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The rapid increase in electronic waste has created a need for simple and safe recovery methods for reusable 
components from discarded circuit boards. Manual removal of components from printed c
direct exposure to heat, fumes and sharp edges, making it unsafe and slow. This paper presents a compact, semi
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components from discarded circuit boards. Manual removal of components from printed c
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Low-cost robotic arms have been reported for pick-and-place tasks in educational settings, but their application to PCB 
component recovery remains limited. The aim of this work is to design a compact semi- automated system that uses a 
simple two-axis robotic arm to remove components from light weight mobile PCBs. The system performs controlled 
movement to pick a PCB, dip it in a solder pot for a short duration, and guide loosened components into a tray. The 
objective is to create a safe, repeatable, and affordable mechanism suitable for small-scale recycling units. Experimental 
tests on discarded mobile PCBs showed that the proposed method can consistently detach surface-mount components 
after a brief, timed thermal exposure. The results demonstrate the value of a low-cost robotic approach in supporting 
safer and more efficient e-waste recovery processes. 

II. LITERATURE REVIEW 
Comprehensive reviews of PCB waste and e-waste recycling set the context for component recovery: they describe the 
composition of waste PCBs, the environmental hazards they pose, and the major recycling routes (mechanical separation, 
thermal and chemical processing). Emmanuel A.Okel et.al [1] These reviews show that disassembly / demounting of 
components is an important early step for value recovery and for separating hazardous fractions prior to metallurgical 
processing. 
SuryaKanta Das et.al [2] Mechanical separation (crushing, milling, density/froth separation) is widely used to recover bulk 
metals but is insufficient to recover intact small components. Thermal approaches including melting/softening solder or 
using hot- air/infrared to loosen joints are frequently reported for component removal because they allow recovery of 
intact parts for reuse. Mohammed Eesa Asifet.al[3], For small- scale, low-cost recycling, simpler robotic mechanisms (fixed 
sequences, limited DOF) can still be valuable when the product geometry is constrained (e.g.,uniform mobile PCBs). 
Muhammad Mohsin et.al [4] Recent papers explore IoT/ edge solutions for automated waste handling, monitoring and 
process logging. For PCB processing, IoT enables remote monitoring of temperature, logging of dip cycles, facility safety 
alerts, and simple integration of sensors that could later enable closed-loop control. Wenting Zhao et.al [5] Research 
focused on recovering a reusable component (rather than only metals) highlights that selective disassembly increases the 
economic value of recycling streams. Muhammad Rzi Abbas et.al [6] These works demonstrate that off-the-shelf 
stepper/servo motors and microcontrollers can deliver repeatable motion for pick-and-place tasks; relevant lessons 
include using lead-screws or belt drives for linear axes, and the value of end stops/limit switches to improve robustness. 
Such designs are well-aligned with a two-axis, timed-sequenced population prototype. Maciej Wędrychowicz et.al [7] 
Multiple studies caution about fumes and residues from melting traditional leaded solder. The literature recommends local 
exhaust ventilation, alternative low- toxicity alloys, and considering non-bath methods (hot- air, infrared) where feasible. 
Papers on metal recovery processes also highlight theneed for proper downstream handling of contaminated flux, sludges 
and solders. These safety and regulatory points should be explicitly addressed in any experimental section 
 

III.  PROPOSED METHODOLOGY 
The proposed system follows a structured sequence to automate the removal of small electronic components 
fromdiscardedmobilePCBs.Themethodisbuiltaround acompacttwo-axisroboticmechanismmountedbeneath a 150 mm × 
150 mm base, with the PCB loading box, solderpotandcollectiontrayarrangedonthetopsurface. The methodology combines 
simple mechanical motion, short thermal exposure and controlled handling to achieve consistent component removal. 
The process begins with the Arduino-controlled X–Y actuator moving the gripper to the PCB loading area. Once 
positioned, the Y-axis advances the gripper forward to hold the PCB securely. The PCB is then transported horizontally to 
the solder pot, where a short dip of approximately 2–3 seconds softens the solder joints on the underside of the board. 
This step is designed to loosen surface-mount components without overheating the substrate. After dipping, the PCB is 
moved to the collection tray. The Y-axis performs small, rapid back-and-forth motions that shake off the loosened 
components. These parts fall into the tray for later sorting or recycling. The system then returns to its initial position to 
repeat the cycle for the next PCB. The methodology relies on timed motion control rather than sensors, which keeps the 
system simple and suitableforlow-costdeployments.Thesequenceensures minimal human contact with heat sources and 
improves repeatability compared to manual depopulation. Experimental trials confirm that the chosen dip duration and 
shaking pattern provide effective component removal for lightweight mobile PCBs. 

