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Fig. 1.1.1 Reactions of carbene to hydrocarbon.

NazS, S HCI, NaNOz
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He NG on ®  CHeCOOH

NI CH s
oHc<O)-N=NCi " 0HCXO)-N=N~O)N_
CHs

OH Ib

HQO
<010}
OH @

Fig. 1.1.2 Synthesis of azo disperse dyes containing aldehyde group.
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HCI, MeOH
D-CHO + HeNNHTs —— - > —  D-C=N-N-Ts
I i
, HooLi
B, poG=N-N-Ts
(Et)20

I
reactive dye

HO,
D: a <O c. —@—N=N b, ~O)>N=N~O)>N(CHa)z
©
Ts: —%—@—CHa
O

Fig. 1.1.3 Synthesis of reactive dyes for polypropylene fiber.

NIGL H F-H
I aprotic cond. [ D-C: ] F H

v

< O00O-x

Dyed polypropylene
F—H : polypropylene fiber

Fig. 1.1.4 Dyeing of polypropylene by carbenic mechanism.
Table. 1.1.1 Results of dyed P.P. fiber by carbenic

Dec. | ... Pyro. Light- | Wash- 'III
Dye No. T(C) Fiber T(C) Shade Fastness | Fastness fL o

A

]L N e B
Ila 124 | P.P. | 140 |Colorless - -

l.

b 132 | PP, 140 Reddish 6 5 1800 1400 1000 600 cm-!
Orange

Fig. 1.1.5 IR spectra of polypropylene(A) and
Mc | 123 | P.P. | 140 | Orange 5 5 dyed polypropylene(B).
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coupling |
1 H

R1 R

R4
/
N

. +> Rs _
alkylation R @ N= N ClOa
HCIO4 I

R Ra

Re

Fig. 1.2.1 Synthetic of cationic dyes containing imidazole ring.

X 271E vHto] 48F 9] cationic dyeEs /ST o]59] AP EE 4~69 BEIFO,
28 22 diazo component?] benzenedholl x&¥ X|3$}7] 2] substituent constant(m)e} IE

A (nm)

max

380 1

p—OCH,

p—Cl

@) O p—cOOC,H;

p—CH,
p—CH;

04 -02 0.0 0.2 0.4 0.6 0.8 1.0

Substituent constant (o)

Fig. 1.2.2 The relationship between Amax and substituent constant
of the azo component in dyestuffs from 2,4-dimethylimidazole as a
coupler.
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Table. 1.2.1 Phototropy of dyes on fabrics.

Dye R: Ro R3 Rs Dacron T 92 Cashimilon F
1 H CHs CHs CHs ++ ++
4 p—CHs H CHs CHs ++ +
7 m-CHs H CH3 CHs + +
11 o—-CH3 H CH3s CHs + +
16 p-CzHs CHs CHs CHs 4+ +++
18 0-CoHs H CHs CHs + +
22 p—OCHz3 CHs CHjs CHs +++ +++
24 m-OCHj3 CHs3 CH3 CHs ++ ++
28 p-Cl H CH3 CHs + +
32 p-Cl H CeHs CHs + +
33 m—Cl CHs CHs CHs ++ ++
36 0—Cl H CHs CoHs + +
38 o—Cl CHs CHs CoHs + +
42 p-COOCzHs CHs CHs CHs + +
44 p—NO2 H CHs CHs + +
45 p—NO2 CHs3 CHs CHs3 + +
48 p—N2CsHs CHs CHs CHs + +
+++ marked ++ a little + little or none
1.0 1.0
3
g g
8 051 5
g <

Wave length (nm) Wave length (nm)

Fig. 1.2.3 The spectral change of Dye No. 22 Fig. 1.2.3 The spectral change of Dye No. 4
with time on irradiation with the scattered light. ~ With time on irradiation with the scattered light.
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B(OCHs)s + {O)-MgBr ——— (O)-BOH)

below -5
(1) (1) (Im)
NOg NH2
fum_(j—SI:(I:NO:a B(OH)2 FeS04:7H20, Ba(OH)2-8H20 s @B(OH)Z
aw) (V)
No* OH
Diazotization @B(OH)Z ;.» B(OH)2
o hydrolysis

