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Fig. S1. Comparison of Langmuir isotherms for Pb2+ - Cd2+.

	
[bookmark: _Hlk117886027]Fig. S2. Comparison of Freundlich isotherms for Pb2+ - Cd2+ (pH=5 - absorbent dosage=2 g/l -T=23 ºC - time= 60 min).

	
	

	Fig. S3. Comparison of PFO (a) model and PSO (b) for Pb2+ - Cd2+(pH=5, absorbent dosage=2 g/L,T=23º C, sample volume=100 mL).

	

Fig. S4. Comparison of the Intra-particle diffusion (IP) model for Pb2+ - Cd2+(pH=5, absorbent dosage=2 g/L ,T=23 ºC, sample volume=100 mL).

	
Fig. S5. Estimation of liquid film diffusion models for Pb2+ - Cd2+(pH=5, absorbent dosage=2 g/L ,T=23 ºC, sample volume=100 mL).







Table S1. ANOVA for Quadratic model.
	Source
	Sum of squares
	df
	Mean square
	F-value
	p-value
	

	Model
	1094.28
	9
	121.59
	9.31
	0.0038
	Significant

	A-Expanded graphite
	361.94
	1
	361.94
	27.70
	0.0012
	

	B-melamine
	1.81
	1
	1.81
	0.1389
	0.7204
	

	C-phenylenediamine
	5.41
	1
	5.41
	0.4143
	0.5403
	

	AB
	15.76
	1
	15.76
	1.21
	0.3084
	

	AC
	54.10
	1
	54.10
	4.14
	0.0813
	

	BC
	0.0110
	1
	0.0110
	0.0008
	0.9776
	

	A²
	487.08
	1
	487.08
	37.28
	0.0005
	

	B²
	33.50
	1
	33.50
	2.56
	0.1534
	

	C²
	87.67
	1
	87.67
	6.71
	0.0359
	

	Residual
	91.45
	7
	13.06
	
	
	

	Lack of Fit
	27.56
	3
	9.19
	0.5751
	0.6612
	Not significant

	
	
	
	
	
	
	

	Pure Error
	63.89
	4
	15.97
	
	
	

	Cor Total
	1185.73
	16
	
	
	
	



Table S2. Final equation in terms of coded factors.
	Remove of heavy metal
	=

	+74.99
	

	+6.73
	A

	+0.4763
	B

	+0.8225
	C

	-1.98
	AB

	+3.68
	AC

	-0.0525
	BC

	-12.36
	A²

	-4.42
	B²

	-6.17
	C²



Table S3. Final equation in terms of actual factors.
	Remove of heavy metal
	=

	+45.66000
	

	+1.98325
	Expanded graphite

	+1.51450
	Melamine

	+9.52750
	phenylenediamine

	-0.017644
	Expanded graphite * melamine

	+0.245167
	Expanded graphite * phenylenediamine

	-0.007000
	melamine * phenylenediamine

	-0.054922
	Expanded graphite²

	-0.078622
	Melamine²

	-6.16500
	Phenylenediamine²



Ce/qe (g/L)	y = -0.0339x + 0.6332
R² = 0.9106 - Cd2+

2.2999999999999998	4.4000000000000004	6.9	10	0.56234700000000004	0.502857	0.34778199999999998	0.32	Ce/qe (g/L)	y = -0.0098x + 0.4677
R² = 0.9198 -  Pb2+

2.11	4.2	7.75	11.2	0.43866899999999998	0.44210500000000003	0.382716	0.36047600000000002	Ce , mg/L


Ce/qe , g/L



ln qe	y = 1.4159x + 0.1838
R² = 0.992 -  Cd2+

0.83290900000000001	1.4816050000000001	1.931521	2.3025850000000001	1.4085449999999999	2.169054	2.9876999999999998	3.4420190000000002	ln qe	y = 1.1261x + 0.6957
R² = 0.9974 - Pb2+

0.74668800000000002	1.4350849999999999	2.0476930000000002	2.4159139999999999	1.570697	2.2512919999999998	3.0081549999999999	3.4362430000000002	Ln qe


Ln Ce



LOG(qe-qt)	
1	5	10	15	30	45	60	0.66406075442576207	0.52657040244916731	0.43578741306561281	0.35335787601929741	0.19677585791553351	7.8886908874782585E-2	3.5576154261193461E-2	LOG(qe-qt)	
1	5	10	15	30	45	60	0.15901006097874754	8.3052254373676859E-2	5.3507183841021719E-3	-0.16633142176652624	-0.315629504234266	-0.43442535933552218	-0.59848553096966972	Time , min


Log (qe-qt)



t/qt	1	5	10	15	30	45	60	3.3460282916213273E-2	0.16057441253263707	0.31473899692937563	0.46520423600605149	0.9111111111111112	1.3513183593749998	1.795620437956204	t/qt	1	5	10	15	30	45	60	3.0249999999999996E-2	0.15019860973187685	0.29861796643632776	0.44354838709677419	0.88192419825072899	1.3184019370460047	1.7519305019305018	Time , min


t/qt , min g/mg



qt	
1	2.2360679774997898	3.1622776601683795	3.872983346207417	5.4772255750516612	6.7082039324993694	7.745966692414834	29.886178861788622	31.138211382113823	31.772357723577237	32.243902439024389	32.926829268292678	33.300813008130085	33.41463414634147	qt	
1	2.2360679774997898	3.1622776601683795	3.872983346207417	5.4772255750516612	6.7082039324993694	7.745966692414834	33.057851239669425	33.289256198347111	33.487603305785122	33.81818181818182	34.016528925619831	34.132231404958681	34.247933884297524	t 0.5  (min)


qe (mg/g)



Ln(1-F)	
1	5	10	15	30	45	60	-2.2267797392494799	-2.6521262179114728	-2.9647878058389665	-3.2835356978656369	-4.0681170843852064	-5.1250566766527692	-5.9723545370400535	Ln(1-F)	
1	5	10	15	30	45	60	-2.8915530929419999	-3.0184198138207869	-3.1416524542447322	-3.3882939768262506	-3.5720151139746199	-3.6971782569286349	-3.8402791005693091	Time , min


Ln(1-F)
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