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ABSTRACT

This paper concerns the recovery of zinc from fly ashes generated by
incineration plant of automobile tire wastes. The recovery is obtained by
two extraction steps with a pH-controlled ammonia chloride solution. The
ashes contain about 51% wt of zinc, 1% wt of iron and aluminium and small
quantities (less than 0.1% wt) of cobalt, copper and lead. Various factors
affect the performance and efficiency of leaching: temperature, concentration,
pH and time were studied using a factorial experimental design. After two
stepswith ammonium chloride 3mol/L, L/S=6 ml/g, pH 5.4+0.1 and T=72+3°C
the leaching liquor has been purified in a simple step by cementation with
metallic zinc powder without activation. Traces of Pb, As, Sh, Se, Mo, Ni
have been cleared by cementation with zinc. The fly ash and residue
composition was determined by X-ray and its elemental composition by
ICP-OES and IC. The obtained results show that recovery efficiency
amounts to 98% wt for zinc; the concentration of zinc in the leach liquors
reaches morethan 45 g/L. while most of theiron isnot leached. The purified
solution containing zinc allows the direct recovery of high grade zinc by
electro-deposition. © 2008 Trade Sciencelnc. - INDIA
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INTRODUCTION

Theabsolute prohibition of disposingtiresinany
form, dso grinded , in dumping siteshascomeinforce
in Italy beginning from July 2006 following the most
recent European legid ation. Theaccomplishing of this
regulation will involve an increase of the activities
concerningthetiredisposal: retread activities, energy
and material recovery, pyrolysis etc. According to

ETRA (European TyreRecycling Association) deta, the
percent of tires disposed in dumping decreased from
62% in 1992 down to 26.4% in 2003. The share
destined to energy recovery, on the contrary, increased
from 14% upto 24.4%inthesameperiod™. Theresults
obtained by incinerating thetiresinthe modern, high
technological plantsshow that ispossibleto comply
with both economical (energy and material recovery)
and ecologica (low emissions) requirements. It can be
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interesting to eva uatethe possibility to recover useful
materials from the by-products formed during the
incineration process. Inthetire production different
metallic additivesare employed, themain of whichis
thezincoxide. Besdesthetirecontainssma ler quantities
of iron, aluminium, copper, and traces of manganese,
lead, titaniumi3. All these metalsare concentrated in
thefly ashes captured by dry-bag filterspresent inthe
fumetreatment of the plant’®. Thepercent of zinc oxide
that can be present in the fly ashes can reach 65%.
Focussing the attention on Zinc, it isevident that the
recovery of it from the fly ashes produced by tire
incineration alowsto obtainamateria very utilized and
therefore easily marketable and, at the sametime, a
reduction of theamount of fly ashesthat onemust get
rid of . Various|eaching solutions can be used for the
dissolution of zinc*567.131415181: in this paper thezinc
wasrecovered by hydrometallurgical processusinga
solution of anmonium-chloride.

MATERIALSAND METHODS

Sampleand analysisof fly ash

A representative sampleof fly ashes, obtained from
adry-bagfilterinfume-deaning sectionintheincineraion
plant of automobiletirewasteshasbeenutilizedinthis
study. It wasa 3 Kg homogeneousash sampleobtained
from atiresample of 20K g. Thisash sample contained
ahigh percentageof zinc oxide (~65%wt) and conssted
of agrey finelhygrascopic powder; dl sub sampleswere
dried at 105°C for 24h before use. The metal content
of the ashes and their residues were determined by
dissolving 0.5g of thesamplein amixtureof ultrapure
acidsformed by HNO, (8 ml), HCI (2ml), HF (4 ml)
by focussed microwavedigestion (FKV mod. Ethos
plus) and measuring the metal concentration (Zn, Fe,
Al, Cu, Pb, Co, Sh, Sn, Mn, Cr, Cd, As, Ni, Be, HQ)
by inductively coupled plasma atomic emission
spectrometry (ICP-OES TJA Atomscan 25, Perkin
Elmer mod. OPTIMA 2000 DV,AMA 254 A A. for
Hg), after dilution and acidification (HNO,); the
inorganic species (Ca, Mg, chloride and sulphate) of
the ashesweredissolved with HNO, (8 ml) and their
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concentrationswere measured by ioni c chromatography
(IC, DIONEX mod. DX-120), while C,N,H,Swere
measured by elemental analyzer(EA 1110 CE
Instruments). The measurementswere carried out in
triplicaterunsindl experiments. Theleached wasfiltered
using amembranefilter (glass-fibre Whatman GF/C);
filtrateswereanayzed by ICP-OES and IC. Theash
samples and the residue were analysed by X-ray
diffraction analyss(usng XRD, Rigeku with Cutarget
-12 kW Power-Debye-Sherrer geometry).