(VD

HNAO~O)NHe — oo N=N~XO)~<O)-N=N"

T

HO
N=N~<O<O)-N=N+  + {O)- soH2

5T
B(OH)2

Stirr for 1.5hr 10mi HOI Ho@N=NN=N@OH
B(OH):2

(VID
Fig. 1.3.1 Synthetic of 4,4‘-Bis-(2-borono-4-hydroxy-benzeneazo)-biphenyl
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Curve pH

1 7.10
2 7.33
3 7.54
0.8 1 4 7.72
o 5 7.74
Q ]
s ¢ 6 7.83
2
) 7 7.90
Q .
< 04 8 8.11
9 8.30
0.2
10 8.54
11 8.94
12 9.27
Wave Length (x10nm) 13 9.58
14 9.70
Fig. 1.3.2 Spectral absorption curves for the dye solution at different pH values.
(conc. of dye ; 1.08x10”mol/L)
Hn <=—= H' + In°
(A) (8)
— 038 o-0*
E o
8 06 $ (A) HOQN=N=NQOH
]
: | B(OH): B(OH):
| ol
o
<02 /‘, HO@N=N*N@O‘
* B(OH B(OH
I ow s
3 4 5 6 7 8 9 10 -
oH (B) HO=C>=N*N==I\FN=Q=O
) B(OH)2 B(OH)2
Fig. 1.3.3 pH-Abs. (A=581nm) curves for the
dye solution.(conc. of dye ; 1.08x10°mol/L) Fig. 1.3.4 Mechanism of Acid-Base Indicator.

Table. 1.3.1 Results for the titration of 0.IN HCI(F=1.0058) with 0.1N NaOH(F=1.002) using
phenolphthalein and the dye as indicator.

0.IN HCl(ml) *0.IN NaOH(ml)
30.00 30.40
Ph. Ph 30.00 30.40
30.00 30.40
30.00 30.35
Dye(VI) 30.00 30.35
30.00 30.35

“30.11ml of 0.IN NaOH(F=1.002) solution is needed theoretically

_10_



W %o BT T R

50

30 40

_11_

20
Dyeing Time (hr)

10

W= T oG WT
w B I Moy B mw
#o oF X° do T X B
%ﬂﬂ 7o o BV o
%mﬁwu o N ==
T " K mm T o
T o o W g™
oF T U S RN
nmmn_AInAJ Urx\l__/iulﬂratﬂ_ol
me w T R
o T I o O = i o
ﬁww EH L ETT
o =r _
w© & B R BT
Ay wg 3R
SR TemEaR
Loy B
w N e eI
9T o e b B W Y
K. o TITR
H%Mﬂ A toT %
3 o zn N 00 XH o o) & !
%Lﬂmﬂ% @udﬁﬂﬁww_ﬁsﬂ 30
g P TET P ML
:‘_]Aﬂ ._._L ﬁLJ.,lA_v.ATEFI -
K B8 qn = o X gn® % El
T E e B omBag_S=
KB W foxcT55 . 3
EEAtﬂemﬁ X %uﬂei@mﬂEWM o
—_—— [e) —_— _
%_,moula« B L ) 1 B Q|
ﬂr_vuchhﬂ._ ol ,.W.HO#W,OIOT,‘%,W l._AI T T T T
= Gl T % = X W w R o 5 m w N o
o o) W i N BR N RO o BH = -
ﬂ_Al ﬁl “WE ‘._f w OW ﬂ Zﬂo A ‘ﬂ‘._ ,mﬂ OT .m_”_
TETEL K mEe=Saa® o (190} BX/joWwW) Jeqly U0 94Q
Lgzw g 4T mouez @
TR W oalewIag =
et I %;%amﬂ h
Plo o < ol 2N T T K| o

0.4% wtfv ; (A) benzyl alcohol ; (A) 3-pentanone ; () 2-butanone ; (@)

Fig. 2.1.1.1 Effect of solvents on the apparent rate of wool dyeing with Milling
acetophenone ; (L)) cyclohexanone ; (O) none.

