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Abstract : The metal complex dyes that are mainly used for good color fastness in dyeing amide fibers with
highly concentrated colors usually contain toxic chromium. The remaining dye in th dyebath containing cr™
causes not only environmental problems but also serious damages to human health. In this study, we applied
reactive dyestuff for dyeing wool and nylon in order to substitute heavy metal dyestuff. The dyeing properties
of reactive dyestuff in fibers as well as their absorption rates and fastness according to color concentration were
investigated. By analyzing the quantity of heavy metals and toxic amine of reactive dyestuff, we investigated
their harmfulness trends quantitatively. By comparing the reactive dyes with traditional metal complex dyes,
we fried to find out the possibility of the reactive dye being a clean dyes in the future.
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Table 1. Amount of sea-dumped wastes
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Year 1990 2000 2001

2002 2003 2004 2005 2006

Amount of waste
(1,000m")

1,069 7,104 7,671

8,475 8,874 9,749 9,929 8,812

Table 2. Amount of waste water and sludge from Banwol Dyeing Enterprise Co.

Year 2003 2004 2005 2006 2007 2008

Amount of waste water (ton) | 22,843,259 22,540,538 20,996,127 22,765,150 23,234,820 22,323,950
Amount of sludge (ton) 64,254 63,533 52,521 53,465 51,395 47 478
Cost of treatment (1065519‘) 1,991 1,969 1,680 1,711 1,645 1,709

3 Sludge treatment cost

: 31,000 won/ton (2003~2004), 32,000 won/ton (2005~2007), 36,000 won/ton (2008).
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Table 3. Metal complex dyestuff used in the experiment

Clean Tech., Vol. 15, No. 2, June 2009 93

User Sitlk Korea Co. (silk)
S1 S2 S3 4
Dyestuff
Yellow CTL320% Red FRS 200% N/Blue BLS Black SLD
Manufacturer Miju Co. (China)
User Namyeung D&F Co. (nylon)
N1 N2 N3 N4
Dyestuff
Type Red F-5B 150% Blue F-2RFL160% Black ACE
Manufacturer Clariant Co. (Switzerland)
User Boeun Mulsan Co. (wool)
B1 B2 B3 B4
Dyestuff
Type Red LB Blue 2G Black WA
Manufacturer Hyunjin Co. (China)
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Figure 1. Molecular structures of (a) 1:2 metal complex

dye and (b) reactive dye.
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Table 4. Reactive dyestuff used in this experiment

K1 K2 K3 K4
Dyestuff
Yellow 4GK Red 6GN Blue 3GS Black GR
Manufacturer DKC Co. (Korea)
F1 F2 F3 F4
Dyestuff
Yellow 4G Red 6G Blue 3G Black R
Manufacturer Ciba Geigy Co. (Switzerland)
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Figure 2. Analytic scheme for measuring total and free
chromium in Cr-complex acid dyestuff.

Table 5. Banned aryl amines

Name of aryl amine CAS No.
4-aminodiphenyl 92-67-1
Benzidine(4,4-diaminobiphenyl) 92-87-5
4-Chloro-o-toluidine 95-69-2
2-Naphtylamine 91-59-8
O-Aminoazotoluene 97-56-3
2-Amino-4-nitrotoluene 99-55-8
p-Chloroaniline 106-47-8
2,4-Diaminoanisole(2,4-diaminomethoxybenzene) 615-05-4
4,4'-Diaminodiphenylmethane 101-77-9
3,3"-Dichlorobenzidine 91-94-1
3,3'-Dimethoxybenzidine 119-90-4
3,3'-Dimethylbenzidine 119-93-7
3,3'-Dimethy-4,4-diaminodiphenylmethane 838-88-0
p-Cresidine(2-methoxy-5-methylaniline) 120-71-8
4,4'-Methylene-bis-(2-chloroaniline) 101-14-4
4,4'-Oxydianiline 101-80-4
4,4"-Thiodianiline 139-65-1
o-Toluidine(2-methylaniline) 95-53-4
2,4-Diaminotoluene 95-80-7
2,4,5-Trimethylaniline 137-17-7
o-Anisidine(2-methoxyaniline) 90-04-0
2,4-Xylidine(2,4-dimethylaniline) 95-68-1
2,6-Xylidine(2,6-dimethylaniline) 87-62-7
p-Aminoazobenzene(p-aminoazobenzene) 60-09-3
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Table 6. Analysis of heavy metals in the metal complex dyestuff (unit: mg/kg)

N1

N2 N3 N4 Bl B2 B3 B4

Arsenic (As) - - - _
Mercury (Hg) - - - -
Selenium (Se) - - - -
30
1600

Antimony (Sb) - - -
Zinc (Zn) - - -
Lead (Pb) -
Nickel (Ni) - - - -

Cadmium (Cd) - - - -
Cobalt (Co) . . . .

