Thiosulfate Leaching of Metals from Waste Electric and Electronic Equipment and
Bottom Ash

Waste Electric and Electronic Equipment (WEEE) and Municipal Solid Waste (MSW) represent two
waste streams with high landfilling rates. WEEE and MSW consist of organics, metals and refractory
oxides. The metals represent the monetary value in both of these waste streams and can be recycled as
secondary raw materials. The organics can be recycled as a secondary raw materials or their energy
content can be recovered e.g. through incineration. The refractory oxides can be utilized as aggregates
for the building industry, thus, decreasing the need for natural resources. The increased recycling of
these two waste streams is an important step towards circular economy.

In the current research, the leaching of Printed Circuit Boards (PCBs) and Municipal Solid Waste
Incineration (MSWI) bottom ashes were studied through a literature survey and experimental work.
PCBs are a sub-group of WEEE and contain a high concentration of valuable metals. In the western
world, PCBs are recycled in primary copper smelters, in which the relatively high content of copper,
gold, silver and palladium can be recovered. Hydrometallurgy provides exact and predictable tools for
smaller scale recyclers to extract valuable metals from PCBs. The most commonly used leaching agent
for gold is cyanide. The hazardous properties and the bad reputation of cyanide have, however, forced
the scientific world to look for less toxic alternatives for gold leaching. In the literature survey, articles
regarding the leaching of valuable metals using e.g. thiosulfate and aqua regia were reviewed.

MSWI bottom ash is one of the ash wastes from the MSW incineration plant. Metals are often recovered
from the MSWI bottom ash using magnetic and eddy current separators. The MSWI bottom ash can
after proper treatment be utilized as soil cover or as aggregates by the building industry. The content of
heavy metals in the MSWI bottom ashes can limit the use of it as a secondary raw material. In the
literature survey of this work, articles regarding the use of MSWI bottom ash as a secondary raw
material and alternative treatments of MSWI bottom ash were reviewed.

In the experimental part if this work, the use of thiosulfate solutions as leaching agents for PCB and
MSWI bottom ash were assessed. Additionally, PCBs were leached using aqua regia. Gold is of great
interest, since it represents 73% of the monetary value in PCBs. Thiosulfate is also regarded as one of
the most promising replacements for cyanide in the hydrometallurgical gold industry. Gold leaching
rate in thiosulfate solutions containing 0.1-0.2 M of Na,S,03, 0.01-0.05 M of CuSO4, 0.2 M of NHz and
0.2 M of NaySO, at temperatures of 30-50 °C was investigated with Rotating Disc Electrode (RDE).
The solution containing 0.02 M of CuSQO,4 and 0.1 M of Na,S,03 at 30 °C enabled the highest gold
dissolution rate of 0.0265 mg/h. Additionally, gold and other metal leaching from crushed PCBs,
pyrolysed PCBs and MSWI bottom ash was investigated in batch leaching tests. The pyrolysis of PCBs
was carried out at 500 °C.

A successful pyrolysis of PCBs at 500 °C resulted in a 23% mass loss of the PCBs. The highest gold
and copper extraction in the batch leaching of crushed and pyrolysed PCBs were 12% respectively 17%.
With 32% aqua regia, 50% of the gold and all the silver and copper from the crushed PCBs were
extracted to the solution. The thiosulfate solutions did not extract copper, gold, zinc, iron or lead from
the MSWI bottom ash during the leaching tests.



Lakning av metaller ur elektronikskrot och bottenaska med hjalp av tiosulfat

Elektronikskrot och kommunalt avfall representerar avfallsstrommar med en hdg deponeringsgrad.
Elektronikskrot och kommunalt avfall bestar av organiska material, metaller och eldfasta oxider.
Metallerna utgér det monetéra vardet i de bada avfallsstrommarna och de kan atervinnas som sekundér
rdvara. De organiska materialen kan atervinnas som sekundar ravara eller genom att ta tillvara
energiinnehallet genom t.ex. avfallsforbranning. De eldfasta oxiderna kan utnyttjas som stommaterial
inom byggnadsbranschen och darav minska behovet av naturtillgadngar. En 6kad atervinning av dessa
avfallsstrommar ar ett viktigt steg i stradvan mot en kretsloppsekonomi.

I denna avhandling var lakning av ménsterkort och bottenaska fran avfallsforbranningsverk studerade
experimentellt och genom en litteraturdversikt. Monsterkort &r en undergrupp av elektronikskrot och
innehaller hoga koncentrationer av vardefulla metaller. I den vasterlandska vérlden & monsterkorten
ofta atervunna i primara kopparsmaltverk, dar deras relativt hoga innehall av koppar, guld, silver och
palladium kan tas tillvara. Hydrometallurgiska metoder ger exakta och forutsagbara redskap at
atervinnare i mindre skala att atervinna de vardefulla metallerna ur monsterkorten. Det vanligaste
lakningsmedlet for guld &r cyanid, men cyanidens farliga egenskaper och daliga rykte har fatt forskare
att utforska alternativa lakningsmedel. I litteraturéversikten har vetenskapliga artiklar angaende lakning
av vérdefulla metaller med till exempel tiosulfat och kungsvatten betraktats.

Metaller ar ofta atervunna ur bottenaskan fran avfallsforbranningsverk med magnet- eller
virvelstromsseparatorer. Bottenaskan fran avfallsforbranningsverken kan efter lamplig behandling
anvandas som fyllningsjord eller stommaterial inom byggbranschen. Tungmetaller i bottenaskan fran
avfallsforbranningsverk kan innehalla tungmetaller som kan begransa dess anvandning som sekundar
ravara. Vetenskapliga artiklar angaende anvandningen av bottenaska fran avfallsférbranningsverk som
sekundar ravara och alternativa behandlingar for askan har ocksa betraktats.

I den experimentella delen av denna avhandling undersoktes tiosulfatslésningars lamplighet som
lakningsmedel for mdnsterkort och aska fran avfallsforbranningsverk, dar utdver utfordes lakning av
maonsterkort med kungsvatten. Guld ar den intressantaste metallen da den utgor 73 % av det monetéra i
monsterkorten. Tiosulfat &r en av de mest lovande erséttarna for cyanid inom den hydrometallurgiska
guldindustrin. Tiosulfatlosningar bestaende av 0,1-0,2 M Na,S,03, 0,01-0,05 M CuSQy4, 0,2 M NHs och
0,2 M NazSO; undersoktes mellan temperaturerna 30-50 °C med en roterande skivelektrod.
Tiosulfatlosningen innehallande 0.02 M CuSO;4 och 0.1 M Na,S;0s vid 30 °C majliggjorde den hdgsta
guldlakningshastigheten pa 0.0265 mg/h. Utdver detta utfordes reaktorlakning av guld och andra
metaller ur  krossade mansterkort, pyrolyserade  monsterkort och  bottenaska  fran
avfallsforbranningsverk. Monsterkort pyrolyserades vid 500 °C.

En lyckad pyrolys av monsterkort vid 500 °C resulterade i en 23 procents viktminskning av
monsterkorten. Den storsta utvinningen av guld och koppar fran krossade och pyrolyserade monsterkort
var 12 % respektive 17 %. Med 32 % kungsvatten utvanns allt koppar och silver, samt 50 % av guldet
ur de krossade monsterkorten. Med tiosulfatldsningarna utvanns varken koppar, guld, zink eller bly ur
bottenaska fran avfallsférbranningsverk.