Cyanine pH 5.5 and 50°C. Quantity of all solvents was 3% wit/v except acetophenone,
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Dyeing Time (hr)

Fig. 2.1.1.2 Effect of solvents on the apparent rate of wool dyeing with
Milling Cyanine 5R at pH 5.5 and 50C. Concentration of all solvents was
0.04mol/l. Symbols used are the same as those in Fig. 2.1.1.1.
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Fig. 2.1.1.3 Adsorption isotherms for Milling Cyanine 5R on wool in
the presence of 0.04mol/l of solvent at pH 5.5 and 50°C. Symbols used are
the same as those in Fig. 2.1.1.1.

_12_



250
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50

Dye on fiber (mmol/kg fiber)

0 T T T T T T
40 50 60 70 80 90

Dyeing Temp. (°C)

Fig. 2.1.1.4 Temperature dependence of equilibrium adsorption for wool dyeing with
Milling Cyanine 5R at pH 5.5 : (@) acetophenone added (0.04 mol/l) ; (O) none.

200

150

Dye on fiber (mmol/kg fiber)

100 -
0 %
0 L} L} L} L} L}
3 4 5 6 7
pH

Fig. 2.1.1.5 Effect of pH on equilibrium adsorption of Milling Cyanine 5R
on wool at 50T : (@) acetophenone added (0.04 mol/l) ; (O) none.
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Fig. 2.1.1.6 Effect of pH on equilibrium adsorption of Orange GG and Orange
[l on wool at 50C : (@) acetophenone added (0.04 mol/l) ; (O) none.

Conc. of Dye (10°molll)

0 50 100 150 200
Time (hr)

Fig. 2.1.1.7. Effect of solvent on the permeation rate of Milling Cyanine
5R for cellulose membrane at pH 5.5 and 607C. Concentration of organic
solvents was 0.04 mol/l. Symbols used are the same as those in Fig. 2.1.1.1.
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normal wool descaled wool

Photo 2.1.1.1 Electron microscopic photographs of wool fiber ( x 1,500 )
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[D], x 10° (mole/l)

Fig. 2.1.1.8 Adsorption isotherms for Milling Cyanine 5R on fibers at pH 5.5
and 50C: (@) normal wool ; (O) descaled wool.
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Fig. 2.1.1.9 Temperature dependence of equilibrium adsorption of Milling
Cyanine 5R on fibers at pH 5.5 : (@) normal wool ; (O) descaled wool.
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Fig. 2.1.1.10 Effect of pH on equilibrium adsorption of Milling Cyanine SR
on fibers at 50C : (@) normal wool ; (O) descaled wool.

_16_



Ct/coo

-011 L) L) L) L) L) L)
0 2 4 6 8 10 12

t1l2 112)

(min

Fig. 2.1.1.11 Dyeing rate of Milling Cyanine 5R on fibers at pH 5.5
and 70C : (@) normal wool ; (O) descaled wool.
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Benzaldehyde
Acetophenone
Propiophenone
Benzophenone

Benzylalcohol

© 00 N O O h W N

Dye on fiber (mmol/kg fiber)

o—Phenylphenol
DMF
11 Dioxane

12  Water

o

40 50 60 70 80 90 100

Dyeing temp. (°C)

Fig. 2.1.2.1 Dye uptakes of PET fibers at several temperatures for a dyeing
time of 20 minutes.
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Table. 2.1.2.1 Initial dyeing temperatures
of PET fibers in the presence of carriers