Tin (Sn) - - - -

Manganese (Mn) - - - -
Iron (Fe) 474

Chromium (Cr) - - - 34316
Copper (Cu) - - - -
Silver (Ag) - -
Barium (Ba) 14 16

177

52

- 29 59 40 59 35
120 - 77 13 40

492 546 274 326 212
56139 (154665 115077 314410 94132

- : not detected
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Table 7. Analysis of aryl amine on the metal complex dyestuff (umit: mg/kg)

S1 $2 83 S4 iN1 N2 N3 N4 Bl B2 B3 B4
4-Aminodiphenyl - - - - - - - 1161 - - -
Benzidine - - - - - R - 1292 - - 123
4-Chloro-o-toluidine - - - - - - - - - - -
2-Naphthylamine - 59 - - - - - - - . -
O-Aminoazotoluene - - - - - - - - - - -
2-Amino-4-nitrotoluene - - - - - - - - - - -
p-Chloroamiline - - - - - - - - - - -
2,4-Diaminoanisole - - - - - - - - - - _
4,4"Diaminodiphenylmethane - - - - - - - - - - -
3,3'-Dichlorobenzidine - - - - - - - - - - -
3,3'-Dimethoxybenzidine - - - - - - - - - - -
3,3'-Dimethylbenzidine - - - - - - - - - - -
3,3"-Dimethyl-4,4'-diaminodiphenylmethane - - - - - - - - - - -
p-Cresidine - - - - - - - - - - -
4,4'-Methylene-bis-(2-chloroaniline) - - - - - - - - - - N
4,4'-Oxidianiline - - R - - - - _ R R _
4,4'-Thiodianiline - - - - - - - _ . R _
o-Toluidine - - - - - - - - - - -
2,4-Toluylenediamine - - - - - - - - - - -
2,4,5-Trimethylaniline - - - - - - - - N N -
p-Aminoazobenzene - - - - - - - - - - -
o-Anisidine - - - - - - - - - - 605
2,4-Xylidine - - - - - - - - - - -
2,6-Xylidine - - - - - - - - - - -
- : not detected
Figure 32 A A FelolollA AL 521 S19] d&AAFE &2 Table 8. Summary of absorption rate and half-dyeing time of
£ L A AIZHT: @ ) g5y} ulo g Zojte the metal complex dyestuff
ol A AL 5 98 FREC] 50%7t d W7 - A Dyestuff T (min) Exhaustion (%)
Moz BASIT. SIS ERH 1259 QAN B3 9 ; 5
S2 11 99.3
$3 16 99.9
100 |... “,‘_‘_ﬂit‘_‘_‘_‘_‘*‘,‘*‘_‘ﬂ S4 9 97.8
‘ 97.4% N1 11 98.4
g | N2 12 99.8
9 f N3 13 98.6
< 60 |/ N4 26 92.0
g ,f T2 4 min B1 38 99.9
& s B2 56 96.3
& II B3 36 99.9
20 || B4 39 99.9
0
0 20 40 60 80 100 120 D89 FX& 2 WG MAIZES Table 8o Vel oH, &
Time (min) £ B3 }AES black 98 N49) FAE0] 2%% tha Eo
Figure 3. Characterization of absorption rate and half-dyeing A B AR 96%013e] 2 FNEE BATh BT
time of the metal complex dyestuff S1. B AE B A3 9 YA gAY Ff iR
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Table 9. Color fastness of the metal complex dyestuff on various fabrics

Washing Rubbing
Dyestuff light
acetate  cotton nylon PET acryl  wool dry wet
S1 5 5 4-5 5 5 4-5 4-5 4 5
S2 4-5 3 4-5 4-5 4-5 4-5 4-5 4-5 5
S3 4-5 3 2 5 5 4-5 4-5 4 5
S4 5 4 3-4 5 4-5 4-5 4-5 4-5 5
N1 4-5 5 4-5 5 5 4-5 4-5 5 5
N2 5 5 4-5 5 5 4-5 4-5 5 5
N3 5 5 4-5 S 5 4-5 4-5 5 5
N4 5 5 4-5 5 5 4-5 4-5 5 5
B1 5 5 5 5 5 5 4-5 4-5 4-5
B2 5 5 5 5 5 5 4-5 4-5 4-5
B3 5 5 5 5 5 4-5 4-5 4-5 4-5
B4 5 5 5 5 5 4-5 4-5 4-5 4-5
7 i e AFE Bt} o)L dA 7)o MFEHS Table 10. The amount of heavy metals in the reactive dyestuff
22| 48|59 A9 FAel Fto] o) RojRrhe v, | (unit: me/kg)
B8 A BT 2] T2 o] | & ik Ki K2 K3 K4 Fl F2 F3 F4
31.3. YAl A8 g=ol HMZEIE -} Asenic (A9 ) =

