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Abstract

The hydrometallurgical route for tin and copperosesry from printed circuit boards (PCB) after
pyrolytic treatment was studied in this work. Thactions of crushed PCB of -8 +0, -8 +3, -3 +0
mm were used for leaching experiments, before athvthe samples were submitted to pyrolytic
pretreatment at 300, 500, 700 and 900 °C for 156@0ninutes.

The leaching experiments were realized in 1M sofutdf HCI at 80 °C. The samples with and
without pyrolysis were introduced to leaching.

The sample mass losses after pyrolysis were frono BD % depending on temperature of pyroly-
sis. The increasing of pyrolysis temperature ineesaan extraction of copper and tin leaching. By
leaching of sample without thermal treatment tighést extractions of copper 6 % and of tin 68 %
were achieved, whereas by leaching of pyrolysethbtathe extractions of copper 63 % and tin 98
% were achieved.

Keywords: WEEE, electronic waste, printed circuit boardsppysis, leaching, HCI

Introduction

Electrical and electronic equipments (EEE) belangdily life and at the end of their life cycle be-
come a waste. This material contains lots of vdeugbmponents, so it should not be taken as a
waste, but as a valuable secondary raw materia.réasons, which might play a role in processing
of waste from electrical and electronic equipméW&EE), are followed:

» the amount (in EU: 6.5 — 7.5 millions of tons aegnlg generated annually)

* the metal content (0.1 % Au, 0.2 % Ag, 20 % Ctp &n)
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» the content of substances, which could have hamardbaracter like heavy non — ferrous
metals and plastics

For instance, the gold content in the primary sewary within 2 — 5 g/t, what is hundred times less
than in EEE [1 — 3].

Most of the EEE contains printed circuit boards BBIC Special attention is paid to these PCBs,
because they contain the interesting content oalme®n other hand, their construction causes the
problems in recycling processes.

Electronic waste could be principally processegrpmetallurgical or hydrometallurgical method
or by combination both of them. Pyrometallurgicadgessing in copper smelter plants is the mainly
used method for processing of electronic waste.plastics present in waste cause a problems, be-
cause of their big amount and for formation of mdaas substances during process. Even though,
the thermal processing is one of the most effeatnethod for metals recovery and therefore new
ways, how to optimized and make this process e¥kecare studying and searching. The suitable
methods for this purpose look processes of pytytiatment.

The pyrolysis is a method for thermal degradatiborganic materials without presence of gasify-
ing media like oxygen, air, carbon dioxide and watgpor, etc. The advanced saturated hydrocar-
bons fission during pyrolysis and lower unsaturgtextiucts are created [4]. The nitrogen and argon
are used for generation of inert atmosphere. Thaetions are resulting from the process:

» Solid phase, where the metals are concentrated;
* Tar liquid fraction;
» Gaseous phase, which could contain also the viakdiimetal compounds.

The advantage of pyrolysis is also in possibilityisage of the liquid products in chemical or ener-
getic industry. The metals after pyrolysis staytheir original form, as in the waste, because the
oxidation is depressed.

Two recycling pyrolytic processes are used pregentimely Pyrocom and Haloclean. Pyrocom
process operates at temperature around 700 °Celahérno products are obtained. The first one
contains HCI, HBr, H20, CO, CO2, phenol and theoedcone ceramics, glass and metals. The
gaseous fraction is showered by water; metal duseparated in filter and it is treated in order to
recover metals. Gaseous phase is cooled; advagdedchrbons are removed, so emissions mainly
consist of polluted air [5].

The aim of Haloclean process is to obtain fuel authhalogens and solid residue with metals. Au-
thors [6] used in their experiments batch with eomtof gold 300 g/t and bromine 5 %. They
achieved two times higher concentration of goleraftyrolysis in residue. The used time of whole
process was from 1 — 4 hours and the results ee fractions: HBr, oil without bromine and solid

phase with metals.
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In the work [7], most of the plastics were remoymaolytically, what represents 30 % of mass
sample loss. They achieved suitable batch for copmaverter with lower content of plastics. Crea-
tion of hazardous substances was eliminated.

In the work [8], PCBs were crushed to -4.4 +0.7 amd pyrolysed at temperature 200 °C and 500
°C. The metals stayed in solid residue and haloffens bromine flame retardants went in most to
gaseous product. Gaseous product was cleaned amn,\aatwhich halogens were leached out, what
allowed utilizing tar as a fuel.

Antimony is present in flame retardants as SbB#3s Tompound vaporized during pyrolysis at
temperatures 550 — 850 °C. It hydrolyzed after @cintvith water or CO2 to Sh203 and is caught
on filter.

Printed circuit boards contains large amount ofpespand tin. Hence, the aim of this work is to
study the possibility of copper and tin leachinggapyrolytic treatment of PCBs.

2. Experimental

2.1 Material

Before experiments 73 kg of used printed circudirds were collected. The hazardous parts were
removed manually from PCBs and dressed PCBs washed by using of the hammer crusher. The
representative sample of 2 kg was obtained by aatiorsample divider. This sample was sieved to
fractions -8 +3 and -3 +0 mm. The obtained produstse chemically analyzed by AAS method,
Tab 1.