Carrier TD(C)| Carrier TD(TC)
-0-C- 5/ CHx-CHe- Fiber

Benzene 62.5 | Acetophenone 59.2

Toluene 63.1 |Propiophenone 65.1
Carrier

Ethylbenzene 67.8 |Benzophenone 68.0

Benzaldehyde 57.1 | Benzylalcohol ~ 72.0 Fig. 2.1.2.2 An interaction model of carrier

with PET.
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Fig. 2.2.1 Dye uptake of C. I. Disperse Violet 1 on polyester fiber in various
organic solvents at 130°C for 1 hour.
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Fig. 2.2.2 Relationship between the number of carbon atoms of alkanes and the dye
uptake of C. I. Disperse Violet 1 on polyester fiber at 130C for 1 hour.
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Fig. 2.2.3 Relationship between the dye uptake on polyester fiber at 130°C and

the solubility of C. I. Disperse Violet 1 in various organic solvents at 15C.
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Fig. 2.2.4 Relationship between the number of carbon atoms of alkanes
and the solubility of C. I. Disperse Violet 1 in alkanes at 15T.
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Fig. 2.2.5 Logarithmic plot of the solubility of C. 1. Disperse Violet 1 in various
organic solvents at 15C and the dye uptake at 130C.
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Table. 2.2.1 Density of alkanes

Solvents Density (g/ml, 20C)
n-Pentane 0.626
iso-Pentane” 0.619
n-Hexane 0.655
Cyclohexane 0.779
n-Heptane 0.684
n-Octane 0.699
iso-Octane” 0.688
n-Nonane 0.718
n-Decane 0.730

a) 2-Methylbutaneb) 2,24, -Trimethylpentane

Table. 2.2.2 Solubility of C. I. Disperse Violet 1 in alkanes at 15C

Solvents Solubility (g/100ml, x107%)
n-Pentane 1.6
iso—Pentane 0.9
n-Hexane 1.8
Cyclohexane 4.4
n-Heptane 2.0
n-Octane 2.5
iso-Octane 1.5
n—-Nonane 3.0
n-Decane 3.5
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Fig. 2.3.1 The dye uptake and uptake ratio of C. I. Reactive Red 2 on cotton fabrics
in water/dichloromethane at 50°C for 1 hour. The concentrations of both the dye and sodiu
carbonate were constant (1.0g/l) in the water phase, but their net amounts were different
(0.001g/1ml ~0.025 g/25ml).

24
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D
Ee)
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o
>
Aa

4 .\H\._\_._\—.

0 1 1 1 1 1

0 2 4 6 8 10 12

Amount of water (ml, in 25ml of mixed solvent)

Fig. 2.3.2 The dye uptake of C. I. Reactive Red 2 on cotton fabrics in
water/dichloromethane at 50°C for 1 hour. The net amount of sodium
carbonate was 0.05g.
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Fig. 2.3.3 The uptake ratio of C. I. Reactive Red 2 on cotton fabrics
in water/dichloromethane at 50°C for 1 hour. The net amount of sodium
carbonate was 0.05g.
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Fig. 2.3.4 The effect of liquor ratio on the uptake ratio of C. I. Acid Blue
113 on nylon. 1.0g samples of nylon were dyed with 0.01g of the acid dye
and 0.1ml of acetic acid at 100°C for 1 hour
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Fig. 2.3.5 The effect of sodium carbonate on uptake ratio of C. I. Reactive
Red 2 on cotton fabrics in 2ml of water and 23ml of dichloromethane at 50°C
for 1 hour. The amount of the dye was 0.05g.

Water 2mL, CH,Cl, OmL Water 2mL, CH,Cl, 23mL

Water 10mL, CH,Cl, 15mL Water 25mL, CH,Cl, OmL

Fig. 2.3.6 Dyed cotton fabrics with 0.05g net weight of C. I. Reactive Red
2 and 0.05g of sodium carbonate at 50°C for 1 hour. The concentrations of
the dye and sodium carbonate in the water phase decreased as the amount
of water increased.
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