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Abstract: Several known feldspar depositsin Peninsular Malaysia were evaluated in the
present study, and the potential use of the feldspar in local industries was assessed. The
main objective of the present investigation was to identify deposits that can be exploited
and processed to reduce the reliance of the region on imported feldspar. The specimens
were characterised, and suitable upgrading processing techniques were assessed. The
deposits were characterised by chemical composition analysis, button-making inspection
and grinding tests. The primary upgrading techniques evaluated in the current
investigation include magnetic separation and physical-chemical processes. Based on the
results of the present study, potential uses of local feldspar products were identified.
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1 INTRODUCTION

In Malaysia, the demand for feldspar as a raw ri@téor industrial
applications has increased continuously. Localyddpars are used in ceramic,
glass, sanitary wares and porcelain, and the denf@andeldspar is met by
imports. Imported feldspars are favoured by maystries because the price of
imported feldspar is competitive and the materiah doe used directly in
production plants. However, to reduce the reliaotehe region on imported
feldspars and to sustain the demand for this mimemomestic industries, local
feldspar production must be developed.

The Minerals and Geoscience Department of Malapsia identified
several deposits that may be developed for the uotamh of feldspars.
Significant deposits are located in Tanah Putih 8Qdusang, Kelantan),
Merapoh (Kuala Lipis, Pahang), Bukit Mor (Muar, doh Gemenceh (Negeri
Sembilan) and the state of Perak (Simpang Pulangenbu and Grik). Based
on the findings of the Minerals and Geoscience Bemnt of Malaysia and
various initiatives from the private sector, thestfifeldspar mine was opened in
Tanah Putih, Gua Musang in 2008urrently, three feldspar mines are operated
in the study region; however, a small amount aldpér is also produced as a by-
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product from a tin mine in Menglembu. In additideldspar is produced in the
form of pottery stone in Gemenceh.

The production and importation of feldspar in Maia in 2005 to 2007
is shown in Table 1. As shown in the table, thedpotion of feldspar increased
by 152% from 142385 tons in 2006 to 358585 tons tduhe production from
the three mines in Gua Musahglowever, almost all of the feldspar produced at
these mines (mostly with minimal processing prasjavas of low quality due to
the low content of feldspar and the presence ofunitips such as iron oxides,
which prevent applications in high end products.

Table 1: Malaysian production and imported feldspar

Production Import
Year
Quantity (tonnes) \(/;:\:)e Quantity (tonnes) \(/s:\l/lj)e
2005 117,180 4,034,172 309,234 30,371,928
2006 142,358 9,079,040 113,411 31,804,934
2007 358,585 26,934,720 130,819 24,000,231

To better understand local feldspar deposits aredr thotential in
industrial applications, the deposits were charesgd, and suitable upgrading
processing technique were evaluated in the presedy.

2. EXPERIMENTAL
21 Sample Preparation and Characterisation Tests

Three representative samples of feldspar deposite wbtained from
Tanah Putih, Merapoh and Bukit Mor. Geological sadn deposits located in
Tanah Putih and Merapoh indicated that the feldfpan these areas is formed
from the residue of incompletely kaolinised rodi&lternatively, the Bukit Mor
deposit exists in the form of pegmatite, and sheétgrey mica were readily
apparent.® In the current investigation, raw samples were gletely sun-dried
and crushed by a jaw crusher and a cone crusheseparate the grains.
Subsequently, each sample was mixed several tin@srh a composite sample,
which was subjected to further sampling. Finallgyeral fractions of samples
from each deposit were prepared for the charaatesrs tests and further
processing.

Samples from Tanah Putih and Merapoh were grouodrdinig to a dry
grinding process (ball mill machine) to furtherditate the feldspar minerals from



Journal of Engineering Science, Vol. 7, 27-36, 2011 29

other gangues, including iron minerals and quastizst of the mica sheets in the
Bukit Mor deposit were liberated during the conesting process and were
removed by hand prior to grinding. Ground samplesensieved by dry sieving
into 600 um grains for further processing, including magnetéparation and

froth flotation.

The samples were characterised by mineralogical griimting tests,
chemical analyses and button inspections (FigMineralogical analyses using
various types of microscopes were carried out bafahe raw samples (after the
cone crushing process). The chemical analysisvoinmaterials and final feldspar
samples was performed by X-ray florescence (XRF317Tapan). The iron
content of the various grain size fractions wa®eined by atomic absorption
spectroscopy (AAS, Shimadzu AA-6800, Japan). Thigoha and various grain
size fractions of the raw materials were also pceduor visual observation.

Raw sample

'

Jaw crushe

A

Mineralogical
analysis [* Cone crushe

A
Sampling

A 4 A A 4

Chemical analysis Grinding studies Button inspections

Figure 1: A flowchart of the sample preparatiord aharacterisation procedure for the feldspar
samples.

