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ABSTRACT

Electronic waste (e-waste) is a trivialized resource that can be explored for the plethora of
economic opportunities they offer. E-waste is a rich source of precious metals (platinum, gold,
silver), base metals (aluminum, iron, copper), heavy (zinc, mercury, chromium, lead), and rare
earth metals (tantalum, platinum groups). The use of e-waste as a rich secondary source of
metals can significantly bridge the huge gap between demand and supply for several scarce
metals, e.g., tin, silver, gold, platinum, lithium, etc. Nevertheless, the recycling rate of e-waste
is quite low and mostly concentrated in unregulated informal sectors, usually open dumping or
burning. Additionally, e-waste consists of toxic additives or hazardous substances like
mercury, brominated flame retardants (BFR), etc., which if left untreated pose serious damage
to the ecosystem. Thus, e-waste recycling provides an opportunity for resource recovery and

minimization of its impact on the environment if left untreated.

In the present study, attempts have been made for the development of integrated green and
sustainable technology for metal recovery and the generation of valuable products from e-
waste. Different types of Waste printed circuit boards (WPCB) of mobile phones were
collected from the local market and were used as a source of e-waste. Initially, the metallic
fraction from WPCB was recovered using subcritical to supercritical methanol treatment. The
obtained products were compared with pyrolysis products. Experiments were conducted in the
temperature range of 150 °C to 300 °C at an autogenous pressure. At optimized conditions 300
°C temperature, 1:20 (g/ml) of solid: liquid ratio, 3 h liquid products had no bromine content
as compared to pyrolysis product. The metallic fraction was enriched and had a similar metallic

composition as that of pyrolyzed solid products.

Further, a range of green choline chloride deep eutectic solvents with variation of HBDs to
alcohols, urea, carboxylic acids were synthesized and tested for metal extraction application.
Initially, detailed investigation of DESs structures and their physiochemical properties were
conducted via various analytical techniques and theoretical calculations. Metal oxides
dissolution in range of DESs were tested and selective metal leaching solvents were shortlisted
for further process optimization. Carboxylic acid-choline chloride DESs, particularly FA-ChCl
(Formic Acid-Choline chloride) were observed to have greater than ~90 % extraction of copper,
tin, iron, nickel while urea-choline chloride had selective and above ~90 % zinc extraction from

WPCBs. Neat organic acids were further tested for process optimization. It was observed that




oxalic acid had selective extraction (>92 %) of tin from e-waste under optimum condition. The
major disadvantage observed in using DES system was its slow kinetics. Henceforth, Sulfonic
acids which had lower pH than carboxylic acid were mixed with choline chloride for DES
preparation and metal extraction: Methyl sulfonic acid-Choline chloride (MSA-ChCI) and p-
toluenesulfonic acid-Choline chloride DESs. The best performing MSA-ChCl DES was
selected for metal extraction from PCB. Various process parameters like S/L ratio, stirring
speed, time, temperature was optimized for metal leaching. Ultimately at the end cementation

metal was added in both DES for individual recovery of metal.

Based on the experimental results it can be concluded that supercritical methanol is an efficient
approach for generating valuable products from e-waste plastic. For metal recovery, green deep
eutectic solvents were potential leaching agents to extract metals and cementation can be
effectively used to harness selective metal recovery. To conclude, it is recommended that
greener alternatives to conventional technology have potential to replace some conventional

harmful agents in metal leaching process.
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Sfére faawon

A d TRl (3-FHa) Udh U1 JUferd Tumed & s e IR offids 3wk U gU B |
(ST, TR, hifed, T 3R gay gt ergsll (Cead, wifeTq I9g) &1 Th 9H< 9id |
UTq3f & U Y9 fadia® 9id o U H 3-deR &1 Iudi fes, gid], 91, wifem, fafam
3MfS SR B gaH g ot [T 31 3Mufd & o & 99 3R &I UTe el 3|

