metalion bound between silk

fiber and dye molecule was caught by EDTA　anion rapidly，and the dye

molecule was reduced gradually and eliminated from the silk fiberinto the

SOlution．

INTRODtTCTION

Inrecentyears，Premetalyzeddye，metalmordantdyeorafter treatmentbymetal

saltS areWidelyintroducedin dyeingprocessofdyefactOriesbecauseofhighfastness

of color．Moreover，manyStudies about these dyestuffl‾4）are going ahead．

ButitisrequiredtOimprovethe dyeing process丘om a point ofindustrial po1－

1usion of waste water5－6，7）

Onthe other hand，itis possible to consider the metalcomplexdyeasamodelof

biochemistryinpoint of view ofinteraction betweenmacromolecularmetalcomplex

andlow molecularligand or betweenlow molecular metal complexand macrom0－

1ecularligand．For example，fiber一metal－dye complex can be regardedasamodelof

metaltransportationinaliving body．There arescarecelyanypapersB）・9）Concerning

withsuchpoints．Andthereare manypapersaboutdyeingprocess，but，WeCanfind

few papers dealing with the decolori2；ation of cloth dyed with metal complexdyes．

Thus，Ourinterest has been paid on the mechanism of decolori2；ation of metal

COmPlex dyes．Inthepresentpaper，aStudyonthedecolorizationofpremetali2；eddye

WaS madeby the treatment of dyed cloth usinglow molecular chelate agent such

as ethylenediaminetetraacetic acid（EDTA），for the purpose of the possibility of

decolorization and of establishment of the mechanism of decolori2；ation．
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EXPERIn生ENTAIJS

肋ねγ壱α75

1Scoring：Crystallinesodium carbonateand marseillessoapweredissolvedinbath

ratiol：40ion－eXChanged water，and piecesofcolthofKaneboFu5iginu5×5cm

0．160g（SurfacereflectanCe76．5）were dippedin this scoringbath．After3hours

treatment under starring at900C，these cloths weretaken outandwerewashed

With the solution containing crystal1ine sodium carbonatelOg／1at40～500C，

followed with hot water severaltimes，and were dried at room temperature．

The conditions of scoring bath were as following；

Na2CO3・2H20　　　　　　　　　5％oWf

Marseilles soap lO％owf

ion－eXChanged water　　　　　400％owf．

Surface reflactance and color difference of scored cloth weremeasuredbyNihon

Denshoku reflectancemeter（CP6－1D3）and Nihon Denshokucolordifferencemer

ter（ND－101DP）．Tablel shows the averagevalue from atleast fivesamples．

Tal）lel．Refrectance and color difference of the scored

Cloth and the clothdyed withIrgalanKahkiGI，．

REFLECTANCE �4��(��G$ddX�e$T�4R�

ほ日量F　S緋輔 儂ｩ�ｸ��9��^2�

74．0 ������｢�57．5 12．0 56．4 12．0 66∴5 6．6 

l．0 板�r�"�．76．0 34．5 0．4 0．0 2．0 t3．5 

2　Dyeing method：The dye，IrgalanKahkiGL，WaS uSed without Purification．

Dyeing conditions were as follows；

dye concentration

Na2SO4

（NH4）2SO4

dyeing bath ratio

dyeing temperature

dyeing period
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5％0Wf

lO％owf

3％0Wf

l：50（ion－eXChanged water）

800C

20minutes at300C

followed60minutes at800C．



Decolorization MechaniSm Of Metal Complex DyestuffI．

After dyeing，dyed materials were rinsed withion－eXChanged distilled water　and

color differences of dyed cloth were measured．Tablel shows the results．Electro－

nic spectra of dye solution before and after dyeing were measured on a Hitachi

228A spectrophotometer．Allother reagents were analytical grade and used　withJ

Out further purifications．

pecoわプノ由戚庖明ク矧奴如通

Decolorization method of dyed cloth was as follows；a dyed cloth was dippedinto

thesolution（50ml）containing ethylenediaminetetraacetate（Dotite2Na）purifiedby

recrystallization from methanol and sodium hydroxide（Wako specialgrade），and

treated at750Cin water bath for15minutes，then driedinair．EDTA concen－

tration change，PH change，temperature Change and decolorization using hydro－

Sulfite with EDTA werecarriedout．Electronicspectraofthesolutionafterthe de－

COlori2；ation were measured by spectrophotometer．One plotoftheseresultswasthe

average from atleast four samples．All other chemicals were analytical reagent

gradeand used without further purifications．

RESULTS AND DISCtJSSION

Irgalan KahkiGL has the remarkable absorptions，445nm and255nm，aS Shown

in Figurel．The cloth dyed withIrgalanKahkiGLis decolored dy the treatment

withthe solution containing ethylenediaminetetraacetic acidinthe presence of an

adequate amount of sodium hydroxide．Figurel a180Showsthespectrumofsolution

after the treatment．The treatmentlightened the cloth ofits color and the

COlor fellinto the decoloringsolution．The slight shift of spectrais thought as a

190 300 500　　　　　　700　　　　　　　900

N M

Figu．rel．Electronicspectraofthedyeingsolu一

七ion of5％OwfIrgalanKahkiGL and

the solution after the decolorization＿
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Shift due to the change of electronic state of dye molecule caused from theinter－

