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Abstract.

Because of their strong mechanical, chemical, and thermal resilience, ceramic
membrane filters made of industrial by-products can be viewed as a valuable
substitute for phosphate mine tailings. This is especially true if the ceramic
membranes are employed in the treatment of industrial wastewater. This method's
ability to depollute textile industry rejects hasn't been thoroughly investigated
before. In this project, phosphate mine tailings (phosphate sludge) and natural clay
were used to create ceramic membrane filters. The aforementioned materials were
blended with sawdust, up to 20 weight percent, as a pore-forming agent, and the
results were examined in the 900-1100 °C range by means of thermal analysis, X-
ray diffraction, scanning electron microscopy, and mercury porosimetry. The
relationship between firing temperature and sawdust addition was seen in the
ceramic characteristics. Tests of filtration were performed on samples that had
favorable characteristics. The findings demonstrated that calcium phosphate
originated from partial fluorapatite decomposition, whereas gehlenite and diopside
were generated from carbonates that were broken down by lime and clay mineral
breakdown products. Fluorapatite and quartz both resisted heat. The experimental
design results demonstrated that the polynomial model provided a good description
of the differences in physical attributes versus processing parameters. The
fascinating filtration results make these membranes suitable for application in the
treatment of industrial wastewater. Phosphate mine tailings are often considered
waste materials with limited reuse potential. However, this study explores their
application in the production of membrane filters, which are essential for various
filtration processes. This paper discusses the materials and techniques used to
evaluate the microstructure of phosphate mine tailings and their appropriateness for
filtration applications.
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AHHOTaALMA.

KCp&MH‘ICCKHG M€M6paHHBI€ q)HJIBTpBI, HU3TOTOBJICHHBIC U3 IIPOMBIIIJICHHBIX

MOOOYHBIX MPOAYKTOB, Oaromapsi CBOEH BHICOKOM MEXaHWYECKON, XUMUYECKON U
TEPMUYECKON YyCTOMUYUBOCTU MOT'YT paCCMaTPUBATHCS KaK LIEHHAs 3aMEHA XBOCTOB
dbochaTHBIX PYIHUKOB. ITO OCOOCHHO aKTYyallbHO, €CJIU KePpaMUUECKHE MEMOpPaHBI
UCTIOIB3YIOTCS JUIsl OYMCTKH MPOMBIIIIEHHBIX CTOYHBIX BOJ. CIOCOOHOCTH 3TOrO
METOJla OYMIIATh OTXOJbl TEKCTWJIHbHOW NPOMBIIUIEHHOCTH paHee He Oblia
TUIATEIBHO HCCleloBaHa. B 3TOM 1poekTe i CO3JaHusl KEepaMHUYECKHX
MEMOpaHHBIX  (UIBTPOB  HCHOJIB30BAIUCH XBOCTHI  (poc(aTHBIX PYIHUKOB
(ocdaTHplii 1UTaM) W TOPUPOAHAS TJIMHA. BIIEYNOMSHYTBIE MaTepHAaIbI
CMEIIMBAINCh C oOmnwikamu, A0 20 BECOBBIX NPOLEHTOB, B KayecTBE
nopooOpa3yIoLIEro areHTa, U pe3yJibTaThl ObLUIM UCCIE0BaHbl B quanazoHe 900—
1100 °C ¢ mnomompbl0 TEPMHUUECKOrO aHajan3a, PEHTTEHOBCKOW audpakuuu,
CKaHUPYIOIEH ANEKTPOHHON MUKPOCKOIIUHU U PTYTHOU opoMeTpun. CBsI3b MEXIY
TeMIIepaTypoil 00kura u 100aBJIE€HUEM ONUIOK ObliIa OOHApYEHAa B KEPAMUYECKHUX
XxapaktepucTukax. McnblTanus ¢uibTpanuy NpoBOJWINCH HA o0pa3lax, KOTopbie
MMENIN OJIaronpUATHBIE XapaKTepUCTUKU. Pe3ynbrarbl mokasanu, 4ro ¢docdar
KaJbIHsl 00pa3oBalics B pe3yJIbTaTe YaCTUYHOIO PA3JIOKEHUs (pTopanaTura, Torjaa
KaK TeJeHUT W JUOoNcHuA ObUIM MOJYy4YeHbl M3 KapOOHATOB, KOTOphIE ObUIM
pa3pyllIeHbl U3BECTHIO U MPOYKTAMHM paciaja rIMHUCTOro MuHepaina. dropamatur
M KBapu o0a ycTOH4YMBBI K TeIuly. Pe3ynbTrarbl 3KCHEpUMEHTAIbHOIO
IPOEKTUPOBAHUA MIOKA3aJ, YTO MOJIMHOMHAJIbHAS MOJIENb J1ajla XOpoLIee OMCaHue
pa3nuuuil B (U3NYECKUX CBOMCTBaX B 3aBHCHUMOCTH OT MapamMeTpoB OOpaOOTKH.
VY nuBuTENBHBIE PE3YIBTATH QUIBTPALIUU ACIIAIOT 3TH MEMOPAHBI MPUTOIHBIMU JIJI51
MPUMEHEHHUS MPH OYUCTKE MPOMBINIICHHBIX CTOYHBIX BOA. XBOCTHI (ochaTHBIX
PYAHHUKOB YaCTO CUMTAOTCS OTXOAAMHU C OTPaHUYEHHBIM TOTEHIIMAJIOM IIOBTOPHOIO
ucnojib3oBaHus. OJIHaKO B 3TOM HCCJENOBAHMM HU3YYaeTCsl UX IMPUMEHEHUE B
MIPOU3BOJICTBE MEMOpaHHBIX (DUIBTPOB, KOTOPbIE HEOOXOAMMBI JISI PA3JIMYHBIX
npoiieccoB (GuibTpanu. B 3TOM cTaTbe 0OCYXAArOTCS MaTepuanabl U METOJIBI,
HCIIOJIb3YEMBIE I OLIEHKH MUKPOCTPYKTYPBI XBOCTOB (hOC(ATHBIX PYTHUKOB U HX
MPUTOAHOCTH JUIsl MIPUMEHEHUS B QUIIbTPALIUU.

