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Abstract Statistical analysis and mathematical modelling can play a vital rolein understanding the factors affecting the
single step fixation process of reactive printing and crease resistance finishing. The aim of this study was to model colour
yield in single step fixation process of cotton fabric, as a function of hue, chroma, concentration of crease resistant and
fixation temperature. The statisticalanalysis ofthe influential factors revealed the quadratic effect of each factor on the colour
yield of in single step fixation process. The fitted regression equation of colour yield modelled the relationship of each factor
on the in single step fixation process. The high values of coefficient of determination implied that the model effectively

explained the process.
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1. Introduction

Statistical methods[1-6] are widely used in textiles to
analyse and optimize the data so that results and conclusions
are objective rather than judgmental in nature. Simple
graphical methods play an importantrole in dataanalysis and
interpretation. It is also usually very helpful to present the
results of many experiments in terms of an empirical model,
that is, an equation derived from the data that expresses the
relationship between the response and the important design
factors. Different statistical techniques[7-12] have been
reviewed including ANOVA, response surface methodology
and desirability function. The factors affecting the single
step fixation of reactive printing and crease resistance
finishing has been reviewed previously[13-16]. The four
different factors namely A: hue, B & C: concentration of dye
& crease resistant and D: fixation temperature are
statistically analysed in this work. The proposed research
work intended to develop the mathematical model of colour
yield for single step fixation process of reactive printing and
crease resistance finishing process. The experiments have
been conducted in random order. The results were analysed
using software Design Expert 8.0.

2. Experimental
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2.1. Process Route

The one step fixation of MCT reactive dye and crease
resistance finishing is carried outas follows: In the first step
ready to print fabric was padded with thecrease resistant
finish liquor, and then squeezed to obtain a 70% wet pickup.
The fabric was then dried at 100°C for 1 min. The dried
fabric was printed by the lab scale Rotary Printing machine
(Zimmer). The finish-print fabric was simu ltaneously fixed
using Econtrol method at 135°C for 5 minutes. The fixed
samples were finally washed with non-ionic detergent until
all unreacted dyes and chemicals were removed from the
fabric surface.

2.2. Evaluation of Colour Yield (K/S)

Shade depth values were assessed and expressed in terms
of the Kubelka-Munk (K/S) relationshipThe samples
processed with simultaneous fixation were compared with
those produced from a conventional process of reactive
printing and Crease resistance finishing.

2.3. Statistical Analysis of the Data

After processing the experimental trials, K/S values were
measured using spectrophotometer.The results obtained
from the different experimental sets are presented in Table
1.TheK/S values were statistically analysed. Residual
analysis and model adequacy checking were performed.

2.4. Model Adequacy Checking
2.4.1. The Normality Assumption
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The normal probability plot of the residual for coloury ield
has been shown in from Figure 1. There is no severe
indication of non-normality, nor is there any evidence

Design-Expert® Software
k/s

pointing to possible outliers and the equality of variance
assumption does not seemto be violated.

Normal Plot of Residuals

Color points by value of
k/s:

15
99
1.8
95
90
80
70
50

30
20

Normal % Probability

10

-4.00

-2.00 0.00 2.00 4.00 6.00

Internally Studentized Residuals

Figure 1. Normal plot of residuals for K/S

2.4.2. Residual Analysis

Residual plots of colour yield have been shown from Figure 2and 3. The residuals are normally distributed and the equality

of variance does not seemto be violated.
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Figure 2. Residual vs. run number for K/S
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Figure 3. Residual vs. predicted plot for K/S

2.5. Analysis of Variances (ANOVA)

Table 1 shows the ANOVA results of thecolour yield for single step fixation process of reactive printing and crease
resistance finishing. The model p-value implied that the respective model is significant for colour yield.As can be seen in
Table 1, the “lack of fit p-value” of colour yield implies that the lack of fit is not significant relative to the pure error,
indicating that the suggested models are well-fitted to the observed response. The "Pred R-Squared" values of colour yieldis
in reasonable agreement with the "Adj R-Squared”, indicating the model is adequate.

Table 1. ANOVAfor colour yield (K/S)

Source Sum of Squares Degree of freedom Mean Square F-value p-value
Block 091 1 091
Model 1136.06 39 29.13 26.39 <0.0001
A-Chroma 150.52 1 15052 136.38 <0.0001
B-Concentration Of CR 11.47 1 11.47 10.40 0.0020
D-Fixation Temperature 765 1 7.65 6.93 0.0105
CD 14.53 1 14.53 13.16 0.0006
A? 10.35 1 10.35 937 0.0032
B? 27.03 1 27.03 24.49 <0.0001
D’ 7.03 1 7.03 6.37 0.0140
ABC 10.55 1 10.55 956 0.0029
ABD 563 1 563 5.10 0.0272
ACD 42.96 1 42.96 38.93 < 0.0001
BCD 6.73 1 6.73 6.10 0.0161
A’D 7.75 1 7.75 7.02 0.0100
B’D 468 1 468 424 0.0434
A?B? 8.73 1 8.73 791 0.0064
A?D? 764 1 764 692 0.0105
AB’D 455 1 455 412 0.0463
AB D’ 473 1 473 429 0.0422
Residual 73.95 67 1.10
Lack of Fit 42.36 62 068 0.11 1.0000
Pure Error 31.58 5 6.32
Cor Total 121092 107
Std. Dev. 105 CV. % 15.72 PRESS 190.20
R? 0.9389 Adj R 0.9033 PredR? 0.8428
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Table 2. Alias sructures for K/S