Table 1: Chemical composition of PCBs

Metal Sn[%] | Cu[%] | Fe[%]

-8+0 mm 5.94 21.3 2.24

fraction |-8+3 mm 1.32 8.62 0.19
-3+0 mm 4.0 14.41 0.37
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2.2 Pyrolysis

The pyrolysis was carried out in the laboratoryaappus the scheme of which is shown in Fig 1.
The crushed printed circuit boards were pyrolyge808 °C, 500 °C, 700 °C and 900 °C for 15, 30
and 60 minutes. The weight of each sample was .5Thg ceramic sample boat was charged with
sample and put into reactor. The nitrogen gas dwmg of inert atmosphere, which is needed for
pyrolysis, was used. Gaseous and liquid produotsited during process, were captured in the con-
densation system, consisting of five rinsing flaskisree of them were empty (safety reason) and
inside of other two the solutions of 0.5M NaOH d@héd5M H,SO, were placed. These solutions
absorbed the soluble substances from gaseous ensssi

o4
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R

Figure 1: The scheme of the laboratory apparatuthéymal treatment

1-tap, 2-volumeter, 3-empty bubbler, 4-laboratanynéice, 5-ceramic boat, 6- thermocouple, 7-
NaOH solution, 8-KHSO, solution

2.3 Leaching

Leaching was realized in the apparatus, schemémhwis shown in Fig 2. Both samples, pyrolysed
and without pyrolysis, were leached in 1M HCI f&01minutes at 80 °C with constant stirring. The
volume of 400 ml leaching solution and sample wemh3g were used in each experiment. The
liquid samples were taken according to given timeedule at 5, 10, 15, 30, 60, 90, 120, 150 and
180 minutes. The samples were analyzed by AAS nidthracopper and tin amount.
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Figure 2: The scheme of the leaching apparatusstirrer engine; 2 — propeller; 3 — leaching pulp;
4 — sampler; 5 — thermometer; 6 — feeder; 7 — vihesgmostat; 8 — crushed PCBs)n

3.1 Pyrolysis

Fig. 3 shows the temperature dependences of samedgt losses after pyrolysis in various
times. It follows from the picture, that procesgetatively fast and duration of pyrolysis has par-
ticularly no influence to amount of vaporizing stayes. The process is relatively slow at 300 °C
because of the fact, that the plastics are mostlyatled above 300 °C. The efficiency of volatility
increased with increasing of temperature. The Hagb#iciency is achieved around 30 %, but it is
apparent, that temperatures around 500 °C anddanmend 15 minutes are sufficient for effective
removal of volatile compounds of PCB, representedtiy by present plastics.
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Figure 3: The temperature dependence of weighesoaler pyrolysis

3.2 Leaching

3.2.1 The copper extraction influenced by pyraysi

Fig 4 shows the kinetic curves of copper leachirmgnf residue after pyrolysis of printed circuit

boards in 1M HCI at different temperatures of pys@d comparing to original sample without ther-
mal treatment. It follows from the graph, that gysts at 300 °C has no significant influence to
increasing of copper dissolution by leaching in pane with sample without thermal treatment. The
increasing of pyrolysis temperature increases #iea&ion of copper into solution. The highest
extraction was achieved at temperature of pyro§8 °C.
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Figure 4. Copper extraction at different pyrolyssnperatures in compare with sample without
thermal treatment

Fig 5 shows the kinetic curves of copper leachifter goyrolysis of two fractions-8 +3 mm, -3 +0
mm) PCBs at 700 °C. It is evident, that pyrolysis pasitive effect on transfer of copper into solu-
tion for both granular fractions. At the same tirtles influence of specific surface was apparent —
the smaller granularity represents bigger surfamethat is why also more copper was transferred
into solution at the same time.
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Figure 5: Kinetic curves of copper leaching fromB3C
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3.2.2 The tin extraction influenced by pyrolysis

Fig 6 shows the kinetic curves of tin leaching fre@Bs residue after pyrolysis in 1M HCI at dif-
ferent temperatures of pyrolysis in compare witmgi@ without thermal treatment. Analogous to
copper, the extraction of tin into solution of timal treated sample at 300 °C was comparable with
extraction of sample without thermal treatment. Ti@easing of pyrolysis temperature increases
the extraction of tin into solution. The optimum &xtraction was achieved at the pyrolysis tem-
perature of 500 °C and further increasing of pysislyemperature was not effective
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Figure 6:Tin extraction at different pyrolysis temperaturegompare with sample without thermal
treatment

Fig. 7 shows kinetic curves of tin leaching in 1NCIHof two different granularity samples3 +3

mmand-3 +0 mm) after pyrolysis and without pyrolysis. It followgom the graph, in contrary to

copper extraction, that pyrolysis has essentialyniluence for tin dissolution. The similar tin-ex

traction is achieved by leaching of samples wititbatmal treatment.
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Figure 7: Tin extraction of different fractions pyrolysis temperature 700 °C

4. Conclusion

In this work the possibility of thermal pretreatrmheh printed circuit boards from used computers by
pyrolysis before hydrometallurgical treatment waslged.