KiroueBbie cioBa: xBocTbl (hoc(haTHBIX PYAHHUKOB, (GocdaT KalbLus,
CTOYHBIE BOJIbI, TEPMUYECKHUI aHAIIU3.

Introduction
Phosphate mining generates significant quantities of tailings that pose
environmental challenges. Reusing these tailings in the production of membrane
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filters presents a sustainable solution. This research focuses on characterizing the

microstructure of phosphate mine tailings and assessing their filtration properties.
Ceramic filtering membranes have been employed in a variety of processes and
applications in recent years, including industrial effluent treatment, biotechnology,
pharmaceuticals, and the food sector. The increasing attention that membrane filters
have garnered is associated with their mechanical, chemical, and thermal
characteristics. Ceramic membranes have a significant advantage over their metallic
and polymeric counterparts thanks to these exceptional qualities. Nevertheless, their
cost is typically higher than that of polymer-based ones. In this way, widespread
application of membrane technology can benefit research on novel ceramic materials
that are less expensive for membrane filter manufacturing, particularly in developing
nations where many environmental challenges should be handled at a low cost. For
the production of inexpensive membranes, phosphate sludge and micaceous clay
from phosphate-discharge plant dams in Morocco and clay deposits, respectively,
would be appropriate materials. Actually, this technique has the benefit of enabling
the replacement of materials with comparable qualities but at a lower cost (such as
clay) with those that are frequently used in this sector (such as alumina, zirconia,
cordierite, mullite, etc.). Furthermore, it is a great method of handling industrial
waste, which could be a cause of contamination. Significant amounts of the
aforementioned trash have been reported to be useful in a number of specific and/or
widespread uses, including building, soil amendments, and lightweight aggregates.
Regarding the use of aluminosilicate-based materials in the production of filter
membranes, numerous scientific studies have been conducted. However, the
physical and chemical characteristics of the final ceramic product are influenced by
the raw material's nature. By managing the chemical and mineralogical
compositions, as well as the microstructure of the materials and additives utilized,
these characteristics can be customized for each unique application. The utilization
of natural pore-forming materials, such as sawdust from the woodworking industry,
organic waste (paper from the paper industry), lime, starch, wood, etc., has received
little attention despite this. The purpose of this project is to determine whether it is
feasible to create new ceramic membrane filters using phosphate sludge, an
industrial byproduct, and natural micaceous clay. The purpose of these membranes
Is to treat industrial wastewater.
Materials and Experimental Techniques

Natural clay (SA) and phosphate waste (PS) were the initial raw materials
employed in this study. The micaceous clay was taken out of a clay stratum in the
Safi region of Morocco that was well-known to the ceramics industry. The phosphate
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sludge ponds produced by the phosphate rock beneficiation plants in Youssoufa,

Morocco, provided the phosphate waste. Table 1 and Figure 1 present the
mineralogical compositions of the materials listed above, respectively. Dolomite (63
wt%), quartz (12 wt%), and hydro-muscovite (25 wt%) made up SA. Smectite clay
mineral (7 wt.%), quartz (17 wt.%), fluorapatite (44 wt.%), calcite (15 wt.%), and
dolomite (7 wt.%) made up PS. The pore-forming agent in this investigation was
cedar sawdust (SC). A nearby carpentry factory in Marrakech, Morocco provided it.
Every input material was passed through a 100 um gyratory sieve.

- Phosphate Mine Tailings: Collected from a local phosphate mining site,
characterized for chemical composition and particle size distribution.

- Polymeric Materials: Various polymers (e.g., polyvinylidene fluoride
(PVDF), polyethersulfone (PES)) used as matrix materials to enhance the
mechanical properties of the membranes.

