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Abstract

There are many valuable metals hidden inside printed circuit boards (PCBs for short), such as
copper, aluminum, lead, iron, tin, and even noble metals like gold, silver, and platinum. To be exact,
approximately 49% of all metals in PCBs are copper, 21.8% zinc, 11.6% iron, 6.5% nickel, 5.5%
aluminum, 1.9% lead, 1.7% tin, 1.5% silver, 0.5% chromium, 0.1% gold, and less than 0.1%
palladium. As technology advances rapidly, old devices are being discarded, yet only about 17.4%
of all electronic waste was officially recycled in 2019 [1]. This leads us to believe that roughly 82.6%
of all electronic waste was left untreated. This also includes PCBs, which (depending on the
production year and manufacturer) can contain approximately 340 g of gold, 3.5 kg of silver, 140 g
of palladium, and 130 kg of copper per ton of PCBs [2]. These numbers quickly add up, and many of
the lost metals can heavily pollute the environment — including soil and water — if not properly
treated. One of the ways to treat and extract these metals is by using hydrometallurgy (metal
extraction using aqueous solutions) [3]. It is still widely used to extract various metals, either
selectively or broadly. The entire process consists of three main stages: selective leaching, solution
purification, and recovery of specific elements (usually via precipitation). In this study, we focus on
extracting metals from waste using different acids and reagents. We decided to test traditional
methods (such as Aqua Regia and Piranha Solution) and compare them to less commonly used
alternatives (such as thiosulfate and salt solutions). Aqua Regia usually consists of 3 parts
concentrated HCI and 1 part concentrated HNOs. It is capable of dissolving noble metals like gold
and silver. Piranha solution consists of 3 parts concentrated H>SO+ and 1 part H:O:. Other less
common methods used in this work include: Salt solution, consisting of 10 parts saturated NacCl
solution, 1 part concentrated HCI, and 2 parts concentrated H:O:.

Key words: hydrometallurgy, PCB, noble metal extraction, metal extraction, aqua regia, salt
solution, electronical waste treatment.

We have decided to use old mobile phone shredded PCB’s and 4 different reaction types: Aqua
Regia with 0.09 — 0.18 mm fraction, and other 5 reactions with 0.72 — 1.6 mm fraction (Aqua Regia,
Piranha solution, Salt solution). Also, we were changing the circumstances of the reactions: different
time intervals (10, 30, 60, 120 minutes), different temperature intervals (50 °C and 70 °C) and
ultrasonic sound usage to test, whether that will improve or decrease the extraction. The solutions
then diluted, filtrated and ICP tests were conducted. For every reaction we took approximately 2.00g
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of PCB’s 1 reaction was hold 10 min at room temperature, 2 reaction 30 min at room temperature, 3
reaction 60 min at r.t. and 4 reaction 120 min r.t., 5 reaction was conducted at 50 °C for 60 min , 6
reaction was conducted at 70 °C for 60 min. 7 reaction was conducted at room temperature, 60 mins
with bigger volume of reagents (twice as big), 8 reaction was conducted at 60 °C, 60 mins with
ultrasonic sound with bigger volume of reagents (twice as big) and 9 reaction was conducted at 60 °C
without ultrasonic sound with bigger volume of reagents (twice as big). Based form figure 1, the
copper extraction was better at higher temperatures, although the longer we held the solution, the
bigger the tin concentration was. The ultrasonic sound, again, seemed to not improve extraction. The
silver was barely present in the results, since it sedimented as AgCI.
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Fig. 1. Aqua Regia reaction results with 0.72 — 1.6 mm fraction PCB’s
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Fig. 2. Piranha solution results with 0.72 — 1.6 mm fraction PCB’s

Using the Piranha solution, it was visible, that the solution started dissolving organic material,
since thick “goo” got stuck on glassware during the reaction. However, Piranha solution got better
gold leaching results than Aqua Regia, based on these results. Here we can also monitor, that
extending reaction time doesn’t add big significance. However this time, we got some better results
using ultrasonic sound.
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Fig. 3. Salty solution results with 0.72 — 1.6 mm fraction PCB’s

Based on figure 3, we can see, that the copper concentration was increased heavily, this time,
ultrasound usage was effective, but not as effective as just increasing volume of reagents. For better
other element insight, theres figure 5, providing better view of other elements.
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Fig. 4. Salty solution results with 0.72 — 1.6 fraction PCB’s (without Cu)

Based on figure 4, we can see, that heat only improved lead extraction by a little bit. The solutions
got cloudy, which could indicate, that some elements created non soluble salts. Our guess would be
that most of the gold and silver are there (Although with the help of ultrasonic sound we managed to
get some fractions of silver in the solution).
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Fig. 5. Thiosulphate reaction results with 0.72 — 1.6 mm fraction PCB’s

As seen in Figure 5, silver concentration is the biggest amongst all the other reractions above.
However, other metal concentrations are low or even non existant, which means that thiosulphate
could be used exclusively for silver leaching.