Printed circuit boards are basically composite nwtewhere copper and other components are
mainly covered with plastics, which are mostly idde in inorganic acids. That is why the possi-

bility of plastics removal from required componehyspyrolysis, i.e. to volatilized them at elevated

temperature without present of air was studied.

Pyrolysis at 300 °C has no effect to material beraduring leaching, because lots of plastics
changed above this temperature. The higher temyesabf pyrolysis caused increasing amount of
plastics removal.

The leaching of samples without thermal treatmemifiomed difficult connection between plastics
and copper, because its extraction into solutios araund 6 % in compare with tin, where the ex-
tractions achieved 70 %. Tin is a part of solderd they are applied at the surface of PCBs. This
fact ensures higher probability, that tin will coteecontact with leaching reagent.

During leaching experiments of PCBs with aim toorar copper was find out, that pyrolysis has
positive effect to copper extraction. At temperat@00 °C extractions were similar with samples
without thermal treatment, what confirms the faéloat pyrolysis at this temperature has no influence
to plastics removal. The increasing of pyrolysimperature increases the copper extraction,
whereby in dependence on temperature of pyrolygtrgatment were achieved extractions of cop-
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per into solution from 40 to 80 %. The granulahps also effect on leaching; at smaller grain size
(i.e. larger surface) higher extraction were achiev

Temperature of pyrolysis 300 °C has, similarly msopper case, no influence to tin leaching into
solution. The increasing of pyrolysis temperatureréased also tin extraction. At temperatures
above 500 °C, the increasing of pyrolysis tempeeahas small effect to recovery of tin into solu-
tion. After 3 hours of leaching were achieved titractions into solution around 90 % and the ten-
dency is of curves is progressive. It means thalopgation of leaching time would result in all
dissolution of tin into solution.

The leaching of different granular fractions attezrmal treatment and without thermal treatment of
PCBs did not find out significant effect of pyralygrocess to tin extraction into solution, what
confirm the fact, that practically all tin contathen sample will be in contact with leaching reagen

Acknowledgement

This work was supported by Ministry of Educationtbé Slovak republic under grant MS SR
1/0087/08 and under project APVV-20-013405

5. References

[1] Kristofova D.: Selected Hydrometallurgical Texdtogies For Recycling of Electronic Waste,
Acta Metallurgica Slovaca, 4, Special Issue 1/19%2- 133

[2] Steinmann, H.: Stopp der E-Schrott-Flut, Umweltutz, 12, 2000
[3] EU-RIichtlinie: Kampf den Millbergen A3 Umwelt4, 1/2, 2001, 66-67

[4] Starkbaumova L., Bohlav Z., Zamostny P.: Reaktivita cyklickych a kligkych uhlovodiku pi
pyrolyze. Online on internet: < http://www.chemieligty.cz/docs/full/2006_02_140-147.pdf >
[cit.2007/10/12]

[5] Lehto H., Tohka A., Saeed L., Zevenhoven R.iskgnen K.: Minimising environmental im-

pact and improving synergism between mechanicaltlaeial processing of waste from electrical
and electronic equipment,  Online on internet:txht users.tkk.fi/~rzevenho/Lehto2003.pdf>
[cit.2006/10/22]

[6] Hornung A., Koch W., Seifer H.: Haloclean angdRa — a dual stage pyrolysis plant for recy-
cling weee, Online on internet: <http://www.bsgbaa.com/index/
files/W.%20Koch%20%20%20% 20HALOCLEAN%20&%20PYDRA(fp [cit.2007/11/11]

[7] Antrekowits H., Potesser M.,Sruzina W., Priar Metallurgical recycling of electronic scrap,
Online on internet: <http://www.unileoben.ac.at/midexkverpar/download/Papers/ Metallurgi-
cal%?20recycling%200f%?20electronic%20scrap.pdf & RO07/02/21]

Proceedings of EMC 2009 11



Martina Petranikovd, DuSan Ota Andrea MisSkufova, Tomas Havlik

@

[8] Chiang H., Lin K., Lai M.,Chen T., Ma S.:Pyraig characterictics of integrated circuit boards at
various particles size and temperatures Onlinenternet:<http://www.sciencedirect.com/ sci-
ence/article/B6 TGF-4NBH22K-C/2/5ddbd157 a81bd0diRi@84578b4ec> [cit. 2007/011/05]

[9] Proposal 500PC0347 for a Directive of the Ewap Parliament and of the Council on the re-
striction of the use of certain hazardous substaircelectrical and electronic equipment. Online on
internet:

<http://www.trprint.com/plastics/legislation.nsff{iptthis)/AODO7ED1B73256 A3A004ECE
C9?0OpenDocument>[cit.2006/03/02]

12 Proceedings of EMC 2009