The grinding studies were carried out using a 30 m 450 mm
grinding jar, and mild steel balls with a weight 'ofkg, 3 kg and 2 kg and a
diameter of 50 mm, 40 mm and 28 mm, respectivelyewamployed as the
grinding media. For each test, 1 kg of the depmag used, and the grinding time
was set to 20 min.
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Button-shaped samples for visual observation weepgred by mixing
24 g of pulverised sample, 0.2 g of carboxyl mettsllulose as a binder and
7.5 ml of distilled water. The mixture was subjekcte the proper mixing process
and was oven dried at 200°C for 2 h. Subsequethiydried mixture was pressed
into a mould with a load of 18 tons. Finally, butehaped samples were heated
in a furnace at a rate of 4°C/min, maintained ftr& 1200°C and cooled for 6 h.

2.2 Beneficiation Tests

Magnetic separation was performed on the samplesefiiation tests
were conducted with a hand magnet, wet high intgnsiagnetic separator
(WHIMS, Boxmag Rapid, Birmingham, England), douldisk high intensity
magnetic separator (HIMS, Rapid Magnetic Machingsl.,L Birmingham,
England) or a combination of these techniques.ehwove iron minerals from the
samples, the aforementioned separation processes cgaducted in magnetic
fields with specific intensities.

Froth flotation was used for the beneficiation afughd samples obtained
from Bukit Mor. The tests were conducted using ani2e Cell Model D1
(Denver Equipment Co. Ltd., Colorado, USA) and §atf sample was evaluated
in each test. The volume of slurry was fixed at 2.&8nd the stirrer speed was
maintained at 1300 rpm. A conditioning time of Snmas applied to the slurry
before and after the addition of the required ratgyel'he collecting time was set
to 5 min, and sulphuric acid (BO,) and hydrofluoric acid (HF) were used to
control the pH of the slurry. Tallow-hydrochloricid (HCI) was used as a
modifier, and Aerofroth 65 (Cytec Industries INd$SA) was used as a frother
cum collector. When required, a small amount o$elievas used as a dispersant.
The selected flotation conditions and reagentslaogn in Table 2.

Table 2: Selected conditions and reagents forlthation tests.

Test %soid W Wsa TG GBR AGe
1 20 Yes Yes 100 2 2
2 20 Yes Yes 200 2 2
3 20 Yes Yes 300 2 2
4 20 Yes - 300 — 2
5 20 ves - 400 - 2
20 Yes - 350 - 2

7 20 Yes - 350 - 2
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3. RESULTSAND DISCUSSION
31 Sample Characterisation

The results of the chemical analyses are showialihe 3. The iron oxide
content of the Tanah Putih, Merapoh and Bukit Mepakit were 0.39%, 0.62%
and 0.70%, respectively. Based on the analyticalli® the grade of feldspar and
percentage of free quartz in each sample were latdch according to the
Feldspar Convention guidelings.

Table 3: Chemical compositions, feldspar gradesfia®dquartz contents of selected samples.

. " Raw sample

Chemical compositions (%) - -

Tanah Putih Merapoh Bukit Mor
Sio, 70.90 68.61 73.50
Al,O5 17.50 18.87 15.70
FeOs 0.39 0.62 0.70
N&aO 6.25 4.23 3.01
K,0 3.51 4.26 5.54
CaO 0.34 0.24 0.75
TiO, 0.03 0.42 0.02
MnO 0.02 - 0.04
Loss on ignition, LOI 0.84 1.95 0.72
Feldspar grade (calculated) 73.59 60.97 58.21
Free quartz (calculated) 17.17 19.17 29.23

Note: *Analysis done by AAS

The feldspar grade and free quartz content are ishowrable 3. The
primary constituents of the samples were feldspat fiee quartz, and the
average grade of feldspar for the Tanah Putih, ptEraand Bukit Mor deposit
were 73.59%, 60.97% and 58.21%, respectively. Alingr to the
aforementioned results and the calculated sodiuwinpatassium oxide contents,
the deposits obtained from Tanah Putih and Merapete in the form of N-
feldspar, while the deposits obtained from BukitrMeere in the form of K-
feldspar.

Besides feldspar and free quartz, other comporadrtse samples were
determined (clay minerals were also present irdéposits obtained from Tanah
Putih and Merapoh). Specifically, mica-based milsensere detected in all three
samples. However, the mica content of the Tanaitn Ratd Merapoh deposit was
considered insignificant (very low percentageBased on the amount of mica
removed by hand sorting and observed in the miomecevaluation, the Bukit
Mor deposit contained more than 3% (by weight) nmidaerals. Further analysis
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on the separated mica showed that the majorityoof in the Bukit Mor deposit
was associated with mica.

