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Table 1. Parameters of isotherm modeling for EB and BO dye removal by AAPDB
	Type of isotherm
	Isotherm parameters
	BO dye
	EB dye

	Langmuir
	qm​ (mg/g)
	113.43
	97.12

	
	KL (L/mg)
	0.1651
	0.1557

	
	R2
	0.9553
	0.9336

	
	SSE
	13.86
	13.1

	
	RMSE
	1.52
	4.71

	Freundlich
	KF ((mg/g)(L/mg)1/n
	7.994
	5.672

	
	n
	3.61
	4.863

	
	R2
	0.9879
	0.9635

	
	SSE
	4.551
	5.739

	
	RMSE
	0.8709
	1.863

	Temkin
	A
	123.7
	143.2

	
	B
	2.474
	3.523

	
	R2
	0.8852
	0.8757

	
	SSE
	37.66
	39.97

	
	RMSE
	2.744
	3.36

	Toth
	KT (mg/g)
	8.691
	9.443

	
	qmT (mg/g)
	84.04
	45.83

	
	R2
	0.9004
	0.8964

	
	SSE
	34.75
	37.78

	
	RMSE
	2.407
	3.223


Table 2. Maximum adsorptive ability and best fitting isotherm and kinetic modeling comparison with existing biosorbents
	S.No
	Adsorbent
	Best fitting isotherm
	Maximum adsorption ability (mg/g)
	Best fitting kinetics
	References

	1
	Pinecone biomass
	Langmuir
	118.06
	Pseudo-second order
	[30]

	2
	AAPDB for BO dye
	Freundlich
	113.43
	Pseudo-second order
	Current study

	3
	AAPDB for EB dye
	Freundlich
	97.12
	Pseudo-second order
	Current study

	4
	Orange albedo
	Langmuir
	77.79
	Pseudo-first order
	[31]

	5
	Simarouba glauca seed shell carbons
	Freundlich
	64.94
	Pseudo-second order
	[32]

	6
	Cellulose based carbon from Sugarcane bagasse
	Langmuir
	59.3
	Pseudo-second order
	[33]

	7
	Surface modified Trichoderma asperellum biomass
	Langmuir
	56.63
	Pseudo-second order
	[34]

	8
	Algal biomass derived nano carbon
	Langmuir-Freundlich
	54.04
	Pseudo-second order
	[35]

	9
	Trimellitic-modified pineapple peel
	Sips
	51.3
	Pseudo-second order
	[36]

	10
	Retinervus luffae fructus biochar
	Langmuir
	49.261
	-
	[37]

	11
	Rumex Abysinicus
	Langmuir
	38.46
	Pseudo-second order
	[38]

	12
	Activated carbon composite film
	Freundlich
	30
	Pseudo-second order
	[39]

	13
	Chlorella vulgaris and Human feces
	Langmuir
	20
	-
	[40]


Table 3. Parameters for kinetic modeling of EB and BO dye removal by AAPDB
	
	Concentration

(mg/L)
	Pseudo-first order
	Pseudo-second order
	Elovich

	
	
	qe (mg/g)
	k1 (min-1)
	R2
	SSE
	qe (mg/g)
	k2 (min-1)
	R2
	SSE
	αE (mg/g)
	βE (min-1)
	R2
	SSE

	EB dye
	25
	6.93
	0.3791
	0.9527
	0.3951
	7.866
	0.0111
	0.9852
	0.1958
	594.8
	0.0004908
	0.9283
	0.9461

	
	50
	14.19
	0.1079
	0.9444
	2.227
	16.34
	0.004477
	0.9513
	1.949
	1.403
	0.5184
	0.9469
	2.126

	
	75
	19.81
	0.3629
	0.9028
	7.764
	23.39
	0.003374
	0.9361
	5.102
	0.7865
	1.107
	0.9258
	5.126

	
	100
	25.46
	0.3239
	0.9057
	12
	29.93
	0.00276
	0.9388
	7.785
	0.5895
	1.646
	0.9357
	8.189

	
	125
	30.79
	0.2308
	0.8907
	20.91
	36.27
	0.002213
	0.9251
	14.33
	0.4079
	2.239
	0.9059
	14.17

	
	150
	35.1
	0.2853
	0.8715
	31.4
	41.19
	0.002011
	0.9191
	22.22
	0.3786
	2.624
	0.891
	21.52