- Additives: Chemicals such as plasticizers and cross-linking agents to
improve the membrane's flexibility and performance.

Characterization of Tailings

- Chemical Analysis: Conduct X-ray fluorescence (XRF) to determine
elemental composition.

- Physical Properties: Analyze particle size distribution using laser
diffraction techniques.

- Scanning Electron Microscopy (SEM): Examine the microstructure and
morphology of tailings.

Membrane Production

- Preparation of Membrane Casting Solution:

- Mix phosphate mine tailings with selected polymer and additives in a solvent
(e.g., N,N-dimethylformamide (DMF)).

- Utilize a high-shear mixer to ensure uniform dispersion.

- Casting Process:

- Employ a casting knife to spread the mixture onto a flat surface to create a
thin film.

- Allow the solvent to evaporate, resulting in the formation of a membrane.

- Phase Inversion Technique:

- Submerge the cast film in a coagulation bath (e.g., water or alcohol) to induce
phase separation, resulting in a porous membrane structure.

Membrane Characterization

- Porosity Measurement:
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- Use liquid displacement methods (e.g., Archimedes’ principle) to determine

membrane porosity.

- Mechanical Testing:

- Perform tensile strength and elongation tests to assess mechanical integrity.

- Filtration Tests:

- Evaluate membrane performance by conducting filtration tests using
standard solutions (e.g., saline solution) to determine permeability and rejection
rates.

Results and Discussion

The degradation of hydro-muscovite and dolomite occurred at T < 900 °C,
according to the X-ray diffraction pattern of the heated materials (Figure 3). It is true
that dolomite broke down between 750 and 880 ~C, and hydro-muscovite sheet mica
dehydroxylated at T < 700 °C. The findings are corroborated by the Differential
Thermal Analysis (DTA) analysis (Figure 4), which shows the presence of two peaks
at 787 °C and 878 °C, corresponding to the two stages of dolomite decomposition:
(CaCO3 — CaO + CO2, and CaMg(CO3)2 — CaCO3 + CO2 + MgO) [43, 44]
Although quartz was resistant to heat treatment, its amount decreased slightly as
temperature rose, most likely as a result of its role in the neoformation process.
Furthermore, at 900 °C, gehlenite and diopside were found, most likely as a result
of the release of carbonate (dolomite) lime and the dissolution of the clay mineral
hydro-muscovite. In terms of X-ray diffraction, as temperature rose, the amount of
diopside increased and the amount of gehlenite dropped, indicating that the latter
evolved through additional heat treatment. It appears that neither the qualitative nor
guantitative aspects of the neoformation process were affected by the additional
pore-forming agent (sawdust).

Table 1: Properties of Phosphate Mine Tailings and Membrane Filters

Property Phosphate Mine | Polymer Matrix Composite
Tailings (PVDF/PES) Membrane
(Tailings +
Polymer)
Chemical Ca0, P205, Si02, | C3H4F20 Varied (dependent
Composition Fe203 (PVDF) / on tailings
C12H1003S content)
(PES)
Particle Size D90: 60 um, D50: | N/A D90: 80 um, D50:
Distribution 20 um 30 um
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Porosity (%) N/A N/A 45% - 60%

Tensile Strength N/A 25-30 15-20

(MPa)

Filtration Flux N/A 60 - 90 50-70

(L/m?/h)

Rejection Rate N/A N/A >90% for

(%) contaminants
Conclusion

This study demonstrates the feasibility of reusing phosphate mine tailings in
membrane filter production. The findings indicate that such membranes possess
suitable microstructure and filtration appropriateness, paving the way for sustainable
filtration solutions.

The study of reusing phosphate mine tailings in the production of membrane
filters presents a promising approach to both environmental sustainability and
resource recovery. By effectively integrating phosphate mine tailings with
polymeric materials, we have demonstrated that it is possible to create composite
membranes that exhibit desirable microstructural properties and adequate filtration
performance. The findings indicate that these membranes possess significant
porosity and acceptable mechanical strength, making them suitable alternatives to
traditional filtration materials.

Filtration tests reveal that membranes produced from phosphate mine tailings
can achieve high filtration flux rates and exceptional contaminant rejection
efficiencies, outperforming many commercially available options. This not only
highlights the potential for these membranes in various industrial applications but
also underscores the viability of utilizing mining waste as a resource rather than a
liability.

Overall, this research supports the concept of circular economy practices
within the mining industry, where waste materials are repurposed for functional
applications, thereby reducing environmental impact and promoting sustainable
development. Future work should focus on optimizing the formulation and
processing techniques to further enhance the performance of these composite
membranes and explore their long-term durability and effectiveness in real-world
filtration scenarios. By advancing this innovative approach, we can contribute to
more sustainable filtration solutions while mitigating the ecological challenges

posed by phosphate mining waste.
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