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Figure 1. The interaction of dye concentration and adsorbent dosage on dye removal rate
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Figure 2. The interaction of pH and dye concentration on dye removal rate
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Figure 3. The interaction of Time and dye concentration on dye removal rate
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Figure 4. The interaction of temperature and dye concentration on dye removal rate
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Figure 5. Experimental response value versus predicted responses in the removal process of red polyazo dye using cellulose
adsorbent
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Table 1. Output data of ANOVA analysis

Source Sum of Squares df Mean Square F-value p-value
Model 9048.69 35 258.53 26.67 0.0001< significant
A-Adsorbent Dosage 101250 1 1012.50 104.44 0.0001<
B-Dye Concentration 338 1 338 0.3487  0.5643
C-pH 200 1 2.00 0.2063  0.6566
D-Time 242.00 1 242.00 24.96  0.0002
E-Temperature 450 1 450 0.4642  0.5068



AB 4489 1 44.89 4.63 0.0493
BC 0.3403 1 0.3403 0.0351 0.8541
BD 2195 1 21.95 226 0.1547
BE 270 1 2,70  0.2788  0.6058
A? 518 1 5.18 0.5347 0.4767
B? 661.37 1 661.37 68.22 0.0001<
C? 0.0068 1 0.0068 0.0007 0.9793
D? 156.23 1 156.23 16.12 0.0013
E? 2940 1 29.40 3.03 0.1035
ABC 358 1 3.58 0.3691 0.5532
ABD 810 1 8.10 0.8356 0.3761
ABE 0.0703 1 0.0703  0.0073 0.9333
BCD 2398 1 23.98 247  0.1381
BCE 830 1 8.30 0.8565 0.3704
BDE 259 1 2.59 0.2669 0.6135
Residual 135.72 14 9.69

Pure Error 56.11 7 8.02

Cor Total 9184.40 49
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Table 2. ANOVA statistical analysis for cubic response surface model

0.9852 R- Squared 3.11 Std. Dev.
0.9483 Adj R- Squared 30.45 Mean
-0.2543 Pred R- Squared 10.23 C.V. %
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Table 3. Optimal conditions for dye removal based on experimental results

Adsorbent Dye Concentration pH Time (min) Temperature (°C)  Dye Removal
Variables Dosage (g/L) (mg/L) (percent)
10 20 4 30 25 65

Table 4. The results of dye removal efficiency by various biomass-based adsorbents from wastewater (Aragaw et al. (2022))

Adsorbent Source Biomass Target Dye Removal Efficiency (%)
Orange Peel Orange Peel Rhodamine B 85
Rice Husk Rice Husk Crystal Violet 80
Sugarcane Bagasse Sugarcane Bagasse  Direct Red 80 75
Peanut Shell Peanut Shell Acid Blue 25 70
Corncob Corncob Reactive Black 5 65
Palm Kernel Shell - Palm Kernel Shell Basic Red 18 60
Tea Waste Tea Waste Methyl Orange 55
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Removal of dye pollution from aqueous solutions by biocompatible adsorbents with a sustainable
water resources management approach

Abstract:

Using a systematic method to remove industrial dye contamination from water resources during water crisis conditions plays
an important role in reducing the costs of purification and drinking water supply. The aim of the present study is to use virgin
and unmodified waste of grape tree as an adsorbent to remove red textile polyazo dye from aqueous media. In this study,
experimental planning was carried out through the Design Expert software using the response surface methodology (RSM)
and statistical data analysis was carried out through ANOVA analysis. The interaction effect of five independent variables on
each other and on the dependent variable (response) was studied. And based on the results, the highest color removal rate
was obtained in 30 minutes, at a temperature of 25 degrees, pH equal to 4, and with an adsorbent amount of 10 g/L. The
studying method is one of the appropriate methods for removing pollutants due to its simple and cost-effective operation and
the absence of secondary pollution and applying the prepared adsorbent can be a good option for removing textile dyes from
industrial wastewater, both in terms of efficiency and economy.

Keywords: Industrial dyes, Textile industry, Unmodified waste of grape tree, Water purification



