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Figure S1. XRD patterns of eggshell samples: (a) untreated ES before Co(II) adsorption; (b) ES after Co(II) adsorption; (c) acid-treated EST before adsorption; and (d) EST after Co(II) adsorption.
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Figure S2. EDX spectra of eggshell samples: (a) untreated eggshell (ES) before Co(II) adsorption; (b) ES after Co(II) adsorption; (c) acid-treated eggshell (EST) before adsorption; (d) EST after Co(II) adsorption.


 Figure S3. Equilibrium contact time for Co(II) adsorption onto untreated eggshell (ES) and acid-treated eggshell (EST) surfaces.  

 Figure S4. Effect of adsorbent (ES and EST) dosages on Co(II) adsorption.

Figure S5. Effect of temperature (°C) on Co(II) ion adsorption capacity on ES and EST surfaces.












Figure S6. Plot of log kd against 1/T for Co(II) ion sorption on ES and EST surface.


Figure S7. Plot of log ΔGo against T for Co(II) ion sorption on ES and EST surface.


	EST
	ES
	T(K)

	∆Sº
kJ.(mol.K)-1
	∆Gº
kJ.mol-1
	∆Hº
kJ.mol-1
	∆Sº
kJ.(mol.K)-1
	∆Gº
kJ.mol-1K-1
	∆Hº
kJ.mol-1
	

	+0. 92787
	-14.1009
	+ 12.508
	+0. 88191
	-13.1765
	+ 11.970
	288

	
	-15.8157
	
	
	-15.1357
	
	303

	
	-16.9685
	
	
	-16.1763
	
	318

	
	-18.3327
	
	
	-17.1769
	
	333


Table S1. Thermodynamic variables for the adsorption of Co ion on ES and EST surface.







Table S2. Comparison of Freundlich, Temkin, and Langmuir isotherm model parameters for Co(II) adsorption onto untreated eggshell (ES) and acid-treated eggshell (EST) surfaces.
	surfaces
	Parameters
	Isotherm models

	EST
	ES
	
	

	0.248
	2.324×10-5
	Kf (mg/g)
	Freundlich

	2.77
	10.471
	1/n
	

	0.361
	0.095
	n
	

	0.997
	0.914
	R2
	

	0.56
	0.354
	KT (L/mg)
	Temkin

	11.18
	44.814
	B (J/mole)
	

	0.955
	0.956
	R2
	

	-2.445
	-0.373
	Qm (mg/g)
	Langmuir

	-0.227
	-0.282
	KL (L/mg)
	

	0.931
	0.809
	R2
	

	-0.0966
	-0.0763
	RL  at Co 50 ppm 
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Figure S8.  Freundlich and Temkin isotherm plot of adsorbed Co(II) ion on ES surface.
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Figure S9. Freundlich and Temkin isotherm plot of adsorbed Co(II) ion on EST surface.


	Figure S10. Langmuir adsorption isotherm of Co2+ on (ES and EST) surfaces. 
ES	10	20	30	40	50	60	70	80	90	100	110	120	10.298507462686555	25.223880597014929	34.179104477611943	37.164179104477611	49.104477611940311	55.074626865671647	61.044776119402982	61.044776119402982	67.910447761194035	67.313432835820905	67.014925373134332	67.910447761194035	EST	10	20	30	40	50	60	70	80	90	100	110	120	20.746268656716424	35.671641791044777	55.074626865671647	72.985074626865668	74.477611940298502	74.477611940298502	77.164179104477611	78.955223880597018	80.149253731343293	80.447761194029852	80.149253731343293	80.447761194029852	time (min)t
% E
ES	0.05	0.1	0.15	0.2	0.25	0.3	24.9	46.1	65.5	68.2	70.2	70.5	EST	0.05	0.1	0.15	0.2	0.25	0.3	31.4	59.8	66.099999999999994	77.099999999999994	80.099999999999994	80.400000000000006	doses  of ES and EST(g)m
% E
ES	15	30	45	60	1.101492537313433	1.3402985074626868	1.3880597014925373	1.4238805970149255	EST	15	30	45	60	1.2865671641791048	1.4537313432835823	1.5074626865671643	1.5791044776119403	T(°tC(
Qe (mg/g)
ES	y = -625.18x + 4.6066
3.472222222222222E-3	3.3003300330033004E-3	3.1446540880503146E-3	3.003003003003003E-3	2.3894898662291983	2.6088840629821934	2.6567290874981806	2.6939910656963213	EST	y = -653.27x + 4.8464
3.472222222222222E-3	3.3003300330033004E-3	3.1446540880503146E-3	3.003003003003003E-3	2.5571093648765753	2.726107867148186	2.7868374295687364	2.8752665550437873	(1/T) K-1
log kd
ES	288	303	318	333	-13.176547711560421	-15.135660105483471	-16.176268571846872	-17.176882417379055	EST	288	303	318	333	-14.10086480222062	-15.815743855199845	-16.968471094367896	-18.332694626752314	Temp./ K
ΔGo
ES	y = -2.6754x + 9.4822
R² = 0.8097
2.92686567164179	2.9970149253731342	3.2059701492537309	3.2656716417910445	3.45970149253731	3.45970149253731	2.0690018991348373	1.2484456602835114	0.59826203208556128	0.51453296961715733	0.41642713423397487	0.37168879481752259	EST	y = -0.4663x + 2.0515
R2 = 0.931
1.9701492537313432	2.2883582089552239	2.8471641791044777	3.2662686567164183	3.3361194029850747	3.5456716417910448	1.2267657992565053	0.90010332519256053	0.64261844445642213	0.61088903280555629	0.45495994268221196	0.4276600034564203	CCe (mg/L)
qe/Ce/Qe
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