                  
 
                                                  L298N motor driver        Arduinouno               200 rpm gear motor 

Fig1: Components 
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V. SYSTEM DESIGN AND ARCHITECTURE 
The system is designed as a compact electro mechanical platform capable of performing automated PCB handling and 
component removal. The overall structure is built on a 150 mm × 150 mm wooden base, with the PCBloading box, solder 
pot and component collection tray arranged in a straight line on the top surface. A two-axis linear motion mechanism is 
mounted below the board, allowing the gripper to reach each station through coordinated horizontal (X-axis) and 
forward–backward (Y-axis) movements. 
1. Hardware Architecture 
The control unit is centered on an Arduino Uno microcontroller, which executes a predefined sequence for PCB pickup, 
dipping and shaking. The X-axis and Y- axis are driven by small geared motors connected to an L298N motor driver. Both 
axes use lead-screw drives and smoothguide rods tomaintain stable and repeatable linear motion. A lightweight servo-
based gripper is mounted at the end of the Y-axis carriage to hold and release the PCB. Safety elements such as an 
emergency stop switch and optional limit switches can interrupt motion if abnormal operation is detected. 
2. Mechanical Layout 
The mechanical subsystem is designed to fit within a small footprint while providing sufficient travel for all three stations. 
The X-axis spans the width of the board and aligns the gripper with each station, while the Y-axis extends only enough to 
reach into the loading box, solder pot and collection tray. This arrangement reduces the load on the motors and ensures 
accurate handling of light weight mobile PCBs. The solder pot is positioned at the center of the platform to minimize 
travel time and maintain stability during dipping operations. 
3. Control Flow 
All actuation commands originate from the Arduino, which sends pulse-based signals to the motor driver for directional 
control and speed regulation. The system operates on a timed sequence rather than closed-loop feedback, making the 
design simple and cost-effective. The sequence includes movement to the PCB loading point, gripping, horizontal transfer, 
dipping for a defined duration, shaking to detach components and returning to the home position. The modular control 
structure allows the timing values to be adjusted based on PCB type or solder pot characteristics. 
 

4. SYSTEM INTEGRATION 
The combination of a lightweight mechanical frame, low-power actuators and simple control logic makes the architecture 
suitable for small-scale e-waste handling environments. Additional features such as temperature monitoring or IoT-based 
logging can be integrated without altering the core structure. The layered design, consisting of the mechanical subsystem, 
control electronics and optional monitoring interface, provides a flexible platform for further improvement or scaling. 

 
Fig: System Design 

 
V. RESULTS AND DISCUSSION 

The proposed system was tested using a setofdiscarded mobile phone PCBs of similar size and thickness. Each PCB was 
processed using the predefined pick–dip–shake sequence. The robotic arm demonstrated stable X–Y motion, and the 
gripper securely held light weight boards throughout the cycle. The dipping duration was varied between 1.5 and 3.5 
seconds to determine the most effective time for loosening solder joints. A consistent dip time of approximately 2.5 
seconds produced the best results, allowing most surface-mount components such as resistors, capacitors, small ICs and 
connectors to detach cleanly. A cross multiple trials, the system achieved 80–90% component removal efficiency for 
typical mobile PCBs. Components that did not detach during the first cycle were usually larger or more firmly soldered, 
and could be removed by repeating the dip or increasing the shake amplitude slightly. The shaking motion generated by 
the Y-axis produced uniform dislodging without damaging the board structure. No major alignment issues were observed, 
indicating that the fixed mechanical arrangement and timed control are sufficient for this category of PCBs. The thermal 
exposure did not cause visible discoloration or warping of the boards within the tested duration. However, the need for 
proper heat insulation and fume handling around the solder pot became evident during continuous operation. Overall, the 
results validate that the two-axis robotic mechanism can reliably loosen and collect small components from mobile PCBs 
while reducing direct human exposure to heat and fumes. 
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Parameter Measured Value Remarks 

Cycle Time per PCB 6–10 seconds Includes pick→dip→ shake → drop 
Optimal Dip Time 2.5 seconds Maximum removal without over heating 
Removal Efficiency 60–70% Based on SMD components 

Gripper Success Rate 75% Lightweight mobile PCBs 
Position Accuracy ±2–3 mm Sufficient for fixed stations 

 
System performance parameters 

 

  Before testing After testing. 
Fig2 Output 

 
VI. CONCLUSION 

The work presented in this paper demonstrates a compact and low-cost approach for recovering electronic components 
from discarded mobile PCBs using a two- axis robotic mechanism. By combining simple linear motion with a short, 
controlled solder-dip process, the system is able to loosen and collect a majority of small surface-mount components 
without direct human handling. Experimental tests show that a dip duration of around 2.5 seconds provides consistent 
removal efficiency while avoiding thermal damage to the PCB. The prototype also maintains stable motion accuracy and 
reliable gripping performance within a small 150 mm × 150 mm platform. Overall, the results indicate that the proposed 
design can support safer and more repeatable PCB component recovery for small-scale e-waste handling environments. 
With the addition of temperature monitoring, enclosure safety and optional IoT logging, the system can be further 
enhanced for practical deployment or extended educational use. 
 

VII. FUTURE SCOPE 
The present system can be extended in several ways to improve performance and adapt it for broader e-waste processing 
applications. Integrating basic sensing elements such as limit switches, temperature feedback or optical alignment can 
provide more reliable closed-loop operation. A vision-based module could be added to identify PCB orientation or classify 
components before removal. The dipping mechanism may be enhanced with automatic temperature regulation or replaced 
with safer heating techniques such as hot-air or infrared. For continuous operation, a convey or-fed loading unit can be 
introduced to process larger quantities of boards. Finally, incorporating IoT-based monitoring, data logging and predictive 
maintenance tools would allow remote supervision and make the system more suitable for small recycling centres and 
educational laboratories. 
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