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Uvod

Ustav recyklaénych technologii na Fakulte materialov, metalurgie a recyklacie
Technickej univerzity v Kosiciach riesi problematiku spracovania a recyklacie
odpadov s cielom materidlovej recyklacie jednotlivych zloziek v zmysle platnosti
zékona NR SR €. 79/2015 Z.z. o odpadoch a strategickych eurdpskych dokumentov
v oblasti kritickych materialov a kritickych kovov.

Pozornost’ sa zameriava najmé na odpady pochadzajuce z priemyselnej sféry,
ako su stery a trosky z vyroby hlinika, zinku a inych nezeleznych kovov,
ulety z vyroby zeleza a ocele, tlety z pretavovania medi a pod..

Pre vyskum a vyvoj novych optimalnych technologii pre spracovanie odpadov
je potrebna spolupraca medzi vyskumnymi inStiticiami a priemyselnymi partnermi.
Prikladom takejto spoluprace je aj Laboratorium spracovania priemyselnych
odpadov (LSPO), ktoré vzniklo v spolupraci s Ustavom recyklaénych technologii
a ZP Vyskumno-vyvojovym centrom s.r.o., Podbrezova.

V sucasnosti je tato spolupraca zamerana na vyvoj komplexnej technologie
pre spracovanie oceliarenskych uletov.

Problematika recyklacie priemyselnych odpadov s obsahom zinku, olova a cinu
je aj napliiou vyskumného projektu, ktory je podporovany Agentirou na podporu
vyskumu a vyvoja na zaklade Zmluvy ¢. APVV-14-0591 a v st¢asnosti sa hachadza
v tretom roku rieSenia.

Hlavnym poslanim 3. ro¢nika odborného seminara “Materidlovd recykldcia
priemyselnych odpadov” je vymena informacii a sktsenosti ziskanych v priebehu
rieSenia  Ciastkovych loh tychto projektov realizovanych medzi oboma
pracoviskami.

Organizatori tak pokracuju v tradicii zapocatej medzi oboma inStitiiciami
a pevne veria, ze sa bude kazdoro¢ne rozvijat’ a prehlbovat’.

Hlavnym poslanim tohtoro¢ného seminara je priebeh a stav vyvoja technoldgie
pre spracovanie oceliarenskych uletov, problematika recyklacie priemyselnych
odpadov s obsahom zinku, olova a cinu, vyvoj chemickych analytickych metod
pre materialova analyzu odpadov a v neposlednom rade aj priebeh problematiky
vzniku odpadovej vody z hydrometalurgického spracovania EOP tletu a moznosti
jej Cistenia.

Martina Laubertova, Maria HeZelova

¢lenovia organizacného vyboru
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TERMODYNAMICKE MODELOVANIE MECHANIZMU RECYKLACNEHO PROCESU
SEKUNDARNYCH MATERIALOV NA BAZE OLOVA

THERMODYNAMIC MODELING OF SECONDARY LEAD MATERIALS RECYCLING PROCESS
MECHANISM
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Abstrakt

Prispevok je venovany termodynamickej analyze recyklacie sekundarnych
materialov na baze olova v rotaénej peci pyrometalurgickou metodou.
Termodynamické tidaje boli urc¢ené pouzitim Outokumpu HSC Chemistry softwaru,
verzie 8.0. Termodynamické parametre procesu, enthalpia (AH), entropia (AS)
a zmena Gibbsovej energie (AG) pre kazdu z reakcii boli vypocitané ako funkcia
teploty. Zostrojeny bol fazovy diagram v podmienkach kons$tantného parcidlneho
tlaku kyslika. Uvazovana bola teplota v rozsahu 50 az 1450°C. Na zaklade
modelovania procesu recyklacie sekundarneho olova, bola uréena optiméalna teplota
a tiez mechanizmus spracovania.

Kracové slova: olovo, termodynamicka analyza, rotacna pec

Abstract

This paper presents a thermodynamic analysis of secondary lead materials recycling
process mechanism in rotary furnace by pyrometallurgical method. Thermodynamic
data were determinate using Outokumpu HSC Chemistry software modeling
package 8.0. The thermodynamic parameters of the process, enthalpy (AH), entropy
(AS) and Gibbs energy (AG), for each of reactions were -calculated
as a function of temperature. Also the phase stability diagram for constant partial
pressure of oxygen was constructed. The temperature range that was considered
is 50 to 1450°C. On the basis of presented process modeling of secondary lead
recycling, optimal temperature and mechanism of process were defined.
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Introduction

As global population is expected continuesly to grow, and countries become
more developed, there is no doubt that demand for metal such as lead will grow.
Considering that the primary sources of metals are almost exhausted, secondary
sources are becoming increasingly important. Therefore, recycling of utilized
materials containing lead is used in order to conserve natural resources. Overall,
the secondary lead has already became the major source of global lead supply,
and today lead is produced more by recycling than is mined [1].