BIdifoh, S-HeR Bl JAahUl & B! HH § AR TGRS SATeRe &3, S qd
T T 1 T TR dhiad 8 | 3T SfaRad, 3-HeR H STeiid Toid I1 GaRAS Tard S
ORI, SIfFce Wl Rerde @UweR) 3ife gid ¢, o afe srueiid ais faar 9w @
IR dF P 1R THUH Ugard 81 39 UBR, 3-FHaR] TAdhUl Saieq TAuffi &R
IR0 IR 34 THTT Bl HH H- Bl TR Y& ol 8, Ta 39 SUAR A BT S|

3 3feg B, u1d G 3R $-ak ¥ HegaH IdTal & A & e Tohigd 8Rd 8k
fepra; UefiTe! & fasr &1 va foar a1 g1 Hieed BiF & faftE TeR & @viE giid
ihe 9IS (SsgUHiel) ™M TR ¥ ThA fHT T 3R 3-Fek & 9id & ¥4 § udn]
U TTU | URY H, Yefoh{ehar bR YuRfdhicdhd HHId SUAR 1 SUIR] hich Sseguldia]
T YT SR YT ot 717 T | VT JTG] bl o1 URRITCTIR SadTal ¥ &1 115 | GRIE0T 150
°C ¥ 300 °C o dTGHM H1H1 § Wi & W fu U 3fdpferd TRt & 300 °C dmodH,
1:20 (ITH/fAciieiieR) 31: TR SUId WR, 3 ¢ & R Ide! H YrRITRY IdTE i o]
o S & A el 2 AT SN TG AT SR TRRIARS 31 3IdTa! & JHM YT W]
| 2qb 3fad], At fafdy SRS dfs arar (TdlS)) & WY dldH diRISe SeTRd
TER gHfded A (15T 1 el fhar 7y R siehied, givaT, dreifdfers
TRTS M § 3R 41 FHe0T o & forg udteror fomar mmam | uRy H, fafiyd fazawoners
Tt SR Tgifae TorTst & AT ¥ Sisuy Wamsf 3R 3% Hifde-Iumafes o
& faRga g &t T | Sisuy &t 9ot 7 orq Sffarg el o faue &1 wien fasar mar 3R Sm
DT UlohdT o 3BT & a8 el o1g Feme [qard! I g1 111 Blalasiad URe-
P FINZS SISUy, [aRY T4 ¥ THU-HTRTd (GiiHe TRS-HIdH FRS) did],
fe, g1, Fod o 90% ¥ S FsHYUr o fog gHTaT UTg 7T, Sdich JRAT-h I FARISS
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BT IUANT SRl & Tl 3R 90% I e Femsiur o ferg fasan am| ufsha sima & forg
IS BIa-dh 3! T TRIEUT foa 71T | I8 Ur 71 b Sfiarnferes URTS 3vad uRiRufert o
S-FHAX ¥ e BT T FSHY (>92%) BT 51 ST T T SUART = H Uil 11
7 JHaH g9 i iaeiicrdr ot Safin, Smeifaafid TRE ¥ & pH ald Jeb!-d
RIS & SISUY s 3R U1 Fspy & foIe @iel- Far1gs & Iy e marn: Ald
TepIe TRIS-PIeiH FaARE S (THII-HITaHud) 3R IRI-SIegu-ehi-d TRIS-HiaH
FARTZS TR SIS0y | TRfis T 41q Fepyur & o Tad 31T Ue=i e T THUHT-
Tioaiue SISy & 1 71T 4T 3 FSheor (@ BT s oA & fere fafiys ufssan
AYES] SN BIY-aRa U (QU/Td SUTd), 8erdd Td, T 3R dTUHH & S5 17|
AT, G SISUY T 3{eTT-S1aTT YTl Pl YAV d- o foTd SR 41 b e 7|

TN ORUMHT & STYR TR T8 568 AehTal S Wehd § fh guRihfesmd Ayl s-HeR
& WIREH J FegdH IdTG YT - o ol Ueh = aRiehl g | UTq3H ol GuT v o
forg gRa T fae s faamss (E5uw) gt & Fseeur & forg duifad FHere Toie § 8k
e urq It 3 forg Tiafewr &t vuTe &1 9 SuaT fooat ot Jevdl ¢ | 3fd H, I8 SR
@1 I 8 fob IRUR® ddbid & gRd fadwedl § urg Feesur ufhan # $@ uRuR®
gIBRE Toic] & daa i &Hd 8|
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