
✓ Waste Printed Circuit Boards (WPCBs) cause environmental pollution [1] 

✓ Current chemical solvents-based metal recovery is harmful for human 

operators and hazardous to the environment [2]

✓ Metal recovery is limited to trial-and-error experimental exploration 

✓ Machine Learning (ML) and Robust Optimisation (RO) is rarely explored  
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Method

✓ Innovating environmental-friendly solvents for metal recovery

✓ Leveraging ML & RO for process optimisation to maximise metal 

recovery from WPCB

✓ The design space of process variables are : NH3 conc. (g/L) : 50 – 100, (NH4)2SO4 conc. (g/L) : 100 – 200, H2O2 

conc. (M) : 0 – 1 M, Time (h): 1 – 4, L/S ratio (mL/g): 10 – 30, Temp. (°C): 40 – 100, Stirring speed (rpm): 300 – 900

✓ Artificial neural network (ANN) models are trained to predict Cu (%) and Ni (%) recovery   

          

✓ Rigorous hyperparameters tuning is carried out to achieve the robust and generalize performance of ANN models

✓ Partial derivative-based % significance order of process conditions is as follows [3]: % 𝑆𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑐𝑒 =
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2  is square of the sensitivity values produced due to 𝑥𝑖

✓ Multi-objective function: 𝑓 𝑥 :  𝑚𝑎𝑥 [𝑎 𝑓𝐶𝑢 𝑥 +  𝑏 𝑓𝑁𝑖 𝑥 ]
     subject to:                          ℎ 𝑥 = 0

          𝑥 = 𝑥1, 𝑥2, … , 𝑥𝑛, 𝑥 𝜖 𝑋 ⊆  𝑅𝑛  and 𝑥𝐿  ≤ 𝑥 ≤ 𝑥𝑈

✓ Mean function response is computed using Monte Carlo simulations as [4]:

                                            𝐹(𝑥)= 
σ𝑘=1

𝐻 𝑓(𝑥+𝛿𝑘)

𝐻
 

✓ The estimated solution is robust if:

                                            𝑉 𝑥 =
𝐹 𝑥 − 𝑓(𝑥)

𝑓(𝑥)
 <  𝜀

Results

✓ ANN models for Cu & Ni are trained with accuracy more than 90%

✓ H2O2 conc. and NH3 conc. are the two most significant variables 

affecting metal recovery from WPCBs

✓ 100% Cu and 90% Ni are recovered from WPCBs

✓ 15.2 g and 62.6 g equivalent reduction in CO2 are estimated for Cu 

and Ni recovery from 10 g

✓ The future work will make the digital platform hosting the metal 

recovery models to estimate the process design conditions 
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