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Abstract

The purpaze of this retearch is a fremment gff acid mine draingge (AWD)-solution otherwize regarded
a5 @ waste, for recovery of some elements such as Ce, Nd. This oreamment was parformed through the
wse gf sodium hydrocide for nevralizeton of AWD. The tesrs (bench-scale boich experiments) are
oniy g an explaraiory nahwre and, az such, will ot qfford myfficient data fo permit a detriled cost
anafyziz of the recovery methods. The meuraimaton gf AMD war considered between pH-values
beneean 3 and 11 in order fo precipitze Fe, Al, Ce and Ca using sodnm fydroxide. The mindmal
content gf critical metals such @ Ce (335 mgd), Co (1.42 med) and Nd (1.23 mg1) in AMD-rolution
i new chellenge for the choice of an qffective selective mathod for their exraction. Partoulariy,
AMD conditions (Le. low pH, high comcentration gf distohed ifron species) led to maaral
precipitation. The flirated irom based particles ware characterized in thiz work,

Introduoction

Agid mine drainage (AMD) formed by minns activities contain hiph concentration of disselved
heavy metals and solfates, and the pH valkoes can to be as low as 1.5, Therefore AMD with these
characteriztics should not been discharged into public sreams [1]. Thus, assessment of AMD toxicity
has been widely investigated at individual, physiolegical and melecular levels usms varsous test
organisms [1). In AMD systems, nahmal nanoparticles such as amarphous hydroxides, fermbydrites,
and posthife seemed o be formed. which could induce lethal and sublethal toxicity toward aquatic
organisms. If left unireated AMD can contaminate eround and surface water and thereby damagze
ecosvstems and potentially impact human health. Gardic et al. [3] have stodied the newtralization as
the first step n the purification process of AMD in order to produce a shidge. This investigation was
performed using agents such as limestone, lime and sodum hydroxide. An important disadvantage
of these agents is high cost and generation of large vohme of shidge that requires disposal or an
additional treatment such as drying and smelting of slndge Dwue to these facts, metallurgical and
minimg companies are always on the lookout for cheaper and effective precipitation agents for metal
ERiraction

A joint treatment process for ackd mine drainaze (AMDY) using coal fiy ash (CFA) was developed in
Sonth Africa [4] at different CFA/AMD-ratios and pH. electmical conductivity (EC) evohition
monitored over fime In a separate expeniment two AMD sources with differing chemisoy were
treated with the same CFA to evahate the impact of AMD chemistry on the reatment process and
product water quality [4]. Treatment of such waters with fiying ash resulted in no significant removal
of solfates when meated to pH less than 10. Sobsequent teamment of mine water to pH preater than
11 resulted n more than 0 % sulfate remeval Treatment of mine water to pH greater than 11 with
flying ash followed by seeding with gypsum crystals and the addition of amorphous ALOH), resalted
in removal of sulfate o levels about 300 ppm. Two compedng processes were observed to conirol
the evelving pH of process water: dissebaton of basic oxides (Ca0, Mz0) fom CFA led to pH
increase, but a hydrolysis of AMD species such as A", Fe™' Fe''and M led to pH decrease |
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IME, EWTH Aachen University in collaboration with the University of Belgrade in Serbia
mccessfully completed a Eurepean Commiszion fonded research project INTREAT (2004-2006) for
the treatment of industrial wastewater prodoced by sulfide ore mining and metalhorgical activities in
the Copper Minmgz and Smelfing Complex Bor (ETB-BOR). Smilar to ackd mine drainaze the
effluent is characterized by low pH (1.78) due to the content of sulfuric acid; heavy metals such as
Cu, Fe. Ni, Mn. and Zn were precipitated. This waste stream was treated i a cascade line reactor for
seleciive removal of heavy metals [5]. The nfluence of concenration and consumption of sodimm
hydroxide, temperaturz, pH value in each reactar on the degree of metal removal was myvestigated
The removal efficiency for copper. iron and manganess was in excess of #0%. and desmed
satisfactory while the achieved remeoval efficiencies for Zn and Mi were lower at 72.3% and 75.3%
(partially re-disselution of these elements), respectively. Additsonally elecoecoazulation was used in
ordar o improve a precipitation eficiency and decreass the operaton costs [§].

Selective formation of copper nanoparticles fom acid mine drainage (pH=2.57) wing nanoscale
zerovalent iron particles at 0.1 and 2.0 gl was conducted in labomtory conditions [7]. HRTEM__EDS-
analysis confirmed the presence of copper sphencal nanoparticles (68 wit %3). This precipiation mizhe
be highly usefol for the selective upcycling of dissolved Cu in waste water imo high wahe
nanpmaterials, which have a good profective properies and have been employed as hetsrogensous
catalysts for oumerous eovironmental progressions, &g, selective reduction m nifmic oxide,
ouxdation of carbon monoxide and decomposition of mitrogen dioxide

The mam aim of this work is a stody of neumalization of AMD-sobition with sedium hydroxide in
ordar to precipitate rare earth elements such as cenum. An additional aim iz characterization of the
filirated solid residue based on the Ton compounds.

