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Abstract

Electrical and electronic equipment (EEE) has become an indispensable part of our day-to-day
life. Waste Electrical and Electronic Equipment (WEEE), commonly known as electronic waste
(e-waste), is swiftly increasing at an annual rate of 3-5%. As per the global e-waste monitor
report, the e-waste generated in 2019 was around 53.6 million metric tons (Mt). It is assumed
that the increase will be by 74Mt by 2030. In 2019, only 9.3 MMT, i.e., 17.4 % of the total e-
waste produced, was recycled by the formal sector. The fate of around 82.6 % of e-waste is
unknown: it was either landfilled or treated by the informal sector. The increasing improper
disposal of e-waste is causing a ruinous effect on our environment and harming the health of
animals and humans. E-waste is a heterogeneous composition of several base metals (Cu, Pb,
Zn, Ni, etc.), precious metals (Au, Ag, etc.), polymers, ceramics, etc. Recycling e-waste in a
systematic way can save the total energy related to virgin mining. Hence, e-waste is assessed
as a secondary resource, and the recovery of metals from them is commonly called "Urban
Mining." Apart from metals, plastics are an essential component of e-waste, which shares
approx. 30% of the entire amount of e-waste generated and can be converted into liquid

products (oil) in the form of valuable chemicals or fuel.

Therefore, in the present study, attainment has been made for the complete utilization of e-
waste to recover materials in a sustainable form with minimal discharge. For overall e-waste
plastic conversion, we have taken waste computer casing plastics (WCCP). For metallic
fraction recovery, we have used waste random access memory (WRAM) as a feedstock for our
work. WRAM is considered as a rich source of base metals such as tin, nickel, zinc, lead and
precious metals such as gold, copper, silver etc., along with it also includes several high-grade

polymers. Initially, the feed preparation was performed by dismantling, crushing, and grinding
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the feed. Afterward, the WCCP is treated using subcritical-supercritical acetone (SCA)
technology to convert the e-waste plastic into oil. The optimum condition was 300°C, in
120min, 0.05 S/L(g/ml) ratio and 0.5g of NaOH. The highest oil yield achieved was 87.89%,
with a heating value of 36.7 MJ/kg. GC-MS results disclosed that the liquid product (oil)
comprises single- and duplicate-ringed aromatic and oxygen-containing compounds.
Isophorone is the significant component of the liquid product obtained. In another study, the
WRAM is pre-treated with subcritical-supercritical (SCF) technology with different solvents
such as subcritical-supercritical methanol (SCM), subcritical-supercritical ethanol (SCE) to
enrich the metallic fraction and to convert the organic fraction into oil. Ethanol is found to be
promising and appropriate as compared to methanol in terms of effective results, affordability,
and sustainability. The optimum condition obtained using the SCE study is 250°C, in 120min,
0.02(g/ml), and 0.5g of NaOH. After the SCF treatment, more than 90% of the solvent used is
recycled through a rotary evaporator, which helps to make the process close-loop and near zero
discharge. Afterwards, the pre-treated WRAM (waste random access memory) is treated with
acetic acid as a chelating agent for the recovery of base metals (Cu, Pb, Zn, Ni) with extraction
efficiency of Cu, 83.7% of Ni, 79.3% of Zn, and 88.8% of Pb respectively at an optimum
condition of 1.2 M of CH3COOH concentration, 10% of H>O> concentration, 55°C, 1:20 S/L
ratio, 350 agitation speed, and 5 h of reaction time. Subsequently, the kinetic study revealed
that the diffusion-controlled mechanism governs the metal extraction. The calculated activation
energy for Cu, Pb, Zn, and Ni are 11.3, 12.6, 17.6, and 13.3 kJ/mol, respectively. Furthermore,
the metal-leached salt recovered from the leached solution was thoroughly characterized. It
was observed that the leached salt could be comparable with standard copper acetate, revealing
the acetic acid's ligation property. Selective recovery of Cu with 92.7 wt.% recovery was

attained using the electrodeposition technique.



