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A. Screening experiments
Some of the parameters in the system under study have significant effects. Basic knowledge of the process system's factors is acquired by carrying out a series of preliminary tests. Meanwhile, those factors that need further study are identified. Screening designs are effective methods that include the least number of tests to determine the essential factors influencing the process. If the goal is to use response surface methods, these designs are typically applied in the first step. After knowing the variables affecting the response, the next step is optimization. In other words, they are ascertaining where the substantial variables are placed and producing the best response. For instance, if efficiency is considered the response variable, the area with the highest efficiency needs to be determined (Lee 2019).
Initial experiments were done to study these values to specify the optimal ranges for each parameter. In order to find the proper range of pH for the final test, five experiments at pH 2,4,6,8, and 10, at the flow rate of 5 mL/min and with the initial concentration of 20 mg/L, were carried out. The results showed that a higher efficiency was obtained at the pH of 4 and 6, so the suitable pH values were at 4-6. With regard to the study on the initial concentration of the solution, five experiments were conducted with the initial concentrations of 20, 40, 60, 80, and 100 mg/L, at pH=6 and the flow rate of 5mL/min. Findings represented that the efficiency is higher in the initial concentrations from 20 to 60 mg/L. Then to investigate the effect of input flow rate on the adsorption rate, five experiments at the flow rates equal to 5, 10, 15, 20, and 25 mL/min at pH of 6 and the initial concentration of 20 mg/L were undertaken. The optimum figures were achieved at 5-15 mL/min. 

B. Design of experiment
In this study, surface response methodology (SRM) based on Box-Behnken Model (BBM) was used in conjunction with Design Expert 11.0.3.0 to evaluate the impacts of independent factors on response performance [removal efficiency of Cr(VI) ions] and prediction of the optimum response model. Three independent parameters were selected and employed at three levels of -1, 0, and +1 with three components, including the pH of the solution, the starting concentration of Cr(VI) ions, and the flow rate. Table 1 shows the concentrations of each component used to remove Cr(VI) ions. For the experimental approach, 15 trials in the intended range with three center points were recommended to run in terms of variables and chosen levels.

Table S1. Independent parameters and their experimental levels for the removal of Cr(VI) ions.
	Variable
	Unit
	Factors
	
	Level
	

	
	
	
	Low (-1)
	Middle (0)
	High (+1)

	pH
	-
	A
	4
	5
	6

	Initial concentration
	mg/L
	B
	20
	40
	60

	Flow rate
	mL/min
	C
	5
	10
	15




After identifying the required range for each parameter, BBM was used to construct and evaluate the prediction and influence of each parameter on removal efficiency. The elimination efficiency in each experimental condition was determined by recording the beginning and end concentrations of Cr(VI) ions (Table 2).

Table S2. The results of removal efficiency using BBM
	Run no.
	Factor A
	Factor B
	Factor C
	Response Y

	
	pH
	Initial concentration
	Flow rate
	Ions removal efficiency

	
	
	mg/L
	mL/min
	%

	1
	5 (0)
	20 (-1)
	5 (-1)
	45.88

	2
	5 (0)
	40 (0)
	10 (0)
	31.52

	3
	6 (+1)
	20 (-1)
	10 (0)
	50.26

	4
	6 (+1)
	60 (+1)
	10 (0)
	35.96

	5
	4 (-1)
	40 (0)
	15 (+1)
	19.08

	6
	5 (0)
	40 (0)
	10 (0)
	31.84

	7
	5 (0)
	20 (-1)
	15 (+1)
	32.26

	8
	6 (+1)
	40 (0)
	15 (+1)
	41.17

	9
	5 (0)
	60 (+1)
	15 (+1)
	23.60

	10
	6 (+1)
	40 (0)
	5 (-1)
	47.92

	11
	4 (-1)
	40 (0)
	5 (-1)
	24.98

	12
	5 (0)
	60 (+1)
	5 (-1)
	26.19

	13
	5 (0)
	40 (0)
	10 (0)
	32.12

	14
	4 (-1)
	60 (+1)
	10 (0)
	16.43

	15
	4 (-1)
	20 (-1)
	10 (0)
	26.94



The ANOVA approach was used to assess the acquired findings, statistical quality, and relevance of the suggested model created by the program to predict removal efficiency (Table 3).