Recomendations for further studies about these reactions would be: find out more about the
sediments, that occur during the salty solution reaction (what do they consist out of) as well as study,
how to retrieve the metals after leaching them (either chemically or physicaly).
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AHoTanis

Ycepeauni qpykoBanux miat (ckopoueHo PCB) mpuxoBaHo 0araro IiHHUX METaJiB, TAKUX SIK MiJlb,
aJIIOMiHIHM, CBUHEIb, 31130, OJIOBO, a TAKOXK JIOPOTOIIHHI METalli — 30JI0TO, Cpi0JI0 Ta TuIaThHA. Ko
OyTH TOYHUMU, TpUOIN3HO 49% yciX MeTaniB y APYKOBAaHMX IUIaTaX CTAHOBUTH Mifb, 21,8% — nuHK,
11,6% — 3ami3o, 6,5% — HiKeNb, 5,5% — amoMiHil, 1,9% — cBunens, 1,7% — onoso, 1,5% — cpidio,
0,5% — xpom, 0,1% — 30moTto, 1 Mmenmre Hix 0,1% — manamiid. 31 CTPIMKAM PO3BUTKOM TEXHOJOTIH
CTapi MpHUCTPOI MAacOBO BUBOJATHCS 3 €KCIUTyaTallii, ogHak jume O0mu3bko 17,4% ycix eneKkTpoHHHX
BimxoaiB Oyyio odiriiiHo mepepodsieno (mani 2019 p.) Lle mae miacTaBu MPHUITYCKATH, IO MPUOIUZHO
82,6% eNeKTPOHHUX BiJIXO/IiB 3AJIMINAIOTHCS HeOOpoOIeHnMH. J[0 HUX HaJeKaTh 1 IPyKOBaHi MJIaTH, 110,
3aJIe’KHO BiJI pOKY BUPOOHHIITBA Ta BUPOOHHKA, MOKYTh MiCTUTH Ipubiu3Ho 340 r 30110Ta, 3,5 Kr cpibdia,
140 r mananito Ta 130 Kr mial Ha OJHY TOHHY CUPOBHHHU. Taki KUIBKOCTI HIBUJKO HAKONUYYIOThCS, 1y
BUIIAJIKy BIJICYTHOCTI HaJIe)KHOI YyTHJI3alii IUIAT, JesKi 13 BKa3aHUX MeETalliB MOXYTh CepiHo3HO
3a0py/IHIOBAaTH JOBKULIS — 30KpeMa IpyHT 1 Boxy. OJHUM 31 crOCOOIB BUIYyYEHHS IIMX METaliB €
rigpomeTtanypris (TOOTO BHITydeHHS METaIIB 3a JOIMTOMOTOI0 BOJHUX po3unHiB). L{eit MeTox moci mumpoko
BHKOPHCTOBYETHCS JIUISl BUIOOYBAaHHS Pi3HOMaHITHHX METaJIiB — SIK BUOIPKOBO, TaK 1 KOMIUIEKCHO. Y BECh
npoIiec BKIIOYa€e TPH OCHOBHI €TamlM: CEJIEKTUBHE BUIYTOBYBAaHHS, OUMINEHHS PO3UMHY Ta OCAHKECHHS
OKpEMUX €JIEMEHTIB (5K MPAaBUJIO, IUISIXOM OCA/DKEHHS). Y IbOMY JOCHIHKEHHI MH 30CepeKyeEMOCh Ha
BHJIyYEHHI METAJIIB 13 BIIXO/IIB 32 TOTIOMOTOI0 Pi3HUX KHUCJIOT 1 peareHTiB. My BUPIIININ POTECTyBATH
TpaauIiiHI METOaM (Taki sIK «Ilapchka BOJKa» Ta «po3uuH IlipaHbs») Ta MOPIBHATH iX 13 MEHII
MOIIMPEHUMH aJbTepPHATUBAMU (TAKUMHU SIK TIOCYJIb(AT Ta cONbOBI po3urHu). Llapcbka Boska 3a3BUyait
cknanaetses 3 3 yactuH KoHueHTpoBaHoi HCl ta 1 wactunm konuentpoBanoi HNOs. Bona 3gatna
PO3YMHSATH JIOPOTOIIHHI METalld, 30KpeMa 30JI0TO Ta cpibdio. Pozuun [lipanps cknamaerbes 3 3 yacTUH
koH1eHTpoBaHoi H>SO4 ta 1 wactunu H2O.. I, MeHII nomwMpeHi METOAM, BUKOPHCTaHI B LIbOMY
JIOCITIKeHH1, BKJIIOUAIOTh COJBOBHUI pO34MH, 110 CKianaeThes 3 10 yactun HacuueHoro pozunny NaCl,
1 yactunu koHuentpoBanoi HCI ta 2 yactun koHueHTpoBanoi H20:.

KuarwuoBi cioBa: rizpomeranypris, ApyKOBaHa IUlaTta, BUAOOYBaHHS OJIarOPOJHUX METAlliB,
BU100yBaHHS METaJIiB, HAPChKa BOJKA, COILOBHI PO3YHH, TEpepoOKa eIeKTPOHHUX BiAXO/IIB.
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