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Abstract—Four kinds of neutral sodium salts with different anions, NaFF, NaCl, NaBr, and Nal, were
added to the dve bath to accurately understand the effect of anions on the reactive dyeing of silk with
C. I Reactive Black 5.

The sodium cation lowered the negative surface potential of the silk and increased the dye—uptake
on the fabric as reported previously. However, because of the discrepancy in the anions’ inhibition
power from cation’s lowering the surface negative potential the amount of the dye on the silk fiber
was different from each other in the order of F > ClI'> Br > I

The activation energy(E.) for the dyeing was in the order of F > Cl > Br > I but the dye-uptake
on the fabric and the activation free energy(4G"), the real energy barrier for the reaction, were in
the order of F < CI'<K Br< I because the strength of the interaction of the anions with sodium
cations was the same as the order of the latter. In other words F exerted the weakest electrostatic
force on Na’ and competed with the dyestuff anions least of all. The decrease in 4S5 may be due to
the loosely bonded activated complex of dyestuff anions, sodium cations and fiber molecules at
transition state.

It was clarified from the Bronsted equation that sodium salts with different anions also had the ionic
strength effect and the specific salt effect on the reactive dyeing. ‘
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Fig. 1. Rate of dyeing of C.I. Reactive Black 5
at 50°C (concentration of salts : 0.7M).
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Fig. 2. Rate of dyeing of C.I Reative Black 5
at 70°C(salt concentration : 0.7M).
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Fig. 3. Rate of dyeing of C.I. Reactive Black 5
at 90°C (concentration of salts : 0.7M).

Table 1. Conductivity of salts in 10* M aqueous
dye solution at 30C

Conductivity(mho/cm)

Salts Concentration of salt (N)
0 0.1 03 05 07 09

NaF 1009 1024 1109 1205 1259 1285
NaCl 1009 1065 1183 1328 1442 1620
NaBr 1009 1071 1207 1354 1467 1674

Nal 1009 107.7 121.3 1358 1481 1685
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Table 2. Rate coefficient and diffusion resistance
constant

Temp. Neutral salt

2 -1
(C)  0.7¢mol/D KX10 “(sec ) n

NaF 3.525 0.4009

50 NaCl 3.446 0.4062
NaBr 3.409 0.4100

Nal 3.384 0.4368

NaF 4597 0.3464

70 NaCl 4.566 0.3603
NaBr 4540 0.3634

Nal 4.432 0.3968

NaF 4.636 0.1576

90 NaCl 4572 0.1752
) NaBr 4543 0.1761
Nal 4451 0.1881

5e fFeler woh olm el B4

et exe] WAR TH BYSIIAEL
a2 718e] HEE Table 29| X 4o A o
¢ wi /TS AA 348 Fig. 49 Arrhenius
plot®] 71&71% 2438 AUA(ENE Vot AR
Vol zro] @AE} dEtu(AH), BT JERT
(48, 243 AFAUAUIC) S& T

Table 3o} “FelU )

Table 3. Activation parameters

Salt E. AH* AN NG
07M  (J/mol) (J/mol) (JJK)  (J/mol)
NaF 6583 3565 -254.0 95767
NaCli 6095 3077 2564 95787
NaBr 5851 2833 -256.1 95797
Nal 5364 2346 -257.6 95854
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Fig. 4. Arrhenius plot for the reaction.
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