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Process optimization of bleaching with iron pretreatment based on
response surface analysis

LIAO Xilin LIU Rangtong ZHU Fanglong HU Zedong GENG Changjun
( College of Clothing Zhongyuan University of Technology Zhengzhou Henan 450007 China)

Abstract: Black human hair bleaching pretreated with iron as mordant is a very important method.
In order to optimize the treatment process the influence factors and the processing technology were
studied. The oxalate dosage ferrous sulfate dosage pH value treatment time and treatment temperature
were used as factors whiteness and breaking strength were taken as indexes to optimize the human hair
iron mordant pretreatment process by response surface analysis. Through singlefactor experiments Box-
Behnken central combination experimental principle and response surface analysis of their respective
factors and their interactions as well as the extent of the impact of various factors were analyzed. The
results showed that the best iron mordant pretreatment process were: ferrous sulfate 9.5 g/L.  oxalic acid
3 ¢/L pH value 1 95 min temperature 70 C. In this iron media pretreatment process white hair after
bleaching L value was 63.66 breaking load was 68.20 cN.
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F62+ 2
Al B/pH D/ . /
). (g+L7") (gL ¢ C min cN
° Fe 1 1 6.5 3 50 65  48.26 53.58
Fe?* 2 1 9.5 1 70 95  61.86 70.37
Fe’* 3 3 6.5 370 65  50.02 54.67
i 4 2 8.0 2 60 50  55.26 61.28
70 C . 5 3 6.5 3 50 95  49.73 58.76
215 6 2 5.0 2 60 80  57.09 60.65
7 3 9.5 1 70 95  64.47 68.47
® ° ~pH 8 2 8.0 2 60 80  58.35 61.30
9 2 8.0 2 80 80  59.46 60.76
65 °C pH 3 4 g/L 8 g/L 10 2 8.0 2 60 80  57.33 61.33
11 3 6.5 1 70 65  60.32 64.65
5. 12 3 6.5 3 70 95  52.53 54.31
13 3 9.5 3 50 65  47.89 55.13
14 1 6.5 3 50 95  47.14 53.52
15 3 9.5 3 70 95  51.62 54.03
16 3 9.5 1 50 65  60.15 65.31
17 2 8.0 2 60 110 54.87 53.61
18 2 8.0 0 60 80  62.31 77.53
19 1 9.5 3 50 65  47.89 56.57
20 1 9.5 3 70 65 49.17 53.84
21 1 9.5 3 50 95  48.97 55.87
22 3 6.5 1 70 95  63.12 66.04
23 3 9.5 3 70 65  49.03 52.74
24 3 9.5 3 50 95 49.33 54.86
5 25 2 8.0 2 60 80  55.02 60.30
5 26 1 6.5 3 70 95  51.87 52.88
27 2 8.0 2 60 80  55.11 58.24
- ’ 28 2 8.0 2 60 80 55.15 58.33
Fe 29 1 6.5 1 70 65 61.68 63.88
30 2 8.0 2 40 80  49.85 57.01
o 31 3 6.5 1 50 65  60.07 56.57
Fe** Fe** 32 1 9.5 1 50 95 59.79 56.01
33 2 8.0 4 60 80  41.73 50.31
i 34 1 6.5 1 50 65  58.37 66.84
20 min . 35 1 6.5 1 50 95  58.03 66.32
36 5 8.0 2 60 80  46.38 58.77
2.2 37 3 6.5 1 50 95  60.93 64.58
2.2.1 38 1 9.5 3070 95 5239 52.47
Design Expert 8.0 Box-Behnken 39 3 9.5 1 70 65  61.19 65.03
40 2 8.0 2 60 80  56.74 60.84
5 3 50 41 2 8.0 2 60 80  56.69 60.39
7. 42 2 8.0 2 60 80  57.03 60.77
43 4 8.0 2 60 80  56.21 59.79
2.2.2

44 3 6.5 3 50 65 51.3 54.33
Design Expert 8.0 5 45 3 9.5 1 50 95  59.96 67.64
46 1 6.5 1 70 95  62.98 66.39
N N 47 1 9.5 1 70 65  62.34 66.62
pH . . 48 1 9.5 1 50 65  60.11 68.31
49 2 11.0 2 60 80  56.77 60.21
50 1 6.5 3 70 65 51.53 54.96