Equipment

Serial batch tests were performed putting 5g of
sampleand 30ml of leaching solution (liquid/solid ratio
L/S=6 ml/g) ina150ml glassbottle. The solutionwas
stirred (40r.p.m.) and heated; pH wasmeasured witha
portable apparatus (WTW) after calibration. The
solutionwasfiltered through aWhatman fibre glassfilter
and thefilter cakewaswashed with small quantities of
water (L/S~5) and dried at 105°C for 6h.

Purification of theleached solutions

Cementation is used for hydrometallurgy zinc
solutionspurification fromeasily reduciblemetals:
n/2Zn+Me*=Me+n/2Zn* (Me=Co, Pb, Cd, Cu,Ag....)

Therateand efficiency of thisprocessdependson
various factors; the use of surfactants and chemical
activatorsincreasesthe cementation processefficiency!®.
Inthis paper the effect of thisfactorswasnot studied;
cementationwasconductedinonestepwithout ectivation
agentsor surfactantsaddition. It was performed using
24g/K g fly ash of 100 mesh, 99.998% powder zinc at
pH~5.5 and a atemperature 65°C for 20 minutes.

RESULTSAND DISCUSSION

Therecovery of each element isexpressed aswt
% =waeight of recovered d ement /weight of thet e ement
infly ash*100.

Chemical composition of ashes

Thefly ash chemical composition, determined as
described in paragraph 2.1, isreported in TABLE 1
andTABLE2:

TABLE 1: Chemical composition of fly ash (metals)

Cu Pb
0.12 0.085

Element Zn Fe Al
[wt%] 517 0.84 0.58

Co
0.08

Sb Sn
0.02 0.011

Mn
0.01

Cr,Cd,As
<<0.005

Ni,Be,Hg
<<0.0008
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TABLE 2: Chemical composition of fly ash (elementsand
inorganics)

Element Ca Mg S Sulphate Chloride S C H
[wt.%] 2.10.3 105 10.7 04 41071014

Effectsof different parameter sinvestigates

The quantity of zinc extracted depends on
temperature, pH and concentration.

Effect of temperatureand NH,Cl concentration

Theeffect of temperatureand NH,CI concentration
isshowninfigurelat thepH 6.4 of minimum recovery
(seelater on)
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Temperatureinfluencesappreciably therecovery
only at higher NH,Cl concentration. Optimum
temperatureisbetween 65 and 85°C. At T=25°C the
recovery ismaximum for NH,Cl =3 M asshownin
figure2:

Effect of pH on therecovery of metals

The pH isthe most important variable for metal
solubilisation and recovery inthe pH range4.5-9. Asit
can beseeninfigure 3, recoveryishigher at low and
high pH valuesfor all metals except lead, and has a
minimum at pH 6.5 for theothersthreemetals. Metals
arepresent infly-ashesunder different chemica species
with different tendency to form ammoniacal and
chloroammoniacal complexes. Leaching with
ammonium chloridetheoxidesof Zn, Pb, Cu, Co pass
into solution while zinc ferrite and silicates remain
insoluble

Purification by cementation

Compositions of the original and purified leach
liquorsisreportedin TABLE 3.

L eaching with acid and alkaline solution of
ammoniumchloride

INTABLES4 and 5 theresultsof Zn, CuPband
Corecoveryinacidand akainesolutionof NH,Cl are
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=M etal Recovery, %wt (T=77+5°C, 60min, L/S=6 ml/g,
NH,CI ,mol/L)

TABLE 3: Compostion of liquors

Concentration of eements (mg/L)

L each liquor Zn Fe Co Mn Pb Cu As SbSeMoNi S Al Ca Mg Br SO/
Original 43800 05 38 33 15 64 - 89 - - - - -
Purified 44900 02 24 2 <01 33 <01 30 45 1010 27 495 7730

*= LoD (Limit of detection of element)
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TABLE 4: Recovery of metalsin NH ,Cl acid solution