Table S3. Standard deviation analysis (ANOVA) for the obtained data of removal efficiency.
	Source
	Sum of Squares
	Mean Square
	F-value
	p-value
	

	Model
	1461.74
	162.42
	206.90
	< 0.0001
	significant

	A-pH
	965.36
	965.36
	1229.77
	< 0.0001
	

	B-Initial concentration (mg/L)
	353.25
	353.25
	450.00
	< 0.0001
	

	C-Flow rate (mL/min)
	104.11
	104.11
	132.63
	< 0.0001
	

	AB
	3.59
	3.59
	4.57
	0.0854
	

	AC
	0.1806
	0.1806
	0.2301
	0.6517
	

	BC
	30.42
	30.42
	38.75
	0.0016
	

	A²
	3.25
	3.25
	4.14
	0.0976
	

	B²
	0.4975
	0.4975
	0.6338
	0.4621
	

	C²
	1.01
	1.01
	1.29
	0.3082
	

	Residual
	3.92
	0.7850
	
	
	

	Lack of Fit
	3.74
	1.25
	13.85
	0.0681
	not significant

	Pure Error
	0.1803
	0.0901
	
	
	

	Cor Total
	1465.67
	
	
	
	



The F-value quantifies the significance of the chosen statistical model. The greater the F-value for a variable, the greater its influence on the result response. The p-value measures the importance of the impact of variables with a low value. Variables with P-values greater than 0.1 do not affect the answer, but those with less than 0.05 do. The high P-value for the non-fit feature shows that the non-fit phrase has little effect on the experiment's pure error (Kobya et al. 2011). The detection factor, or R2, represents the degree of overlap between the experimental data and the values predicted by the model. The R2 coefficient ranges between 0 and 1, indicating the quality of the chosen second-order polynomial model. The greater and closer to the value of this coefficient, the more desirable the chosen model (Carley et al. 2004). The results obtained for the solution's removal efficiency of Cr(VI) ions validate the suggested second-order model. The F-value for this model is 206.9, indicating that it is significant.
Furthermore, the quantity of F-value of parameter A (pH) is the most outstanding value, indicating that pH strongly influences the reaction. The quantities of P-value for factors A, B, C, BC multiplier, and A2 secondary parameter are less than 0.05, and for AB multiplier are between 0.05 and 0.1, indicating that these variables are essential in response. Three-dimensional graphs of response variations with AB and BC variables were shown in Section (6-3). The P-value for the characteristic of lack of fit is 0.0681, indicating that the lack of fit is significant when compared to the pure error.

Table S4. Obtained statistical data for the second-order model.
	Std. Dev.
	Mean
	C.V. %
	R²
	Adjusted R²
	Predicted R²

	0.8464
	32.41
	2.61
	0.9961
	0.9932
	0.9786



Table 4 shows that the R2 coefficient for removal efficiency of Cr(VI) ions is 0.9961, indicating a significant overlap between the measured data and the values predicted by the suggested model. Because R2 is near to one, the model's strength in explaining variations in response as a function of independent variables is more considerable. Figure 5 depicts a graph of actual values vs. expected values. In reality, this picture is identical to the definition of R2 and illustrates the tight overlap of existing and anticipated data. The graph shows that the data is almost linear, with 99 percent agreement with expected values.
[image: ]
Fig. S1. The relationship between predicted removal efficiency from statistical model and real data.

The R2adjasted and R2Predicted coefficients are 0.9932 and 0.9786, respectively, with a difference of less than 0.2, indicating that the suggested model for predicting the response is suitable. The coefficient of change (C.V.) for the removal efficiency of Cr(VI) ions in Table 4 is 2.61, which was described as the lower the coefficient, the better the second-order model. The standard deviation (Std. Dev.) value is 0.8464, indicating that the data is near the average and less dispersed.
As previously stated, the second-order model was used to replicate the outcomes. Eq. The final equation with actual data is provided in Figure 7 to simulate the removal efficiency of Cr(VI) ions using St-g-PAA/CNFs hydrogel. The percentage of Cr(VI) ion removal (Removal%) is the dependent variable in this equation. In contrast, pH, the starting concentration of Cr(VI) ions, and the flow rate of FBC are independent variables. In reality, this equation depicts the influence of pH, beginning Cr(VI) ion concentration, flow rate parameters, and the combination of these features on the removal efficiency of Cr(VI) ions.

	
	(1)


A, B, and C represent the pH of the solution, the starting concentration of Cr(VI) ions (mg/L), and the flow rate (mL/min) in this model, respectively. Because the P-values for the attributes AC, B2, and C2 is more than 0.1, these features are not statistically significant in the model. In the preceding Eq., the positive coefficient denotes the variable's direct link with the answer, while the negative coefficient denotes the variable's inverse relationship with the response. Furthermore, the larger the variable's coefficient, the greater the variable's influence on the answer. Because the most significant coefficient is connected to the characteristic of A, the pH has the most excellent effect on the removal efficiency of Cr(VI) ions, and given the positive aspect of A, raising the pH can be said to enhance the removal efficiency of Cr(VI) ions from the aqueous solution. Because of the negative coefficients of the characteristics B and C, it is possible to assume that raising the starting concentration of Cr(VI) ions and the flow rate reduces the removal efficiency of Cr(VI) ions.
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