The solid residue left in the base metal leaching study is used as a feedstock in the next study
to recover precious metals (Au, Ag) using thiourea as a leaching agent. The optimum condition
for this study is 24 g/L thiourea, 0.6% of Fe**, and 0.5 mol/L sulfuric acid for pH adjustment
(pH=2) at 30 °C in a 40 mL solution. The extraction efficiency of 87.5%, 65%, 34.28%, and
79.7% for Au, Ag, Ni, and Cu, respectively, is obtained from this study. Selective recovery of
gold from e-waste is a significant challenge due to its heterogeneous nature and existing
inappropriate recovering processes. Considering these issues, in this study, we have
synthesized a porous nanonet polymer (Por-net) through a one-pot Friedel Craft polymerization
method containing multiple functional groups, i.e., porphyrin and triphenylamine, within a
single framework material. Around 1250 mg g™ capacity of Au was recovered under realistic
experimental conditions. Moreover, the adsorption isotherm and kinetics study revealed the
Langmuir model and pseudo-second-order kinetic fittings for the Au adsorption on Por-net.
The Por-net showed excellent desorption efficiency, recyclability, selectivity, and chemical
stability. At last, the economic feasibility of Por-net for the purpose of recovering gold from e-

waste is also explored.

The overall process revealed an integrated approach for treating e-waste plastic and recovering
metals (base and precious metals). Therefore, the work represents a greener and feasible
approach in promoting sustainable development, circular economy, responsible waste

management, resource generation, waste minimization, and e-waste management.
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o ICIL A

faqga ok gAaCe UG (EEE) §AR e Sha &1 T 3ifard fewan & 7w
3afRy fagyd iR SAdCIHE SUSRUT (WEEE), R 3THIR WR gaiae - Hal (3-BHR)
HET 1Al 5, D 3-5% BT &R Y doil A 96 36T 5| AP 5-FHa_T Aitex RUIE & SF9R,
2019 T IET 3-HTRT TRIHT 53.6 TfeRm e e (MMT) UT1 3 THM § fF 2030 T T8
Jedx 74 TAfr < 81 SMEm | 2019 H, Had 9.3 MMT 3UTd $d ST 3-HaR BT 17.4%
3N &5 GRT TA-d 10T fob T T AT | TRTHAT 82.6% S-heiX T I 3(F7Td & 39 T
I disfthe fasan a1 a1 SHITERS &7 gRT IuATRA fobar Tl $-HeR &1 dgdl S
e AR TafaRyr W faAReR! gHTa S16 38T § 3R usit 8k Il & Wy &l
TP TS I8 8 | 3-HTRT B3 3R YTg3T (S Cu, Pb, Zn, Ni 3MT(S), BT 41geh G
Au, Ag 3Mfe), oifamR, RRMA% snfe &1 faww Myor 81 S FR & Fafyd e 3
ARl R ¥ Tl W 3§ Gaifeid $d Soll ! §ad 81 Gobell & | ST, 3-FHaR Bl
TS fgdias T1eA & &Y & 3ffeeT 17 § 3R 399 Urgsii &t agel B! Qi "RIes!
G HET S g | T3 o SIQTal, WIREH 3-PHeR BT Udh ARG e g, ol S Hal
ST BT ATHI 30% BT § 3R 3/ Hega™ GEH! 1 584 & U H aal IdTa! (da)
# uRafda fear st gear g

ST, T g # giad fSwrst & a1y Jidqul U § JTid &1 agel & o 5-
FHAR BT T FUANT B 61 YA T 1 § | THY 3-FaR & WIRed & IRad- & o
§H SR HRAT WIRCRT (WCCP) BT SUTNT a1 § | T Si=1 1 It o ford g8 3
P & foIU 9 Y50 TR AER (WRAM) &1 IUANT fooar g1 URH & Big dur) &t
fage, HRIT R UERET TR a1 T U1l 39F §6, WCCP &I Tafhicda-
JRIhfedhd THIEH (SCA) dH-1d BT ITINT TR 5-Hdx & WIed @I ad H gRafad
B & forg IuaTia fobar w1 sreaad Rufd 300°c, 120 fBFE, 0.05 S/L (g/ml) 3@
3R 0.5¢ NaOH 2| Ta 31w A DI IUS 87.89% Y, Foryest ST 719 36.7 Mi/ke T
GC-MS URUTH} § gdT 9el fob R TG (@d) T Thd 3R FWidhe-78 WHfesH 3R
SHTRISH gad AT M § | Ul R ITG BT TE ged IUBRMA § |