action between metaland EDTA．We can observe the change ofthedecolorization

reaction by detecing the remarkable absorption at445nm．

First，the decolorization reaction was carried out under the condition that the

Cloth was dippedinto the solution containing onlylarge excess EDTA necessary to

CatCh the metalion of the premetalized dye．pH of this solution was4．78．Asthe

result，the dyed cloth was scarcely decharged and thespectrumOfdecoloringsolu－

tion showed alittle absorption at445nm．Figure2is thespectrumofthissolution．

300　　　　　　500　　　　　　700

N M

Figure2．Electronicspectraofthesolutionafter

the decoloring treatmentof5．00×10‾3M

EDTA at pH4．78．

PKa of ethylendiaminetetracetic acid10）are as follows；

pKl＝1．99，pK2＝2．67，PK3＝6．16，pK4＝10．23at21．70C and FL＝0．1．

Under this condition，itis reasonable to consider that EDTA does not act as a

good reagent to capture the metalion because of existing as EDTANH2．Generally

EDTA一metalcomplexes are more stable at higher pH region．Therefore，the de－

colorization reactions were carried out at750C varying pH6　to12．5　With sodium

hydroxide and keeping EDTA concentration constant．Figure3　shows the several

runs of electronic spectra of the reactions varylng pH value．The relationship be－

tween the absorption at445nm and the pH value are plottedin Figure4．

The degree fo decolorization rises with pH value．EspeciallyabovepH12theline

in Figure4goes up rapidly．But silk fiberis gradually dameged above pH12．
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Decolorization Mechanism of MetalComplexDyestuffI．

300　　　　　　400　　　　　　500　　　　　　600

N M

Figllre3．Electronicspectra ofthesolution

after the decoloring treatment var－

ylng PH．1：12．56，2：12．53，3：12．48，

4：12．44，5：12．39，6：12．28，7：12．21，

8：12．04，9：11．51，10：9．64

3　　　　6　　　　9

P H

Figure4．Relationshipbetweenthe

absorption at445nm of the

SOlution after the decolori＿

ZationandpHvalues．〔ED－

TA〕＝5．00×10－8M，at750C

So thepH condition of decolori2；ationis decided as pHll．5in following experi－

mentS．Nextthe decolorization reactionswere carried outatpHll．5varying tem－

Perature and keeping the EDTA concentration constant．Figure5shows the elec一

七ronic spectra of the reactions．

300　　　　　　400　　　　　　500　　　　　　6○○

N M

Figure5．Electronicspectraofthesolution

after thedecoloringtreatmentvar－

ying temperature．

1：rOOm temp．，2：500C，3：650C，4：

750C，5：850C

500　　　　　　400　　　　　　500　　　　　　600

N M

Figtlre6．Electronicspectra of the solution

after the decoloring treatment Var－

ying EDTA concentrationatpHll．5

and at750C．

1：6．00×10‾2M，2‥5．00×10‾2M，3：4．00×

10－2M，4：3・50×10－2M，5‥3・00×10－2M，

6：2．50×10－2M，7：2．00×10‾2M，8：1．50×

10‾2M，9：5．00×10‾8M，10：5．00×10－4M
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The values of temperature were at room temperature（about250C），500C，650C，

750C and at850C．The degree of decolorizationincreased with temperature．At85

0C the reproducibilityof the data became uncertain though theintensity of ab－

sorption grewlarger．Furthermoreitis conceivable that the silk fiberis dameged

above850C，but the damege of the clothis not observed so far aslooked at．

The decolorization reactions of the cloth dyedwithpremetalizeddyewerecarried

Out at pHl1．5and at750C varylng EDTA concentration．Several spectra of this

reaction were shownin Figure6．

TherangeofEDTAconcentrationwasfrom5．00×10h4molto6．00×10，2mol．Figure

7shows the relationship between theabsorptionat445nmandEDTAconcentration．

Figure7．Relationship between the absorption at

445nm Of the solution after the discoloring

treatment and EDTA concentration at pH

11．5and at75OC．

As shownin this figure，the relationship between the degree of decolorization

and EDTA concentration exhibitsinconsiderableincrease，Subsequently shows de－

creasein proportion to theincrease of EDTA concentration．

From these findingsitis reasonable to consider that the metalions bound be－

tween silk fiber and dye moleculesarecaughtby EDTA anion rapidly，and the dye

molecules are gradually reduced，at this time the elimination of the dye molecule

isinhibited by the presence of excess EDTA anion．

Hydrosulfite as reducing agentis wellused to discharge of color．Next the dec0－

loriz；ation reactions were carried out using appreciable concentration of hydrosulfite

and EDTA at pHll．5and at750C．Thedegreeofdecolorizationwasmoreincreased
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七han the use of EDTA only，but the absorption at445nm disappeared．The com－

Parison of decolorization degreewas achievedusing reflectance meter．
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