After the grinding test, the particle size distiibn of the samples was
determined, and the results are shown in Figuieh2.particle size distributions
of the Tanah Putih and Merapoh deposit were simgiad coarser particles were
observed in the Bukit Mor depo$iRelatively coarse particles may be present in
the Bukit Mor deposit due to the large amount ofamnd high content of free
quartz.
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Particle size|fm)

Figure 2: Particles size distribution of samplégamed from Tanah Putih, Merapoh and Bukit
Mor after the grind ability tests (cumulative cusye

The button test results from different size fracs and the corresponding
iron contents are shown in Table 4. Generally,tfer Bukit Mor deposit, the
buttons produced from different size fractions preésd similar colours,
indicating that the chemical composition of the plmwas more evenly
distributed through the fractions than that of fhenah Putih and Merapoh
deposits. Although slight differences in the iramntents of the three samples
were detected, the colour of the buttons was sagmifly different. This
phenomenon may be due to the different form of irothe Bukit Mor deposit
compared to the other samples.

3.2 Beneficiation
3.21 Hand sorting removal
Visual observation of the crushed sample of theiBMor deposit

showed that some of the mica sheets could be reimbyehand sorting. The
separation of mica by hand sorting was carriedoous 5 kg sample (after cone
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crushing). After the sorting process was compl@efeg (approximately 1.8% of
the sample) of mica was obtained.

Table 4: Relation between the colour of the butsire fraction and iron content.
Iron content, F£; (%)

Raw sample

(um) Tanah Putih Merapoh Bukit Mor

Head

(~600)
0.39 0.44
0.33 0.38 0.78

ﬂ"‘f’a
-75

0.21 0.41 0.79

3.22 Magnetic separation

The magnetic separation results for different $iaetions of the Tanah
Putih, Merapoh and Bukit Mor deposits are shownTable 5, 6 and 7,
respectively. Hand magnet separation was onlyseitar the Bukit Mor deposit
because most of the iron was associated with micgrals. Most of the mica
minerals were observed in the magnetic fractiord #me grinding process
liberated the majority of iron-containing minerdtem the samples. Thus, the
results showed that the iron content could be redivéa magnetic separation.



Evaluation and Processing of Malaysian Feldspar 34

Table 5: Magnetic separation results on Tanah Batihple by WHIMS.

Size Weight Fe content Fe distribution
Product
(nm) (%) (%) (%)

Head Magnetic 3.26 0.277 43.57
(-600) Non-mag. 96.74 0.012 56.43

Magnetic 2.42 0.231 9.43

—600 + 75

Non-mag. 97.58 0.055 90.57

25 Magnetic 0.71 0.147 1.30
Non-mag. 99.29 0.080 98.70

3.2.3 Frothflotation

A series of flotation tests were performed on@h8um size fraction of

the Bukit Mor deposit to determine the feldsparaaariration. The flotation test
results are shown in Table 8.

Feldspar and quartz minerals were separated thrtlughflotation of
feldspar minerals and the depression of quartz miseQuartz minerals were
depressed using tallow-HCI acid under strongly iacanditions. The pH was
controlled by the addition of HF and,${. Aerofroth 65 was used as a frother

cum collector, and a small amount of diesel waduse a dispersant when
required.

As shown in Table 8, the feldspar grade concentnats dependent on
the flotation conditions. The lowest feldspar grameicentrate (60.80%) was
obtained in Test 1, while the highest feldspar gradncentrate (94.96%) was
obtained in Test 6. Specifically, in Test 6, 25%th# sample was used with 350
g/t of tallow-HCI. The feldspar grade and mass @etage recovery of feldspar

were compared, and the results showed that thes$tigiercentage recovery was
obtained in Test 6.

4, CONCLUSION

The following results were obtained by charactegighe deposits and
evaluating several upgrading processing technigues:

. The Bukit Mor deposit was different from the otlsamples and showed
several unique characteristics. In particular, sahéhe mica minerals

could be removed by hand sorting (due to theirdaige), and iron could
be removed with a hand magnet.
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The grinding process liberated iron-containing mate from the

samples, and the iron content was reduced usingpugarmmagnetic

separation techniques.

The highest feldspar grade concentrate obtaindtbtation was 94.96%,

and 63.24% of feldspar was recovered when 25% efsdmple was
treated with 350 g/t tallow-HCI acid and Aerofrdb, which was used
as a depressant and frother cum collector, resgdgti

The results of the present study proved that higladg feldspar can be
produced by specific processing techniques. Tlues| feldspar deposits
can be developed, and the reliance of the regiamported feldspar can
be reduced.
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