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INTRODUCTION EXPERIMENTAL

From the global amount of waste electric and electronic equipment (exceeding 50 Mt in 2018 | » Real samples (RSs): 10 PC mother boards
[1]), the waste printed circuit boards (WPCBs) represent only 3-5% but concentrate more than| | (PCMBs) released between 1998 and 2008 were
40% from the value of the recoverable metals [2]. Consequently, physico-mechanical,| |!eached in 22 L of 2 M KBr + 0.5 M HBr + 1 M Br,.
hydrometallurgical and pyrometallurgical techniques were designed for metals recovery from ::g ur:::Ift;':ge|Z?:Itlrlggr?esm‘?gfmae?s%:;e?\){sICP-AES
WPCBs (MRWPCBs), but all of them are energy intensive and/or highly polluting [3]. Our > Synthetic samples (SSs): Cu, Sn, Pb, Fe and Zn
preliminary results [4] revealed that the electrochemical MRWPCBSs represents an economical | | promide salts in 2 M KBr +0.5 MHBr .

and eco-friendly recycling alternative if the operational parameters are well controlled. > Electrochemical techniques: cyclic (i) square
AIMS wave & (i) staircase voltammetry (CSWV & CV) @ 50
Design and validation of (i) a complex sensors system (amperometric, pH, temperature and | | MV/s; potentiometric titration & pH measurement.

ORP) able to assure the accurate monitoring and control of the MRWPCBs process and (ii) ;mE)IE:r"cog\fvs\; XV g{,ggézsxgizggz(gg.cgsEc&(?);P%

dedicated software applications for acquired data correlation. WE: Pt wire (¢ = 0.5 mm, L = 10 cm).
RESULTS AND DISCUSSIONS 2. CV & CSWV measurements in SSs
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: For the tested individual metals solutions, CV&CSWYV reveal well defined electrodeposition (ELD) /
r?a?i?npsr?\d;?\% m?r::mu??glscenttxgzbnsthoef dissolution (DIS) and/or reduction (RED) / oxidation (OXI) peaks useful for the concentrations monitoring.

main metals vary between 20 and 100% in|| < As exemplified for Cu, the ELD/DIS and/or RED/OXI peaks amplitudes evaluated for CV&CSWYV present a

10 ——0.01 M CuBr,
——0.02 M CuBr,
- 0.05 M CuBr,

20 ——0.10 M CuBr,

respectto the mean values good correlation with the concentration of the dissolved metal.
3. Calibration curves for SSs 4. CV & CSWV measurements in RSs (Sample 1 with Pb; Sample 2 without Pb)
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» f’ﬁ*&,l it w0 2 The presence of Pb in RS1 determines the apparition of the corresponding distinctive DEP and
DIS peaks, more evident in the CSWV measurements.

< For Cu, Sn, Pb, Fe and Zn, the ELD, DIS, RED or - . 3 5 1 .
OXI peaks amplitudes evaluated in SS by CV < Due to the complex composition and high metals ions concentrations in the undiluted RSs

present excellent correlations with  the||solutions, the ELD/DIS and/or RED/OXI peaks evaluated by CV&CSWV are obviously limited and

concentrations of the dissolved metals. distorted, requiring at least 10 times dilution for obtaining adequate analytical signals.
5. Correlations between ICP-AES and electrochemical data for RSs 6. pH, ORP & A influence on the metals leaching rates
-~ = Method Slope R SD | N Puremetais leaching test 100 mL 2 MKBr + =) The pH and ORP of the leaching
(6 cacuistea bases ELD peak height | 0.979+0.013 | 0.9608 |1.939 | 10 gajj P MImCOT MR exrad sfec0 poe solutions have a strong influence
T ]| o pese s RED peak height | 1.003+0.019 | 0.9088 | 2.642 | 10 Lo //""/4 on the dissolution rate of metals.
~ & D Peakhawit DIS peakarea |1.017+0.015| 0.9706 | 2.085| 10 et
o go | P s Wl . . .| DThe pH and ORP sensors are
s 2 As exemplified for the 10 RSs, the [Cu] values > . essential for an adequate control
gw calculated using three CV data sets are in excellent i e and monitoring of the metals
i agreement with those measured by ICP-AES. LI leaching process.
=20l s 0 =
2 Similar correlations resulted for CSWV data. $o w = A: e S Due to their high salinity and
B el < The accuracy of the CV&CSWV data can be - acidity, the leaching solutions con-
fcul ! mM improved restricting the voltage scan range and w w - ductivity is dimly affected by the
S optimizing other experimental parameters. dissolved metals concentrations.

CONCLUSIONS

v In order to efficiently monitor and control the process of electrochemical metals recovery from waste printed circuit boards, a complex
sensors system, based on pH, OPR, temperature and voltammetric sensors, was designed and the included components were successfully
tested in synthetic and real samples using dedicated LabView applications.

v’ The simple and inexpensive amperometric sensors, exploited by CV or CSWV, allow the evaluation of the dissolved metals concentrations
with satisfactory accuracy, eliminating the use of complex and expensive traditional analytical equipments and advanced dilutions.

v' The electric signals delivered by the proposed sensors allow their integration in complex computerized and/or autonomous control
systems, simplifying the metals recovery process management and increasing its efficiency.
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