The major source of raw materials for lead worlwide recycling are lead-acid
batteries from motor vehicles, but also they are the main consumer of lead materials
[2]. Furthermore, lead acid batteries are highly recyclable consumer product
and lead can be recycled during the process with a low energy input to the processes,
while lead emissions are maintained within the low limits required by environmental
regulations. These indicates that lead-acid battery recycling is important
not only for the recovery of lead but also for efficient waste management in a bid
attempt to eliminate hazardous environmental impact [3,4]. According to statistics
gathered, the trend of waste lead-acid batteries recycling is shown on Fig. 1.

s [ ead recycling Lead consumption
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Fig. 1: The trend in the world‘s lead-acid battery recycling [1]

The thermodynamics of lead production from primary resources have long been
established, but secondary smelters are facing different challenges [5].

In this paper, thermodynamics of processes of lead-acid battery recycling
by pyrometallurgical method was examined towards process optimization by using
thermodynamic software. Using thermodynamic modelling techniques a diagram
of phase stability and AG-T dependency diagram were constructed.
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1 Process modeling

The thermodynamic software Outokumpu HSC 8.0 was used for thermodynamic
calculations of lead-acid batteries waste melting. This software is specialy applied
in pyrometallurgical processes for multiphase and multicomponent systems such
as investigated system [6].

1.1 Materials
The considered starting material is:
- 10 ton battery scrap with plastics, consisting of 33% Pb(Sb), 39% PbSQ,,
18% PbhCO3 6% H,SO,4 (30 wt%) and 4% the rest.
- The 400 kg Na,COs, 330 kg Fe and 540 kg C is added.
Following the assumption of charge material composition for recycling process
following chemical reaction were considered:

PbCO3+C= Pb+CO(g)+CO,(g) QD
PbSO,+Fe+C=CO,+FeS+Pb (2)
Na,COz+FeS+C=Na,S+Fe+CO(g)+CO(g) (3)
C+0,(g) =COx(9) 4
2C+0,(g) = 2CO(9) (5)
2C+CO,(g)=2CO(g) (6)

Using thermodynamic software HSC 8.0 a phase stability diagram
for the Pb- O- C system for constant partial pressure of oxygen was constructed.

0~

PhCO,

* PO PHCO,
PHO(R)
3%
40/
b 400 00 80 o 1200 o
Constast vadua pO2{g) = 1E-20 bar TI'C

Fig. 2: Tpp phase stability diagram for Pb-O-C system for constant partial
pressure of oxygen

13



Materialova recyklacia priemyselnych odpadov, 20.-21.03. 2018, Tale,
Horna Lehota, Slovensko

In Fig. 2 phase stability diagram show that in reductive conditions, stability areas
of liquid lead is predominance. By adjustment of process parameters, lead could
be formed at temperatures above 500°C for pure substances, but in real conditions
there are other charge constituents that have influence on these values as can be seen
in following analysis.

Fig. 3 shows AG-T diagram obtained by calculations in thermodynamic software
based on reactions proposed in this work. The temperature range that was
considered is 50 to 1450°C.

300 4
200
100

0

—e— Reaction no 1
-100 —=— Reaction no 2

-200 Reaction no 3

AG® [ kJ
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-300
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-400

=500 1 »\‘\-\-\.
-600 +—— — — — . - :

50 250 450 650 850 1050 1250 1450
Temperature / °C

Reaction no 6

Fig. 3 Gibbs free energy diagram of the main reactions during recycling process

On the basis of temperature dependencies of the AG for given reactions, possible
mechanism of recycling process was determined.

2 Results and discussion

The reduction of lead scrap into metallic lead requires the addition of carbon
and iron as reducing agents. When the system reaches a temperature of 1150°C
conditions become suitable for liquid metal forming and direct reduction present
majority in process mechanism. The slag is initially composed of mainly iron sulfide
but with increasing reduction conditions, formation of the metallic Fe is occurred.

First PbSO, reacts with metallic Fe and C forming FeS, carbon gas (CO,)
and metallic Pb. Then PbCO; reacts with C, resulting in the formation of metallic
Pb and carbon gases (CO, CO,). After these reactions occurred, the conditions
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are suitable for the Na,CO; react with FeS and reducing agent, carbon, to form
sodium sulfide, metallic Fe and carbon gases (CO and CO5).

Conclusion

The thermodynamics of lead recycling have been studied in this work. A key
issue was the understanding of the chemistry and stability of different phase
at defined temperatures. The thermodynamic calculations for the considered
reactions were performed. Obtained calculation results have been used to construct
AG-T dependency diagram and phase stability diagram for typical Pb recycling
processes. The thermodynamic HSC software proved to be corresponding
for analyzing a multicomponent multiphase system such as lead-acid batteries waste.
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