	
	175
	38.57
	0.2388
	0.9194
	25.06
	45.64
	0.001709
	0.9382
	19.21
	0.2682
	3.138
	0.9277
	22.48

	
	200
	40.28
	0.2215
	0.9115
	36.14
	50.28
	0.001401
	0.9439
	22.89
	0.1757
	3.783
	0.9271
	29.76

	BO dye
	25
	6.983
	1.297
	0.9456
	0.3775
	7.941
	0.01495
	0.9595
	0.281
	193.6
	0.0002078
	0.8315
	1.538

	
	50
	13.7
	1.122
	0.8893
	3.374
	15.71
	0.006792
	0.9193
	2.459
	8.007
	0.2405
	0.8964
	3.157

	
	75
	20.22
	0.2687
	0.8938
	7.123
	23.3
	0.004391
	0.9394
	4.064
	1.912
	0.8814
	0.93
	4.699

	
	100
	26.09
	0.6652
	0.8864
	12.56
	30.02
	0.003469
	0.9326
	7.453
	1.265
	1.403
	0.9219
	8.642

	
	125
	31.86
	0.7393
	0.8744
	21.43
	36.86
	0.002655
	0.9476
	10.64
	0.7307
	2.038
	0.9239
	9.582

	
	150
	37.06
	0.05133
	0.8737
	30.24
	43.01
	0.002201
	0.9341
	15.78
	0.5226
	2.599
	0.9199
	14.38

	
	175
	41.96
	0.3812
	0.8791
	38.1
	48.85
	0.001885
	0.9371
	19.83
	0.3995
	3.143
	0.9424
	18.16

	
	200
	40.96
	0.4564
	0.9509
	8.852
	45.37
	0.003273
	0.9766
	4.218
	2.918
	2.02
	0.9227
	13.92


Table 4. Parameters for thermodynamic modeling for the removal of EB and BO dye by AAPDB

	
	Concentration (mg/L)
	ΔH° (J/mol)
	ΔS° (J/mol)
	ΔG° (J/mol)

	
	
	
	
	303 K
	313 K
	323 K
	333 K

	EB dye
	25
	36766.34
	93.83057
	7426.779
	6959.003
	6462.358
	5663.4593

	
	50
	26917.05
	66.29315
	6454.766
	5857.632
	5407.766
	5010.606

	
	75
	19123.21
	44.77942
	5523.328
	5112.918
	4701.726
	4164.7261

	
	100
	18195.72
	44.07289
	4745.943
	4496.145
	4039.298
	3542.9742

	
	125
	16673.52
	41.5359
	4003.963
	3717.486
	3410.946
	3088.365

	
	150
	16298.62
	42.58707
	3463.507
	3077.804
	2640.162
	2127.555

	
	175
	14376.06
	37.8673
	2870.22
	2600.973
	2062.673
	1470.4583

	
	200
	12882.2
	34.63335
	2369.35
	2097.143
	1619.603
	1122.1069

	BO dye
	25
	47211.11
	124.0543
	9354.52
	7970.589
	6940.87182
	6178.638

	
	50
	37993.67
	98.85669
	7127.611
	6633.874
	5963.13393
	5284.672

	
	75
	29432.99
	75.05488
	5999.673
	5291.355
	4918.1515
	4861.155

	
	100
	23610.34
	59.53038
	5133.158
	4729.538
	4380.86167
	3867.482

	
	125
	22488.32
	58.61132
	4643.611
	4192.725
	3694.62155
	3478.859

	
	150
	18117.79
	46.742
	3964.786
	3439.353
	3052.08005
	2538.795

	
	175
	17222.66
	45.58552
	3388.661
	2986.66
	2475.06221
	2040.516

	
	200
	16752.22
	45.79996
	2863.097
	2438.283
	1927.6944
	1509.075


Table 5. Parameters for ANN prediction modeling for EB and BO dye removal by AAPDB

	
	Samples
	MSE
	R

	BO dye
	Training
	6.20662
	0.9436

	
	Validation
	4.60623
	0.9645

	
	Testing
	5.19148
	0.9563

	EB dye
	Training
	5.46713
	0.9581

	
	Validation
	8.10514
	0.9233

	
	Testing
	7.11242
	0.9399
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