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Highlights
· Chelating resins are able to separate and recover Ni and Cu from acid media
· Equilibrium is described by the Langmuir model
· pH allows to control the selectivity of Ni/Cu separation
· Selective recovery of both metals is achieved by using H2SO4 and NH3 

1. Introduction
The management of metal-containing acidic effluents is usually performed by conventional treatment methods which exhibit some limitations such as the lack of selectivity, limited efficiency to reach the required concentration limits, waste generation, etc.; therefore, novel technologies are needed not only to overcome the aforementioned limitations, but also to recover valuable metals for further use.  Generally, spent acids are complex wastes that contain high concentrations of metals and mineral acids, usually sulfuric or hydrochloric acids. In this work, spent acids containing nickel, copper and iron in sulphate media were provided by a local waste management industry. The selective removal and recovery of nickel and copper was experimentally analyzed using the chelating resin MTS9600® (bis-picolylamine functionalization) (Purolite). After describing the adsorption equilibrium, the influence on the process kinetics of different operation variables namely pH and solid/liquid (S/L) ratio was analyzed. Finally, the regeneration of the loaded resins allowing the independent recovery of both metals was assessed using H2SO4 and NH4OH as regeneration agents. 
2. Methods
In the adsorption equilibrium experiments, a certain amount of resin was contacted during 24 hours and constant temperature (25ºC) with spent acids with the following average composition: [Ni2+]=9 g/L, [Cu2+]=3 g/L, [Fe2+]=24 g/L and pH≈1). The equilibrium concentrations of nickel, copper and iron in the aqueous phase were analyzed by Plasma-Atomic Emission Spectrometer (4210 MP-AES, Agilent Technologies®) being the values fitted to theoretical equilibrium isotherms. Kinetic experiments were carried out at 25oC in a flask with continuous stirring during 3 hours under uncontrolled and controlled pH conditions using NaOH 5M. The S/L to liquid ratio varied from 1/10 to 1/2.5 mg/mL and the pH set point was set to values in the range between 1.5 to 3. Samples were taken at different times during the process and metal concentrations were measured. Regeneration was performed by contacting during 1 hour loaded resins with H2SO4 and after NH3 at different concentrations and S/L ratio.[1],[2] 

3. Results and discussion
Equilibrium data for both metals, nickel and copper, followed the Langmuir equilibrium model with values of the maximum adsorption capacity (qmax) of 50761 mg Ni/Kg dry resin and 97087 mg Cu/kg dry resin. However, the equilibrium constant for copper (KL=0.063 L/mg) is more than 40 times higher than the value for nickel (KL=1.47 10-3 L/mg) thus confirming the preferential affinity of the resin towards copper ions. On the other hand, Figure 1 shows the influence of pH on nickel and copper kinetics. In the case of copper, it is observed that kinetics and removal percentages at equilibrium conditions, near 100%, do not depend on the pH. However, in the case of nickel, removal yields decreased from 90% at pH≥2 to values lower than 50% at pH<2. By varying the S/L ratio it is concluded that the lower the ratio, the slower the nickel kinetics and the smaller the extraction percentages (20% for S/L=1/2.5 and 90% for S/L=1/10). However, copper kinetics are only affected at low values of the S/L ratio.  The results from the regeneration experiments proved the selectivity of the proposed methodology, since only nickel was found in the stripping solution after one step of regeneration with H2SO4 1 M (43% recovery, 957,81 mg/L solution) and only copper was detected after the second regeneration stage with NH3 2 M (45% recovery, 614,06 mg/L solution).
Figure 1. Time profiles for the removal of nickel (A) and copper (B) from spent acid wastes with MTS9600® resin.
4. Conclusions
From the experimental results it is concluded that the chelating resin MTS9600® is a suitable separation agent to recover transition metals from aqueous industrial wastewater at low pH values, since it reports removal percentages of nickel and copper of≈90% and ≈100% .  It was also proved that the methodology proposed can lead to two high purity solutions of each metal after two in series regeneration stages with H2SO4 1 M and NH3 2 M. 
References
[1] Liebenberg, C.J. et al. (2013). The recovery of nickel and cobalt from a sulphate bioleach solution using Dow M4195. The Southern African Institute of Mining and Metallurgy Base Metals Conference 2013, pp. 269 – 282. 
[2] Wolowitcz, H. (2012). The use of the chelating resin of a new generation Lewatit Monoplus TP-220 with the bis-picolylamine function. Chemical Engineering Journal, 197, pp. 493 – 508.