3.4 o




46 12
2018 12 Wool Textile Journal — 59 —
3 4
F b F b

1 365.49 20 68.27 22.57 <0.000 1 1 456.07 20 72. 80 9.23 <0.000 1
A- 20. 94 1 20. 94 6.92 0.013 5 A- 0.013 1 0.013 1.689 x10° 0.967 5
B - 0.14 1 0.14 0. 046 0.831 6 B - 0.42 1 0.42 0. 054 0.818 7
C-pH 1 186. 57 1 1186.57 392.31 <0.000 1 C -pH 1 265. 06 1 1265.06 160.36 < 0.000 1
D - 82.43 1 82.43 27.25 <0.000 1 D - 5.37 1 5.37 0. 68 0.416 3
E - 5.34 1 5.34 1.77 0.194 2 E - 0.12 1 0.12 0. 015 0.904 5
AB 1.55 1 1.55 0.51 0.480 0 AB 1. 81 1 1.81 0.23 0.6356
AC 0. 021 1 0.021 6.947 x10> 0.934 1 AC 4.20 1 4.20 0.53 0.471 6
AD 4.74 1 4.74 1.57 0.220 5 AD 0. 083 1 0. 083 0.011 0.9190
AE 2.02 1 2.02 0. 67 0.420 5 AE 30. 09 1 30. 09 3.81 0.060 5
BC 3.42 1 3.42 1.13 0.296 5 BC 6.12 1 6.12 0.78 0.385 8
BD 0.16 1 0.16 0. 052 0.8215 BD 0.011 1 0.011 1.379 x10° 0.970 6
BE 1.07 1 1.07 0.35 0.557 4 BE 9.19 1 9.19 1.17 0.289 3
CD 0.26 1 0.26 0. 087 0.770 3 CD 33.19 1 33.19 4.21 0.049 4
CE 0.078 1 0.078 0. 026 0.873 5 CE 1.87 1 1.87 0.24 0.630 3
DE 7.72 1 7.72 2.55 0.1209 DE 1.83 1 1.83 0.23 0.633 8
A2 24. 35 1 24. 35 8.05 0.008 2 A2 4. 66 1 4. 66 0.59 0.448 3
B2 9.21 1 9.21 3.05 0.091 6 B2 2.77 1 2.77 0. 35 0.558 1
2 15.28 1 15.28 5.05 0.032 4 2 76. 06 1 76. 06 9. 64 0.004 2
D2 0.033 1 0.033 0.011 0.917 2 D2 2.56 1 2.56 0.32 0.573 2
E2 0.16 1 0.16 0. 052 0.8209 E2 10. 66 1 10. 66 1.35 0.254 6

87.71 29 3.02 - - 228.78 29 7. 89 — —
77.32 22 3.51 2.37 0.122 1 200. 09 22 9.09 2.22 0.1410

10. 39 7 1.48 - - 28. 69 7 4. 10 — —

1 453.20 49 - - - 1 684. 85 49 — — —

) F p—~value 0.1221 0.1410
22.57 pvalue <0.000 1 9.23  0.05
- RSM

p-value <0. 000 1

o 2
C.D.A2; AC2
B.E.AB.AC.
Cc.CD.C2 AC.BC.BE.A2.
A.B.D.E.AB.AD.D2.B2,
‘pH >
> spH > >
2 R*> =0.963 4
R>=0.953 9 1
2

L =56.10+0.72 xA -0.059 x B -5.45 x C
1.44 xD +0.37 x E -0.22 x AB - 0.03
AC = 0.38 x AD +0.25 x AE - 0.33 x BC
0.07 x BD +0.18 x BE —0.09 x CD + 0. 49
CE +0.49 x DE - 0.87 x A*> +0.54 x B’
0.69 x C* =0.03 xD* +0.07 x E*
N =57.90 +0.02 xA +0.10 x B -5.62 x C +
0.37 xD +0.54 x E +0.05 x E +0.24 x AB +
0.36 x AC —0.05 x AD +0.97 x AE - 0. 44 x
BC +0.02 x BD - 0.54BE - 1.02 x CD -
0.24 xCE +0.24 x DE +0.38 x A> +0.29 x
B +1.54 xC* +0.28 xD* -0.58 x E* (2)
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