EXFERIMENTAL

Material
The chemical composion of AMD-solution is presented in Table 1 (ICP-0E% Analysis):

Tabie I: Chemical compozition of the AMI-Soiution from South 4frica (Figwre .a)

Species | Al [ Fe [ Mg Ca | Mn | S | Co | Cu|Zn| Cel| N4 |S0&5
Conc,
mepl | 30§ [4200] 474 | 382 | 830 | 475[ 141 078|143 [535] 123 121

As shown in Table 1 the content of valuable critical meals soch as Co, Ce and Nd are very small
(few mullisTams per Liter). The spoofanecns precipiation of iron ok the place duning the Tanspart
and long staying im a bottle. After filmanion the AMD-solution (Figure 1 .a). the solotion was used for
a peutralization.

-_—
Figure 1- g AMD-Saiution and 1 .b. precipitate qiter fiiration
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Characterization of solid residue after fltration (as shewn at Figure 1b) and drying at 110°C was
shown at Fipure 1.

- - SRR o T i
Figure 2. SEM-EDS anajysiz of powder giter fliration fwithout a washing gf powder)

As shown in Figure 2, the presence of iron and exyzen confimmed the iron-compounds in solid residue.
The sulfur and chlorine are remained from an acidic solution, mostly sulfate. The paricles ame
apelomerated, fmegolar form with sizes between 42 and 191 pm-
Nemralizasion behavior of AMD-solution

Weuiralization of an AMD Solution was performed using sodium hydroxide at different pH-valoes
betoreen | and 11 at reom temperatore, in order to stady a precipration of cerium and other elements.

This sategy for removal of Fe, Al and Ca was previously studied in a cascade line reactor using a
wasbewater from an elec molytic plant [4]. The new step is precipiation of ceriom

——Fg —8—3 —8—0C3 (-]

Precipitation efficiency, ®
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1

Figure 3. Precivitation qfficiency during neurralization of AMD-solutien with NaOE
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As shown the best precipmation selectivity for iron was reached at pH-4 (at about 73 %% removal
deeree). This 1= explained by the formation of Fe{0H),. A further increase of the pH-value to § leads
o the precipitaien efficiency of 5 %, more than 95 % can only be reached nsing an oxidation reagent
zuch as Hx0- in order fo oxidize Fe*'to Fa'".

The precipifaden of cemum teok place betwreen pH-valoe of 4 and § m form of sodium cenum sulfate
hydrate (MaCe{50,):-H;0) reaching a precipitation efficiency of about 90 %, as shown with Eqs. (1)

and (2):
H50, + Ma0H — Na30,+ 1 H.0 (1)
Caa( 5000+ Na:50y = 2 Ho0— 2 MaCe(50,): - H:0 @

The oitained sedium cerium sulfate hydrate might be used for winning of this me@l using solvent
exiraction for separation of cerium and an additional weament of obtained cleansd solution using an
ulirasomic spray pyrolysis method, what is innovative and planed in our futare work.

With an increase of pH-vale from 4 to ¢, almmium was removed o form of ANOH)s, as shown
with Eg. 3.

AL{504)+ 6 H20 — 1 ANOH), + 3 H:50, 3

This iz considered and confirmed with an amalyziz of E —pH diagram constracted m FactSage
software. An increase of pH-Value from 1 to & decreases the solubility of aluminium leading to bis

PreCipliaten
A fimther increase of pH-Vale to 11, led to the removal of Calcium in form of calciam sulfate.
ALS-H20, 208 K
log 13,1 = -1 fakrr ms 10
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Figure 4: E-pH diggram fbr A-5-HAD rysiem
Conclusions

Bench scale experiments were performed related to the oeament of AMD-sohmion 5 pontaneous
precipitation of iron took place before the Sltration and neumalization in AMD-sohotion (as shown at
Figure 1.%). An increase of pH-Value to 6 led to the predipitation efficiency of 85 % for iron. A
sipmificant precipifation of cenium appeared as pood remult betwesn pH-valoe of 4 and § with a
precipitaton efficiency of about 90 %5, A further increase of pH-Value to 10 leads to the precipitation
efficiency for aluminiom and calcium, what was our target.
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A fisrare step is the use of a combined solvent exmraction and precipitation in erder to produce one
pregnant leaching sehition based en cerimm The obtained solution must be forther reated aiming on
metal recovery. A visional aim is the synthesis of sub-pm'nanosized pardcles of cermm ergide from
mn uwlira-cleaned soluton e.g. using ulfrasomic spry pyrelysis.
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