Mercury (Hg) - - - - - - - -

A

Table 90 BAIS 217} 2o] AAACE F&3d AR 12 Sl S0 | - - -

F % S3blueEE AT 1159 dus} A, wh, 237 Antimony &) | - - - - -
gz thslo] 943 RAow Helth AT ol A3 Zinc (Zn) 13 9 12 12 16 7 39 30
£ blue® 3 S39 AEAFEE 23X 3 (muld-fiber)e] A Lead (Pb) - - - - - - - -
# F Jdes} W) 9o Jrjn o Astd], o= da A Nickel (Ni) S ST B
g3 987t JFE Bl BRI} HE A gty Cadmium (Cd) | - - - - - - - -
Ao 539 F7 0| 99.9% Fole NAHQ o] o] Cobale (Co) R T
ANA FEg moAZh AN wA A ) Fag TG SO L
e A8 = AT} Q=) o)gh e At T 5 YA Manganese M)\ - - - 2 - 5 T -
E}. %%EQE“E 12%9 dg = _?—Z,‘_é}u:]’ o) Fatmo Iron (Efe) 43 150 66 181 22 150 64 132
£ 724 998 FE QR UEAA Sl A e P2 0 Lt
2 A gdss vwsty, Aazelol g AR AT 5 e ¢ Ao A R
Tl 1.0~057 FE W& Aow yepynt. Barium (Ba) 5 37 3 2 5 2 14 6

- : not detected
3.2, 3 g=Eo| Hlw

H s o] AlgEE G E(Ciba Geigy Co.) 437
FAEE(DKC Co.) 459 WA dxol) gate] 3% A T Bl 2o E¢EoM 71E Ao wado
4 Fafoll HERTE Fglaon, FA4 43 Ja Table 11914 RE vis}h Zo], ¥h3A B8 8FolAE =4,
HEE Soto] gA9E vl B3I Ak BF Fajobulo] A AEHA oo} F4aAd A8 F
321, HISA HZo| SIALM U Osfopnl A= A & % g AYPYEIA Fee nych
75 322 HISHER 8389 ETlE =& Sor gMd
Table 10914 B9, W54 98 8% BF Cr S Zn| ol Zdat
Zo 7 Yelgtod, AR 0w FFE Fredo] v VR SRR 8% disted X, YAE, 47 359 ddS
Crofl B3| A 02 Feo) FarX7} 2A Yeht o, U4 2T Agsld FIEF P NAIZEE Table 120 JeRfg
92t 42 whgA A8 duol Ui 2

AHEE HIgiAE 2~ W Fx|o, o] Al o} At 453

Hole SuRe 35 A8 4 489 AN w7 B, FREC| 95~99% TELE tHF R 5 Ao
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Table 11. The amount of aryl amine in the reactive dyestuff

K1

K2 K3 K4  F1 F2 F3 F4

4-Aminodiphenyl

Benzidine
4-Chloro-o-toluidine
2-Naphthylamine
O-Aminoazotoluene
2-Amino-4-nitrotoluene
p-Chloroamiline
2,4-Diaminoanisole
4,4'-Diaminodiphenylmethane
3,3'-Dichlorobenzidine
3,3'-Dimethoxybenzidine
3,3"-Dimethylbenzidine
3,3"-Dimethyl-4,4'-diaminodiphenylmethane
p-Cresidine
4,4'-Methylene-bis-(2-chloroaniline)
4,4'-Oxidianiline
4.4"-Thiodianiline

o-Toluidine
2,4-Toluylenediamine
2,4,5-Trimethylaniline
p-Aminoazobenzene
o-Anisidine

2,4-Xylidine

2,6-Xylidine

- : not detected

Table 12. Summary of absorption rate and half-dyeing time
of the reactive dyestuffs