A

pH=1,5	0	5	10	15	30	45	60	120	180	1	0.72908175497482619	0.68017262047470628	0.59889714696715413	0.5384799808199473	0.50779189642771516	0.48237832654039797	0.47039079357468233	0.45960201390553823	pH=2,0	0	5	10	15	30	45	60	75	90	120	180	1	0.55389965226030802	0.40884252359662193	0.34376552409339295	0.23224043715846995	0.1830601092896175	0.15697963238946847	0.15052160953800298	0.13437655240933929	0.11872826626924987	9.5876800794833586E-2	pH=2,5	0	5	10	15	30	45	60	120	180	1	0.59166446847797416	0.46425745185966766	0.3801107887101029	0.25613294645212348	0.18517541545766289	0.17225006594566078	0.13136375626483776	0.1405961487734107	pH=3,0	0	5	10	15	30	45	60	90	120	180	1	0.56683305601774825	0.42457016084303939	0.34664448141985582	0.22656683305601774	0.17082640044370492	0.14115363283416529	0.10815307820299501	8.9572933998890741E-2	7.0715474209650589E-2	without pH control	0	5	10	15	30	45	60	75	90	120	150	180	1	0.78468960264059917	0.73632093436587531	0.74888917100418939	0.6720832804367145	0.61698616224450931	0.64136092420972446	0.63755236765265966	0.63018915830900091	0.62638060175193599	0.60797257839278918	0.6054335406880792	t (min)


[Ni]/[Ni]o






B

pH=1,5	0	5	10	15	30	45	60	120	180	1	0.13407821229050279	4.189944134078212E-2	1.9553072625698324E-2	1.0242085661080074E-2	7.4487895716945996E-3	7.4487895716945996E-3	6.5176908752327747E-3	5.5865921787709499E-3	pH=2,0	0	5	10	15	30	45	60	75	90	120	180	1	0.11634615384615385	2.6923076923076925E-2	1.2500000000000001E-2	6.7307692307692311E-3	5.7692307692307696E-3	5.7692307692307696E-3	2.8846153846153848E-3	5.7692307692307696E-3	4.807692307692308E-3	5.7692307692307696E-3	pH=2,5	0	5	10	15	30	45	60	120	180	1	0.14126016260162602	4.7764227642276426E-2	2.032520325203252E-2	7.1138211382113818E-3	5.08130081300813E-3	5.08130081300813E-3	6.0975609756097563E-3	7.1138211382113818E-3	pH=3,0	0	5	10	15	30	45	60	90	120	180	1	0.16357688113413305	5.6706652126499453E-2	2.7262813522355506E-2	1.0905125408942203E-2	8.7241003271537627E-3	8.7241003271537627E-3	7.6335877862595417E-3	6.5430752453653216E-3	6.5430752453653216E-3	without pH control	0	5	10	15	30	45	60	75	90	120	150	180	1	9.9086099086099083E-2	2.9341029341029341E-2	1.7797017797017797E-2	1.0582010582010581E-2	8.1770081770081767E-3	7.6960076960076963E-3	6.7340067340067354E-3	6.2530062530062533E-3	5.772005772005772E-3	4.8100048100048103E-3	7.215007215007215E-3	t (min)


[Cu]/[Cu]o




image2.png
INi)/[Nil,

10
09
08
07
06
05
04
03
02
01
00

0 20 4 6 8 100 120 140 160 180

—o— pH=30
e without pH control

t(min)




image3.png
[cul/[cul,

10
09
08
07
06
05
04
03
02
01
00

—o—pH-30
—e— without pH control

0 20 4 60 8 100 120 140 160 180

t(min)




image1.jpeg