ON O\

TH 37 37eggd o, WRAM P! fafirst Ticdeq o qafhfewma-guRftbfedd AuArd (scm),
qafchfema-guRichicdwd T (SCE) & W1y Jd-3UdTRd o 741 § dlfch et 3i=1 Bl
95 foar o g 3R Sfdes o2 & aa & uikafdd farar s e | SuHtd &1 gamn J T
oI guTdt g, griefar iR fRRar & Ama & Iugad Ur T g1 SCE 3eqg &l
3@ aan R 250°C, 120 fBFTE, 0.02(g/ml) 3R 0.5g NaOH 21 SCF IUAR & ¢ YT
fT T Fiede BT 90% T HfYH T e} TATUIRSR & HILAH ¥ A IH IR0 [l T §,
S8 ufshan &1 Fao-qu SR Feve I fewarst a-mar a1 81 39 §le, Jd-3usiid
WRAM & U1 32 & aelt & o wiifess ufis o1 I fsar T g1 Cu &1 83.7%, Ni
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D1 79.3%, Zn D1 88.8% 3T Pb Pl 88.8% acl 1 s & | AIHAaH U 1.2 M CH;COOH
DI Figdl, 10% H202 BT Figdl, 55°C, 1:20 S/L 3T, 350 TaRiedT 1d 3R 5 6 B
gffordr T80 g1 $9® d1g, T 3% & e & ot fagygd SHae ad-ie &1 Suan]
foran T §, FoRH Cu B 92.7 wt.% H1 I Ul &1 715 5 |

YT Rt sreaae § Bis U 319 A=Y &7 SUANT 3Td feraH § fovan 7 g, foras
DT UTg3T (Au, Ag) BT IFEH & AT URGRET HT IUTNT fovem T ¢ | 39 3feqg & fog

I aaH U 24 o/L UTGRAT, 0.6% Fe3+ 3R 0.5 mol/L YeHWIRP TRIS (pH=2) 30°C |
40 mL AT B 1 39 ST T Au, Ag, Ni 3R Cu D1 HHT: 87.5%, 65%, 34.28% 3R 79.7%

&1 BRI &ar U &1 7S 81 5-®H R A B g9-THS agall U Agayul I @,
Fife 3! favw gepfa sik H\I\sj\dl 3fgford ael QWT'Q%"I straifaﬁ & H [ad g,
2 3T H g U Uehd thHddh ATl & HiaR 8 e ag!, srdfq IfthRA sk
SRR Yo U THd-UTe HIEST Biue UeimRigsie Rfl & mrer § e iR
WW@?%WWW% IRdfa® FaTHS Ut H AU 1250 mg
g-1 Au ! G B1 718 ¢ | SUP AT, TRGT FHHTE 3R fHAfedy 3remm= 7 URAT R
Au® GG & o TER Aisd ﬁ?@ﬂ-@?ﬂﬁﬂ%ﬁﬁ%ﬁﬁﬂmwm%l
UR-A¢ A 3@ desorption G&T, TRIGRT, TTIHB T 3R IR QR fG@ms g1 3fd
g,é-ﬁiﬁﬁﬁﬁaw&@QH%%ﬂqﬁ-ﬁfﬁ&n%wﬁmﬁlﬂ@ﬁﬁﬂé
|

AT UfhadT 3 3-FHeR & WIRe® 3R Tgsil (MUR 3R DA argan) & agen & fag
THIpd DI &1 GardT fear g1 39fer, g8 &rd Wl faem, Iher srfaraw,
foTER SRy UeieH, Ta1e Iad, AR a0 3R $-FHRT YaUT &I 9g1d1 & o
T gRd 3R 8IS ePHIu o1 ufafAfda HRar 8|
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