Recovery Recovery Recovery Recovery
Samp. T - pH o ofcu ofPb of Co

(e}
no. #2°0) 0.2 oty o wt) (% w) (% wi)
1 58 508 430 396 474 115
2 62 555 650 470 460 150
3 63 666 390 383 436 105
4 63 560 673 484 483 163
5 63 666 390 383 436 105
6 71 58 480 403 465 120
7 72 475 848 617 609 275
7 73 700 545 449 396 123
8§ 73 700 545 449 396 123
9O 8 656 462 339 322 99
10 9 598 457 403 545 115

TABLE 5: Recovery of metalsin NH,Cl alkalinesolution
Recovery Recovery Recovery Recovery

Samp. T pH

o of Zn of Cu of Pb of Co
no. (+2°C) (x0.2) (Bwt) Cowt) (bw) (% w)
1 40 9,10 86,8 62,5 2,7 19,8
2 42 7,84 58,0 48,1 14,2 12,9
3 45 7,23 445 40,5 34,9 10,4
4 62 6,22 29,0 56,5 13,8 16,6
5 63 791 77,9 56,5 13,9 16,6
6 63 7,99 81,6 57,9 13,5 16,7
7 64 7,90 77,4 58,4 14,1 17,4
8 64 7,96 82,9 58,8 12,8 17,4
9 64 9,38 90,4 63,3 3,0 21,3
10 82 7,24 62,4 50,8 34,1 13,8
11 82 8,74 88,7 60,5 2,9 20,9
12 83 810 90,7 61,5 25 19,3
response surface of Zinc recovery in acid NH4CI
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Figure4: Effect of pH and temper atur ein acid solution

reported.

Thetemperature and pH valuesform atwo factor
central composite design on thebase of which response
curves can be obtained. The model consider the
variables, their squares and the interaction between
them. Recovery surfaceandisorecovery linesfor Znin
acid and alkaline solution arereported in figures4-7.
Znrecoveryispracticaly tota for temperature80-90°C
at pH 4.5-5 or for temperature 60-70°C at pH 9.5-
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Zn Recovery percent level curves:
L eaching with acid NH,ClI
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10. In both cases the recovery of Copper is 70-80%
while lead and cobalt recovery is no more than 20-
25%. Lead can beextracted in acid solution (pH<4 at
temperature 80-90°C).

Experimental flow chart

A flow chart of Znrecovery processinacid NH,Cl
solutionisproposedinfigure8:

L eaching solution and residue composition
Theresduecomposition after two leaching stepsis
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reportedinTABLEG6:

X-ray diffraction of fly ash and residue

The X-Ray spectrum of the original ashand of the
TABLE 6: Chemical compodtion of residue

ESAIJ, 3(2) April 2008

leaching arereported in figures9 and 10 respectively.
Intheinitial ash Znispresent asZincite. Other present
compoundsarequartz, slicaand anidride. Intheresidue

Element Si Zn Fe Al Co Pb Cu Ca Mg C S H N
[wt.%] 75 8.4 4.2 4 044 02 017 14.6 35 13 0.44 0.14 0.14
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Figure8: Flow sheet for zincrecovery
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Figure9: X-ray pattern of fly ash beforetreatment (=
zincoxide, v =silicon oxide)
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Znispresent asZinc ferrite. A remarkabl e quantity of
Silicaisalso present.

CONCLUSIONS

Theinitid composition of thetirecombustion ashes
is characterized by high Zn quantity and very low
percent of other toxic metals. From the ashes was
possibleto recover 98% of Znreducingtheashto 15%
of theoriginal weight. After two leaching stepsat acid
controlled pH the solution contains~45g/| of Zn, few
tenth of ppm of some metalsand tracesof Mn, Fe, Pb,
Cu, As, Sb, Se, Mo, Ni. From this solution Zn can be
separated using electrolysisin cellswithout chlorine
(11 production or alternatively precipitatingit asZn
hydroxide. According to the chemical composition of
theresidual (TABLE 6) detoxification and solid waste
disposal ispossible; the zinc-ferriteintheresidueis
difficult toremoveby further leeching. Alternatively itis
possible to inactive and reduce the volume of the
residuals by chemical stabilization using the WES-
PHix®, ISWA 2003 process*?. Accordingtotheresults
described in this paper the implement of a hydro
metallurgic process aimed to Zn recovery from tire
incineration ashes representsasuitable solution both
from theeconomica and environmental point of view.
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