Dyestuff | Fabric T (min) Exhaustion (%)
Wool 27 98.5
K1 Silk 5 88.9
Nylon 23 924
Wool 31 95.6
K2 Silk 10 84.7
Nylon 28 93.0
Wool 26 97.8
K3 Silk 5 914
Nylon 27 87.9
Wool 33 99.1
K4 Silk 10 75.6
Nylon 52 63.7
Wool 24 98.1
F1 Silk 6 98.1
Nylon 15 924
Wool 35 97.4
F2 Silk 5 92.6
Nylon 32 92.6
Wool 27 98.7
F3 Silk 5 89.5
Nylon 26 86.4
Wool 34 99.7
F4 Silk 5 95.3
Nylon 43 94.6

2 Yeht A4 G834 Sl A o A7} e A
° 2 Ptk Black G52 79 At Fo7F A% Aol
AN EF e FRES veho] YJEFH A3 v o
29| Ago] 7}edlths 2E RoiF 1 gtk YAt black F4S
Ads Umx fdge Aast A uig FIES #4
~92% LR, FN T njdaty 8 Q) ALY I}
A Yepgh

g ol JAZE Aol oigt vk 959 FFAATS Hlx
A vebt=d, 439 Afolle wka A Azto] 28] o) F
I F89 FHAEEE w2, HF FES 238 WA v
e} AA A3oM e FHgels F7HAQ G Pl Had
Ao Helgh Gagcie Mg A4k Y s K, K2, K3,
K49 £73& 3L Figure 49 (a)~(d)oll YRS &
9} YA Eo) tiFt K1, K2, K32 gaaalo] fAlSE Hdg B
oldA FAAIzro] oF 508 0|2 FABFH| £ 3t
A9 ALE FARHY ] sk Agto] 28R wEn,
27192 5% A GAA EFES A48 + doh At
black K49} Z$+ YA &7 A3 gt Fx&o] #A3] 2
o3& Figure 48] ()& 53 & + Uk
A S EFE F42] A E FAHDE BY 27 dASEE
Atof whe} zto]7 YARE HF FXEES M%) E B
bty

o



Exhaustion (%)

Exhaustion (%)

Clean Tech., Vol. 15, No. 2, June 2009

100 | ®)
80
1.’
60| @
— -A— - K2NYLON
40
---@- - -K2SILK
20 —=m— K2WOOL
0
0 20 40_ 60 80 100 120
Time (min)
100 | (@)
80
o%® “OO“OQOM:I
60| @ ghAAbAAkAAL
L A
40 | @ 4 —-A—-KANYLON
: A . e --KaSLK
20 |/ A
Ve —&— K4AWOOL
0 &

20 40 60 80
Time (min)

100 120

Figure 4. Absorption rate curves of the domestic reactive dyestuff.
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Figure 5. Absorption rate curves of the foreign reactive dyestuff.
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Table 13. Color fastness of the reactive dyestuff on various fabrics

. Washing Rubbing .
Dyestuff | Fabric Light
acetate  cotton aylon PET acryl wool dry wet
Nylon 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5
K1 Silk 4 4-5 4-5 4-5 4-5 4 4-5 4-5 5
Wool 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4 4-5
Nylon 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5
K2 Silk 4-5 4 4 4-5 4-5 4-5 4 4 4-5
Wool 4-5 4-5 4 4-5 4-5 4 4 3-4 4-5
Nylon 4-5 4 4-5 4-5 4-5 4-5 4-5 4-5 4
K3 Silk 4 3-4 4 4 4-5 3-4 4-5 4 4-5
Wool 4-5 4-5 4-5 4-5 4-5 4-5 4 34 4
Nylon | 4-5 4 45 45 4-5 4 | 45 45 4
K4 Silk 4 3-4 4-5 4-5 4-5 4-5 4-5 3-4 3
Wool 4-5 4-5 4 4-5 4-5 4-5 4 4 4
Nylon 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4-5 5
F1 Silk 4-5 4-5 4 4-5 4-5 4-5 4-5 4-5 5
Wool 4-5 4-5 4-5 4-5 4-5 4-5 4-5 4 4-5
Nylon | 45 4 45 45 45 45 45 45 | 45
F2 Silk 4-5 4 4 4-5 4-5 4 4-5 4 4-5
Wool 4-5 4-5 4-5 4-5 4-5 4-5 4 3-4 3-4
Nylon | 4-5 4 45 45 45 45 45 45 4
F3 Silk 4-5 4 4 4 4-5 4-5 4-5 4-5 4
Wool 4-5 4-5 4-5 4-5 4-5 4-5 4 3-4 4
Nylon 4-5 3-4 4-5 4-5 4-5 4 4-5 4-5 34
F4 Silk 4 3 4 4 4-5 4 4-5 4-5 3-4
Wool 4-5 4-5 4-5 4-5 4-5 4-5 4 3-4 4
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