°

el
MNP o©@o~No ubhwNRZ

[AB] =A’B = AB®
[AC] =A%C
[AD] = A°D = AD®
[BC] = B°C
[BD] =B°D = BD®
[CD] =CD®
[AT=A"
[B°]=8
[D] =D*

Aliases
[A]=A°
[B] =B’
[D]= D’

Design-Expert® Software
ki/s

Predicted vs. Actual

Color points by value of
k/s:

15
1.8

16.00 —

14.00 —

12.00 —

10.00 —

8.00 —

Predicted

6.00 —

4.00 —

2.00 —

0.00 —

0.00 2.00

4.00 6.00 8.00 10.00 12.00 14.00 16.00

Actual

Figure 4. The predictedvs. actual plot for K/S

The actual and predicted plot of colour yield has been
shown in Figure 4. The actual values are the measured
response data for particular run and the predicted values are
the results generated using the approximate functions. It is
found that the adequate precision of responses which
measured the signal to noise ratio is much greater than 4,
(Table 1). This indicates the models are adequate to be used
to navigate the design space.

Focusing on the model maximizing the “Adjusted
R-squared” and the “Predicted R-squared” different
process order selection has been made for colour yield.
The alias structures of the colour yield are shown in  Table
2.

3. Results and Discussion

3.1.Analysis of Colour Yield (K/S)

The quartic model has been selected for the response
variable K/S. The detail of ANOVA of K/S is shown in Table

1. The Model p-value less than 0.05 implies the model is
significant. In this case A, B, D, CD, A2, B2, D2, ABC, ABD,
ACD, BCD, A2D,B2D, A%B2, A2D2, AB2D, ABD? are
significant model terms. The " Lack of Fit p-value" of 1.000
implies the Lack of Fit is not significant relative to the pure
error. The "Pred R-Squared" of 0.8428 is in reasonable
agreement with the "Adj R-Squared" of 0.9033. Adequate
Precision of 19.263 indicates an adequate signal. The
graphs of significant model terms for K/S have been shown
from Figure 5to 16. The graphs of significant model terms
clearly lillustrate that the colour yieldof the CPF process is
dependent on the interaction and curvature effect of chroma,
concentration of CR and fixation temperature. The
interaction of fixation temperature and fixation mode (Figure
8) noticeably show that the Econtrol process of fixation at
130-135°C will be efficient for the combined fixation of
reactive printing and crease resistance finishing in terms of
K/S. The methamatical model of colour yield has been
shown in Equation (1). However, the fitted regression
equation has been presented , Equation (2).
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3.2. Model with Significant Variables at a =0.05
K/S=6.98+3.16A-0.98B +0.85C —0.13D —0.47AB +0.56 AC — 0.26 AD + 0.57BC —0.33BD -1.03CD - 0.10A +
0.938*-0.17D? W
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3.3. Fitted Regression Equation of K/S

K/S=4.92+3.40A-0.90B+0.38C +0.73D +9.042x10" AB +0.57 AC +0.12AD +0.26BC - 0.31BD —1.00CD +1.44 A?

2.31B* +1.18D* +0.48 ABC - 0.43ABD —0.96ACD +0.38BCD - 0.24A’B +0.26 A’C —0.70A’D - 0.14AB* - 0.14AD?

(2

+0.22B*C —0.54B*D +0.080BD” +0.21CD* - 0.049CD’* -1.27 A’B* + 0.44A’BC +0.053A°CD - 0.32A°CD -
1.20A’D’ +0.43AB°C —0.65AB’D - 0.69ABD* -~ 0.42ACD’ +0.34B°CD - 0.91B°D’ - 0.029BCD*

4. Conclusions

The statistical analysis of significant factors namely
chroma, concentration of crease resistant and fixation
temperature including ANOVA, residual analysis, model
adequacy checking and regression analysis has been
performed. Mathematical model has been developed based
on the fitted values obtained. The range of optimum values
of chroma, concentrations of crease resistant and fixation
temperature that lead to maximum colour yield can be
found from the developed mathematical model. The
uncertainty analyses for measurements shows that the
predicted values are in good agreement with experimental
data and are sufficiently accurate.
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